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FLORIDA POWER & LIGHT COMPANY

August 4, 1981
L-81-334

Offi ce of Nuclear Reactor Regulation
Attention: Mr. Darrell G. Eisenhut, Director

Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Eisenhut:

4 ~

Re: St. Lucie Unit 2
Docket No. 50-389
Final Safety Analysis Report
Re uests For Additional Information

Attached are Florida Power 8 Light Company (FPL) responses to NRC

staff requests for additional information which have not been
formally submitted on the St. Lucie Unit 2 docket. These responses
will be incorporated into the St. Lucie Unit 2 FSAR in a future
amendment.

Very truly yours,

E. Uhrig
Vice President
Advanced Systems 5 Technology

REU/TCG/ah

Attachments

cc: J. P. O'Reilly, Director, Region II (w/o attachments)
Harold F. Reis, Esquire (w/o attachments)

g@(
~see

8i08i00005 8i0804
PDR ADQCK 05000389
A PDR

PEOPLE... SERVING PEOPLE
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Attachment L-81-334

List of Attachments

Resolution of Hutchinson Island .Fault/Fold

Responses tg questions 451.01 thru 451.08

Responses to questions 31,1.1 and 311.2

Responses to unnumbered Chapter 6 questions from June 6,
1981 meeting.

Revised response .to question 410.19

Response commitment to question 491.2

Response to an informal NRC request to provide justification
on the lack of detailed writeups for the high 8 low CEA with-
drawal and the single part length CEA drop analysis.
Revised response to question 490.1 which includes the new
FSAR section 4.2 writeup.
Responses to the open items discussed in the MEB SER review
meeting on July 28, 29, 30, 1981.

Responses to Hureg 0737 items

Responses to questions 430.3, 430.66 thru 430.74

Responses to questions 410.32 thru 410.38

Responses to questions 420.01 thru 420.58

Responses to unnumbered CBS questions from meeting on June 9,
1981.

Resolution of two out of three open items for the containment
fracture toughness review.

Responses to unnumbered questions concerning the Post Accident
Sampling Systems.

Responses to questions 460 F 1 thru 460.23

Responses to questions 220.1, thru 220.37
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Request,: The, applicant was requested to perform a li'terature
search to conclude that there is no new information that
has been produced that describes any new geologic concerns
with the Hutchinson Island area.

~Res ense: A literature serach has identified a single unpub-
lished source that implied the existance of a fault on
Hutchinson Island. This paper is a college thesis by an
individaul named Armstrong. To disprove the existance of
any faults on Hutchinson Island a program of marine re-
fraction profiling of Indian River, Big Mud Creek and the
Atlantic Ocean was performed.

I

The refraction profiling in the Indian River, Big Mud Creek
and the Atlantic Ocean was completed.

The field interpretation of the data is that the fault pro-
posed by Armstrong does not exist. There is indications
of folding but not faulting. This folding has previously
been identified by earlier studies prepared by Unit 1.





NRC uestions on St. Lucie FSAR.

451.01

Update the discussions of the severe 'weather phenomena
by examination of events that have occurred since 1963 for
hurricanes and since 1972 and 1973 for tornadoes and
waterspouts.
The update to the FSAR discussions of hurricanes, tornadoes

and waterspouts was developed from the references sited at the end

of this response. Because the available data for this period were

not as complete as that provided in the FSAR, just the pertinent and

significant issues are updated in this response..

Hurricanes

During the extended period of 1899-1980, the Florida Peninsula

has been affected by 95 tropical cyclones. Of these, 39 were

classified as hurricanes, 40 as tropical storms and 16 as tropical
depressions (Neumann, C.J., et. al., 1978 and U.S. Department of
Commerce, 1978-1980). The monthly and annual distribution of tropical
cyclones affecting the Florida Peninsula is presented in Table 451.01-1.

Roughly half the storms in each category passed close enough to the
St. Lucie site to affect it with strong winds and/or heavy rainfall.,

IX

Hurricanes have occurred most frequently in September and October in
the site area.

Taking cognizance of the hurricane data since 1963, the following
presents hurricanes in the site area of great intensity during recent
times:.,

" Hurricane (unnamed) 17 September 1947 - The center of the
storm reached the Florida coast at Ft. Lauderdale at about

', 1130 EST on 17 September. The highest wind speed recorded

was 155 mph at Hillsboro Light near Pompano at 1256 EST.

(U.S. Dept. of Commerce, 1947)

Hurricane (unnamed) 26-27 August 1949 - The center of the
storm reached the Florida coast at Delray Beach at about

1800 EST on 26 August. The highest wind speed reported was,

153 mph at Jupiter Lighthouse before the anemometer failed.
(U.S. Dept. of Commerce, 1949)

8108100005 „



Hurricane King, 17-18 October 1950 - The center of the. storm
passed directly over Miami, Florida near midnight of .17 October

,. with a calm center of about 5 miles in diameter. Winds at Miami

Weather Bureau Office reached a speed of 97 mph from the north-
east for a 5-minute period as the. center approached and 122 mph

from the south for a 1-minute period about 50 minutes later.
{U.S. Dept. of Commerce, 1950)

Hurricane Cleo, 27-28 August 1964 - Cleo moved north-northwest
to northwest during 27-28 Avgust with the center of the
storm remaining approximately 10-20 miles inland and closely
paralleling the Florida coastline. The maximum sustained winds

were estimated at 100-110 mph, with gusts to 135 mph in sections
- of Miami. At Mest Palm Beach Weather Bureau Station the maxi-

mum sustained winds were 86 pmh with gusts to 104 mph. (U.S.

Dept. of Comerce, 1964)

Hurricane David, 3-4 September 1979 - The center of the storm

made landfall at midday near Jupiter Island, Florida, a little
P

north of Palm Beach. Moving north-northwestat 10 to 12 mph,

David's eye passed over the coastal sections of Martin, St. Lucie,
Indian River and Brevard counties. The strongest winds recorded
k a

in Florida were gusts at 95 mph at the Fort Pierce Coast Gvard
II

Station in St. Lucie County,. (U.S. Dept. of Commerce, 1979)

Table 451.01-2 presents a summary of the worst hurricanes in recent times
that may have affected the site area. The worst storm in recent years

affecting the site continues to be the hurricane of Augvst 1949.

The previously developed meteoroloqical parameters and wind field
of the probable maximum hurricane (PMH) remain applicable to this site.

P

Tornadoes and Maters outs
~ t

'he. data on tornadoes and waterspouts presented in the FSAR are

still applicable to the St. Lucie site. This response provides the

additional update to these reported conditions based on the data

acquired for the period 1968 through 1980.

The average seasonal and annual frequency of tornadoes which have

occvrred in the state of Florida during the period from 1968-1980 are

as follows: (U.S. Dept. of Commerce, Jan.-Dec. 1980 and U.S. Dept.

of Commerce, 1968-1980).

Minter ~Sr< n Sumner Fall

11.8
~

22.5 24.4 9.5

1 -2-

Annual

68.2



Tables 451.01-03 presents the distribution of tornadoes by year.
This table reveals that the more recent years during the 1968-

1980 pe'riod had a greater number of reported tornadoes. The annual maxi-

mum number of occurrences was reported as 117 in 1980 and the minimum number

of 46 in 1970. The average number'of tornadoes is about double

the average previously reported for the period 1955-1967. Assuming

this doubling of the average number of tornadoes in the state of
Florida is also true of the number within a'one degree latitude-
longitude square in which the site is located, then the probability
of a tornado striking a point in the one-degree square in which the
site is located is about 0.00363 per year or a recurrence'interval
of 275'year's.

From the review of the intensities of tornadoes during the
current update period (U.S. Dept. of Commerce, 1974-1980), no

a

indication that a change in the Design Basis Tornado (DBT) for
the site area was revealed. Therefore, the DBT presented in the

'SAR is still applicable for the St. Lucie site,

The monthly distribution of waterspouts occurring within 25 miles
of the St. Lucie site for the period of record 1974 to 1980 are given
below:

MONTHLY DISTRIBUTION OF WATERSPOUTS
MITHIN 25 MILES OF ST. LUCIE SITE

Month Total

January

February
.March

April
May

June

July
August

September

October

November

December

Total

1

0

3

0

2

2

3

3

0

0

0

18

Ref: U.S. Dept. of Commerce, 1974-1980, Storm Data, NOAA,
Environmental Data Service.

1

3





All of these reported occurrences appeared to fall into the "weak

tornado" cat'egory. Table 451.01-4 presents the monthly distribu-
tion of waterspouts within 25 miles offshore for the total 1952

through 1980 period. The annual average for the full period is
about 6.8, a decrease of about 1.3 when compared to 1952-1973 data

period.

, Thehe frequency of occurrence of waterspouts and the intensity
of these storms is less than tornadoes. Therefore, the parameters

associated with the tornadoes are the pertinent parameters to be

used in the consideration of the design and operation for a nuclear
power plant in this region.
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TABLE 451.01-1

MONTHLY DISTRIBUTION OF TROPICAL CYCLONES
AFFECTING THE FLORIDA PENINSULA*

1899-1980

Month

January

February

March

April

May

June

July

August

September

October

November

December

Annual

Hurricanes

0

0

0

0

0

2

15

10

0

39

Tropical
Storms

0

0

0

'0

12

41

Tropical
De ressions

0

0

0

0

0

-0

16

Total

0

0

0

16

96

'Reference: Neumann, C.J. et al, 1978, Tro ical C clones of the North
Atlantic Ocean, 1871-1977, U.S. Dept. of Commerce, NOAA,
NWS, Environmental Data Service.

U.S. Dept. of Commerce, 1978-1980, Cli at 1 ic 1 D t ,
''National Summar , NOAA, Environmental Data Service.

*Center (Eye) of storm within 100 miles of site.
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TABLE 451.01-2

MORST HURRICANES IN RECENT TINES THAT AY HAVE
AFFECTED THE SITE AREA

Storm No. Year Nonth Site'Area Hi hest Cate or *

5

3

1947

1949 August

1950

1960

1'964

1965

October

September

August

September

FL 3SE

FL 3SE

FL 4SM

FL 2SE

FL 3SE

September FL 4SE 4 No Name

3 No Name**

3 King

4 Donna

2 Cleo

3 Betsy

*Category Scale (mph)

2 = Minds of 96 - 110

3 = Minds of ill — 130

4 = Minds of 131 - 155

**Reported Already in FSAR
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TABLE 451.01-3

AVERAGE SEASONAL AND ANNUAL FREQUENCY OF TORNADOES IN FLORIDA 1968-1980

Year Winter ~S rin Summer Fall Annual

1968 9 12 16 15 52

1969 15 10 . 22 11 58

1970

1971 12

7 25 0 46

18 23 6 59

1972 10 32 24 . 11, 77

1973 12 25 5 3 '5
1974 9 28 16 1 54

1975 22 30 , 31 14 97

1976 5 32 24 6 67

1977 8 3 20 4 35

1978
,

19

1979 12

36

32

29

18

7 91

27 89

1980 6 28 64 19 117

Total 153 293 31 7 124 887

Average 11.8 . 22.5 24.4 9.5 68.2

~ References:

U.S. Dept. of Commerce, Jan-Dec 1980, Storm Data, NOAA,
Environmental Data Service.
U.S. Dept. of Commerce, 1968-1980 Climatolo ical Data,
National Summar , NOAA, Environme'ntal. Data Service.

Includes Tornadoes, Wind Storms and Waterspouts

7





TABLE 451.01-4

MONTHLY DISTRIBUTION OF WATERSPOUTS

WITHIN 25 MILES OFFSHORE

Month

January

February

March

April

May

June

= July

August

September

October

November

December

Total

Total

16

18

54

22

34

17

196

Reference: U.S. Dept. of Commerce, 1952-1980,'Storm Data, NOAA,

Environmental Data Service.
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NRC guestions. on St. Lucie FSAR

question 451.02

The occurrence of the sea breeze circulation is. discussed very
briefly in Section 2.3.1. Information presented in Table 2.3-11
indicates a pronounced wind direction reversal from west to east
around 10 a.m. (based on an examination of two years of onsite

~ data) which is typical of the onset of the sea breeze. The ter-
rain correction factors presented in Table 2.3-102 are also sug-
gest,iye. of local airflow conditions which exhibit significant
spat'ial and temporal variations. Provide further elaboration of
occurrences of sea breeze circulation in the vicinity of the St.
Luci'e~,site including frequency of occurrence, depth of penetra-
tion, fumigation along the transition zone, and spatial and
temporal variations in sea breeze circulation. Discuss the
meteorological conditions conducive to establishing sea breeze
circulation in the vicinity of the site and indicate which
meteorological parameters are considered necessary to characterize
the sea breeze.

In coastal locations, especially on tropical coasts and on the
shores of relatively large lakes, the wind direction undergoes a

diurnal flow pattern called sea breeze and land breeze.'his phenomena
= is represented by the establishment of a sea breeze a few hours after

sunrise and,the continuation of the onshore flow throughout the day-

light ho'urs'.'fter sunset the onshore flow dissipates and a land

, breeze de'velops. Such a circulation pattern is developed in response

to the difference in the land/water heating. On clear, warm days when

the solar;"heating is at a maximum, the difference between the land and

water temperatures provides the impetus for the development of the
circulatioii'attern. ~ During the night hours on clear evenings the

r

reverse temperature configuration is established, due to radiative
cooling di'fferential between the land and water, generally with less

intensity.,As the solar angle becomes less, the differential heating
becomes less 'and the sea breeze/land breeze phenomenon becomes less

intense and frequent.

As a meteorological phenomenon, the sea breeze has received con-

siderable attention and study. These studies- have been both observa-

tional and theoretical. In the United States, there have been several





observat'ional -studies of sea breeze ci rcul ations, mostly concentrated

along the Northeast Atlantic coastline and along the Great Lakes.

These studies reveal a weak synoptic-scale pressure gradient and larg'e

temperature differential between the maximum surface air temperature

inland and the sea surface temperature as conducive to establishing a

sea breeze circulation. Biggs and Graves (1961) give the following

observational relationship necessary for lake breeze formation along

the Great Lakes:

max
< 3

where:
[ vi )

= magnitude of the average wind vector, irrespective of

direction, in meters/second; and

~Tmax = TL - TS in 'C and aTmax positive where TL is the

maximum surface temperature inlarid and TS is the

average water surface temperature.

Although this empirical relationship is dimensionally inconsistent,

it demonstrates the importance of a weak synoptic-scale wind so as not

to disrupt or hinder the sea breeze formation, and a large temperature

gradient between land and sea necessary to establish the sea breeze

circulation. This relationship has been supported by subsequent

theoretical investigations into sea breeze circulation (Walsh, 1974).

The direction of the gradient flow is not considered in the given

empirical relationship. However, observational research shows the type

of sea breeze formation is highly dependent on the direction of the

gradient flow. With gradient flow reinforcing the sea breeze (moving

from sea to land), the sea breeze circulation begins early in the day

and penetrates up to 50 kilometers inland. Fisher (1960), conducting

observational research on Rhode Island in August, detected the initial
formation of the sea breeze at 1100 EST which subsequently moved on

land by 1200 EST. The sea breeze reached a maximum depth of about 900

meters with maximum horizontal velocities of 15 ms at a height of

approximately 200 meters.
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Frizzola and Fisher (1963) conducted similar observational studies
in the New York City area in early June of 1960 and found that the

sea breeze reached the coast at 1100 EST,with an initial vertical
extent of 150 to 2?0 meters and subsequently penetrated past a station
45 kilometers inland at 1500 to 1700 EST. During the evening hours,

the sea breeze diminished, in intensity and retreated towards the coast.
Temperature. and dew point changes were gradual, although local wind

changes were found to be abrupt.

When the overall gradient flow opposes the sea breeze (blows from
'land to sea), the sea breeze causes more radical temperature, dewpoint,

and wind changes inland. Subsequently, this type of sea breeze is many

times termed a sea breeze front. Frizzola and Fisher (1963), studying
one day with opposing gradient flow, found that the sea breeze formed

later in the day and had a smaller vertical extent with less intense
wind speeds than found under light, reinforcing gradient flow.
Frizzola and Fisher further noted that opposing gradient flows greater
than'7 to 10 ms ~ wi 11, in many cases, hinder penetration of the
,sea breeze'past the immediate coastline.

All of the observational and theoretical research notes a general

clockwise rotation of the sea breeze with time as measured at one

location. This clockwise rotation, due to the Coriolis force, causes

the sea breeze to become almost parallel to the coastline by early
evening.

The occurrence of sea breezes at St. Lucie is considered to be

significant based on both the available literature and from onsite and

offsite data. .The climatic su+nary for Florida notes (NOAA, 1972):

"During -the warm season, sea breezes are felt almost daily within .

several miles of the coast and occasionally 20 to 30 miles
inland."

As stated earlier, the occurrence of sea breezes is dependent on

the magnitude of the gradient wind and the temperature difference
between the maximum surface air temperature and the sea surface
temperature. Wind speeds of less than approximately 5 ms ~ and





7-10 ms 1 and temperature differences of greater than 3 C and 6 C

are considered necessary for sea breeze formation (William, 1974;

Frizzola and Fisher, 1963)..

To:estimate the frequency of sea breeze conditions at St. Lucie,
values of these parameters were obtained from available representative
sources. The,.mean maximum daily temperature recorded at Ft. Pierce

{NOAA, 1964), 6.8 miles NW of St. Lucie, was considered to be indica-
tive of maximum inland surface air temperatures in the vicinity of
St. Lucie. The sea surface temperatures are based on six.years of data

w

for the coast of Florida from Cape Kennedy to Palm Beach (Williams,
1974). The wind speed frequencies for Orlando, Florida (approximately
35 miles from the coast) for the hours of 0800 to 1000 {NOAA, 1963)

were considered representative of the mean gradient wind, uncontamin-

ated by sea or land breeze flow. These data, in monthly summaries, are

presented in Table 451.02-1.

The data show that the mean maximum daily temperature in the

vicinity of St. Lucie can be expected to exceed the average sea surface
temperature during any month of the year. Therefore, it is reasonable

to expect that, on a single day, the probability of the maximum inland
temperature 'exceeding the sea surface temperature by at least 3 C (6 F)

is quite high.
i ']lb ~

The occurrence of a light gradient wind, indicative of a small

pressure „gradient, is also necessary for sea breeze circulation. Since

the prevailing climatology of St. Lucie is dominated by the presence of
the Azores-Bermuda high pressure system during most of the year, this
criterion would be expected to be met during much of the year,
especially, during the summer months. The data for Orlando tend to
confirm this, fact.

Therefore, it is concluded that the probability of sea breezes.

during any month of the year is quite high. Further, the data tend to
indicate that the summer months are the most conducive to sea breeze





formation {i.e., large temperature differential and frequent occurrence

of light gradient winds).
f

Of the meteorological parameters measured by the onsite meteorolo-

gical .tower, the wind direction and speed at the two levels are the
most indicative of the occurrence of a sea breeze condition. In addi-
tion, the frequency distribution of stabilities for onshore (NNM-N-SE)

and offshor'e (SSE-S-NM) (see Table 451.02-2) indicate that unstable

conditions with offshore flow is not common. Therefore, stability
measured by" the differential temperatures may also be useful, combined

with wind 'direction/speed, as an indicator of sea breeze. Onsite data

presented in the FSAR show diurnal variations of both wind speed and

direction characteristic of sea breeze flow (Table 2.3-11). The off-
shore flow during the early morning hours shows characteristics of land

breeze. At 1000 EST, the wind direction quickly reverses to onshore

flow, a characteristic of the onset of a sea breeze. At approximately
1400, the sea breeze reaches its maximum speeds. Ouring the early
evening, the sea breeze direction begins a clockwise rotation, a

pattern of temporal wind changes at a single location that has been

noted in all of the observational studies cited.

Since the'epth of the sea breeze has been shown to be typically
deeper than the height of the tower, it is concluded that the onsite
tower measures the sea breeze as it occurs at the St. Lucie site.
However, no single tower can characterize the sea breeze in terms of
inland penetration or the meteoroloqical conditions outside the sea

breeze circulation. Placement of secondary towers outside the sea

breeze circulation to delineate the horizontal scale of the sea breeze

would be difficult due to the large penetration inland of many sea

breezes (from the immediate coast to 50 km inland).

The expected change in ambient temperature and dew-point tempera-

tures are not exhibited by the St. Lucie meteorological data. No rapid
change in ambient temperature nor dew-point temperatures, typical of
sea breeze onset, is found in the FSAR meteorological data. Therefore,
given the above considerations and conditions of sea breeze formation,

~ - 4 f, 4,, 4 g h





the meteo'rological conditions necessary to characterize sea breeze

formation are a shift in wind direction, as measured at both levels on

the St. Lucie tower, toQar'ds onshore directions in early to mid-

morning. This wind direction condition must be combined with occur-
rence during the warm seasons of the year and synopic conditions of
clear sky arid weak gradient flows. The final consideration is a

stability„class that is unstable or neutral.
I





TABLE 451.02-1

Month

Mean Maximum
Daily Temperature

at Ft. Pierce
(F)

Average Sea
Surf ace Temperature

('F)

Percentage of Winds
at Orlando less
than 12 mph (5.4
ms-1) from 0800

to 1000

January 73.0 69 69

February

March

April

May

June.

July

August

September

October

November

December

73.4

77.3

80.8

84.4

87.2

89.1

89.5

87.6

83.2

78.2

74.1

65

68

74

77

80

81

81

82

80

75

72

62

63

74

83

86

81

80

79

77





TABLE 451.02-2

DISTRIBUTION IN PERCENT OF TOTAL OBSERVATIONS

Stabilit Class

A B C D E F G

Onshore
(NW-N-SE)

8.75 2.86 '.74 15.29 22.57 1.33 0.18

Offshore
(SSE-S-NM)

3.27 0.97 1.22 14.19 22.14 2.74 1.15

Calm 0.00 0.00 0.02 0.09 0.39 0.09 0.00

Total 12.02 3.83 3.98 .29.57 45.10 4.16 1.33

DISTRIBuTION IN PERCENT BY STABILITY CLASS

Stabil it Cl ass

Onshore
(NNW-N-SE)

A B C

72.84 74.53 . 68.70

D E F G

51.72 50.05 31.82 13.76

Offshore
(SSE-S-NM)

Calm

27.16 25.47 30.84 47.99 49.08 66.13 86.24

0.00 0.00 0.46 0.29 0.87 2.05 0.00

-8-
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~ ttRC Questions on St. tiueia Plant FSAR

Question 451.03

As discussed in Section 2.3.2.1.3, annual average precipitation at
West Palm Beach is almost double the annual precipitation
measured at the St. Lucie site for'the two-year period 9/V6- 8/VS.
Mean annual precipitation expected for the St. Lucie site is nearly
60 inches. Discuss the large difference between expected annual
average precipitation at the St. Lucie site and the measured
precipitation for»the period 9/V6 —8/VS. If this two-year period is
considered anomalous with respect to precipitation at the St. Lucie
site, discuss the representativeness of other meteorological para-
meters measured during the same period.

It is commonly recognized in coastal environments that stations somewhat removed from
the shoreline experience more precipitation than those stations directly on the coast. This is
mainly attributable to the convective liftingof the cool, moist air being transported inland by
the sea breeze, or general onshore flow. It was shown by Gentry and Moore in 1954 that
onshore flow even at night will produce appreciably more rainfall inland than on the shoreline.

With the strengthening of the Bermuda High in the summer months, the southeast Florida
coast exper ien'ces onsh'ore flow almost exclusively. And, as Table 2.3-79 shows, the
preponderance of rainfall occurs with winds from the southeast quadrant.

Tables 2.3-52 and 2.3-53 show precipitation data for West Palm Beach (PBI) and St.
Lucie (PSL), respectively. When mean total rainfall is separated into Winter (November.
through April)and Summer (May through October) groupings, the figures show ine following:

x a s

MEAN MONTHLYRAINEALLBY SEASON

WINTLR (NOV-APR)
PBI PSL '"

,2.V9 2.31
Ii

SUMMER (MAY-OCT)
PBI PSL
7.56 2.9V

As can be seen, virtually no anomaly is evident during the cooler months, but the
difference is very pronounced when onshore flow is prevalent.

Other comparisons also show that the precipitation increases inland. Yero Beach is
approximately half the. distance from the shoreline as West Palm Beach (3 miles versus 5k
miles), and has shown annual average rainfall to be 48.63 inches over. the past four yeats (47.01
miles for 1977-78). Miami Beach average annual rainfall is 48.29 inches over the 1,st four
years, while that of Miami International Airport is 57.06 inches.

The two years of data submitted in the FSAR is consistent with subsequent measure-
ments at St. Lucie. Average annual rainfall for 1979 and 1980 were 39.86 inches and 32.93

'nches(1979 figures reflect the passage of Hurr,'cane David). We feel the rainfall measure-'.
ments at St. Lucie site are representative of these conditions in that vicinity.





uestion 451.03 (Continued)

REF: Gentry, Robert C. and Moore, Paul L., 1954: Relations of Local and General Wind
Interaction Near the Sea„'Coast to Time and Location of Air-Mass Showers. J. Meteror., 11,
507-511.



NRC uestions on St. Lucie PSAR

Question 451.04

On page 2.3-10 of the PSAR, the statement is made that the
location of the meteorological tower is in "relatively flat terrain
characterized by mangrove trees in the range of 8 to 10 feet in
height." Provide the distance and direction to the nearest man-
grove trees and discuss possible influences of the trees on lower
level sensors on the meteorological tower.

There is a stand of mangrove trees generally to the northwest. of the meteorological
tower; the closest point being at the sourthern end of the stand, some 60 feet distant at a
bearing of 250o. The trees are 100 feet away at 330o, then fall away to 480 feet at 360o. The
stand is fairly dense, as is characteristic'f mangroves, but the tops are generally low and of
consistent height.

It'is conceivable there would be some interference on the low-level wind sensors with
winds i'rom 250o - 330o (where the trees are within 100 feet of the tower). However, we would
expect this to be minimal because of the characteristics described above, and we wou'd expect
impacts to be minimal, since all winds would be offshore.

In addition, the four sectors which generally depict the directions which would be
affected by the growth (NSN-NW) account for less than 19 percent of the measured low-level
winds. Since the sectors themselves comprise 25 percent of a circle, the frequency of wind
from the affected directions is somewhat less than normal.

Ne feel the location of the low-level wind equipment permits the measurement of
representative wind data for St. Lucie plant, and that any interference from nearby foliage is
insignificant.

l.



NRC Questions on St. Lueie PSAR

Question 451.05

?dentify thc frequency of the calibration and maintenance proce-
dures discussed in Section 2'.3.3.5

All procedures discussed in Section 2.3.3.5 are performed semi-annually. Since more
than 90% data recovery is accomplished at the St. Lucie site, this schedule meets the
requirements of Regulator Guide 1.23.

Purthermore, "as found" conditions are consistently within allowable limits, further
indicating that this schedule is adequate to maintain the integrity of the system.





NRC Questions on St. Luoie FSAR

Question 4S1.06

Discuss the status of the onsite meteorological measurements
program since August, 1978 and indicate if more recent data are

'vailable.

Data has been collected continuously since the inception of the meteorological program
at St. Lucie, and is now available through the first quarter of 1981.



NRC uestions on St. Lucie FSAR

uestion 451.07g

The calculations of short-term (accident) diffusion estimates
presented in Section 2.3.4 use the direction-dependent atmos-
pheric dispersion model described in Regulatory Guide 1.145
including consideration of increased lateral plume spread
during stable conditions accompanied by low wind speeds.
However, the approach described in Regulatory Guide 1.145
to account for this increased lateral plume spread is not
based on dispersion in a coastal environment such as St. Lucie,
and clearly does not apply to atmospheric dispersion over water.
Discuss the appropriateness of the use of the Regulatory Guide
1.145 methodology to the St. Lucie site considering atmospheric
dispersion processes in the coastal environment in general and
over-water trajectories in particular.

llind direction meander refers to an atmospheric condition in which

the lateral spread of a pollutant plume or cloud is largely or primarily
due to slow fluctuations of wind direction in an otherwise steady, low

speed flow. This phenomena occurs under neutral or stable atmospheric
stability conditions. Meander has the effect of .increasing lateral disper-
sion of a pollutant cloud beyond that normally associated with the existing
atmospheric stability, thereby decreasing pollutant concentrations and dose

assessments.

The current NRC method of treatment of meander in; the calculation
of short=term concentrations involves the conditional use of
three equations'for hourly average ground-level relative concentra-

tions (Regulatory Guide 1.145). Under unstable conditions or wind speeds equal

to or greater than 6 m/s, no meander is considered and the equation used

includes a building wake correction term that is proportional to the building
cross-sectional area. (The effect of the building wake correction term on

the concentration is limited to a factor of three (3) or less.) Under neutral
and stable atmospheric conditions with wind speeds less than 6 m/s, either
the building wake correction equation or an equation that has a single factor,
given the symbol 'yt expressing the enhanced 'lateral dispersion of a cloud,
due to meander or wake effects or both, is used in the assessment. Ey depends
upon distance, the lateral dispersion factor a , and the atmospheric stability
class in a manner prescribed in Appendix A of Regulatory Guide 1.145. This
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method is an empirica'1 formulation based on NPC staff analysis of resu'its
from an atmospheric dispersion experiment performed at an inland nuclear
electric generating sta'tion (NOAA, 1977).

To address this question a search of the literature was made with
particular attention paid to the experimental results used to justify
the NRC treatment of meander. In addition, a more general examination

of the scientific literature appraising studies performed subsequent to the

work cited in Regulatory Guide 1.145 was made. The critical review of the

literature of diffusion methods at coastal sites provided by Raynor, Michael,
and SethuRaman (1980) greatly facilitated this effort.

The literature of coastal effects on meander formation is extremely
sparse. Me were not able to identify any publications on this topic that
were not included in the reference list of Raynor et al., 1980. The observa-
tions that have been made were at sites fronting large bodies of water such as

the Atlantic Ocean or Long Island Sound. These observations indicate that
large bodies of water may reduce the magnitude of meander. However, these

observations were only a noted event of interest, and systematic studies de-

signed to verify and quantify the observations have yet to be performed.

Raynor et al., 1980 presented the following recommendations concerning
the meander applied to dispersion from coastal sites: "... it is recommended

that current procedures for using meander to reduce computed concentrations
at wind speeds above 1 m s should be considered tentative and subject to
revision if additional data show them to be insufficiently convervative...",'This has"h'ee'n considered'true, in the interim period, for plume transported
over-water, as well as that over-land areas. The meander for over-water
plume transport conditions s'hould have the same characteristics as that for
land areas because the meander has been generated over-land and should require,
because meander is a long wave length phenomenon as compared with turbulence,

a greater distance to change characteristics. Therefore, the 800 meters distance
'I

in which Regulatory Guide 1.145 applies a meander adjustment term .is applicable to
over-water transport.

For over-land trajectory of a source located on the coastline, the appli-
cation of the Regulatory Guide 1.145 meander enhanced lateral spread of the plume

is less certain. The fact that coastal onshore winds are generally of higher
wind speed and occur during more unstable atmospheric conditions should make





the application of Regulatory Guide 1.145 meander correction less signifi-
cant for the onshor e winds, therefore supporting the use of the present

meander methodology during the interim period.

We find the recommendation of the use of the current procedures for
the meander reduction of concentrations reasonable in light of currently
available data on the subject and, therefore, applicable for the FSAR

short-term (accident) diffusion estimates.

References:

Regulatory Guide 1.145, Atmospheric Models for Potential Accident
Consequence Assessments at Nuclear Power Plant, U.S. Nuclear
Regulatory Commission, Office of Standards Development, Regulatory
Guide 1.145, August 1979.

NOAA, 1977, Rancho Seco Building Wake Effects on Atmospheric Diffusion,
G.E. Start, J.H. Cate, C.R. Dickson, N.R. Ricks, G. R. Ackerman,
J.F. Sogendorf, National Oceanic and Atmospheric Administration Technical
Memorandum ERL-ARL-69, Air Resources Laboratories, Idaho Falls, Idaho,
November 1977.

Raynor, G.S., Michael P., and SethuRaman, S., 1980, "Meteorological
Measurement Methods and Diffusion Models for Use at Coastal
Nuclear Reactor Sites," Nuclear Safety, Volume 21, No. 6,
Novermber-December 1980.





NRC uestions on St; Lucie FSAR

uestion 451.08

The terrain correction factors presented in
Table 2.3-102 indicate that the straight-line
annual average atmospheric dispersion model may
not adequately represent the regular spatial and
temporal variations in airflow in the vicinity of
the St. Lucie site. However, the puff-advection
model on which these correction factors are based
is most useful when meteorological data from multiple
sources can be used to describe spatial and temporal
variatioris in airflow. Identify the meteorolgical
data used as input to the puff-advection model, and
discuss the appropria'teness and reasonableness of
correction factors at distances of 7.5 miles and

-beyond.

. The puff-advection model {MESODIF) was used on the FSAR analyses to

develop site-specific terrain/recirculation correction factors. These

adjustments were developed for application to the straight-line airflow
model to account for, on an annual basis, the airflow characteristics
in the St. Lucie site vicinity that affect the atmospheric transport
and diffusion conditions. For the St. Lucie coastal site, these

conditions consist of sea and land breeze circulations.

The terrain/recirculation correction factors were developed

from the ratio of the relative concentrations calculated using the
puff-advection model and straight-line model for the meteorological
data period of August 1977 through August 1978 {8760 valid observa-
tions). Although it is true that the puff-,advection model can be

run and is more useful with multiple source input, such a run configura-
tion is of more importance in areas of complex topography and/or for
large distances from the release point. For the St. Lucie application,

. the one station puff-advection analysis should be appropriate for
distances less than 7.5 miles as the onsite meteorological data will
contain the land and sea breeze circulations. Topographic modifica-
tions within this range should not be of significance. The appropriate-
ness of this application is further supported by the fact that sea

breeze circulations have been found to penetrate up to 50 kilometers





inland and that the expected releases from the St. Lucie site are

at ground level. Therefore, the data as measured at the onsite
tower should, in application in the puff-advection model, be

representative of the 7.5 mile radius inland.

Of additional concern is the use of the results of the puff-
advection analysis for flows offshore. The fact that meteorological
data are not available over the ocean and .on observations of other
investigators indicating the slow adjustment of meteorological para-

meters to over water trajectory, the application of the one-station
puff-advection analysis to the over water trajectories within 7.5
miles is appropriate and reasonable for this site.

It should be noted that terrain/recirculation factors
of magnitude less than one for large distances from a source are

expected and appropriate due to the physical processes involved and

the nature of the two models. Also, because of the lack of major
terrain considerations and the general persistence of the sea breeze

circulations at coastal sites in Flordia, a one-station puff-advec-
tion analysis may be more appropriate at the St. Lucie location then

at others without such ambient meteorological/terrain conditions. But

because of the limitation of the puff-advection analysis to the use of
one-station, the 'terrain/recirculation correction value calculated at
large distances are more uncertain than the values calculated closer
to the source of the meteorological data. Therefore, the use of the

terrain/recirculation correction values calculated at large distances
from the St. Lucie facility should be made with discretion.

~ f l ~ JA III



311. lt(2. l. 1. 2) Jn conjunction ~vith FP""-L' control oi all land and 'vater use

inside tNei proper~i, please veri y'by documentation ~2~-L s

ovmership oi a11 ~feral rights and easements to the ct. Lucie

property.

~
~

4. gouge'

Ne have revie.'.=el our records on the approximately l,l32 acres
of land acquired or the St. Lucie Plant; and according to
our lawyer's opinions of title, it, appears that FPL is the
owner of all.o'l, gas, and mineral rights.

I

.There is, how ver, an outstanding easement to the State of
Florida hav'-ng -'".=- right.to excavate within 250 feet on each
side of the cen= " o" the channel of the Xntxacoastal Naterway
and to dre"ge ma ==ials for construction and maintenance
within 1,250 =eat "

, ach side of the centerline. Additionally,
by he rec .nt ==:"..-"-=: nce of an interest to The Orlando Utilities
Coma=:ssion in b.".'- ".:o. 2, an easement was also gran'ced the
Co-.:=...ss-o. ";-== =-.=- adjoining 388.3 acres for use of common
faci ties =-==. i=.==ress and egress.





311. 2~

a. 1 .. 1) Ple se revise the St. Lucie unit;—",2 documents by azven&ng ='"-e

aporooriai sections to clar y 'the ezclusion area and low pop-

ulat-'on zone bounaary desi@ .ations as ae Al Braune s (ZBC)

telecon ivith 'vier. - rrol Dotson (FPE:L) on 5/

Paul Grossnian (" oa co) on 5/19/Sl.
1 l /S', ana 'vier.



~ question The blowdown of a double ended guillotine rupture of the steam
line in the subcompartment analysis was derived from the RELAP 3
code. Appendix 3.6A is referred for this analysis; however, it
contains only "to be submitted later."

Provide assumptions and models of the mass arid energy release
calculation for this main steam line rupture.

~Res onse

Please see Appendix 3.6A which has been submitted in Amendment 3 (June 1, 1981).

Y <+i red0.< 0'> <csin~~.



question FSAR explains the reason why the maximum safety injection
flows ard conservative for calculating the containment peak
pressure response by referring to CESSAR Section 6.2.1. However
CESSAR Sec ion 6.2.1, Containment Functional Design, contains
many subseCtions and more than 100 pages.

Provide the ~s ecific subsection which directly explains the
reason described above.

Response: explanation of the reason for maximum safety injection
fl..ws being conservative is provided in CESSAR-P~paragraph
6.2.1.1.2(a), at the top of page 6.2-7. The peak contain, ent
pressure following a cold leg LOCA is basically a function'.
the following variables: Hass/energy release during blowdo .n,
ECCS flow rates, cor tainment active and passive heat removal
rates, and NSSS primary side hydraulic factors.

igo 'g St. Lucie 2 plant"specific analyses were conducted using
both maximum and minimum ECCS flow rates in order to determine
the most conservative case. It was found that maximum ECCS

flow was conservative. The reason for this is provided in
CESSAR-P, namely that maximizing the core flooding rate has
maximized the steam release rate to the containmen..





SL2-FSAR

LOCA Anal ses with Maximum Safety Injection

A containment pressure-temperature analysis is performed for the LOCA
assuming maximum safety injection. flow. "For the purpose of this LOCA
analysis, the ECCS and the Containment Heat Removal Systems are assumed
to operate. in the mode that maximized the containment pressure response. i

For the Safety Injection Sy'tem, maximum safety injection flows are con-
servative for calculating the containment pq~k pressure response. %M~+~5+P J

.* . ".. ff'For the Containment )lent
Removal System, minimum system capacity is conservative for calculating
the containment oeak pressure response. Therefore, the Containment Heat
Removal System is assumed'o be, affected by the most conservative
restrictive single failure which is assumed to be a loss of one containment
spray train. One spray train is selected because the heat removal
capability of one spray is greater than the capability of- two contain-
ment fan coolers- The loss of one diesel generator train is not the most
restrictive single active failure since full, safety injection flows are not
available.

. Conservative trip etpoints of 11 psig (CSAS) and 6 psig (SIAS) are
utilized. The analysis setpoint considers a 1.15 second time delay after
receipt of the trip setpoint to account for any equipment uncertainty or
circuitry time delay.

The following describes the conservative assumptions made with respect to
ESF system operations and parameters (see Table 6.2-6) for the LOCA max-
imum pressure and temperature analyses:

a) For a discharge leg break, the contents of three safety injection
tanks discharge into the reactor vessel when Reactor Coolant System
pressure d ops below tank pressure. The fourth tank is assumed to
inject into the broken leg and out.to the containment. For a
suction leg break, all four safety injection tanks are assumed to
inject into the Reactor Coolant System.

b) All ECCS pumps operate at approximately run out flow (i.e- ECCS
flow is assumed to be that 'corresponding to the instantaneous
Reactor Coolant System pressure) until tbe start of recirculation,
with 100 percent of the flow reaching tbe core.

c) One containment spray pump operates and sprays 2,650 gpm of water
into the containment until the start of recirculation (tbe failure
of one containment spray train) at a maximum refueling water tank
temperature of 100 F..

One shutdown cooling heat exchanger operates during the recircula-
tion mode of operation to cool tbe containment spray. The assumed
llA of the heat exchanger is lower than tbe design minimum to
minimize removal from the containment, and the heat exchanger is

6assumed to be supplied with cooling water flowing at 2e41 x 10
ibm/hr with the maximum recirculation component cooling water tem-,
perature 105 F.

6.2-8 Amendment No. 0, (12/80)
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SL2- FSAR

The steam generator and pressurizer are enclosed by heavily reinfr reed con-
crete shield wal ls in a si ngle large compartment below elevat ion 6'2 ft.
See Figures 6.2-LS tn,21 for details nf the arrangement of subcompartment s
in this region. Pressure relief is provided by openings in the secondary
shield wall to the annular areas, between the secondary shield wa'll and the
containment, and by flnw through the operating flnor where the steam
generators pass thrnugh the floor to the upper containment.

The Lower pressurizer and surge line piping are open tn this region and
venti n's to an upper enclosed volume above elevation 62 ft. Pressure
relief in thi s upper vc lume is provided, by a doorway at the floor level.

Subcaxapartment free volumes and vent area information is discussed in Sub-
section 6.2.1.2.3.

5.2.1.2.3 Design Evaluation

The modi fied CKFLASH4 computer code was used to calculate the mass and
energy release rates from postulated Reactor Coolant System pipe ruptures.
This code is the same as the one containing the combination Henry-Fauske/
Hoody cri t icaL flow subroutine, described in Subsection 6.2.1.1.5 of the
Arkansas Nuclear One Uni t Two FSAR (Docket No. 50-36'3) ~ The Reactor
CooLant System nodalization scheme is shown on Figure 6.2-22. This
nodalization scheme is mndi fied for the pressurizer surge line break by
adding a -four node surge line modeL.

xesEI'r 8
~~

The subccmpartment pressurization effects are depenLent on the blcwdnwn
energy release rates. In order to provide adequate conservatism for design-
evaluation, t he fo l Lowi ng methodology i s used to generate short durat ion
mass and energy release rates,

a) Subcooled and low quality break flow are computed using the Henry-
Fauske correlation with a discharge coefficient of 1.0.

b) Break flow wi th quality above approximately 6,.0 percent is ccmputed
using the Hoody critical flow correlation with a discharge coeffi-
cient of 1.0 .

c) The momentum flux terms are omitted when solving the conservation
of momentum equaJ: ion for flows wi thin the Reactor Coolant System.

d) Initial Reactor Coolant System
nominal full power condi tions.

conditions are at 102 percent of

e) Reactor Coolant System volumes are increased over nominal values.

f) The pressurizer water level is assumed to be above the normal full
power operating water leveL.

The method,used to calculate the mass and energy releases is similar to the
one described in Subsection 6.2.1.1.4 of CESSAR (approved'ecember, 1975).

6.2-14
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guestion

Response:

The "modified CEFLASH 4" computer code was used .to calculate
the mass- and -energy release rates from postulated Reactor

'oolantSystem pipe ruptures for subcompartment analysis.
Is this "modified CEFLASH 4" the same or a different code .as
the CEFLASH-4A which was used for the same purpose in the
approved CESSAR PSAR?'f they are different, identify the difference between two
codes as related.to the blowdown mass and energy'el'eases. *

~5E
The "modified CEFl ASH-4"'code is different from the CEFLASH-4A
code used in 'the approved CESSAM PSAR. However, the "modified
CEFLASH-4" code produces the same mass and energv releases
as'he CEFLASH-4A code.

The difference between CEFLASH-4A'and CEFLASH-4 (not modified)
is discussed .in CESSAR-PSAR. . In the "modified CEFLASH-4"
there is the same method for calculation of critical mass flux
as there is in CEFLASH-4A. For this reason, CEFLASH-4A
and "modified CEFLASH-4" produce the same blowdown release
rates.

The "modified CEFLASH-4" code was used because input data
were available which satisfied input requirements of that
version of the code. CEFLASH-4A input has a dif,erent format
and viould have required re-working the inout data which viould
have been time consuming, vihile the blovidown release rates
would not be changed.



guestion

Response:

The reason for not explicitly analyzing a failure scenario
involving. the Auxiliary Feedwater System ('AF',IS) is given as
that the additional water inventory and energy involved are
less than the additional inventory and energy associated with
the tlFIV failure case.

Clarify this statement. Hhy is the additional water inventory
involved from a failure of AFlIS less than that from the HFIV
failure case. Hhat is the AFMS failure; how does it fail.

Wn/wz
The AFHS failure referenced in the question would be any
failure of the AFlIS which allowed auxiliary feedwater to b
fed to the af ected steam generator during a Hain Steam Line
Break (HSLB). The inventory comparison with the additional
inventory associated with the HFIV failure case is as follows:

The maximum inventory rate that could be added to the ruptured
unit at AF!IS pump ran-out flows is QoGu GPI<. Since the
time to peak containment pressure is typically 1 minute, the
corresponding maximum Ar~;IS inventory addition is 0'G P
gallons, or approximately P>',f Oo ibm. By contrast, for >he
NFIV failure case> an additional inventory of 414 ft
(p.l,b oo ibm) was available to the ruptured unit. Since
the AFlIS supplied additional inventory would be less than
that via the HFIY failure, and since the AF';I is cold water
relative to the heated main feed water, thero was no need to
explicitly analyze an AF';IS failure since'a more conservativ
failure (HFIV failure) has been analyzed.

Additionally, the following facts should be noted:

1) The safety grade AFIS to be installed in St. Lucie 2 ',n
response to post THI requirements is designed such that no
single failure.will result in delivery of feedwater to a
ruptured generator.

2) The revised main feedwater system provides two safety grade
HFIV's in series in each line, so that isolation of main
feedwater w'ithout additional inventory considerations will
occur even if one of the HFIV

' fail s.

3) The EFAS logic and the AF!IS will feed auxiliary feedwater
(as required) to the intact steam generator during a hSLB. The
addition of this water to the intact unit was omitted from all
HSLB mass/eneroy release analyses since the addition of cold
water to the intact unit, if considered, would cool the IlSSS
and hence would provide slower steaming rates from the ruptured
unit to the containment.
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SAR'enerator.

Closure of the operational MSIV provides, isolation of the
intact steam generator. The MFIVs and both containment heat removal ~

trains (tvo contaihment sprays. and fo»r containment fan coolers) func-
tion for this case. 'he steam inventory Erom the faulted steam genera-
tor'p to the closed tiSIV on the intact steam generator expands into the
'containment. The feedvater inventory between the faulted steam genera-
tor and. its HSIV is ass'i|~ed to flow into the steam generator and is
released to the containment.

Case 3 — HFIV Fail~ire

A single failure of one MFIV'uring 'a postulated main steam I'ine break
accident is accommodated by closure of the backup feedwater isolation
valves upon receipt of a .'iSIS or SIAS signal. The MSIVs and bot'h con-
tainment heat removal trains (tvo containment sprays and four contain-
ment fan coolers) are, postulated to operate. The MFIV nearest to the
faulted steam generator is postulated to fail. Stean in'he steam line
between the break and the nearest MSIV expands into the containment.
The feedwater inventory betveen the faulted steam generator and .the

"
. feedwater backup valve flashes into the containment.

The feedwater flow ates to the faulted steam generator are calculated for
various power level and single active fa'ilure cases us ng the calculated
faulted and intact steam generator pressure responses, the feedwater pump
characteristics and the Eeedwater isolation, or regulating valve flow co-
efficients (see Figure 6.2-34).

A failure scenario involving the Auxiliary Feedvater System is not ex-
plicitlv analyzed since the additional water inventory and energy involved
are less than the additional inventorv and energy associated with the ".iFIV
failure case. vtnerv -e, since the P.auxiliary Feedv er System xs manua
znxtzated xt would ave to be ass ed that duri. a main stea ine break
acciden the contr room operat not only s~tts all three uxilia y
feedw er pimps ~mediately, b.t also openspne isolation alves to th
fau ed stean enerator and ross ties the auxiliary fe~uwater train 2A

n 2B togetp r via valve I-MV-09-13 an I-Wi-09-14 Based on th above,
is not ~cessary to e p1.icitly anal ze a HS1.B ident and su sequent

tart oE tjie Auxiliarv eeedvater Svst m

Of fsite pover is assumed to be available for the analysis. Availability of
offsite pover allows the continuation of reactor coolant pump and feed-
vater pump flow. Maintaining reactor coolant and Eeedwater pump flow
maximizes the rate of primarv to secondary heat transfer wh ch maximizes
the rate of mass/energy release.

6. 2-25
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{9.2.2)

fn accordance with the FSAR, the St Lucie 2 design incorporates an
automatic reactor trip 10 minutes aftex loss of the component cooling
water (CCA) to, the reactor coolant pumps (RCP). The CESAR also states
that the trip is designed to TEZE 279-1971 requirements. The RCP's
would be tripped manually on loss of CC'A. The. portion of the CQI system

'upplyin~ cooling water to the RCP's is not safety grade. Regarding
loss of cooling to the RCP, provide the following information:

0 ~

a) State vhethe the instrumentation that alerts the operators in the
contro3. room of the cause or". the reactor trip discussed above is
saf'ety grade.

')

Provide: test data or other information to.demonstxate that the
PCP's can. operate without CVrf flow for a; period 'of ti=e compatible
with operator acti. on to txip the RCP's.

c) Assuming the reactor is in hot standby vith the RCP's tripped,
how long vill the pump seals .perform their function without CC'J flow'

Res onse 410.19

O.
a) The reactor txip upon a loss. of, component cooling water to the

reactor coolant pumps's not required for reactor protection. The.
reactor'rip upon loss oz component coo3.ing water is delayed fo-

~ ten (10) m5+utes a"ter it reaches the, preset setpoint. Pour
-channels of Class ZE indication, of component cooling water tota3. flow
frere all xeac"or coolant pumps is pxovided'on the RTG.3oaxd

The instrumentation that a3.ert the operators in the contxol xoo~
of- the cause of the reactor trip consist of'afety
grade instrument &* contxo3 devices. Saf ety grade isolation

. device" axe also provided to isolate ignals generated by safety
- grade equipment to a non-safety grade station annuciatoxs and

sequence of events recorder.

~ ~

b) Saii Onofre Units 2 and 3 Reactor Coolant Pumps have been operationally
tested to demonstrate satisfactory seal performance with seal cooling
water shut off for 30 minutes with the pump operating. Based on the
30 minute operational test, it was demonstrated that the seals would
not lose function (i.e., gross leal;age) but the seal ass mblies did
require refurbishment following the test. It is the judgem nt of
Combustion Engineering that the RCP seals would not lose function
following a loss of power two hours in duration. Based on these
test results, the similarity of these pumps with those for St. Lucie
Vnit 2, and the information available to the operator (see FSAR sec-
tion 9.2.2.3.1), the operator is expected to have sufficient time to

~ trip the reactor coolant pumps;





The San Onofre Units 2 and 3 pumps were also operationally tested to
demonstrate satisfactory motor bearing performance with cooling water

shut off and with the pump operating. The cooling water was shut

off for 23 minutes'and a post-'test examination showed the bearings

to be in excellent condition (i.e., no observable damage). Analysis

of test results indicated that the pump motor could run(30 minutes

without cooling water and remain operable. 4 ~ l~t
The motor bearings for the St. Lucie Unit 2 pumps are of the same

design as those in the above mentioned test. Therefore, acceptable
performance of the St. Lucie Unit 2 bearings after a loss of com-
ponent cooling water was demonstrated by the test of the San Onofre
pumps. In addition, there have been two occurrences of loss of
component cooling water at St. Lucie Unit 1 (Licensee Event Reports
335-77-23 and 335-80-29). The pump bearings have performed satis-
factorily since these incidents', indicating the acceptable per-
formance of the bearings after loss of component cooling water.

No FSAR change is required.

c) Tests have been performed to simulate the loss of component cooling
water to the RCPs while at hot standby with the RCPs tripped. After
approximately 50 hours at coolant conditions of 550 F and 2250 psig,
the RCP seal cartridge still performed satisfactorily with the pump
idle. Some seal damage was observed during the post-test inspection;
however, the maximum seal leakage during the test was only 16 gph
(Reference: 'FPSL letter L-81-107, March 10, 1981).

Q~/st
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iAgl„E 15.0-1 (Cont'd)

C5. Rettuct. ion of Shutdown Cooling Effcctivcncss
"Opcnin~ a hutdown cooling flow control valve above require-

lin water lineLeak in a non-essential componert coo~~ng wa
Leak in an essential. component: coolin„ water linc

C6. Partial Loss o .:ormas f 4
'

1 Veedwater and Reactor Coolant Flows
Loss of a non- a Cc t:y 6. 9l:V bus

C7 ~ l.oss of Offs5.te Pow r.
Loss of'rid

' tivity and Power Distribution AnomaliesD. React v ty an
~ertionDl. Uncont:ro).lcd Po'sitive Reactxvity In e

Sequential CEA wi thdrawal
Single part length CEA dx'op
Part length C)'.A subgroup

dx'op'ingle

CEA withdrawal
CGA subgroup wititdrawal
CEA group w5.thdrawal

D2. Slow Positive Reactivity Insertion
Closure of'oron flow control valve
Malfunction of mak up cont:roller

D3. Uncontrolled t'egative React:ivity Insex'tion-Single CEA Drop
S5.ngle CEA drop

Dh. Urcontrollcd Hega tive React:5vity Insertion"Other
Sequential C)!A insertion
CBA ubgroup drop
Single part length CEA cIrop
Part: lengt)t CEA subgroup drop
CEA group drop

~~~cb v",Bra-o047t;~~g-
Broken CEA

~ D5- CEA Ejection
Pupture of a CED:) nozzle or housing

'D6. Slow Yegativc Reactivity Insertion
Xnadvertent boxation

E. Increase 5n Reactor Cool.ant System Xnventory
El. Primary System ~Lta s Addition

Partial closure of thc letdown control valve
Closure of the letdown control valve

. Partial closure of a letdown isolation valve.
Closure of a letdown isolation valve
Startup of charging pu .p(s)
Prepsur5zcr level signal fa'l." low or low-low

F. Decrea e in the Reactor Coolant System Inventory
Fl. Decrease in primary sy tern ma s

E

Opening thc lc'down control valve above requirements

lation valve~ Closure of t: he volum control tank discharge iso at on
Closure of a charging control valve.
Pres urizer 1evcl signal fails high
Regcncrativc he t exc)ianger t.ube rupture

15. D-23 Amendmcnt V'o. 2, (5/."'1)





~ cap
~ ~

l7 l"1 I"lwfz'Ip «

SL2-FSAR

15e4.1,4

The only >foaerate Frequency event resulting in a reactivity and power
distribution anomaly shown in Table 15.4.1-1 does nnt approach the accept-
ance guideline on the loss of shutdown margin pecified in Table 15.6-4.

15,4.2 IhFREQuF.:a EYEt~1S

15 4,2,1. Linitin . Offsit.e Dose Event

None of the Infrequent events resulting in a reactiv.ty ard power distribu-
tion anomaly shown inTable 15.4,2-1 release a signif cant amount of radio-
activity to the atmosphere, The of fsite doses which would nccur during the
most adverse of these events are well w:thin the acceptance guideline
specified 'n 'lable 15,0-4,

15e4e2e2 I imitin Reactor Coolant System pressure Event

bone of the Infrequent events resulting in a reactivity and power distribu-
tion anomaly shnwn in Table 15,4,2-1 produce a RCS pressure greater than
that produced by the Urcontrnlled Positive Reactivity Insert on with a loss
nf offsite power as a result of turbine trip event, descr bed in Subsect.on
15.4.4.2, Therefore, the conclusions of Subsect 'on 15,4,4 e2, which meet
the acceptance guideline for Infrequent events, al.so apply to this sect nn'e

15e4.2. 3 ibmi tijoupleyer!creance pvent — Uncontro! le;! Poe.'.I:ive
Reactivity Insert nn

15.4e2a3.1 Identifi.catinn of Event and Causes

All of the Infrequent evert groups from the reactivity and power distribu-
tion anomalies event type and the Infrequent event comb'nations shnwn in

~ Table 15.4.2-1 were compared to 'find the, lim:ting fuel performance events
'lhe uncontrolled Positive Reactivity Insertion was identified as the limit-

.ing event, I

The. event groups and event combinatinns evaluated and the signifmcance nf
the approach to the fuel performance acceptance guidel:ne for each are in-
dicated in 'lab le 15,4.2"1 ~ All events indicated as s'gnm ficant (S) produce
a fuel performance within the acceptance guidelinee

The uncnntrnlled positive reactivity insertinn event group is more lim'ting
than the uncontrnl'led negative reactivity nsert'on event group bee~use the
uncontrolled pos'ive reactivity 'nsert.on event group combines signif'cant
power distort'ons with a rap:d increase in overall. power, while the uncon-
trolled negat ve react vity insert'nn event group .s character zed by simi-
lar power distnrt.nns, but is combined with a rapid power decrease followed
by a return to the 'n tia'! paver !eva!. Q n-'thceod.&: o--
~'~m~ '~,.... ~~yr=~4-~bu~nm~~~~~i~s=-

~r, n TCe n~~~Wg~~ j~ t' e' n

uncontrol-led. p:rs='~~~~~.'~y 'ns~
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An uncontrolled positive rcacLivity insertion can be.cause'd by.a sequential
CEA «ithdrawal, t.he withdrawal of a'ingle CEA, CEA subgroup, or CEA group

gor thc drop of a single part. length CEA~ part. 1cggth CEA subgroup er—pact
'br'2~~. The part Length CEA (PLCEA)p.;roup drop is t.he most

limiting initiat.ing event. in the uncontrolled positive react.ivity insertion
,,5« tp

event group because the Pl.CEA„] roup drop results in t.he largest. power
dist.ort ions, most rapid power iricrease, and largest decrease in D'OR of all
events in t.his group.

15.4.2.3.2 Sequence of Events and Systems Operation

Tahlr 15.4.2,3"1 presents a chro no]o tie a~] ]i st and timing of system actions
which occur following a part length CEAp~roup drop. Refer to Table
]3,4.2.3-] while reading thi" and the followino„. section. The success pa:hs
referenced are those given on the sequence of event diagram (SED), Figure

'5,4.2,3-1.This figure, together with Tabl L5.0-6, d>ich contains a

glos ary of SED sya]bols and acronyms, may be used to trace the actuation
and int.eraction of the syste]ns used to mitigate the consequences of

this'vent,

The timings in Table 15,4 .2.3"1 may be used to determine when,
after tmle initiating event, each action occurs.

The sequence presented denorlstrat.es that the operator can cool the plant.
down t:o cold shutdown during the event ~ Xf the malfunction which causes
the event. initiator can be repaired without: violat.ing the Technical
Specif icat.ions, then the operator may elect. instead to stabilize the plant
in a mode other t.han cold shutdown, All actions required to stabilize the
plallt and perform the required repairs are not described here.

'The sequence of events and systems operations described below represent.'s
thc way in which the plant.'as assumed to respond to the event initiators
Hany plant. responses are possible, however, certain responses are limiting

— with respect to the accept'.ance guideli.nes for this section. Of the Limit-
ing responses, the most likely one to be followed was selected.

Table 15.4,2.3-2 contains a matrix which describes the extent to
nally operating plant systems are, assumed to function -during the
The operation of these systems is consist:ent with the guidelines
tion 15.0,2.3.

wh ich nor
trans i.ent ~

of Subsec-

Table 15.4,2.3-3 contai'ns a matrix which describes the ext ent to which
safety are assumed to funct.ion during the transient.

The success paths in the sequence of events diagram, Figure 15.4.2.3-1, are
as fo llows:-

Reactivity Cont.rol:

A react. or trip signal {RTS) is automatically generated by the Reactor Pro-
tective Syst.e'm on a nigh power level. The RTS opens the reactor trip
circuit breakers to de-energizing th control element drive m. chanism
(CED'1) power supply bus which interrupt power to the CED'.f holding coils
allowing the control clem nt asseslblies t,o fall into the core. gf cooldown
is necessary'he operatol adjusts t he R" ct or Coolant Syst.em (".;CS) boron
concentration to the cold shutdown concelltrat.ion pr ior to plant, cooldown by

15. 4-29 Amendmnnt ho. 2, (5/8l)
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RCS volume shrinkage. RCS prqssure is gradually reduce y pd b the ressurizer
spray valves. The operator may also actuate the pressurizer heaters during
cooldown, to permit using a higher spray rate and obtain bet ter pressure
control an'd mixing of fluid in the pressurizer, During cooldown, the
charg).ng pumps ]n).~ra y a . sull. t ke suction from the boric acid makeup tank BAHT

until the RCS has been increased to the cold shutdown boron concentration,
whi,ch time the charging pump suet on is realigned to the refueling water

A the RCS pressure is reduced, the operator blocks the safety in-
3ecticn actuation signal to prevent its inadverten" actuation ~ The .

y
injection tanks are depressurized by draining.or venting and then are
isolated to permit further depressurization.of the RCS. After the reactorl.so ate
coolant pumps have been stopped, the operator uses the auxzlaary spray to
reduce pressurizer piessure,

Haint:enance of AC Powe'r:

Upon loss. of power to the unit au'xiliary transformers, their loads are
transferred to the startup transformers by a fast-dead bus transfer,

15,4,2,3,3 Analysis of Effects and Consequences

~ .)

llathematical >lodels
Su L).o-'(

The NSSS response to the PLCEA ~~ Drop was simulated using the
CESI"C d described in Subsection 15.0.4. The transient minimumco e

CE-1DllBR. values were ca.'culated using the TOj<C code which uses the
CHF correlation described in Subsection.15.0.4.

Input Parameters and Initial Conditions

c)

The range of initial conditions considered are pven xn Subsection
le Oo3 ~ 'able 15 ' ' '-4 gives the initial conditions used in this
analysis, Haximum core power, highest core inlet coolant tempera-
t e lo est core mass flow rate and lowest pressurizer pressureux p w j

< Rare used since these values have the most adverse impact on Dt B
The least negative Doppler coefficient and the smallest scram CEA
worth maximizes the heat flux increase after a reactor trip occurs,

ving a low r minimum DHBR. The moderator temperature coefficient
is set at the most positive value that is allowed by the Technxca
Specifications with part length CEAs in the core. For this
analysis, the thermal margin/low pressure and high local power
density trips are assumed not to function.

Results

The dynamic behavior of important NSSS parameters following a part
1 Ch CEA7 rouo drop is presented on Figures )5,4,2.3-2 to S.

1 s of thisTable 15.4.2.3-1 summarizes some of the important results of
event and .the times at which the minimum and maximum parameter
values discussed below occur.

4 ~
0

15.4-31 Amendment No. 2, (5/81)



SL2"FSAR

\ ~

s
~ ~

Thc PLCFAf~gp drop causes a positive reactivity insertion
resulting in a rapid increase in core power .s shown on Figure
15.4.2.3-2. The power and heat flux, continue to increase until the
negative reactivity from the high power trip of fsets the initial

2positive reactivity insertion. (See Figures 15.4.2.3-2 and -3).
The PLCgAf;;coup drop also results in an increase in radial peaking
factor and a more top-peaked axial power distribution. The increase
in heat flux and integrated rad ial peak cause a large decrease in
minimum DNOR. The minimum DNBR vs. time is shown on Figure
15.4.2.3-7. The negative CEA rcactivi ty inserted after the reactor
trip continues the rapid power decrease and reverses the DtiBR
decrease. arnot~-o-e~~~-3; '3-aa4

After reactor and turbine trip, and with the steam bypass control in
manual, the steam generator pressure rapidly rises to tne main steam
safety valve setpoint and then the cycles around this valve setpoint
in response to the safety valve operati.ng characteristics (Figure
15.4.2.3-7) until the operator actuates the SBCS.

~ ~

15.4.2.3.4 Conclusions

This evaluation shows that the
duces a fuel performance which
specified in Table 15.0-4.

plant response to a PLCEAQ;roup drop pro-
is well within the acceptance guideline

, ~

~ a
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LIST OV EVI'.NT (IIOUI'S ACRID I'.YEtl7 CROItP CO'.IBItlATIO.'lS I'.VAI.UATED
) II TIIE I ''hi'('I'P: ~ 'I'/~"'ACTI V IT i '.'.I) I'(~'. EI'ilS'I'!'!O'."I IO'i

AttOI'lAli1LS I'IA'I'RI P''I '..'<Eti T CVt' APED TO ACCEI TA.iCa CU I D LIttES

Acce tancc Guidelines

" Offsite
Event Crnu s and Fvent Groun Combinations Dose

RCS Fuel
Pres- Perform"
sure ance

=loss of
Shut-
down
Harr.in

).), Uncontrolled Positive Reactivity
Insertion

2) Slow Positive Reactivity Insertion

3) Uncontrolled Negative Reactivity
insertion-Single CEA Drop (CEA
Drop) +. Iligh Steam Generator Tube
Leakage Rate ('IL)

~>) CEA Drop + Low Probability Inde-
pendent"Occurrence

5) Uncontrolled hegative Reactivity
Insertion-Other (UiNRI)

6) UhRX + TL

~xa~e-e-I~M'~
'&8H+5+-r-6M@4.B~

7} Slow Negative Reactivity Insertion

S - Significant approach to acceptance guideline.
I - Insignificant app.oach to acceptance guide'ine.
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SEQUENCE'F EVENTS, CORf'O'.S)'ONf)INC TIl!~"' "D Sf!ff~fARY OF fKSUL'l'S FOR
'AfE PART LENGTff CfCA &c1" . DliOP

s~OCA~ f

SL2" f'SAR

Success Pat.hs

Ti flic
Sec Event

Ana lysis
Set: Po>.nt
or Value

4J

0
1J
0 1J
a r
o 0

0 p1J tp
CJ 0
a f-:
Q Cl

6
CJ
1J
Vl

M

4J
Cj
J 4
c c0
0 Q

1J

M M

P.
V
1J
Ol

GQ
1J

cj
Q
1J

4 g
P< M™

U
U

Cf

PJ

Q

OZ 4

0.0 Part 1.ength CEAI!group drop

0.63

0, 9(f

Reactor trip signal generated
on high power level, %

Haximum power,

ll7

1(f0. 6

2.3 Turbine trip on loss of power
on CED,'f power supply buses

Fast transi'er of power supply
bu.,es

1faximum RCS pres ure, psia 2272

6.7 %fain steam safety valves open<,
psig

975

* HSSV cycle open and closed unt:il operator actuates the SPCS.

l~r (f-3(f Amendment !!o, 2, {5/81)
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TAIILIi 15,4. 2. 3-1. (Cont 'd)

SESQUI'.NCE OF EYI'.NTS, CORRI,"iPOiiDIiiG T1~KS AihD SU'Ii'DRY 01'MU SULTS FOR
TIII'. PAIUZ LEiIC'I.'ll I A CiMv'W DROP

SCROG.Roe g"

Success paths

Time
Sec Fvent

Analysis
Set Point
or. Val.e

~ 'i
0

4J
Q JJ
SJ
iJ 0

CC O

~ H

0
v 0
a 60 0gr

EJ
iJ
JJ
Vl

M

0
o JJ
o

CQ

6
U
SJ
C)

4J

a c4
c= iJ

g

Q
O

J
0 o

1800 '. Operator borates to cold
shutdown concentration

2. Operator actuates steam
bypass control system to
comnence cooldown of RCS

3. HSSVs close, psig

4. Operator actuates AFIRE X

5. Operator closes HSR block
valves

X

Operator blocks HSIS, psia >585

In preparation to break
con-'enser

vacuum, operator;l. Opens atmospheric'ump valve

2. Closes steam bypass valves

3 ~ Closes main steam isolation
valves

Steam header prcssure, psia >400

13,600 shutdown cooling initiated,
F/psia

350/275 X

Total steam released to the
atmosphere through i~ISSVs and
ADVs, ibm

898,000
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AO
I

SYSTEl<

l. t!ain Feednater System

2. Turbine-Generator Control Svstem

3. Steam Bypass Control System

4. Pressurizer Pressure Control System

5. Pressuri zer Level Control Sys tern

6. Control Elemen'~ Drive N chanism Control System
7. Reactor Peoula ting System

8. Reactor Coolant Pumps

9. Chemical and ~!olume Control Svstem
)0. Condenser E,acuation System

11. Turbine Gland Sealing System
)2. 'Component Cooling Hater System
13. Turbine. Cooling Pater Syst m

14. Intake Cooling Hater Svstem
15. Condensate Transfer System

)6. Circulating ';later System
17. Spent Fuel Pool Cooling Svstem

18- A.C. Power (Yon-Sazeev)
19. '.C. Power (Safety)
20. D. C. Power

21. Po;ver Opera ted Rel ief Va l ves

22. Instrument Air Svste...

23. Haste tianaoement-Liouid

X

X

X

X

'X
X

X

~+TES: 1. System has eo automatic mode.
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TAIII.I 15. 4 . 2. 3-3

UTll,I7AT1'0'I 01: SAI'I",I'L'YS'I'I~I~
FOJ( Till'. PART-I,I:.I'i'll Cl;h 4~~~2 l)IIOP

$~8 &iZotr7

a
M
8
/Ca

p

tQ "

O

SL2 "J."StsR

0 r
43

ei tA

g CO0

q5
Q

nP
C/7( ON

I

tA
Tu

O

O0 I

V)
M

l. lteactor Protection Svstem

2. Engineered Safet ~ Features Actuation Svstems

3. Diesel Generators and Sunoor t Svs tems

lteactor Tri. Qritch Gear

5. Hain Steam Safety Valves

6. Pressurizer Safetv Valves

7. Hain Steam Tsolat:ion Valves

8. 1~iain 7eedvater Isolation Valves

9. Auxilia). Feecvater Svstem

10. Safet: Tn ection Svst:em

11. Shutdo>m Coolin Svstem CCl & ICE

12. htmos heric Dumo Valve Svst:em

13. Containment Xsolation System

15. Todine Removal Svstem

16. Containment Combustible Gas Control System

17. Containment Coolin S stem

X

X

2

NOTES:

*1ianually actuated duri.ng normal cool dovn

1. Permissive block of SIAS and ilSXS are manua11y actuated to permit shutdo~~
depressurization. „

2 ~ Norma3.1y operating system (in nonsafety mode)

Systems not checked are not utilized during I:his event.
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, TABlZ 15.4.2.3-4

XWPUT PARA'.";TERS A,':D I.'/ITIAL CONDITIO.'JS
ASSlNED:OR O'RT LE GT!l C,":A-7....';; DROP A.'cALYSIS

SANG(-'o~ f
Parame ter

Power Level "Nt

Assumed Value

2630

Core Inlet Coolant Temperature, F 551

Core. Flowrate, gpn 370,000

RCS Pre"sure, psia

Pressurizer Mater Volume, X level

2150
'

52.7

Axial Shape Index

Steam Generator Mater Level, % of narrow range tap span

Doppler Coefficient Yiultiplier
-4Moderator Temperature Coefficient, 10 gp/F

CEA Morth for Trip, 10

.-.30

70

O.S5

-0.5

-5.5

~ ~

0 e
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h« uncontrolled posit'ivc reactivity insertion can be caused by a sequent.ialtCEA withdrawal, t.he withdrawal of a single CLA, CEA subgroup, or CEA group
rp

Y'rtire drop of a single part; length CEAq part length CEA subgroup m~~t
1~at rh-rplpp~~<~ '1'he part'engt;h CEA (PLCEA) ~,„r oup drop is t.he most
limiting initiating event in the uncontrolled positive reactivity insertion

5 teuevent'roup because the PLCEA pr:roup drop results in the largest power
distortions most rapid power increase, ~ and largest decrease in DNBR of all
events in this proup(S'u». Qpr!eoi:» /!! !Q~»~gnu r~~ t ror~r..~tr
15.4.2a3.2 Sequence of Events and Systems Operation

Table 15,4.2.3-1 presents a chronological list and timing of. system actions
uhieh Oaaur Palia!!ino a Part !entth CdhrbrauP drOP. Refer tO Table (t(

gA»

15.4.2.3-1 while reading this and t'.he following section. The success paths
referenced are those given on the sequence of event diagraro (SED), Figure
15.4.2a3-1, This figure, t;ogether with TabLe 15.0-6, which contains a
glossary of SED symbols and acronyms, may be used to trace the actuation
and interaction of the systems used to mit.igate the consequences of this
event. The timings in Table 15.4,2,3-1 may be used to determine when,
after the iniliating event, each action occurs ~

The sequence presented demonstrates that the operator can cool the plant
down to cold shutdown during the event, If the malfunction which causes
tire event initiator cdn be repaired without violating the Technical
Specifications, then the operator may elect instead to st:abilize the plant
in a mode other than cold shutdown. All actions required to stabilize the
plant and perform the required repairs are not described here.

'I

The sequence of events and systems operations described below represents
the way in which the plant was assumed to respond to the event initiat:or ~

Hany plant. responses are possible, however, certain responses are limiting
with respect to the acceptance guidelines for tlris section. Of the limit-
ing responses, the most likely one to be followed was selected.

Table 15.4.2,3-2 contains a matrix which describes the extent to which nor-
mally operating pl.ant systems are assumed to function during the transient.
The operation of these systems is consistent with the guidelines of Subsec-
tion 15.0.2.3.

Table 15.4.2.3"3 contains a mat.rix which describes the extent to which
safety are assumed to function during, the transient.

The success paths in the sequence of events diagramp Figurc 15.4.2.3-1, are
as follows:

Reactivity Cont:rol:

A reactor trip signal (RTS) is automatically generated by the Reactor Pro-
tective System'on a high power level. The RTS opens the reactor trip
circuit breakers to de-energizing tire control element: drive mechanism
(CED.'I) power supply bus whi;ch interrupts power t.o the CHDhl holding coils
allowing thc cont:rol element assemblies to fall into the core, If cooldown
is necessary, tire operalor adjusts the Reactor Coolant Syst: em (RCS) boron
concent.ration to the cold shutdown concentration prior to plant cooldown by

. 15.4»29 Amendment No, g', (5/81)





Su-P SAR

APPENDIX 15C

ANALYSIS OF FUEL ASSE~~1BLY NISI.OADING

>e'pcE pewr ~g zw poem~ rron/

15C-i Amcndmcnt No. 3, (6/81)



SL2-FSAR

CIIAPTER 15

TABLE OF COtiTEt<TS (Cont'd)

ec.t l,on

15C

15C. 1

/~ K
15D

15D.l

159.2

15D,3

. 15D.4

15D.5

15D.

6'5D.7

15D.8

15D,9

Title
8 4FBFhir:urer'y T=iV.rO('mt.l<W<i>
NhH. iS.'3$:—OF-ITUI:I~-ASSFtsBLY IfIJTO.".t'DI NG-

OF
ADVERTENT. LOADING zH A FUEL ASSEMBLY

APD~|~W34L FAFOPpff87-ZO~ F4'i'GA Pl>5~PZPj)7~;~~ESL'C ~gtyg~ ~pl 3T.CP~org i3 Ii3,,~
INTRODUCTIOiV

PRI>iARY COOLANT THE1UfAL — HYMAULIC tfODEL

PRESSURIZER

REACTOR KINETICS

HEAT TRANSFER MITHIN THE CORE

STEAN GENERATOR MODEL

CHARGING AND LETDOMN

REACTOR PROTECTIVE SYSTEM TRIPS

SAFETY INJECTION SYSTEM

15c-l

15c-l

15D-1

15D-1

15D-1

,'15D-2

15D-3

15D-3

15D-4

15D-7

15D-7

15D-8

15D.10

15D. 1 1

'RITICAL FLOM MODEL

STEAM LINE BREAK VERSION OF CESEC

15D.11. 1 RCS THEFT fAL-HYDRAULICS

15D.11.2 CLOSURE HEAD MODE
~ e

15D.11,3 FLOfd l'10DEL

1SD ~ 11.4 PRIMARY-TO-SECONDARY HEAT TRANSFER

15D-9

15D-9

15D-9

15D-10

, 15D-10

15D-13

15D.11.5 SAFETY INJECTION TANK

15D.11.6 THE 3-D REACTIVITY FEEDBACK MODEL

15D

15D-14

15D-14a

15D-15

l5- iv Amendment: No. 3, '(6/Sl)



4
It

J



SL2-FSAR

APPENDIX 15C

15C

15C. 1

ANALYSIS OF FUEL ASSEHBLY HISLOADIPG
.OF

INADVERTENT LMDI G A'UEL ASSF.HBLY

The fuel enrichment within a fuel assembly is identified by a coded serial
number marked on the exposed surface of the top end plate of the fuel as-
sembly. This serial number is used as a means of positive identification for
each assembly in the plant. A tag board is provided in the main control room
showing a schematic representation of the reactor core, spent fuel pool and

~ new 1'uel storage area. During the period'of core loading', the location of
each CEA, fuel assembly, and source will be shown on th1s tag board by a tag
carrying its 1dentif icat1on number.

3
491.4

The tag board in the main control room will be'constantly updated by a desig-
nated member of the reactor operations staff whenever a fuel assembly is being
moved. He will be in constant communication with each area where this is
occurring ~ Also, a licensed operator will be present in the area where fuel
assemblies are be1ng handled to ensure that the assemblies are moved to the
correct locations. Fuel assemblies will not be moved unless these lines of
communication are available. In addit1on to these precautions, periodic
independent inventories of components in the reactor core, spent fuel, and new
fuel storage areas will be made to ensure that the tag board is correct.
Also, at the completion of core loading, the exposed surfaces of the top end
plates are inspected to verify that all assemblies are correctly located.
These precautions are included in the core loading procedures which are to be
reviewed by 'appropriate. plant personnel.

If, however, in spite of these precautions it is assumed that an assembly is
placed in the wrong core position, then many possibilities exist ~ The worst
situation would be the interchange of two assemblies of equal BOC K ~, but
different. poison rod loading, as will be shown below.

If, in spite of the extreme precautions described above, it is postulated that
a fuel assembly is misloaded, several situations may be postulated. The
misloading of a fuel assembly may effect the core power distribution only
slightly, for example, iz assemblies of similar enr1chments and reactivities
are misloaded. Alternatively, the core power distribution may be affected
enough so that core perf ormance would be affected if assemblies hav1ng
different enrichments or reactivities are misloaded.

In the unlikely event that two assemblies of different enrichments would be
interchanged, some misloadings would be detected using ex-core startup de-
tectors and the reactivity computer during the low power physics testing ~ In
this testing a symmetry check is performed in which the reactivity worths of
symmetrically located CEAs are compared against one another with the aid of
the ex-core startup detectors and the reactivity computer. -In these events of
assembly misloading, this check would indicate significantly different CEA

15C-1 Amendment No. 3, (6/81)



SL2-FSAR

worths between symmetrically located CEAs. This asymmetry would be corrobora-
ted by symmetry checks performed for other. symmetric rod groups thereby
5~cating a fuel misloading. Table 15C-1 shows the worths of two symmetric-
al~ located CEAs insert into the core misloaded by.

a) Interchanging a type A and Type B assembly near the core center.

b) . Interchanging a Type B and Type C assembly near the core periphery ~

1'igures 15C-1 and 15C-2 show the loading patterns for these misloadings and
the locations of the two symmetrically located CEAs ~

Table 15C-1 clearly shows that detectable differences exist in the worths of
Two symmetrically located CEAs for each of these misloadings and therefore
demonstrates the detectability of the misloa ding .

Zn addition, the misloading could be detected by either the ex-core detectors
:directly or the in-core detector channels which become operable during the
mower generating mode of operation. Figures 15C-3 and 15C-4 show the core

ower distributions for the above misloadings for an unrodded coze.

As shown above, many of the fuel assembly misloadings that can be postulated
:are easily detectable both during the rod symmetry checks and during power
mange operation. However, one can postulate a small number of misloadings
which are undetectable during the rod symmetry testing or even early in the
cycle with in-core instrumentation during power range operation. Of this
.small class certainly the worst case that can be envisioned is the interchange
o~ shimmed assembly with an unshimmed one at the center of the core. This
c~ may not be detectable at BOL, but may still cause local power peaking as

;zhe shims burn out. Two cases of this type of misloading accid nt are shown
Xn Figures 15C-5 and 15C-6. The maximum pin power peaks occurring with these

isloads are presented in Table 15C-2. The minimum DIER associated with this
power distribution is 1.61 for the worst case (Figure 15C-6) ~ Since this is
.greater than the 1.19 DIER limit, no clad damage is predicted. Furthermore,
J.t is very probable that these misloadings will be detected early in the cycle
=before these maximum pin peaks are attained. Certainly the reactor operator
would be alerted to the possibility of a fuel assembly misloading by the
:wather large power perturbations (eg, tilts on the order of eight-nine
-percent) which would begin to appear early in the cycle, which should be

etectable by the in-core instrumentation. Tilt amplitudes are normally
expected to be two percent ~

Zn view of the foregoing, it is not expected that these misloads would signi-
icantly affect reactor safety or result in offsite consequences which are a

-measurable fraction of 10CFR100 guidelines.

ge5ER7
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Analysis of the following three uncontrolled positive reactivity insertion events

was performed:

Single part length CEA drop'SPLD)

2. 'Sequential rod withdrawal {high and low power)

3. Part length subgroup drop (PLSD)

The limiting fuel performance event was found to be the PLSD.. Pe
PLSD is presented in FSAR section 15.4.2.3, The reasons

.that the other two events n.m less limiting are discussed below.

ygg,~,f Sin le Part Lenoth CEA Dro :

Siqnificant differences exist in the method of thermal margin protection for the
SPLD as opposed to the PLSD. The PLSD will cause a reactor trip, whereas the SPLD

will not. Sufficient margin exists during steady state operation such that the
SPLD vill not significantly approach thermal margin limits. The Technical Specifi-
cations will stipulate the appropriate time period for operator response to retrieve

. the rod or reduce core power to prevent a violation of ]Ac. ~~.Fce.d
:accept-hi~ ~i Jmv~„ l;iw;9 Qi a> 0~BR w.' -ie).

The PLSD produces more limiting fuel performance results for the following reasons:~ Ra4.4'u~+o t4, o'p Lo~l. j,4e PLSD results in a greater hot channel 30 power distribution increase in the

region ~herc. the minimum DHBR occurs,

fA-~l
2. The PLSD causes a greater increase in/core power due to a greater reactivity

increase than the SPLD.

The two above effects result in the part length CEA subgroup drop experiencing a

larger decrease in DNBR than the single part length CEA drop. Thus, the part
length CEA drop has less adverse fuel performance than the part length CEA

subgroup drop which is presented in Section 15.4.2.3.



4

geouen".ia'I Rod Withdrawal (hi h and low ower):

Similarly, analysis of the sequential rod withdrawal (high power and low power)

s lows a 1th t it is also not as. limiting as the part length CEA subgroup drop. The
d;~ Mt-~

sequential rod withdrawal has much less of a radial and axial poF~'er~distortion than

a part length CEA subgroup drop. The sequential rod withdrawal actually flattens
the planar radial power distribution'at the core heights in the areas where rods are

being withdrawn. At'ther core heights, the radial power distribution will remain

the same. At'o position axially will the planar radial power distribution become

more peaked. The change in the axial power distribution to a more top peaked shape,
occurs very slowly due to the slow withdrawal rate, as compared to the part length
CEA subgroup drop. The concurrent increase. in core power also occurs very slowly.
Thus, the degradation in DNBR margin 'occurs slowly. ~ o~~t-c

560
. ass thermal margin deg'radation~(for a slower transient since

the Df<BR margin degradation bebop'een time of trip and time of minimum DHBR

less than that for a faster transient.

Therefore, the part length CEA subgroup drop produces more adverse fuel performance

results ~both the part length CEA drop and the sequentia'I CEA withdrawal { high

power and low power). Thus, the part length CEA subgroup drop was presented as

the infrequent category limiting fuel performance event in FSAR Section 15.4.2.3.
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We urge you to provide the information that would be needed to
demonstrate compliance 'with the SRP at your earliest
convenience. To help you anticipate an imminent revision to
SRP-4.2, the following comments are

provided'evision

1 - This revision was issued in October 1978 and
contains all of the'basic requirements that you need to
address. It will not be changed significantly by the planned
revision.

Revision 2 — This revision is planned for April 1981 and is the
.revision alluded to in the notice of proposed rule making on SRP

'compliance. In SRP-4.2 this revision will (a) add acceptance
criteria for mechanical response to seismic and LOCA loads, and

(b) make editorial changes largely confined to adding and
correcting citations to regulations and regulatory guides that
are already addressed in Rev 1. The acceptance criteria for
mechanical response were. recently implemented as part of the
resolution of Unresolved Safety Issue, Task A-2 and are given in.,
Appendix E of NUREGW609. Therefoie, you can base your FSAR

,revisions on SRP-4.4 Rev 1 (current version) plus Appendix E of
NUREG-0609, and last~inute changes in referencing can be made
i'n April prior to your submittal of the additional fuel-related
information.

Recent Technical Issues

The following is a list of current technical issues that have
'requentlybeen noted as outstanding issues in recent SERs and

that should be given special attention in your FSAR.

li Supplemental ECCS analysis with NUREG&630.
2 ~ Combined seismic and LOCA loads analysis.
3 ~ Enhanced fission gas release ana1ysis at high burnups
4 ~ Fuel rod bowing analysis.
5. Fuel assembly control rod guide tube wear analysis.
6 ~ Fuel assembly design shoulder gap analysis.
7 ~ End-of-life fuel rod internals pressure analysis.

Response
fleYcd Pne ~.ic f45'gj~~ iy reused "a~I is pe<i~~ l<.

pp fAEVLcLJ(

gqo tA.

Rev
'Acceptance Crite

Applicable
FSAR Subsectio

A. Design Bases

1. Fuel System ge
(a) St s strain limits
( atigue
c) Fretting

4.2.F 1. 1.2.1/4.2.1.4
4.2.1.1.1/4.2 1.
4 2.1.2.1(g)/4.2.1.4

/490,1-2 Amendment No. 3, (6/81)
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SRP-4.2
ev 1

A eptance Criteria

SL2-FSAR

SI 2
Applicable
FSAR Subsection

h sign Bases (Cont'd)

) Oxidation, hydriding, crud
(e B'owing/irradiation growth
(f) nternal gas pressure
(g) B+ddown Capability
(h) Con rol rod reactivity

2,, Fuel Rod Failure
(a) Overheaeing

(1) Clad'-.temperature
(2) Fuel ih lting

(b) PCI
(1) Clad strain
(2) Fuel melting(c) Hydriding

(d) Cladding collapse
'e)Bursting

(f) Mechanical frac ring
(g) Pre tting

3. Puel Coolability
(a) Cladding ep rittlement
(b) Violent expulsion of fuel
(c) Generalized cladding melting
(d) Structural deformation
(e) Fuel r d ballooning

B Description end Design Drawings

C. Design Ev uation.

l. Ope ting experience

2 P ototype testing

3. Analytical Predictions
(a) Fuel Temperatures

~ (b) Densification effects
(c) Fuel rod bowing
(d) Structural deformation
(e) Rupture and flow blockage
(f) Fuel rod pressure
(g) Metal/water reaction rate
(h) Fission product inventory

4.2.3.2.3
4.2.3.1 /4.2.3.2.5/4.2.
4.2.1. .1/4.2.1.F 1
4.2. .1
4. 1.4.2

4.2.1.2 '
(refers to 4.4.1)

4.2.1.F 1 (b)
4 '.1.2.1 (refers to 4 '
4 ' 1.2 4.1
4 '.1.2.5.3 (a) (2)
4 2 1.2.6
4,2 1.2.1 (a)
4e2olo2el (g)

6 '.3.1
15.4.5.1.3

ee (a)
2.3.1.2/4.2.3o1.3

6. .3.1

40202

4 ' '.2.10

H/A

4.2 ' 1 ~ 15
4 2.1.2 6

4 2.3.2.5
4 '.3.1.3
4 '.3 '.12/4.2.3.2. 4
4 2.3.2.2
6 2.1.3.8
6 ~ 2 ~ 1.3.9

~ 4

490.1-3 Amendment No. 3, (6/81)
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SRP-4.2
ev 1

Acceptance Criteria

D. Testing, Inspection and Surveillance
Plans

SL2
Applicable
FSAR Subsection

1. Testing and inspection of
ew fuel

4.2.4

2. On ine fuel system monitoring

3. Post irradiation'surveillance

Relative to the 3,ist of recent technical
information is of red:

9.3.2 /4.2.4.4

4. .1.5

ssues, the following

Issue Remarks

, 1. Supplemental ECCS" a lysis
with NUREG&630

This analysis will be
provided in an amendent.

2. Combined seismic and L analysis'ee revised FSAR Subsectio
4 '.3.1.2.4

-3i Enhanced fission gas release
analysis at high urnups

See FSAR Subsection
4 2 1.2.1 (f)

4'uel rod bowi analysis See FSAR Subsection
2 3 2 5 CE is

a iting NRC review of
Ref ence 53 (CENPD-225-P)
and i supplements which
is expe ted by the Fall 19 le

5 ~ Fue assembly control .rod guidet e wear analysis
See revise FSAR Subsectio
4 2 '.1.1.

6. Fuel assembly design shoulder
gap analysis

See FSAR Subsec on
4.2.3.1.4

7.. Fnd-of-life fuel rod internal
pressure analysis

See FSAR Subsection
4 2 1 2 1 (f)

490.1-4 Amendment No. 3, (6/Sl)



A endix 490.1 - Reformatted Section 4.2



I

The original response to question 490.1 was submitted informally to the NRC on April
23, 1981. Formal submittal was included as part of Amendment 3 (June 1, 1981).

At a meeting with the NRC on Hay 5, 1981, the NRC asked that Section 4.2 of the
FSAR be rewritten, following the format presented in the MCAP-9500 Safety Eval-
uation Report (SER). The reformatted version of 4.2 in this appendix closely
follows the format of the MCAP-9500 SER. However, two sections were added:
Haterial Properties (4.2.Z.5) and Fuel'Burnup Experience (4.2.2.6). All infor-
mation in Section 4.2 of the FSAR is included in the reformatted version. In
addition, both Section 4.2 and the reformatted version have been revised to
include relevant information rom responses to NRC questions on the SONGS

{dockets 50-361 and 50-362) and llSES-3 (docket 50-382) FSARs .

The reformatted version of 4.2 has been reviewed for consistency with Section 4.2
of the FSAR and is provided here for informative purposes. Section 4.Z of the
FSAR remains the quality assured control document and will be updated accordingly>
as necessary in the future.
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Q=s igy S~~
The fuel assemblies are required to meet design criteri" for each des'gn
condition listed below to assure that the functional requirements a e met.
Except where specific lly noted, the design bases presented in this section
are consistent with those used for previous designs.

Ca+eh: fc'o~
~ a) g 'on Operation and Normal Operation

Condit'on T. situations are tho'se which are planned or expected to
occur in the course of handling, initial shipping, storage, reactor
servicing and power operation (including maneuvering of the. plant).
Condition I situations must be accommodated without fuel asscribly
failure and without any effect which would lead to a restriction on
subsequent operation of the fuel assembly. The guideline stated
below are used to determine loads during Condition I situations:

l) ?landling and Fresh Fuel Shipping

'oads correspond to the maximum possible axial and lateral
loads and accelerations imposed on the fuel assemb'y by
shipping cnd handling equipment during these periods, assuming
that there is no abnoo«al contact between thc fuel asscm 1)
and any surface, nor any equipment malfunction. Irradiation
effects on material properties are considered when analyzing
the effects of handling loads wl~ich occur du=ing refueling.
Additional information regarding shipping and handling loads is
conceine4 in Sob=eccion 4.2.3.1(A).

2) Storage

Loads on both new and irradiated fuel assemblies reflect stor-
age conditions of temperature, chemistry, means of support and
duration of storage.

3) Reactor Servicing

Loads on the fuel assembl; reflect those encountered during
refueling and reconstitution.

4) Power Operation

Loads are derived from conditions encountered during transient
and steady-state op= ation in the design power range. (??ot
operational testing, svstcm startup, hot standbv, cperator
controlled transients wit?)in specified rate limits and system
snutdown are 'ncludad in this catci ory.)

4,2-1



5) Reactor Trip

Loads correspond to those produced in the fuel assembly by
co'ntrol element assembly (CZA) motion and deceleration.

b) Condition II: Upset Condition

Condition II situations are unplanned events which may occur with
moderate frequency during the life of the plant. The fuel assembly
design should have the capability to withstand any upset condition
with margin to mechanical failure and with no permanent effects
which would prevent continued normal operation. Incidents clas-
sified as upset condition are listed below:

I

1) Operating basis earthquake (OBE)

2) Selected moderate frequency events (See Table 15.0-2)

c) Condition III: Emergency Conditions

Condition III events are unplanned incidents which might occur very
infrequently during plant life. Rod mechanical failure must be
prevented for any Condition III event in any area not subject to
extreme local condit'ons (e.g., in any rod not immediately adjacent
to the impact surface during fuel handling accident).

The Condition III incidents listed. below are includ d as a category
to provide assurance that under the occur:.ence of a Condition III
event, rod damage is minimal.

1) Selected infrequent events (See Table 15.0-2)

2) Hinor fuel handling accident (fuel assembly and grapple remain
connected ) .

d) Condition IV: Faulted Conditions

Condition IV incidents are postulated events which are not expected
to occur, but are analyzed anyway because of their potential for
release of significant amounts oz radioactive material. Hechanical
fuel failures and reactor coolant system damage are permitted, but the
operation of the engineered safety features (ESF) arid reactor
protection systems to mitigate the consequences of the postu."ated
event must not be impaired. Condition IV incidents are listed
below:

1) Safe shutdown earthquake (SSE)

2) Selected limiting faults (Table 15.0-2)

3) Hajor fuel handling accident (fuel assembly and grapple are
disengaged)

4,2-2 Amendm:.nt iso. 0, (12/SO)



The fuel cladding is designed to sustain the effects of steady state and
expected transient operating conditions without exceeding acceptable levels
of stress and strain. Except where specifically noted, the design bases
presented in this section are consistent with those used for previous core
designs. The fuel rod design accounts for cladding irradiation growth,
external pressure, differential expansion of fuel and clad, fuel swelling,
fuel densification, cl"d creep, fission and other gas releases, initial
internal helium pressure, thermal ."-tress, prcssure ard temperature cycling,
and flow induced vibrations.

'1'he burnable poison rod design accounts for external pressure, differential
expansion of pellets and clad, pellet swelling, cl"d creep, helium gas re-
lease, inir'al internal helium pressure, thermal stress, and flow induced
vibrations. Except where specifically noted, the design bases presented~n
this s"ctinn a e consi.ste>it with those used for previous designs.

I z(~ 7 4SP 4
'e'xceptwhere specifically noted, th design bases

are, consist nt with those used for previous designs.

The mechanical design oi the control element assemblies xs based on comp z.-

ance with the following functional requirements,

a) To provide for or initiate short term reactivity control unde" all
normal and adverse conditions experienced during reactor.startup,
normal operation, shutdown, and accident condition".

b) Hechanical clearances of the CEA within the fuel and reactor inter-
nals are such that the requirements for CEA positioning and reactor
trip are attained under the most adverse accumulation of tolerances.

c), Structural material characteristics are such that radiation induced

changes to thc C=A materials will not impair. the functions of the
reactivity control system.



For each of the design conditions, ther are criteria which apply to the
fuel assembly and components with the exception of fuel rods. These
criteria are listed below and give the allowable stresses and functional
re uirements fcr each design condition.

Desi n Conditions I and II ~

pm- Sm

m b s m

Under cyclic loading condi ions, stresses must be such that the
cumulative fatigue damage factor does not exceed 0.8. Cumulative
damage facto" is defined as the sum of the ratios of the number cf
cycles at a given cyclic stress (or strain) condition to the max-
imum ruaiber p rm'tted for that condition. The selected limit oi
0.8 is used in place of 1.0 (wh'ch would correspond to the absolute
maximum da...age factor permitted) to provide additional margin in the
design ~

Daflections must be such that the allowable insertion time of the
controi element asser.blies is not exceeded.

Design Condition III,
P <1.5 S

+ Pb < 1 ' F S

Defi..ctions are limited to a value allowing the CEAs to trip, but
not necessarily within the prcscri.bed time.

Design Condition IV '

m- m

m b- s

where S ~ sma1 ler vs 1»e of 2 ~ 4 S or 0 ~ 7 S
m m

u')

If the equivalent diameter pipe breal< in the LOCh does not
exceed 0.5 square foot, the fuel assembly deformation shall be

limited to a value not exceeding the, deformat on which would
preciude sati ractory in ertion of thc CEAs.

2) For pip brcak sites gr ater tl.an 0.5 square foot, drfo~" tion
of structural co;;iponents is limited to maintain the fuel in a

coolabl" a=ray. CEA insertion is not required for these events
as t1 . appropr'',nrr .":aret..~ «>,.'iv.-.s do: o.' a! . cr:r'i t for C"A





Nomenclature .

The symbols used in defining the allowable stress levels are as
follows.'

Calculated general primary membrane stress

~ Calculated primary bending stress

~ Design stress intensity value as defined by Section III,
AS."2

~ llinimum unirradiated ultimate tensile strength

~ Shape factor cprresponding to the particular cross section
ci n analyz

S
m

~ Design stress intensity value

The definition of S's the lesser
is contained in the ASIDE Boiler and
Section III, Appendix F-1323.1.

for faulted conditions
a

value of P4 S aad 0.7 S
Pressure VecseT'ode (1974)

Mhere notes a, b and c are defined as:

(a) P and Pb are defined by Section Ill, ASIA Code.
m

(b) Mi th the exception of zirconium base alloys, the design stress
intensity values, S, of materials not tabulated by the Code
are determined in t ie same i."armer as the Code. 'Ihe, designm

stress intensity or, zirconium base alloys shall not exceed two-
thirds of the unirradiated minimum yield strength at temper-
ature. Ba"ing the design stress intensity on the unirradiated
yield strength is conservative because the yield strength of
zircaloy increases with irradiation. The use of the two-thirds
factor ensures 50 percent margin to component yielding in re-
sponse to primary stresses, This 50 percent margin together
with its applicatibn to the nonimum unirradiated 'properties
and the general conservatism applied in the establishment of
design conditions is sufficient to ensure an adequate design.

(c) The shape factor, F,, is defined as the ratio of the
"plastic" moment (ail fibers just at the vield stress) to the
initial yield anount (e:.treme fiber at the yield stress and all
othe- fibers stre.ssed in proportion to their distance from the
neutral axis)". Thc capability of cross section loaded in bend-
ing to sus ain moments considerably in excess of that req~i~ed
to yield the outermost fibers is discussed in Timoshenko.





Fue). Hand ling and Shipping Design Loads

Three specific design bases have been established for shipping and hand ling
loads. These are as fo'iowa:

The fuel assembly, when supported in the new fuel shipping con-
tainer, shall be capable of su..taining the effect of 5g axial,
lateraL nr vertical acceleration without sustaining stress levels
in excess of those allowed for normal operation. The 5g criterion
was originally established experimental,ly, and its adequac~ is con-
tinually confi rrned by the presence of impact recorders~

b) The fuel assembly shall be capable of sustaining a 5000 pound axial
load applied at the upper end fitting by the refueling grapple (and
rear'sted by an equal load at the Lorrer end fi t ting) without sus-
taining stress levels in excess of those allowed for normal opera-
tion. Tue 5000 pound load was chosen in order to pr vide adequatelift cap bility should an assemb~l becor.e lodged.

,c) The fueL assenrbly shall be capable of withstanding ~ O.i25 rn. de-
flection in any direction whenever the fuel assembly is raised or
lowered from a horizontal position without sustaining a permanent
deformation b 'yond the fuel assembly inspection ervelopc.
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During normal, operating and upset condid'tions (Conditions I and II),
the maximum pr''...ary tensile stress in '

ythe Zircaloy clad shall not

-d two-thirds of the minimum unirradiated yield strength of the
excee two- iird

s ondin li .i.t
material at the applicable temperature. The corresp

III) is the material yield
under emergency conciitions {Conditions
str~~c.th The use of the unirrad ated material yield strength as

~,

cbe ba-is for aiiowable scree i."s conan-.var isa bncau-"e rbe yreid
str-ngth of zircaloy increases with irradiation. The use of two-
thirds factor ensures 50 percent margin to compon«ht yieldin" in
response to prisiary .",tresses. This 50 percent margin, together
with . ts application to the minimum unirradiated prop rties and tl.e
general conservatism applied in the e" tablish-,.ient of design con i-
tions is sufficient to ensure an adequate design.

. Yield strength in tlie non-irradiated conditioc. is shcwn on Figure.
4.2-20 of. Rr.ference 13.

.m<8
The cladding stress limits W
based on 'alues talcen frcm the minimum yield strength cu ve at
the appropriate temperatures. The limits are applied over the
entire fuel lifetime, during conditions of reac or heatup and
cooldown, stracy state operation, and normal power cycling. Under
these conditions, cladding temperatures and fast fluences can
range from 70 to 750 F and from 0 to 1 x 10 nvt, respectively.2

During normal operating and upset conditions (Conditions I and 11),
the maximu:a primary tensile stress in the Zircaloy clad shall not
exceed two-thirds of tne minimum unirradiated yield strength of the
material at the applicable temperature. The corresponding limit
under emergency conoitions (Condition III) is the material yield
strength.
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The stress limits for the Incone'I Alloy 625, cladding are as follows:

~

~

Design Conditions I and II (Yon Operation, Normal Operation, and upset
Conditions)

P
d'

m

P+Pb<FS
m b s m

Design Conditions III (Emergency Conditions)

P < 1.5 S

P '+Pb<1.5F S
m b

'
m

Design Conditions IV (Faulted Conditions)

P a

m m,

P +Pb<
FS's

the "nailer of 2s4 S or 0.7S
m m u

For definition of P, P, S, S', S, and F, see Subsection
4.2.1.1(A). For tne lnccnel 625 CLA .l-dd.'ns, ti:e value oi Sn is tvo-
thirds of tne minimum specified yield stren~;th at temperature.l

For Inconel 625, thu specified minimum yield strength 'is 65,000 1b/in. 2

at 650 F.

~ hp!t5y where Mp is the bending moment required to produce a fully
plastic section and Hy is the b"nding moment which first produces yie]ding

. at the extreme fibers of the eros" section. The capability of cross
sections loaded in bending to sustain moments considerably in excess of
that required to yield the outermost fiber is discussed in Reference l.
For the CEA cladding dimensions, F ~ 1.33.

The CEAs are designed for a ten year lifetime based on estimates of neutron
absorber burnup, allowable plastic strain of the Inconel 625 cladding and

the resultant dimensional clearances of the elements within the fuel
assembly guide tubes.



Net unrecoverable circumferential strain shall not exceed one percent
as predicted by computations con"idering clad creep and fuel-clad
interaction effects.

Data from O'Donnell and 'l0eber were used to determine the(4) (s)
presen ore percent strain limit. O'Donnell developed an analytical
failure curve for Zircaloy cladding based upon the maximum strain
of then materi 1 at its point of plastic instabi'ity. O'Donnell
compared his analytical curve to circumferential strain data obtained
on irradiated coextruded Zr-U metal fuel rods tested by Weber. The
correlation w s good, thus substantiating O'Donne!.1's instability
tbeoty..Since G'Gonnell pe~i~pe) )j! anali" ie, additional dat.".
have been derived at Bet tis and hECL41)(~0$

These new data are shown in Figure 4.2-1, along with O'Dcnnell's
curve and Heber's data. this curve was then adjusted because of
differences in anisotropy, stress states and strain rates; and the
des gn limit was set at one percent.

,The conservatism of the clad strain calculat'ns is provided by, the
selection cf adverse initial conditions and material behavior as-
sumptions, and by the assumed op"rating histcry. The acceptability
of the 1.0 percent unrecoverable circumferen' 1 strain limit is
demonstrated by data frem:rradiated Zircaloy clad fuel rods which
show no cladding fa'lures (due to strain) at or below this level,
as illustrated in Figure 4.2-1.

s

Uniform tensile strain in t!ie non-irradiated condition is shown on
Figure 4..2-22 of Reference 13.

Uniform tensile straig in the .. irradiated condition ap!iroactics
one percent at 6 x 10 nvt and remains relatively con tant (Sub-
section 4.2.!.2.1).

s

The strain limits for the cladding are limited to values which will permitthe CEAs to trip within the allowable time.

The values of unifoma and tota
are estimated to be as fol!ows

1 elongation of Inconel hlloy 625 cladding

Fluence (E > 1 !I "v), nvt 1

Uniform elongation, 3
Total elongation, I 6

] 022 3 1022
1

3
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Net unrecoverable circumferential strain shall not exceed one per-
cent as predicted by computations considering clad creep and poison
pellet s"elling effects.



~,



Cumulative strain cycling usage, defined as the sum of thc ratios
of the number'of cycles in a given effective strain range (d, ) to
the permitted number (W) at that range, as taks n from Figure 4.2-2,
will not exceed 0.8.

The cyclic strain limit Uesign curve shown on Figure 4.2-2, i~ )~sad
upon the Hethod of Universal Slopes developed by S. S. Hanson
and has been adjusted to provide a strain cycle margin for the ef-
fects of uncertainty and irradiation. The re ulting curve has bren
corn~ared with known data on the cyclic loading of Zircaloy and

has'een

shown to be conservative. SI.pjfically, it encompasses all
the data of O'Donnel) and Langer.

~-
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The desi > limits of the fuel rod ladding, with respect to vibra-

--tion c nsiderations, are '. within the fuel assembly de-
sign lt is a requirement that the spacer grid intervals, in con"

junction with the fu..l rod stiffness, be such that Cuel rod vibra-
tion, as a result of mechanical or flow induced excitation, does
not result in excessive wear of the'fuel rod cladding at the spacer
grid contact areas.-





(e) Oxidation and Crud Buildup

During normal operating and upset conditions {design conditions I and II) oxidation
and crud buildup have not been observed as a problem (see the following section 4.2.3).
Therefore, no specific criteria have been defined.



Experience has proven that any specific criterion on allowable deflect.ions(bowing), with respect to the effects which such deflections might have onthermal hydraulic perform .nce, is not necessary beyond the initial fuel rodpositioning requirements required of the grids. This variation in spacingis accounted, for in thermal-hydraulic analysis through the introduction ofhot channel factors in calculating the maximum enthalpy rise in calculatingD'OR. This adjustment is called the pitch, bowing, and clad diameterenthalpy rise factor, which is conservatively applied to simulate a reducedflow area along the entire channel length. Thc value of this factor isgiven in Table 4.4-l and its application is discussed in Section 4.4.
The subject of fuel rod bowing is discussed in Reference 53

~l~,g ~ ~ad-, k~ W MR ~

There is no specific limit on lateral fuel rod deflection for struc-tural integrity considerations except which is brought about thr)ughapplication of cladding tress criteria. The absence of a specificlimit on rod deflection is justified because it is the fuel assemblystructure, and not the individual fuel rod, that is the limitingfactor for fuel assembly lateral deflection.





{g) Axial Growth

Fuel Rods and guide tubes are designed with adequate clearance to the upper fuel
assembly end fitting such that the clearance is maintained throughout the ex-

pected life (burnup) of the fuel. Also, the spacer grids are designed to allow
II

axial growth without inducing unacceptable rod bowing.

There is no criterion for axial growth per se; however, the fuel rod upper plenum

is designed to accomodate axial growth of the fuel without exceedin'g the pressure
ci4terion in item (h);



Fuel rod internal pressure increases with increasing burnup and
toward end of life the total internal pressure, due to the combined
effects of the initial helium fill gas and the released fission gas,
can approach values comparable to the external coolant pressure.
The maximum predicted fuel rod internal pressure will be consistent
with the following criteria.

g ~ The primary '"tress in the cladding resulting from differential
pressure will not exceed the stress Limit<s specified earlier
in this section.

4 ~ The internal pressure will not cause the clad to creep outw rd
from the tuel pellet surface while operating at the design peak
linear he t rare for normal operation. In determining com-
pliance with this criterion, internal pressure is calculated
for the peak power rod in the reactor, including accounting
for the maximum computed fission gas release. In addition,
the pellet swelling rate (to which the calculated clad creep
rate is compared) is based on the observed swelling rate of
"restr".ined" pellets (i.e., pellets in 'contact with clad),
rather than on the greater observed swelLing behavior of.
pellets which re free to expand.

The cri teria discussed above do not limit fuel rod internal
pre"sure to values less than the reactor coolant pressure,
and the occurrence of pos tive differential pressures would
not adversely affect normal operation if appropriate criteria
for cladding stress, strain, and strain rate were satisfird.



(i)- Assembly Liftoff.

As described in Section 4.2.2; the upper end fitting of a fuel assembly is
designed such that a net downward force on the fuel, assembly will be main-

tained for normal and anticipated transient flow and temperature conditions.



(j) Control Material teaching

A criterion for control material leaching has not been specified since leaching has

not been observed as a problem (see Section 4.2.3).



.(k) Cladding Overheating

Damage during normal operation and anticipated operatio I,occurrences

cladding overheating is avoided via specification and implementation

Specified Acceptable Fuel Design Limit (SAFDL) on DNBR in accordance

General Design Criteria 10, 20, .25, 26, and 29 of 10 CFR 50 Appendix

However, violation of this SAFDL does not necessarily result in fuel

due to
of a

with
A.

damage.

The SAFDL on DNBR is that the minimum DNBR is such value as to provide'at
least 95 percent probability with 95 percent confidence that departure from

nucleate boiling (DNB) does not occur on a fuel rod having that minimum DNBR

during steady-state operation and anticipated operational occurrences. A

value of 1. 19 using the CE-1 correlation coupled with the TORC code provides
at least this probability and confidence. The CE-1 correlation is described
further in Section 4.4.2.2 of the FSAR.





(l ) Fuel Over heat»g
t

Damage during normal operation and anticipated operational occurrences due to "

fuel overheating is avoided via specification and implementation of a Specified
Acceptable Fuel Design Limit (SAFDL) on fuel temperature in accordance with
General Design Criteria 10, 20, 25, 26, and 29 of 10 CFR 50 Appendix A. How-

ever, violation of this SAFDL does not" necessarily result in fuel damage.

The SAFDL on fuel temperature is that the peak temperature of the fuel is less
than the melting point (5080 F unirradiated and reduced by 58 F per 10,000

NWD/MTU during steady-state operation and anticipated operational occurrences.





A number of reported fuel rod failures have resulted frnm excessive
mnisture'available in the fuel. Under nperatinn, this moisture
nxidizes the Zircaloy.

The hydrngen, which ifas not absorbed during normal oxidation, would
then be adsorbed intn the Zircalny thrnugh a .scratch in the nxide
film. Thi s Localized hydrogen absorption by the cladding would
shortly result in a localized fuel rod failure. Work performed at
the Tnst itute for Atnmenergi, Halden Norway, nf wnich C"" is a

aeaher, de...oa..trarad "hat a thraahoid va(g of aeter aoiatare ia
required fo: hyd: idc sunburst-s tn occur. Through a series
of in pile experiments, the level of this thr shnld value w s

establi shed. Th allowable hydrc gen Limi~in the Eue J

this requirement, ensuring that hydride Xunbursts wil'rnpli es vi t h
nnt nccur.

W~oa (pro pr ~)

During nperatinn of the reactor vi th exposure to high temperature,
high pressure water, Zircaloy-4 cladding viLl react to form a
protective oxide film in accordance with the fnllnwing equation:

Zr + 2H 0-+Zr0 +
2 2

Approximately 20 percent of the hydrngen is absorbed by the Zircalny.
Based on data described in WAPD"ldRP-107, the cladding would be
expected to contain up to 250 ppm hydrogen following three years nf
exposure.

A series of burst tests were perfnrmed on Zircalny tea tubes
cnntaining 340 ppm and 450 ~pm of hydrn~e<7 precipl4dtfed gs bylride
platelets in a circumferential manner ~ Burst tests at 660 F
showed that the burst test specim ns vith 340 pram nad nnrmaL burst
ductility of 12 percent. Therefore, hydrngen normally absorbefl in
ZF-4 tubing vill nnt prnvp deleter'nus to the cladding integrity~

spa.;A~ d~r) ho~a d r.ff~A hfd Lrp,S Oaf O=p
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Early work performed at'ECL has shown that hydrides become ductile on heat-
ing to 390F, and at that temperature, and in concentrations up to 250 ppm
(the expected concentration after three cycles), their presence has little
effect on ductility. ln addition, burst tests at 600F and 725P for hydro-
gen concentrations between 200 and 400 ppm did not show a significant de-
pendence between burst ductility and hydrogen concentration or orientation.
The potential effects of hydride orientation and concentration above 725P
have not been specifically evaluated by C-E; but, provided concentrations
do not exceed the range tested so far, would not be e~~ected to be signi-
ficant.

~ ~ 1



The clad will be initially pressurized with heliuni to an auount
sufficient to pr vent gross clad deformation under the combined
effects of external pressure and long ten creep. 'l'he clad design
will not rely on the support of fuel pellets or the holddo a sprin„.
to prevent gx os s de Co nba t ion.

OI 5~

Tl.e clad will be initially pressurized with heliun to an anount suf-fici'nt to prevent gross clad defor;.ation under the combined effectsoi external pressure and long tern creep. The cl "d design wi ll notrely on the support of pellets or the holddown spring to prevent
gross deformation.





~c~ Q g
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. occurrence of DHB does not necessarily lead cladding failure,
radioactive gas release frcm the fuel-clad ng 'gap and fuel rod gas

, . plenum is conservatively assumed to occur when DNB is predicted to
occur, The probability of DNB occurring s a function of the DNBR.

The total number of rods which are predicted to experience DNB is a

summation over the reactor core of the number of rods with a specific
DNBR times the probability of DNB at that DNBR This method is

Fu ~ ) g~, lS-. o q.'f.+ M FSIR

~ ~



(d) Overheating of Fuel Pellets

The implementation of the DHBR and fuel temperature SAFDLs (see items (k) and

(1) in the above Section 4.2.1. 1) precludes the need for a specific failure
threshold on fuel temperature, with the exception of the CEA Ejection event.

For the CEA ejection .event, radioactive gases are assumed to be released from the

fuel pellet to the coolant during the event if fuel melting is predicted (Reg-

ulatory Guide 1.77, Nay 1974). The threshold for fuel melting is assumed to
be 4940 F (250 calories per gram at the fuel centerline) for all fuel rod

burnups. This temperature is obtained by r educing the melting point suggested

in Regulatory Guide 1.77 (5150 F) to account for a maximum expected burnup of
about 35,000 NMd/T.



(e) Pellet-Cladding Interaction

Damage criteria previously specified for cladding strain (1~) and fuel pellet
overheating minimize the probability of failure due to pellet-cladding inter-
action.



'{f) Cladding Rupture

In ECCS analysis, an empirical model is used to predict the occurr ence of cladding
rupture. The failure temperature is expressed as a function of differential
pressure across the cladding wall. Predictions of cladding rupture are used in
ECCS analysis to show that the core geometry remains amenable to cooling.
Therefore, there are no specific design limits associated with cladding
rupture. The rupture model is a porton of the ECCS evaluation model and's discussed in Section 6.3.3. 1 of the FSAR.



Fuel coolability is maintained such that. continued removal of decay heat is
ensured for all anticipated operational occurrences and accidents. Except

as described below, the need for specific criteria for core coolability is
precluded by the design bases damage criteria discussed above. The main-

tenance of core coolability is discussed .further in Section 4.2.3.3.
{a) Zt86%9

'b) Yiolent Expulsion of Fuel Material
For the CEA ejection event, the radially averaged energy deposition at the
hottest axial location is limited to a value less than 280 cal/gm {Reg-

ulatory Guide 1.77, May 1974) to prevent fuel rod dispersal due .o the

rapid reactivity insertion.
{c) Cladding Ballooning and Flow Blockage

For ECCS analysis, cladding swelling and rupture are predicted to ensure

maintena'nce of a eoolable core geometry. These models and criteria are

described further in FSAR Section 6.3.3.



Insert 0

h

(a) Fragmentation of'mbrittled Cladding

For ECCS analysis, limits of 2200 F on peak cladding temperature and 17$ on

maximum cladding oxidation are used (see Section 6.3.3.1).



(d) Structural Damage from External Forces

The fuel assembly damage criteria (Section 4.2.1.1 above) are used in the analysis
of LOCA and the safe shutdown earthquake to ensure that structural integrity and

function are maintained.
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4e 2.2 DESCRIPTION AND DLFSIG'l DPAM1NGS

This subsection summarizes the mechanical design characteristics of the
fuel system and discusses the dc ign parameters which are of significance
to the'performance of the reactor. A summary of mechanical design para-
meters is presented in Table 4.2-1. These data are intended to be descrip-
tive of the design; limiting values of these and other parameters will be
discussed in the appropriate sections.

4.2.2.l Fuel Assembl~
i0

The fuel assembly (Figure 4.2-6) consists of 236 fuel and poison rods, five
guide 'tubes, ll uel rod spacer grids, upper and lower end fittings, and a
holddown dev'ce. The outer guide tubes, spacer grids, and end fittings
form the structural frame of the assembly.

lS
Tne fuel spacer grids (Figure 4.2-7) maintain the fuel rod array > provid-
ing positive lateral restraint to the fuel rod> but only friction„ l re-
straint to axial fuel rod motion. The grids are fabricated fron preformed
Zircaloy or Inconel strips (the bottom spacer grid material(i~n;Inconel)
interlocked in an egg crate fashion and welded together. Eacfi cell of the
spacer grid contains two leaf springs and four arches. The leaf springs
press the rod against the arches to restrict relative motion between the
grids and the fuel rods. The perimeter strips contain features designed to
prevent hangup of grids during a refueling operation.

The nine Zircaloy-4 spacer grids are fastened to the Zircaloy"4 guide tubes
by velding, and each grid is welded to each guide tube at eight locations,
four on tne upper face of the grid and four on the lower face of the grid,
vhere the spacer strips contact the guide tube surface. The lowest spacer
grid (Inconel) "is not welded to the guide tubes due to material differ-
ences. It is supported by an Inconel 625 skirt which is welded to the
spacer grid and to the perimeter of the lover end fitting.
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The upper end fitting is an assembly consisting of two cast 304 stainless
steel plates, five machined posts and five helical l»cc»el X"750 springs,
which at(aches to the guide tubes co serve as an alignment and Locating
device for each E»e I assembly and has features to permi t liEt i ng'f the
fuel assembly. The lover cast plate Locates the top ends of the guide
tubes and is designed to prevent excessive axial motion of the fuel rods.

J 7ii'6 .Rol
The Inc»»el !(-750 springs are of conventional(coil design having a mean
diameter of ' " in ., a wire diameter of ~ in ., and activ

coils�

.

Inconel &750 was selected for this appLication because of its previous
use Eor coil springs and good resistance to relaxation during operation.

The upper cast plate of the assembly, called the holdovn plate, together
with the helical compression springs, comprise the holddr vn device. The
holddovn plate is movable, acts on the underside of the fuel alignment
plate and is loaded by the compression springs. Since the springs are
located at the upper end of the assemb)y, the spring loaa c~nuines with
the fuel assembly weight to counteract upward hydraulic forces. The de-
termination of upward hydraulic forces irzludes factors accounting for
flow maldistribution, fuel assembly component t olerances, crud buildup,
drag coefficient and bypass flow. The springs are sized and the spring
preload selected . uch that a net downward force will be maintained for
all normal and anticipated transiert flow and temperature conditions. The
design criteria Limit the maximurl stress under t'e, most adverse tolerance
condi tirns to below yield strength of the spring material. The maximum
stress occurs during cold conditi ons and decreases as the reactor heats
up. The reduction in'tress is due to a decrease in spring deflection
resulting Ernn differerl:iai thermal expansion between the Zircaioy fuel
bundles and the'tainless steel internals.

During normal operation, a spring vill never be cnnpressed to i ts solid
height. However, if the fuel assembly vere loaded in an abnormal manner
such that a spring were compressed to its solid height, the sprin would
continue to serve its function when the loading cc ndition returned to nor-
maL.

The Lover end fitting is a stainless steeL casting consisting of a plate
with flow lloles a»d four support Legs wh'ch also serve as alig»ment posts.
Precision drill'ed holes in the support leg.. mate w'h four core support
plate alignaent pins, thereby properly locatirg the iov r end of the fuel
assembly.

The four outer guide tubes have a widened region at the upper end vhich
contains an internal thread. Connection vith the upper end fitting is
made by passing the externaLLy threaded end of the guide posts thrnug!>
holes in the Lower cast flow plate and into the guide tubes. When as-
sembled, the flow plate is secured between Elanges on the guide tubes and
on the guide posts. The connection vith the upper end Eil.tin is locked
vith a mechanical crimp. Each outer guide tube has, .at its Lower end,
a welded Zicalc y-4 fitting. This fitting has a threaded portion which
passes through a hole in the E<ie,'ssembly Lover end fitt ing and is

.secnreJ hy a Zircaloy-4 nut. This joint is secured with a stainless
rteel Locking ring tack welded lo the Lower end fitting in fnur places.
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The central instrumentation guide tube inserts into sockets in .the upper
and lower end fittings and is thus retained laterally by the relatively
.,mall clearance at these locations. The upper end fitting socket is
created by the center guide tube post which is threaded into the lower

'astflow plate and tack welded in two places. The lower end fitting
socket is machiried out of the lower end fitting casting. There is no
positive axial connection between the central guide tube and the end
.fittings.

The five guide tubes have the effect of ensuring that bowing or excessive
swelling of the adjacent fuel rods cannot result in obstruction of the
control element pathway. This is so because:

a) There is sufficient clearance between the fuel rods and the, guide
tube surface to allow an adjacent fuel rod tn reach ruoi ure strain
without contacting the guide tube surface.

b) The guide tube, having considerably greater diameter and wali= thick-
ness (and also, being at a lower temperature) than the fuel rod, is
considerably stiffer than the fuel rods and would, therfore, remain
straight, rather than be deflected by contact wi th the surface of an
adjacent fuel rod.

Therefore, the'owing or swelling of fueL rods would not result in obstruc-
tion of the control element channels such as could hinder CEA movement.

The fuel assembly design enables reconsti tut ion, i .e., removal. and replace-
ment of fuel and poison rods, of an irradiated fuel assembly. The fuel. and
poison rod lower end caps are conically shaped to ensure proper insertion
within the fuel assembly grid cage structure; the uppe" end caps are de-
signed to enable grappling of the fuel and poison rod Enr purposes nf re-
moval and handling. Threaded joints which mechanically attach the upper
end fitting to the control element: guide tubes will be properly torqued and
locked during service, but may be removed to provide access to the fuel and
poi son rods.

Loading and movement of the fuel assemblies is conducted in accordance wi th
strictly monitored adminstrative procedures and, at the completion of Euel
loading, an iiidependent check as to the location and orientation of each
Euel assembly in the core is required.

Harkings provide'd on the fuel assembly upper end fittino„on~h>c s verifica-
tion of Euel enrichment and orientation of the fuel assembly; The serial
number is also provided on the lower end fitting to ensure preservation of
fuel assembly identity in the event of upper end fitting removal. Addi-
tional marki ng» are provided on the fuel rod upper end caps as a secc ndary
check to distinguish between fuel enrichments and burnable poison rnds, if
present.

Our ing the manufacturing process, the lour end cap of each rod is marke~ p Ii d

to provide a means of ident i fying the pellet enrichment, pellet lot and
'ue I stack w ight . In addi t inn ~ a qual i ty cc nt rnl program spec i Ei cat ion
requires that measures be established Enr the identification and cnntrnl
of materials, components, and part i al ly fabricated subassemblies. These
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means provide assurance that nniy acceptable items «re used and also pro-
vide a method nf relating an item or assembly from init ial i eceipt through
fabrication, installation, repair, or modification to an appiicabLE'raw-
inv, specification, nr other pertinent technical document .

a round wire Type 302 stainless steel compression spring, and an alum'
spacer disc located at each end of the fuel column, all encapsulated within
a Zircaloy-4 tube seat. welded with Zircaioy-4 end caps. The fuel. rods are
internally pressurized wi th helium during assembly. Figure 4.2-8 depicts
the. fuel rod de.;ign.

Each fuel rod assembly includes both a serial number and a visuaL identifi-
cation mark. The serial number ensures traceability of the fabrication
history of each fuel rod cnnponent. The ident i fication mark provides a
visual check nn pellet enrichment batch during fuel assembly fabrication.

The fuel cladding is cold worked and stress relief annealed Zircaioy-4
tubing 0.025 inches thick. The actual tube forming process consists of a
series of cold working and annealing operations, the details nf which are
selected to provide the combination of and properties discussed in Subsection

The UO pellets, are dished at both ends in order to better accommodate
rma2 expansion and fuel swelling. The density of the UO in t

peLLets is 10.38 g/cm, which corresponds to 94.75 percent of the l0.96
g Cia./ca theoretical density (TD) of UO . However, because the pellet

2dishes and chamfers constitute about three percent ~f the volume of the
pellet stack, the average densi ty of the pellet stack is reduced to 10.06
g/cm . This number is referred to as the "stack densi ty". ~/VSgg& H H

The compression spring located at the top of the fuel pelLet column main-
tains the column in its proper position during handLing and shipping. The
alumina spacer di sc at the lower end of the fuel rod reduces the lower end
cap temperature, whiLe the upper spacer disc prevents U02 chips, if pre-
sent, from entering the plenum region. The fuel rod plenum which is Lo-
cated above the peLlet column, provides space for axial thermal di fferen-
tial. expansion of the fuel column and accommodates the initial helium
ioadsng and evolved Ei sssognases. (gee gubsacsions . .-. . dl.g .Z.l(i,)
account, including the calculation of temperatures for the ga" contained
within the various types of rod internal void volume, is discussed in
Reference 14.

4.2.2.3 Burnable Poison Rod

Fixed burnable neutron absorber (poison) rods, Figure 4. 2-9 will be in-
cluded in selected fuel assemblies to reduce the beginning-nf-li fe mEgdera-
tor coefficient. They wi il replace fuel rods at selected Lncatinns. The
pE i s»n rd ds will be mechanically similar to fuel rods, but will contain a
cnluain of burnable poison pel lots instead of fuel pellet s. The poi snn
material will be alumina with uni formly dispersed boron carbide particles.
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(a)
'b)

(c)

(e)

Cladding I.Q. roughness is .000021 in.

Dish diameter is 0.233 in.; depth is 0.017 i'n.
Chamfer width is 0.020 in.; length is 0.0065 in.

BOL cold void volume is I;fgtginch

No sorbed gases are assumed in performance analyses.

Fuel rod length tolerance is 0.065 in.

(f) BOL cold shoulder gap is g'fq7 in.

(g) Typical grid spacing is .IS'%L in.
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The balance of the colum wi.ll consist nf alumina pellet s, with the total
column length the same as the coLumn length in fuel rods. The burnable
poison rod plenum spring is designed to produce a smaller preload on the
pellet column than that in a fuel rod because of the lighter material in
the poison pellets.

Fach burnable pf5ison rod assembl.y includes a serial num)>er and visual iden-
tification mark. The seriaL number is used to record fabricat'ion informa-
tion for each component in the rod assembly. The identification mark is
unique to poi..on rods and provides a visual check on the pellet boron con-
tent during fuel assembly fabrication.

4.2.2.4 Control Element Assemblv Descri tion and Desipn Drawin

The St Lucie Unit 2 reactor contains a total of 91 CEAs of three di fferent
types. These are distributed among the fuel assemblies as shown in Figure
4.2"10. The full length five element, full length four element, and part
length f've element CEAs are shown on Figures 4.2-3 through 4.2-5 respec-

, tively. ALL five element CEAs have four contro) elements arranged in a
4.050 inch square array plus one element at the center of t.ut= array. The
four element CEAs have their four controL elements arranged in a 4.05') x
4.130 array. Each CEA interfaces with the guide tubes of one fuel as-
sembly, vith the exception of the four'lement CEA, which straddles two
adjacent fue). assemblies. Part Length CEAs are di fferentiated fram full
len" th CEAs by the following ident i Eying features:

CEA

Tyje
Engraved Identification

Number (on S ider)
Grooves on
Control Rod

Full length 1, 2, 3, etc. (I-in. None, smooth
high) OD

Part, length A, B, C, etc.
(1-1/2-in. high)

One per rod

The central elements ef a full length CEAfccnsi stt'f an lncnnel 625 tube
Loaded with a stack of cylindrical absorber pellets. The absorber material

~ consists of 73 percent TD boron carbide (B4C) pellets, with the exceptir n
nf the lower portion of the corner element4s, which contain si ) ver-indium-
cadmium (A),-In-Cd) alloy cy Linders,

a) CEA Cladding Dimensional Stability

Because of its high ductility and Lov strength, the Ag-In-Cd vi) ).

not deform the CEA cladding. Buffering of the CEA following scram,
which occurs when the corner element tips enter a reduced diameter
portion of the fuel assembLy guide tubes, is not devradef) wi th )ong
term exposure of the CEA to reactor. operating conditions.

I

4. 2-3'i
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Adequate CEA Wnrth

Although snye reduction in CEA wnrth arises because of the substi"
of B"C with Ag-In-Cd, the effect is small and is accounted

for.

Abnve the poison column is a plenum which provides expansion volume fnr
helium released fromm the B4C. The plenum volume cnntains a Type 302

stainless steel hnlddown spring, which restrains the absnrber material
against longitudinal shifting with respect tn the clad while allnwing for
di fferential expansion between the absorber and the clad. The spring deve-

l(pss

a load sufficient to maintain the pnsitinn of the absnrber material
during shipping and handling.

Each ful.l length control element is sealed by welds which join the tube
tn an Incnnel 625 nose cap at the bottom, and an Incnnel. 625 end fitting
at the top. The end fittings, in turn, are threaded and pinned tn the
spider structure which provides rigid lateral and axial support for- the
control elemen's. The spider hub bore is specially machined tn prnvide
a point of at tachnent for the CEA extension shaft.

Eight nf the 91 CEAs re part length CEAs. The contrnl elements of a part
length CEA consist of solid Inconel 625 over the bnttnm 50 percent nf their
length, an Incnnel 625 tube open to the reactnr cnolant over the next 40

'er'cent and a sealed chamber cnntaining 73 percent TD B C pellets in the
tnp 10 percent. A holddnwn spring, similar to the spring in the full length
rods, maintains the orientat ion of the B4C. The CEA/PLCEA pattern is
shown in Figure 4.2"10,

Each full length nr part-length CEA is positioned by magnetic j"ck contrnl
ele,sent drive mechanism (CEDE) mounted on the reactor ve. sel. closure head ~

The extension shaft joirs with the CEA spider and connects the "".A tn the
C DM. Full ard part 'length five element CEAs may be cnnnected tn any ex"
ten~ion shaft depending on contrnl requirements. Mechanical reactivity
control is achieved by pnsitinning groups nf CEAs by the CEDHs.

In the outlet plenum reginn, all CEAs/PLCEAs are enclosed in CEA shrouds
which prnvide guidance and protect the CEA/PI CEA and extension shaft from
conlant crnss flow. Within the core, each element travels in a Zircalny
guide tube. The guide tubes are part of the fuel assembly structure and

ensure proper nrientatinn nf the cnntrnl elements with respect tn the fuel
rnds.

Mien the extension shaft is released by the CEDH, the combined weight nf
the shaft and CEA causes the CEA tn insert intn the fuel assembly ~

4. 2«36
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The lower ends of the four outer fuel assembly guid tub"s are tapered
gradually to form a region of reduced diameter which, in conjunction with
the outer control element on the CEA, constitutes an effective hydraulic
buffer fo- reducing th" deceleration loads at the end of a trip stroke ~

This purely hydraulic damping action is augmented by a spring and plunger
arrangement on the CEA spider. Vhen fully inserted, five ~ element CLAS

and Pi CEAs rest on the central pos of the fuel assembly upper end fitting,
the four element CEA rests on the fuel assembly upper end fitting flow

Qgp~$ + g + 54 g M ~5 5~[@ 4

The capability of the CEAs to scram within the allowable time is demon-

strated as part of the flow testing discussed in Subsection ~M Q. 2- Q. f J

~ ~



The fuel assembly grid cage structure consists of nine Zircaloy-4 spacer
grids, one Inconel 625 spacer grid (at the lower end), five Zircaloy-4 guide
tubes, two stainless steel end fittings, and five Inconel X-750 coil springs.
Zircaloy-4, selected for fuel rod cl'adding, guide tubes and spacer grids,
has a low'eutron absorption cross section, and high corrosion resistance
to reactor water environment. Also there is little reaction between the
cladding and fuel or fission products. As described in Subsection 4.2.3,
Zirc'aloy"4 has demonstrated its ability as a cladding, CEA guide tube, and
spac'er grid material.

The bottom spacer grid is of Inconel 625 and is welded to the lower endfitting. In this region of local inlet turbulence, Inconel 625 was
selected rather than Zircaloy-4 to provide additional strength and relaxa-
tion resistance. Inconel 625 is a very strong material with good ductil-
ity, corrosion resistance and stability under irradiation at temperatures
below 1000 F.

~ ~The fuel assembly lower end fitting is of cast 304 stainless steel {Grade
CF-8) and the upper end fitting assembly consists of two .cast stainless
steel plates and five Type 304 stainless steel machines alignment posts.
This material was selected based on considerations of adequate strength and
high corrosion resistance. Also, Type 304 stainless steel has be~n used
successfully in almost all pressurized water reactor environments, includ-
ing all currently operating CE reactors.
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J.,~ g ~g W g <oSo9Fuel Assembl Guide Tubes

All fuel assembly guide tubes are manufactured in accordance with~ ASTM B353-7Q Wrought Zirconium and Zirconium Alloy Seamless and
Welded Tubes for Nuclear Service, with the following exceptions and/or
additions:

a) Chemical Properties,

Additional limits are placed on oxygen.

b) Mechanic'al Properties

Flare:

A section of annealed tube, between two and four inches in
'engthshall be flared with a tool having a 60 degree included

angle until the outside diameter,has increased by 15 percent.
The flared tube shall show no cracking when examined with the
unaided eye.

c) Dimensional Requirements

Dimension
Permissible Tolerance

(in. )

OD

ID
+0.003
+0.005

IZircaloy-4 Bar Stock I,

~ /
All Zircaloy-4 bar stock is fabricated in accordance with Grade-RA-2,'( ASTM
B351, Hot-Rolled and Cold-Finished Zirconium and Zirconium Alloy Bars, Rod
and Wire for Nuclear Application, with the following exceptions and/or a4-
ditions:

C

a) Chemical Properties

Additional limits are placed on oxygen and silicon content,

b) Metallurgical Properties

Grain Size:

The maximum average grain size is restricted.

Zircaloy-4 Strip Stock

All Zircaloy-4 strip stock is fabricated in accordance with Grade RA-2,
ASTM B352, Zirconium and Zirconium Alloy Sheet, Strip and Plate for Nuclear
Application, wi th the fol)owing exceptions and/or additions:
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a) Chemical Properties

Additional limits are placed on oxygen and silicon content.

b) Metallurgical Properties

Grain Size:

The maximum average grain size is
restricted')

Mechanical Properties

Bend'ach

sample shall be bent using a three point type, guided bend
test fixture similar to that described in MAB-192-M, Evaluation
Test Methods for Refractory Metal Sheet Material, Paragraph
5.2.2, published by Division of Engineering and Industrial
Research, National Academy of Sciences, National Research
Council, April 22, 1963. The sample shall be bent 180 degrees
using a hand anvil with a radius equal to twice the sheet thick-
ness, After bending, each specimen shall be liquid dye penetrant
inspected to assure freedom from cracking..If cracking occurs
on any part of the bend samples, the coils represented shall be
rejected.

d) Coefficient of Thermal Expansion

Axial direction " see Reference 2

e) Irradiation Properties:

The yield and tensile strengths are enhanced by irradiation. The
stress relaxation with irradiation and operating temperatures
proceeds at a rapid rate unti) ~early couplers. The irradiation
induced growth xs documented. 3

rM Stainless Steel Castings

Al1 stainless s 'teel cast l ngs are fabr ica'ted in accordance with Grade CF 8 p

ASTM A296, with the following addition:

Chemical Properties

Cobalt content is limited.

Stainless Steel Tubing

All stainless steel tubing is fabricated in accordance with ASTM A269,
with the following addition:
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Chemical Properties

Carbon content is limited on tubing to be welded. Cobalt content is
limited.

Inconel X-750 Helical Springs

All Inconel springs are fabricated in accordance with AMS 5699B, with the
following addition:

Chemical Properties

Cobalt content is limited.

Passivation prohibited.

Inconel 625 Bottom S acer Grid Stri Material
1

Inconel spacer grid strip material is procured in accordance with the speci-
fication for nickel-chromium molybdenum columbium alloy plate, sheet, and

strip, specification ASTM 443-72, with the following additional requirements:
ments:

a) Chemical Properties

Cobalt content is limited to one percent maximum.

b) Special 'Tests

A check analysis and a bend test are required.



t

Modu'us of Elasticity
-6'lhe value of Young's Modulus x 10 is specified in Reference 13.

Poisson's Ratio
I

N is the value specified in Reference 13.

'1'hermal Coefficient of Expansion

Diametral direction is the value specified in Reference 13.

Yield Strength
XHI5Ep 7

Yield strength in the non-irradiated condition is shown on Figure
4.2-20 of Reference 13.

ghn cladding stress iinits identified in Subsection 4.2.1.t(gare
based on values taken from the minimum yield strength curve at
the appropriate temperatures. The limits are applied over the
entire fuel lifetime, during conditions of reactor heatup and
cooldown, steady state operation, and normal power cycling. Under
these conditions, cladding temperatures and fast fluences can
range from 70 to 750 F and from 0 to 1 x 10 nvt, respectively.

Ultimate Strength~ gus.a/~ WV
gUlt)mate tensile strength in the non-irradiated condition is shown

'"on Figure 4.2-21 qf Reference 13.

Uniform Tensile Strain
WPygp7

—Kx
Uniform tensile strain in the non-irradiated condition is shown on
Figure 4.2-22 of Reference 13.

gniforn tensile strai~ in the ~irradiated condition approaches
one percent at 6 x 10 nvt and remains relatively constant (Sub-
section 4.2.1.$ (ig .

Flare

A section of annealed tube, approximately two to four inches in
length is flared with a tool having a 60 degree included angle,
until the outside diameter has incrd ased by 15 percent. The flared
tube is to show no cracking when examined with the unaided eye.



Erradiation Ls assumed in the Zircalostrain Limit PLimit ~
~ since St,lowers the allowab'le value ~ An

rca oy
calculations involving permanent strain use this basis, unlessthey are a DOL situation.

Xrradiated values for Zircaloy yield strength arid ultimate
~ strength are not used in any design calculations. This is con-

servative since allowable stresses would increase if irradiation
were accounted for.:—----
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h) Hydrostatic Burst Test

The cladding specification requires that two samples from each lo't
of cladding be subjected to room temperature hydrostatic burst tests.
To be acceptable, the burst pressure must exceed a minimum value
based on the cladding geometry and specified tensile properties,
and the circumferential " 'ust exceed

ST~i'A c-'4c. n+ IZ $~,

. Dimensional Requirements

a) Tube straightness is limited to 0.010 in./ft, and inside diameter
and wall thickness are tightly controlled.

b) Ovality is measured as the difference between maximum and minimum
inside diameters and is acceptable if within the diameter toler-
ances.

c)

d)

Outside diameter is specified .as 0.382 + 0.002 inches

Inside diameter is specified as 0.332 + 0.0015 inches

e) Eccentricity is defined as the difference between maximum and
minimum wall thickness at a cross-section, and is specified as
'0.004 inches maximum

f) Wall thickness is specified as 0.023 inches minimum (the nominal
value reported in Table 4.2-1 is based on the nominal OD and ID).

%%5K g7- DD

a) Hydride Orientation

A restriction is placed on the hydride orientation factor for any
third of the tube cross section (inside, middle, or outside). The
hydride orientation factor, defined as the ratio of the number
radially oriented hydride platelets to the total number of hydride
platelets, shall not exceed 0.3. The independent evaluation of
three portions of the cross section is included to allow for the
possibility that hydride orientation may not be uniform .across the
entire cross section.

~: ~j;-~ UP< ~ggoSoq
*
B353-P7$ Wrought Zirconium and Zirconium Alloy Seamless and Welded Tubes for
Nuclear Service, except additional limits are placed on oxygen, silicon and
iron content.-





It should be noted that tne toLerances listed above are taken from design
drawings. Tt is standard practice to obtain as-built cladding measure-
ments of outside diameter, wall thickness, and ovality; and these measured
values are occasionally used to reduce uncertainties in final analyses.



All Zircaloy-4 bar stock is fabricated in accordance with
ASTM B351-P, Hot rolled and Cold Finished Zirconium and Zirconium Alloy
Bars, Rod and Wire for Nuclear Application, with the following exception
and/or additions:

a) Chemical Properties

Additional limits are placed on oxygen .and silicon content.

b) Metallurgical Properties

The maximum average grain size is restricted.

Stainless Steel Compression Springs

All stainless steel springs are fabricated in accordance with AMS 5688,
Revision F. The dimensions of these springs are:

Free length
Outside diameter
Wire size
Active number of

coils'pringconstant

9.429 in.
0.312 in.
0.063 in.

68
20.6 lb/in.

Chemical Composition

Salient points regarding the structure, composition, and properties of the
UO fuel pellets are discussed in the following subsections. Where the
ef)ect of irradiation on a specific item is considered to be of sufficient
importance,to warrant reflection in the design or analyses, that erfect is
also

discussed')

Chemical analyses are performed for the following constituents:

1) Total Uranium

2) Carbon

3) Nitrogen

, 4) Fluorine

5) Chlorine and Fluorine

6) Iron

7) Thorium
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8) Nickel

b) Limits are placed on the oxygen-to-uranium ratio.

c). The sum of the calcium, aluminum and silicon contents shall not
exceed 300 ppm by weight.

d) The sum of the cross sections of the following impurities shall not
exceed a specified equivalent thermal neutron capture cross section
of natural boron:

l) Boron

2) Silver

3) Cadmium

4) Gadolinium

5) Europium

6) Samarium

7) Dysprosium
I

e) The total hydrogen content of finished ground pellets is restricted.

f) The nominal enrichment of the fuel pellets vill be specified and
shall be held vithin + 0.05 wt percent U-235. G
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a) The pellet fabrication process Mill maximize the pore content of
pellets in a specified range. Acceptable porosity distribution vill
be determined by comparison of approved visual standards with photo-
micrographs from each pellet lot.

b) The average grain size shall exceed a specified minimum size.

Density

a) The density of the sintered pellet after grinding shall be between
93.5 and 96a0 percent of theoretical density (TD), based on an U02
theoretical density of 10.96 g/cm .

The in pile stability of the fuel is ensured by the use of an NRC-

approved out of pile test during production. The details of this
test, and the associated rationale, are presented in Reference 14.

c) The effects of irradiation on tne density of sintered UO pellets
are discussed in Reference 14.

Thermal Properties

a) Thermal Expansion

The thermal expansion of U02 j~>j(~g~ibed by the following temper-
ature dependent equations:

-2 -4
Z Linear Expansion = (-1.723 x 10 ) + (6.797 x 10 T)

+ {2.896 x 10 T )

fpsasg5 g~'to 2200C

-7 2
Z Linear Expansion ™ 0.204 + (3 x 10 T) + (2 x 10 T )

+ (10 T )

above 220GC.

where T ~ temperature, C.

b) Thermal Emissivity

A value ot 0.85 is used for the thermal eyj~~i~jg ~f )0 peiiats
over the temperature range 800 to 2600 K.

O'tl/5ERX c c
c) Ne lting Point and Therma 1 Conouc t ivity

The variation of melting point and thermal conductivity with burnup
is discussed in Reference 14.



ego)

The earlier data on emissivity of UO were those of Claudson and of Ehlert
and Margrave, as reported by Belle . Claudson reported that the emissiv«
ity decreased from 0.85 at 1000K to 0.37 at 2200K. Ehlert and Margrave
measured the spectral emissivity of the polihhed s'urface of U02 to be
approximately 0.40 in the temperature range of 2100-3000K. These deter-
minations were made in the late 1950s by an indirect technique that compared
the luminance of a tungsten filament and that of UO2 at identical test en-
vironments. In a subsequent investigation, Cabannas, et. alt I (reference g)

- directly measured the reflectance of UO2 up to
2200K as a function of wavelength. In the visible region, the

emissivity'increasedfrom 0.86 to 0.94 between 300 and 1600K. At longer wavelengths,
the effect of temperature on emissivity was even less, and the value
approached 1.0 at a 20 pm wavelength. This increase in emissivitv with
temperature conflicts with the data of Claudson — an of Ehlext and Mar-
grave(>), and a source of error in the technique employed in the earlier
work is discussed by Cabannes, et. al. In their opinion, the low luminance
of tungsten in the temperature xange of the earlier investigations is an
important source of error and can easily lead to the discrepancy observed
between their data and the data of Claudson and of Ehlert and Margrave.

The most recent dete~nation of emissivity of U02 was done by Held and
-"Wilder (reference 19), Hemispherical spectral emit-
tance of U02 pellets was determined in the composition range of U01 95
to U02 29, in the density range of 73 to 97% TD and in the temperature
range of 450 to 2480K. The emittance was high in all cases and ranged
from about 0.7 to 0.95. No decrease in "emittance 'was observed with in-
creasing temperature; instead, it increased slightly. These authors also
reviewed the earlier data and based on mechanistic considerations offered

. rationale for the relative insensitivity of emittance with temperature as
observed in the more recent investigations.

Cg

A review of the more recent sources of emissivity data described above thus
shows the'alues 'of 0.82 to 0.86 at 300K (reference 17 and l)8>

0;86 to 0.94 between 300 and 1600K (mference
18)'nd

a random scatter of values between 0.70 and 0.95 (reference 19)
~ . for various temperatures (450, 1000, and 1800-2550K), den-

sities and 0/U- ratios. No definitive trend, therefore, is noticed with
, variations in temperature, density, 0/U ratio or surface finish. Based on

these considerations, a value of 0.85 is used for the thermal emissivity
of U02 pellets over the temperature range of intexest of 800 to 2600K.

' . el



'
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d) Specific Heat of UO2

The specific heat of U02 jy0)escribed by the following tempera-
ture dependent equations.

T ~ 2240 'F

/0
C ~ 49 67 + 2.2784 x 10 T-

P (T + 460)

Tz 2240 F

-42 -83
C -126.07 + 0.262 T - 1.399 x 10 T + 3.1786 x 10 T

P '- 2.48 x 10 T

where:

C ~ specific heat, BTU/ft - F
3

P

T ~ temperature, F

llechanical Properties

Young's Modulus of Elasticity

The static modulus of elasticity of unirradiated fuel of 97 pe~~~nt"1
TD and deformed under a strain rate of 0.097 hr xs given by

E ~ 14.22 (1.6715 x 10 - 924.4T)

where;

E ~ modulus of elasticity in psi,
T ~ temperature in C in the'ange of 1000 to 1700 C.

b) Poisson's Ratio

The Poisson's Ratio of polycrystalline U02 has a value of 0.32 at
25 .C based on Reference 66. The same reference notes a 10 percent
decrease in value over the range of 25 to 1800 C. Assuming the
decrease is linear, the temperature dependence of the Poisson's
Ratio is given by

v ~ 0.32 « 1.8 x 10 (T"25)

where;

v ~ Poisson's Ratio
T ~ temperature in C in the range of 25 to 1800 C.

At temperature above 1800 C a constant value of 0.29 is used for
Poisson's Ratio.



;
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Burnable Poison Rod Cladding Properties

Cladding tubes for burnable poison rods are purchased under the specifica-tion for fuel rod cladding tubes. Therefore, the mechanical, metallurgi-
cal, chemical, and dimensional properties of the cladding are as discussedin Subsection ~ tb Sb.p. 5 pe

)03 D4C Uurnab le Poison Pe llet Propert ies

The ~l )03 04C burnable poison pellets used in CE designed reactors
consist of a relatively small volume fraction of fine B4C particles dis-
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persed in a continuous Al 03 matrix. The boron I'oading is varied by
2 3.adjusting the B C'oncentration in'the range from 0.7 to 4.0 vtX (1 to

6.0 v/o). The bulk density of the A120 -b3C pellets is specified to
be greater than 93 pezcent of the calcu)ated theoretical density. Typical
pellets have a bulk density of about 95 percent of theoretical. Hany prop-
erties of the two-phase A1203'-B C mixture, such as thermal expansion,
thezmal conductivity, and specific heat are very similar to the properties
of the A1203 major constituent. In contract, properties such as swel-
)ing helium release, melting point, and corrosion are dependent on the
presence of B C. The operating centerline temperature of burnable poison
is less than f150 F, vith maximum pellet surface temperatures close to
1090 F.

Thermal-Physical Properties

a) Thermal Expansion

The i~~~~n thermal expansion coeff1c1ents of A1203 and6
(24')

.(0
B40 from 0 to 1850 F are 4.9 and 2.5 in./xn. F x 10
respectively. The thermal expansion of the A120 -b C tvo-

2 3.phase mixture can be considered to be essentially'tie same as the
value for the continuous A1203 matrix since the dispersed B4C
phase has a lover expansion coefficient and occupies only 5 v/o of
the available'volume. The. low temperature (8G to 250 F) thermal
expansion coefficient ot A120> irradiated at 480, tIl[i and
1300 F does not change as a result of irradiation. Th e. ex
pension of a similar material, beryllium oxide, up to l900 P )q~also been reported to be relatively unchanged by irradiation.
It is therefore apIrr~~riate to use the values of thermal expansion
measured for A1203 for the burnable poison pellets:2

Tempe ra tur e Range
( F from 70 F to)

Linear Expansion
(Z)

400
600
800

1000

0. 12
0.23
0.30
0. 40

b) helting Point

'The melting points of A1203(3710 F) and B4C (4400 F)(28) (29)
are higher tlian the melting point of the Zz-4 cladding. No B4C
burns up, the lithium atoms formed occupy interstitial sites randomly
distributed yj)hin the B C lattice, rather than forming a lithium
rich phase. The soli solution of lithium in B C should not
appreciably influence the melting point of the Al 63-B<C Pell«sp
as only a small quantity of lithium compounds (0.) wtd') forms
during irraaiation.. It is concluded that the melting point of
A1 203 B40 wi 1 I rema in considerably above the maximum . 1 I 50 F

operating temperature.



;
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c) Thermal Conductivity

The thermal conductivity .of Al 0 -B4C was calculated from the
measured val~g~) for Al 03 and 4 using the Maxwell-Eucken
relationship for a continuous matrix phase (A1203) with2 3

spherical dispersed phase (B C) particles. Because of the high
4'Al 0 content of these mixtures and the similarity in thermal

conductivity, the resultant values for A120 -B4C were essen-2 3

tial)y the sane as the values for A1203. e measured,
unirradiated'alues of thermal conductivity at 750 P are 0.06
cal/s-cm-k for B C and 0.05 cal/s-cm-k for Al 03.4 .. 2 3

The thermal conductivity of Al 0 afier irradiation decreases
rapidly as a functio~ ~f burnup )o values of about one-third the
unirradiated values. 2 The irradiated values of A1203-
B C calculated from the above relationships are given below as

4
a function of temperatures.

. Temperature
(F)

Thermal Conductivity
(cal/s-cm"k)

400
600
800

1000

0.015
0.013
0.010
0.008

d). Specific Heat

The specific heat of the A120 -B C mixture can be taken to be
essentially the same as pur~e ll t%> since the concentration cf
B4C is low (6.0 v/o maximum). ln addition, the effect of irradia-
tion on specific heat is expected to be small based on experimental
evidence from similar materials which do not sustain transmutations
as a function of neutron exposure.

$ g~564l PE.
~

"
~ (&) (M)The values for A1203 measured on unirradiated samples ~are given below;

Tempera tur e
(p) ~cal/ m-P

250
450
800

1000 and above

0. 12
0.13
0.14
0.15

Irradiation Properties

a) Swelling

A120 -'B C consists of B4C particles dispersed in a continu-
ous 1„6> matrix, which occupies more than 95 percent of the
poison pellet. The swelling of A120 -B4C depends primarily
upon the neutron fluence on the continuous A1203 matrix and,
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The properties of specific heat and thermal expansion are clos ly related
as they both increase with temperature (at expected opera .i g mperatures,
< 1000F) primarily due to increases in lattice vibrations . That is,

changes in specific heat with temperature nave been shown to be primarily
due to the same physical processes as changes in thermal expansion with
material's such as Al 0> and BeO. The conclusion that the effect of ir-
radiation on the specific heat of Al 03-B C is small is based on measure-2.q.

2 3 4ments whicQ ~how that the specific heat. oz BeO does not change with ir-
ra iation "'~and measureme ts that show the thermal expansion coefficient
of Al 0. does not cnange due to irradiation. Since measurements of the
thermal expansion coefficient of irradiated A1203 have shown no change due

2 3

to irradiation and since specific heat and thermal expansion are both de-
pendent upon lattice vibrations, it is expected that specific heat is also "

not significantly affected by irradiation.

The specific heat of the Al 0 -B' mixture, can be taken to be essentially
the same as Al 0 since the concentration of B4C is a maximum of 3.7 w/o

2 3 4

B C, and the specific heat of B C at operating temperature is close to the2 3.
4value of A1203.

The Debye temperature of Al 0 determined by measurement is about 904K.
There is no effect of the B C particles in the Al 0 matrix on the Debye

2 3
4

~ temperature.



SL2-FSAR

secondarily, on the B burnup of the dx.spersed B<C phase ~
10

Recent measurements performed on material c~IItainxng about two wtX
B C irradiated in a ~E PMR.to 100 percent B burnup at a
fluence of 2.4 x 10 nvt (E&0.8 MeV) revealed a diametral swel-
ling of about one percent. Pellets similar to the burnable poison
used in CE reactors with up to three wt4 B C als~ p~stained
about 100 percent B burnup. Experimenta data on A1203

10 ~ f 3

reveal a diametral swelling of about 0.7 percent at a fluence of
2.4 x 10 nvt (E~O.& MeV). Swelling of A120 increases21

linearly gath fluence to l. & percent diametral after an exposure
of 6 x 10 nvt (Ei0.8 MeV).

These data show that A120 -B C swells somewha(lmore than
Al 0 up to a burnup of )l@$4C (about 2 x 10 nvt, E$ 0.8 Me+V

The CE design value of A1203-B4C swelling rate for fluences
less than 2 x 10 2js greater than the swelling rate of A1203,
while after 2 x 10 fluence the swelling rate for A1203 B4C
is considered equal to that of A1203.

The data and considerations presented above resu/[ in best estimate
diametral swelling values at end of life (7 x 10 nvt, E> 0.8
MeV) of about two percent for A1203 and from two to three per-
cent for A1203-B4C loading.

Helium Release

Experimental measurements reveal that less than fi~e percent of the
helium formed during irradiation will be released. These
measurements were performed on A1203-B4C pellets irradiated at
temperatures to 500 F and, subsequently, annealed at 1000 F for five
days. The helium release. in a burnable poison rod which operated
for one cycle in a CE PMR was calculated from internal pressure
measurements to be less than five percent. The design is based on a
release of three to 15 percent of the helium generated. The design
of the burnable poison rod will not be limited by helium pressure
despite the conservative use of 15 percent release.

Chemical Properties

A1203-B4C Coolant Reaction

Should irradiated B4C particles be exposed to reactor coolant, the
primary corrosion products that would be formed are boric'cid
(which is soluble in water), hydrogen, free carbon and a small
amount of lithium compounds. The presence of these products in the
reactor coolant would not be detrimental to the operation of the
plant.

Observations of Al 03/B4C poison shims have revealed that long
term exposure of t"is ma4terial to reactor coolant can result, in
gradual leaking out of Boron and eventual eroding away of the

03 matrix . However, the rate of react ion is such that any
2 3
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resultant changes in reactivity are very gradual.

Chemical Capability

Chemical compatibility between the Al p3 84C pellets
burnable poison rod cladding during long term normal operation has
been demonstrated by examination of a burnable poison rod from the
Maine Xankee reactor. The rod had been exposed to an axial average
fluence in excess of 2 x 10 nvt ()0.821 Hev). No evidence of a

chemical reaction was observed on the cladding I.D.

Short term chemical- compatibility during upset and emergency condi-
tions is demonstrated by the fact that conditions favorable to a

chemical reaction between Zr-4 and A1203 are not present at
temperatures below 1300 F . This temperature is higher than
that which will occur at burnable poison pellet surfaces during Con-
dition II and III occurrences (Subsection 4.2.1P The reaction
tween Zr-4 and A1203 described by Idaho Nuclear. was ob-(37)'
served to occur rapidly only at temperatures in excess of 2500 F,
well above the peak Zr-4 temperatures expected.

I'
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Thermal-Physical Pro erties of Absorber Material

The primary control rod absorber materials consist of boron carbide pellets

(g C) and silver indium cadmium bars (Ag-In-Cd). Inconel Alloy 625 is

also used as a weak absorber. over a portion of the part-length rods. Refer )0

to Figures 4.2-3, 4.2-4, and 4.2-'5 for the specific application and orien-

f the absorber materials. The significant thermal and physical

properties used in mechanical analysis of the absorber mater@a s are is e

in Table 4.2-2.

1



Compatibilit of Absorber and Claddin Materials

The cladding material used for the control elements is Inconel Alloy 625.
The selection of this material for use as cladding. is based on considera-
tion of strength, creep resistance, corrosion resistance and dimensional

stability under irradiation and also upon the acceptable performance of
this material for this application in other CE reactors currently in
operation.

a) B4C/Inc one 1 625 Compatibility

Studies have been conducted by HEDL on the compatibility of
Type 316 stainless steel with B4C, under irradiation for thousands
of hours at temperatures between 1300 and 1600 F. Carbide formation
to a depth of about 0.004 inch in the 316 stainless steel was
measured after 4400 hours at 1300 F. Similar compound formation
depths were observed after ex-reactor bench testing. After testing
at 1000 F, only 0.001 in./yr of penetration was measured. Since In-
conel 625 is more resistant to carbide formation than 316 stainless
steel, and the expected pellet/clad interfacial temperature in the
standard design is below 800 F, it is concluded that 94C is com-
patible with Inconel 625.

Cladding Stress-Strain Limits

The stress limits for the Inconel Alloy 625 cladding are as follows:

Design Conditions I and II (Non Operation, Normal Operation, and Upset
Conditions)

CS
m m

P+Pbd-FS
m b s m

Design Conditions III (Emergency Conditions)

P c 1 ~ 5 S

P + P 1 5 F S
m b '

m

Design .Conditions IV (Faulted Conditions)

p
m — m

P + P ( F Sg
m b — s m

where S is the smaller of 2.4 S or 0.7S
I
m m u

For definition of p, Pb, S, S', S, and F, see Subsection
4.2.1.1(ltf Por. the lnconel 625 62A cladding, the value of 5 is two-

mthirds of tne minimum specified yield strength at temperature.

For Inconel 625, the specified minimum yield strength is 65,000 lb/in.
at 650 F,
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F ~ hp/My where Hp is the bending moment required to produce a fully
plastic section and Hy is the bending moment which first produces yielding
at the extreme fibers of the cross section. The capability of cross
sections loaded in bending to sustain moments considerably in excess of
that required to yield the outermost fiber is discussed in Reference l.
For the CEA cladding dimensions, F ~ 1.33.

The strain limits for the cladding are limited to values which will permit
the CEAs to trip within the allowable time.

4.2-26
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The values of uniform and total elongation of Inconel Alloy 625 cladding
are estimated to be as follovs:

Fluence (E >'1 Mev), nvt 1 x 10 22 3x10 22

Uniform elongation, X 3 1

Total elongation, X '6 3

Irradiation Behavior of Absorber Materials

a) Boron Carbide Properti.es

1) .Swelling: The linear swelling of B4C increases with burnup
according to the relationship:

X h L~ (0. 1) B Burnup, a/o10

This relationship vas obtained from ~rgrimental irradiations on
high density (>90 percent TD) wafers andfy~)lg~)with den-
sities ranging between 71 and 98 percent TD. Dimensional
changes vere measured as a function of burnup, after irradiating
at temperature expected in the design.

2) Thermal Conductivity: The thermal conductivity of unirradiated
73 percent dense B C decreases linearly vith temperatures from4
300 to 1600 F, according to the relationship:

A ~ 1 cal/cm — K-s
2.17 6.07 + ~T)

0. 0 l'7
This relationship vas obtained from measurements performed on
pellets ranging from 70 to 98 percent TD.

Tha relationship Between the thermal conductivity of irradiated
73 percent TD B 0 pellets an [~mperature given Below was
derived from measured values on ))jgher density pellets

'rradiated to fluences out to 3 x 10 nvt (E )1 MeV).

gg 1 cal/cm — K-s
2.17 (38 + . T)

Q 0>5where T temperature, K

3)

Thermal conductivity measurements of 17 B C specimens with
densities ranging from 83 to 98 percent T5, irradiated at tem-
peratures from 930 to 1600 F showed that thermal conductivity
decreased significantly after irradiation. The rate'f decrease
is high at the lover irradiation temperatures, but saturates
rapidly vith exposure.

Helium Release: Helium is formed in B C as B burnup pro-10
4gresses. The fraction of helium released from the pellets is

important for determining rod internal gas" pressure. The re-
lationship between helium release and irradiation temperature
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given below was developed at ORHL to fit experimental data(42)
obtained from thermal reactor irradiations.

X He release ~ (C"185D) RT
e e

where s

C ~ Constant, 6.69 for pellets
D ~ Fractional density, 0.73 for CE pellets
g ~ Activation energy contant, 3600 cal/mole
R ~ Gas constant, 1.98 cal/mole K
T ~ Pellet temperature,

K'his

expression becomes

-1820
2 He release .208 e 2 +5

4)

when the above parameters are substituted. In this form,'design
values for helium release as a function of temperature are gen-
erated.'he five percent helium release allowance (the last term
in the expression) was added to ensure that design values lie
above all reported helium rel,ease data. Calculated values of
helium release obtained from the recomftgfe+fsjg expression
lie above all experimental data points obtained
on B4C pellet specimens irradiated in thermal reactors.

Pellet Porosity: Experimental evidence is available which(45)
shows that for pellet densities below 90 percent, essentially all
porosity is open at beginning of life. Irradiation induced
swelling does not change the characteristics of the porosity,, but
only changes the bulk volume of the specimens. Therefore, the
amount of porosity available at end of life is the same as that
present at beginning of life.

b) Inconel 625

1) Swelling: Available information indicates that Inconel 625 is
highly resistant to rafjation swelling. Exposure of Inconel 625
to a fluence of 3 x 10 nvt (E) 0.1 Mev) at a temperature of

'4000 IjPF) shoved no visible cavities in metalloBraphic examina-
tions so that swelling, if any, would be very minor.
Direct measureggnts made after exposure of Inconel 625 to a
fluence 5 x 10 nvt Q> 0.1 Mev) as LMFBR conditions ~(owed no
evidence of swelling. Further exposure to 6 to 10 nvt
(E > 0.1 MeV) at 500 C (932 F) showed essentially no swelling as
measured by immersion density, but did show small cavities.
Thus, Inconel 625 after fluences of 3 x 10 nvt (E01 Mev) is
not expected to swell.

2) Ductility: The ductility of Inconel 625 decreases after irradia-
tion. Extrapolation of lower fluence data on Inconel 625 and 500
indicates that the values of uniform and total elongation of
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Inconel 625 after 1 x 10 nvt (E 'P 1 Mev) are three and six22

percent, respectively.

3) Strength: The value of yield strength of Inconel 625 increases
after irradiation in the manner typical for metals. However, no
credit is taken for increases in yield strength in the design
analyses above the value initially specified.

c) Silver-Indium-Cadmium Properties

1) Swelling.'Measurements performed on Ag-In"Cd rods'irradiated at
fluences up to 6.2 x 10 nvt (EP 0 6 Mev) were employed to2

develop the following expression to predict the volumetric swell-
ing for silver"indium-cadmium alloy:

~V
X ~ 0 34

1
21

where 4 ~ fluence, nvt (E> 0.6 Mev).

Linear swelling is approximately one third of the volumetric
swelling.

2) Tnermal Conductivity: The increase in cadmium content from five
to perhaps 10 wt percent, and the formation of two to three wt .

percent tin a result of long term exposures, is egg~ted to de-
crease the thermal conductivity from the accepted unirradi"
ated values. Published data for unirradiated Ag"Cd binary alloys
shows that thermal conductivity. was decreased by about 20 p~~~~nt
by increasing the cadmium content from 5.0 10.0 wt percent.
Since irradiated Ag-In-Cd is expected to perform in much the same
fashion, similarly the unirradiated values of thermal conduc-
tivity are decreased by 25 percent to account for irradiation.

3) Linear Thermal Expansion: The coefficient of linear thermal ex-
panaion for onirradiated Ag-In-Cd nateria1 tp j2.5 x 10 in/in.
F over the temp(g~)ure range of 70 to 930F. Published data7

on unirradiated Ag-Cd binary alloys reveal that a cadmium in-
crease of five percent will result in about a five percent in-
crease in thermal expansion coefficient. The small changes in
indium and tin content do not influence the thermal expansion
coefficien) appreciably. For simplicity, irradiated values of
1'3.1 x 10 jn./in.- F is used in all design calculations.

4) Melting Point: The melting pong) of unirradiated Ag-In-Cd has
been measured as 1470 F + 30 F (800C + 17C). The formation)

of three wt percent tin due to the transmutation of indium and
the increase in cadmium content to about 10 wt percent to the
transmutation of silver may result in a small decrease in the
melting point.
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Fuel Burnup Experience

The CE fuel rod design is. based on an extensive experim ntal data base and
by an extension of experimental knowledge through design application of CE

fuel rod evaluation codes. The experim ntal data base includes data from
CE or CE/Kraft'k Union (KWU) joint irradiation experiments, from CE

and U~U operating commercial plant performance and from many basic experi-
ments conducted in various research reactors which are available in the
open literature. Each of these information sources will be discussed
below. Evidence currently available indicates that Zircaloy and UO~ fuel
performance is satisfactory to exposures in excess of 55,000 Mwd/Mtu2.

a) Public Information

General fuel performance information available in the. open liter-
ature has provided part of the CE fuel rod design data base.
Particular experiments that have been sited in the past -s key
references, they include:

1) Determination of the effect of fuel cladding gap on the linear
heat rating to melting of U02 fuel rods, conducted in the
Westinghouse test reactor.

2) Shippingport Irradiat'ion Experience

3) Saxton Irradiation Experience

4) Combined Vallecitos Boiling |tater Reactor (VBWR) Dresden
Irradiation.

5) Large Seed Blanket Reactor (LSBR) Rod Experience

6) Joint U.S.-Euratom Research and Development Program to evaluate
central fuel melting in the Consuiacrs Power Co. Big Rock Point
Reactor.

Since the information from these prograzis is available in the open
literature, they will not be described here. However, details
as to the significaiice of the results to CE fuel burnup experience
are presented in Reference 59.

b) CE/KWU Technical Exchange

CE entered into a technical agreement with KWU b..ginn'ng in 1972
for the complete exchang of information and technoloi y relatinp to
pressurized water reactor syste..s including fuel. 'lliis agreement
makes availablc to CE the total experience of 10 years successful

8108100005'
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operation of commercial PWR -fuel in systems, designed and fabricated
gaby

KMU and is most advanced of its type in the world. An essential
part of this brodd based exchange involves joint sponsorship of
numerous fuel testing programs.

Operating Fuel Experience

CE and KMU have fabricated approximately 750,000 Zircaloy clad fuel
rods both internally pressurized and unpressurized over the last 10
years., Of this total 460,000 rods remain in operation ( 220,000 CE

rods) with average burnups in excess of 36,000 Hwd/Mtu. The
remaining 290,000 rods have been discharged with average burnups to
36,000 Bwd/5ftu. Overall performance of this fuel has been excel-
lent. The fuel rod reliability level, estimated from coolant activ-
ities is ) 99.98 percent. This high reliability level is continual"
ly validated by extensive poolside fuel inspecti'on programs conduct-
ed by both CE and KWU at reactor sites during refueling shutdowns.

Fuel Irradiation Programs

CE is involved in diversified fuel irradiation test programs to
confirm the adequacy of the CE fuel rod design bases and models by
experimental means. Some of these programs involve safety related
research while other programs provide confirmatory data on per-
formance capability or evaluate design and faorication variables or
methods which may improve and extend our current knowledge of fuel
rod perfonnance. hany of the programs involved joint CE/VJiU spon-

sorshipp.

Some of the key fuel performance evaluation programs that will be
summarized below include:

Fuel densification experiments at the Battelle Research Reactor
(BRR)

Joint CE/K4U fuel densification experiments including tests in the
HZFR, reactor at Karlsruhe, Vest Germany, and the EEI experiments in
the General Elect'ric Test Reactor (GETR).

Direct participation in the Haldcn Project in Norway with access to
all Halden base program fuel test data.

Irradiation of special instrumented fuel rods to obtain. dynamic in-
reactor measurements in Halden experimental rigs.

Ramp test programs on fuel rods to evaluate fuel load-follow capa-
bilities and the pellet clad interaction/stress corrosion pheno-
menon in both the Studsvik and Petten test reactors. Other in-
reactor experiments have been conducted in the Obrigheim pres"urized
water re ctor.

Irradiation of special test and urveillance assemblies in operating
CE reactors.



CE Fuel Densification Experiments
~ ~ ~

CE has conducted several experiments which provided data on the xn-
reactor den"ification behavior of various UO2 fuel types. These
include the BRR, EEI, and HZFR densification experiments, as dis-
cussed below.

BRR Fuel- Densification Experiment

The object of this program was to examine the in pile densification
behavior of various fuel types and microstructures fabricated with
and without pore formers.. The. non pore former fuel types had
initial,densities of 93 percent to 94 percent theoretical with a
grain size of less than 6 micron" with a large fraction of pores
less than 4 microns in: diameter. The pore former fuel types had
initi"1 densities of 93 percent to 95 percent and were characterized
by a combination of large grain size and/or large pore "ize. Fuel
pellets of each experi-ental type were irradiated in six BRR cap-
sules at linear heat rating" between 2.8 and 4.6 kw/ft for period
of up to 1500 hours. Post-irradiation examination„ of the BRR re-
sults showed significant differences in the densification behavior
between pore former and non-pore former fuel. '1'he pore former fuel
showed little change in density (high stability) while the non"pore
former fuel densified rapidly. A trend towards increased densifica-
tion with lower initial density was apparent in the non"pore former
fuel. It was concluded that the UO2 microst-ucture played a
dominant "role in the kinetics and e2xtent of in rdactor densifica-
tion. Consequently, fuel exh'biting the desirable microstructural
features'to reduce in reactor densification (i.e., large fraction
of the pore volume in the large pore size range) became part of'he
standard CE fuel design.

g

CE/KWU Fuel Densification Experiment (HZFR)

As a fol)ow-on to the CE experiment in the BRR, a joint CE/KWU
prog'ram has been conducted in the German l)ZFR to evaluate the per-
formance of several non-densi fying fuel ypes at higher power levels
for longer times and to higher burnups.

Sixteen full length fuel rods each containing a different fuel type
were irr'adiated at powers up to 11 kw/ft for burnups up to 4000 Hwd/
Mtu. Included in these rods are U02 and UO -PuO fuels most
of which was fabricated using techniques in3ende3 to minimize den-
sification. Six rods employed CE fabricated UO fuels, five of
which included pore former additives and one faBricated without a
pore former to serve, as a referencable control sample. Eight rods
were fabricated using KVU experimental fuel representing a wide
range of sintering times and temperatures, initial densities and
enrichments. The remaining two rods were fabricated using UO~-
puO„ fuels of two different densities, with aud without a porG
form2er additive. Each of the fuel pellet types and fuel rod" was
extensively characteri"cd prior to testing to permit cociparison with
similar post irradiation measurcmcnts.



The results of the post irradiation examination showed that fuel
types fabricated 'with pore formers (similar to current production
fuel). experienced significantly less in pile densification compared
to tliose fabricated without pore formers. The data also support use
of a standardized out of pile resintering'est developed by CE to
characterize expected in pile densification at the time of fabrica-
tion. This simulation test has been submitted to the NRC and
approved for use by CE in LOCA calculations.

EEI Fuel, Densification Experiment

The prime objective of the EEI Fuel Irradiation Test Program con-
ducted in the General Electric Test Reactor (GETR) was to isolate
and characterize the in reactor densification behavior of pore
former, (or stable) fuel types. CE and KilU were among eleven parti-
cipants in the program.

This program entitled CE to obtain densification data on nine base
program fuel pellet types with varying microstructures. An addi-
tional four fuel types were fabricated by CE and KbU. These in-
cluded CE fuel types, two with and one without a pore former addi-
tive and a KMU standard production fuel. The pellets in the program
were well characterized prior to irradiation. Four of the fuel
types were irradiated in one pressurized (53 atmospheres) capsule.
Two of the fuel types were also irrad''ated in a separate non-
pressurized capsule (one atmosphere). Each of the capsules con-
tained ther™oco ples to continuously monitor capsule power genera"
tion during irradiation to assure that the desired operating con-
ditions- were maintained. Post irradiation examination of these
test capsules confira:ed that UO2 fuel with specific ranges of
microstrictural-characteristics, such as produced by pore former
additives; are stable with respect to densification. The largest
in reactoi density changes occurred for those types having a combi-
nation of the smallest pore size, the largest volume percent of
porosity less than four microns ig the smallest initial grain size
and tl>e lowest initial density.

Balden Piogram Participation

The experimental facilities and programs of the OECD 11alden Reactor
Project in Norway represent one of the most advanced efforts in
quantifying the effects and interaction of the various design
parameters of Zircaloy clad fuel rods through measurements made in
reactor. CE has been a member of the Project since 1973. CE

reviews the data generated by the project in considerable detail
and utilizes the results in various fuel development programs.

The 11alden test reactor has unique capability for measuring fuel rod
operation during irradiation. This capability has been utilized by
CE with specific experiments to provide information in the follow-
ing areas:



Fuel d nsification phenomenon including measurements of the rate of
'fuel column shortening as a function of the initial fuel density,
power'evel and fuel fabrication process.

Fuel clad mechanical interaction involving studies of the effects of
pellet design (shape and density) and operating parameters on clad-
ding deformation.

Modeling o'f fuel rod behaVior, with emphasis .on heat transfer char-
acteristics.

The fir'st three test assemblies sponsored jointly by CE and KWV

contained „24 well-characterized fuel'ods. These assemblies in-
cluded the following range of design and operating parameters:

Helium fill pressures from 22 to 35 atmospheres.

Initial" fuel densities from 91-96 percent TD.

Linear heat ratings to 15 kw/ft.

U enrichments from six to 12 percent; nine rods. fabricated with
maxed-oxide fuel.235

The objectives of these tests were to determine the 'dynamic changes
in fuel rod internal pres ure, fuel centerline temperature and fuel
stack length during operation as a function of burnup. Two of these
assemblies (six test'ods each) wer'e discharged from the reactor
after receiving a peak burnup of ~ 24,000 Mwd/Mtu. The third rig
(12 rods) will be evaluated to burnup" in the range of 35,000-40,000
Mwd/Mtu.'he objectives of a fourth six-rod test assembly were to

'valuate th effects of such design variables as pel)et-clad gap,
fill-gas 'composition, and linear heat rating (to 15 kw/ft) on heat
transfer characteristics. This experiment also provided gap con-
ductan'ce 'data on V02 and mixed-oxide fuel. This test was dis-
charged f"'.cm tne reactor after reaching a peak burnup of 4000 Mwd/
Mtu.

Instrumentation used to measure fuel behavior during irradiation in-
cludes centerline thermocouples, internal pressure transducers,
linear variable differential transformers (LVDTs) for fuel column
length changes and flux monitors for axial and radial power pro-
files.

liot cell examination of the three discharged test assemblies is in
progress. Fuel column length change data obtained supports data
generated by the EEI, BRR, and MZFR experiments and confirms the
in reactor stability of CE pore former fuel types. In addition,
the intern"1 pressure monitors and centerline thermocouple data
have confirmed the adequacy of the CE thermal performance design
models.



In addition, to these CE/K)lU test assemblies, CE has designed and
irradiated three rods in the Halden high temperature, high pressure
loop to simulate PHR coolant temperature and pressure conditions.
Irradiation of the third rod is still in progress to an expected
burnup at discharge of approximately 4000 L)wd/Htu, The purpose of
these experiments is to distinguish the effects of pellet configura-
tion on the formation of circumferential ridging and on the elonga-
tion of the rods. Each rod contained three pellet types with one
type as a standard. This program in combination with the results
of other experiments gives CE a firm basis upon which to optimize
fuel rod design with respect to dimensional changes and to improve
fuel performance models developed to predict rod dimensional
stability.
Power Ramp Programs

CE and EMU are participating in the Studsvik and Pathfinder/Petten
programs"to evaluate fuel rod performance under ramp conditions to
power levels not recently attained. These can occur either'fter
refueling or after extended periods of low power operation or during
control rod maneuvers. The effects of various fuel rod design
variables on power ramp limits is also investigated as a means to
further optimize design. The Petten/Pathfinder program which began
in 1973 is being conducted jointly by CE and )"v'U in the Obrigheim
P1vR reactor and Petten test reactor facilities. One special test
assembly has been irradiated each year since 1973 in the Obrigheim
reactor. Included in this as"embly, which is designed to facilitate
fuel rod- removal and replacement, are well-characterized segmented
rods or "rodlets" which are axially connected to form a complete
fuel rod. These rodlets a e "pre irradiated" in the Obrigheim
reactor for one, two, or three operating cycles, and then separated
and irradiated in. a test, reactor to evaluate performance under ramp
conditions. To date, approximately 500 rcdlets have been irradiated
in Obrigheim. Forty three of these rodlets have been discharged and
ramped in Petten. An additional 24 rodlets are being supplied to
the Studsvik Overramp project for rcmp testing in the R-2 reactor, at
Studsvik. Ramp tests on eight of these roclcts have thus far been
completed at Studsvik. Post-irradiation, hot cell examination pro-
grams form an integral part of both the Petten/Pathfinder and Studs-
vik experiments to characterize fuel rod behavior, particularly with
respect to dimensional stability and fission product release. These
test programs are designed to distinguish between fuel rod power
ramps which occur on start-up and those which might occur during
reactor power maneuvering operations.

Operating flexibilityof a plant requires that the fuel rods main-
tain ~ integrity during periodic changes in power. Power cycling
tests of this type have been jointly conducted by CE/A'U in
Obrigheim and Petten. In the Petten test, a single unprcssurized
fuel rod was power cycled between nine kw/ft and 17 kw/ft at a power
change rate of about three kw/ft/min. The fuel rod successful)y
completed 400 cycles and achieved a burnup of 8000 )lwd/iltu. Powel
cycling tests were then conducted in Obrigheim on ei,,ht short



pressurized and unpressurizcd fuel rods. The test fuel rods werc
attached to a control rod drive mechanism and driven from the low
power to a high power position on a nominal cycle. Power changes
from 50 percent to 100 percent at rates of 20 percent per minute
for BBO cycles were included. After successfully completing the
experiment, the test rods achieved a peak burnvp of, 30,000 Mwd/Mtu
without substantial cladding deformation or fuel rod perforation.

k) Fu'el Surveillance Programs

CE has conducted' number of a fuel surveillance program" on fuel
in operating plants. Thus far, a total of 16 poolside fuel in-
spection programs of varying detail have been performed by CE

(see Table 4.2"4). Over 368 assemblies have been visually examined,
and dir ensional measurements have also been obtained on a large
number of these assemblies. Fuel bundle disassembly operations have
been conducted either to obta''n information of particular aspects of
performance of interest or as 'part of test assembly surveillance
progrms. The results of the CE poolside inspection program have
been used to verify fuel assembly operation and provide data in
support of design. A pre-irradiation characterization has been
completed on CE's first 16 x 16 fuel for Arkansas Nuclear One,
Unit 2. An examination of this fuel at the spent fuel pool will
extend the design verification to the 16 x 16 design which will be
used for St. Lucie Unit 2.
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The ~ guide tubes evaluated for structural adequacy using the
criteria given in Subsection 4.2.1.1 in the following areas:

a) Steady axial load due to the combined effects of axial hydraulic
forces and upper end fitting hnlddo~a forces.

b)

For normaL operating conditions, the resultant guide tube stress
levels are expected to be Less than 50 percent of the two thirds
yield stress criterion.

Shor't term axi a'oad due to the impact of the spring Load>'d CEA
spider aga'nst the upper guide structure support plates at the end
of a CKA trip,
For trips occurring during normal. power operation, solid im~ "ct is
not predicted to occur due to the kinetic energy of the CEA being
dissipated in the hydraulic buffer and by the CEA spring.

c) Short term differential pressure load occurring in the hydraulic
buffer regions of the outer gu'de tub s at the end of each tripstroke., ~hach ~ 4~grt:4:ca~tty )cled ~ +~ $4r~('~Rt aa ~eZ+.~ l >-/ > .
The buffer. region slows the CEA d
trip stroke. The resultant diff
tube in t?iis region
~s.se to circumferential stresses

;ring the last few inches of the
rentiaL pressure across the guide

gi ves
'R ~

+c. trip is assu ed to be rep.ated daily. How ver the resultant stress
is too smaLL to have a significant effect on fatigue usage.

For conditions other than normaL operation, the additionaL mechanical loads
imposed on the fuel assembly by a Safe Shutdown Earthqake (SSE), operat-
ing basis earthquake (OBE) equivalent tn one haLf SSE, and large bre k LOCA
ard their res" Ltant effect nn tne control cLement guide tubes are discussed
in the foLLowing subsections:



v ~

Operating Basis Earthquake (OSE)

During the postulated OBE, the fuel assembly is subjected to lateral and
axial accelerations which, in turn, cause the fuel assembly to defLect from
its normaL shape. The method of calculating these defle tions is described
in Subsection 3.7.3.14. The magnitude of the LateraL deilections and
resultant stresses =re evaLuated for acceptability. The method for
caLcuLating stresses from deflected shapes is described in Reference 50.
The fuel assembly is designed tb be capable oE withstanding the axiaL loads
without buckling and without sustaining excessive stresses,

The axial,hard lateral loads and deformation sust ined by the fuel <ssemhly
during a postulated SSE have the s ".e origin as those discussed above for
the OBE, but they arise from initial ground acceLerctions twice those

I ~

assumed for the OHK. The analytical methods used Enr the SSL are identical
tn those used for the Ol>E.

Loss of Coolant Accident (LOCA)

In the event of a Large break LOCA, there will occur rapid change~ in pres-
sure and ELnw within the reactor vessel. Asrnciated with the tr'ansient are
relatively large axial. and lateral. Jnads on the fuel assemblies. The
response of a fuel assembly to the mechani.ca! lnads produced by a LOCA is
considered acceptable iE the fueL rnds are maintained in a cnn)able array,
i.e., acceptably lnw grid. crushing. The methods used for analysis nf
combined,seismic and LOCA loads and stresses i s described in Reference 50.

~SGP-7
Tn qualify the. cnnplete fue) assembly, ful ) scale hnt Lnr p test ing was cnn-
ducted. The tests were designed tn evaluate fret ting and wear nf nmpn-
nents, refue Ling prncedur es, fuel assembly upli Et Enrces, hnlddnvm per fnr-

P

mance and compatibility ni the Euel assemb)y with interfacing reactor in-
ternals, CEAs and CEDHs under cc ndi tinns oE react r water chemistry, E) nw
velnci ty, temperature, and pressure. The test assembly was a ) 6 x 16 five
guide tube design, The test was run Enr apprn>i mately 2000 hours. The
tests results demnnstrated the acceptab)Lity nf the design.

~ lt'<(4
Hechanical testing nf the)fuel assembly and its cnmpnnents .is being per-
formed tn support analytical means nf defining the as. embly's structural
charactert st ~cs. The test program consists nf static and dynamic test s
nf spacer grids and static and vibratory tests nf " full size/fuel as-
sembly. lkbt~~

5~;g; ~ pt ~--z.- L.o cA.
It is not considered appropriate to combine the stresses resulting from the SSE and,

-LOCA events. ltevertheless, for purposes of demonstrating margin in the design, the I

maximum stress intensities for each individual event will be combined by a square
root of sum of the squares {SRSS) method. This will be performed as a function of
fuel assembly elevation and position, e.g., the maximum stress intensities for the
center gee~tube at the upoer grid elevation {as determined in the analysis dis-
cussed in~aragraphs go~ 5'sp ~ L<c8 will be combined by the SRSS
method. ft is expected that the results will demonstrate that the allowable stresse
described in paragraph'.2.1.1 are not exceeded or any oosition along the fuel as-

;r';.. -j .. -d'e'g:r i.i,-'s r-v:d d b -li'3 lri(' i, i~ = ,'r
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As demonstrated in Reference 69, an additional safety factor on the LOCA impact

loads due to a postulated pressure pulse associated with steam flashing is un--

necessary. Therefore, it was not included in the analysis.



The function of the spacer grids is to provide lateral support to fuel and

burnable poison rods in such a manner that the axial forces are not suffi-
cient to buckle or bow the rods and that the wear resulting at the grid-to-
clad contact points will be limited to acceptably small amnuratsa It is
also a criterion that the grid be capable of withstanding the lateral lf3ads

imposed during the postulated seismic and LOCA events.

'Fuel assemblies are designed such that the cf3mbinatinn of fuel rod rigid-
ity, grid spacing, and grid prelnad will not result in significant fuel
rod deformation under axial loads, and the inng-term effects nf clad creep
(reduction in clad OD), the reduction of grid stiffness with temperature
and the partial relaxation of the grid material during operation ensure
that this criterion is also satisfied during all operating conditions.
Moreover, inspection nf irradiated Euel assemblies from the Maine Yankee

(14 x 14), Calvert Cliffs (14 x 14) Palisades (15 x 15) and Ft. Calhoun
(14 x 14) reactors has not shown significant bowing of the fuel rods. In
view nf these factors and the similarity of these designs tf3 the St Lucie
Unit 2 (16 x 16) design, it is concluded. that the axial forces applied by
the grids nn the cladding will not result in a signiEicant degree nf Euel
rnd bnu. Fuel md lateral daflectlnn ls discussed further
in Subsection 4.2.3.t.~ d

E

The capability of the grids to support the clad without excessive clad wear
was demonstrated by out-of pile flow testing, as described above, nn the
standard 16 x 16 assembly design and by the results of post irradiat ion
examination of grid-to-clad. contact pong[~

in Maine Yankee fuel assemblies
which showed only negligible clad wear

The capability of the grid to withstand the lateral loads produced during
the postulated seismic and LOCA events is demonstrated by impact testing
the reference grid design, both at room temperature and at operating tem-
perature, and,comparing the test results with the analytical predictions
of the seismic and LOCA load's.

The Zircaloy-4 spacer grid material is oE the same compositiou as the fuel
rods and guide, tubes with which it is in contact, thereby obviating any
problem of chemical incompatibil.ity with those components'or the same

reason, adequate resistance to corrosion fran the coolant is assured (see
Su|ssectina rr.2.3.f(8). for additional information relative to the
corrosion resistance of Zircaloy& in the reactor coolant environment).

The Inconel-625 material used for the lowest spacer grid is in contact
with the coolant, the 304 stainless steel lower end fitting (tn which
it is welded), the Zircaloy-4 fuel rods, the poison rods, and the Zirca-
loy-4 guide tubes. The mutual chemical compatibility of these materials in
a reactor environment has been demonstrated by CEs use of these materials
1n fuel assemblies that have been operated in other CE reactors and for
which post irradiation examination has yielded no evidence oE chemical re-
action between these components. In addition, experiments have also been
performed at CE on Inconel type alloys and Zircaloy"4 which showed that
eutectic reactions did not occur belo~ 2200 F, a temperature far in excess
of that anticipated at the lower grid location in the event of a LOCA.
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Impact "recorders are included with each shipm nt Dich indicate if
lnading in excess of 5g are sustained. A reccrd cf shi„pin~ loads
i n excess of 5g indicates an unusual shipping occurrence in >bich
case the fuel assembly is inspected for damage prior to releasing
it for use.

The ~~-ial ~hipping load path is through either end fitting tn the
guide tubes. A 5g axial load produces a compressive stress level
in the guide tubes less than the two thirds yield stress limit that
is allowed fnr nnrmal condition events. The fuel asser;.bly is pre-
vented frnm buckling by being clamped at grid lc cations. For lat-
eral nr vertical shippirg loads, the grid spring tabs have an ini-
tial prelnad which exceeds five times the fuel rod weight. There-
fnre, the spring tabs see no additional deflection as a result of
5g lateral nr vertical acceleration of the shippin container. In
addition, the side load on the grid faces prnduced by a 5g lateral
or vertical acceleration is less than the measured impact strength

. of the grids.

~ Fuel handling procedures required the use of a strongback to jimit thefu'el assembly deflection tn a maximus of 0.125 in. in any di rection
whenever the fuel asrer>bly is raised nr 'lowered tn a horizontal position.
This l.i>ai.ts the stress and strain imposed upon the fuel asser:.bly to values
well beirw the limits set for normal nperat in>> rond: t ic ns. Th» adequacynf t l>e 0.125 in. cri terion is based on tl>e inclusion nf this 1 imi tat ic nin sp'ci ficat ions and pre ce!ures fnr fuel h "ndl ing aequi preot, which is
tl>erebus cons> ".;.i nei to pr ~vide support...»ch that lateral de flection i s

d. fm;g. ~



A fueL rod cladding stress analysis is conducted to determine the circum-ferential stre s and strain resulting fran normaL, upset, and emergencyconditions. The analysis .includes the calculation of cladding tempera-tures and rod internal pressures during each of the occurrences listed inSubsection 4.2.l. The design criteria to be used to evaluate theanalytical results are speci fied in Subsections . . Fuel rodstresses resulting'rom seismic events are calculated, us ng the
methodology described in Reference 50.



A poison shim cladding analysis will be performed to determine the stress
and strain resulting from the various normal, upset, and emergency condi-
tions discussed in Subsection 4.2.i.l. Specific accounting will be made for.
differential pressure, differential thermal expansion, cladding creep, and
irradiation induced availing of the.A1 0 BAC burnable poison mater-
ial. Oui ng to ehe very lou linear hea) generation rntes .in these rods
(maximum local is less than l.5 kM/ft), the stress analyses can be accom-
plished using conventional strength of materials formulae, except for
determining cl~II'collapse resistance which will be done using the CEPAN

computer model
h\
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The probability for a functional failure of the CEA is considered to
be very small. This conclusion is based on the conservatism used
in the design, the quality control procedures used during manufac-
turing and on testing of similar full-size CEA/CEDM combinations
under simulated reactor conditions for lengths of travel and numbers
of trips greater than'that expected to occur during the design life.
The consequences of CEA/CEDM functional failure are discussed in
Chapter 15.

A postulated CEA failure mode is cladding failure. In the event
that an element is assumed to partially fillwith water under low
or zero power conditions, the possibility exists that upon returning
to power, the path of the water to the outside could be blocked.
The expansion of the entrapped water could cause the element to
swell. In tests, specimens of CEA cladding were filled with a
spacer representing the poison material. All but nine percent of the
remaining volume was filled with water. The sealed assembly was then

subgec(ed to a temperature of 650 F and an external pressure of 2250lb/in. followed by a rapid removal of the external pressure. "Theresulting diametral increases of the cladding were on the order of15 to 25 mils and were not sufficient to impair axial motion of thCEA, which has a 0.084 diametral clearance with the fuel assembly
r n o e

guide tubes. This test result, coupled with the low probability ofa cladding failure leading to a waterlogged rod, demonstrates thatthe probability for a CEA functional failure from this cause is low.
Another possible consequence of failed cladding is the release ofsmall quantities of CEA filler materials, and helium and lithium(from the neutron-boron reactions). However, the amounts whichwould be released are too small to have significant effects oncoolant chemistry or rod worth.



A fuel rod cladding stress analysis is conducted to determine the circum-ferential'tress and strain resulting from normal, upset, and emergencyconditions, The analysis includes the calculation of cladding tempera-tu'es and rod internal pressures during each of the occurrences listed inSubsection 4.2.1.. The design criteria to be used to evaluate theanalytical results are specified in Subsection Fuel rodstresses resulting from seismic events are calculated sing the =

methodology described in Reference 50.
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Burnable Poison Rod

y It i

Poison rod strain for normal operation and anticipated operational occurrences

is discussed under item (a) above.

The potential for waterlogging rupture in poison rods is much lower than that
in fuel eds because of the smaller thermal and dimensional changes that occur
in a poison rod during r eactor power increases. Refer to Section 4.2.3.2f
below for a discussion of the potential for waterlogging rupture in fuel rods.



Control Element Assembl

See item (a) in the above section, Design Stress.



i fatigue analysis is performed to determine the cumulative fatigue damage'f fuel rods exposed to lieftime power cycling conditions. The fatigue
cycle is determined by considering combinations of normally anticipated

'vents that would produce conservative estimates of strain in the clad.
Some of the major conservative assu ptions are as fol,lows:

Hot spot fuel radi're used in the calculations.

The most adverse tolerance conditions on the fuel and cladding
dimensions are chosen to produce maximum interactions and hence
maximum clad strains.

The cho en fatigue cycle represents daily operation at both full "nd re-
duced power. Clad strains are calculated from the primary creep rate of
the clad and used to calculate the effective strain ranges. Tne cumulative"- fatigue da age fraction is .determined by surviving the ratios of the number
of cycles at a given effective strain range to the permitted n aber at that

' range as taken from the fatigue curve presented on Figure 4.2-2. \

+le fat ague ca 1culat con method
includes the effect of clad creep to red;ice the pellet to clad
diametral gap during that portion of opera 'ion when the pellet and
clad are not in contact. The same model is used for predicting
clad fatigue as is used for predicting clad strain. Therefore, theeffects'of creep and fatigue loadings are considered to ether in
determining end of life clad strain. i'moreover, the current

fatigue'amage'calculation method includes a factor of two which is applied
to the calculated strain before determining the allowable number
of cycles associated with that strain. This, in .combination with
the allowable fatigue usage factor 0.8 ensures a considerable degree
of conservatism (see Figure 4.2-2).
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ehe phenomenon of'retting, corrosion, particularly in Zircal>y clad fuel
~ ~ rods supported by "Zircaloy spacer grids, has been extensively investigated.

,. Since irradiation induced stress relaxation causes a reduction in grid
.spring load, spacer grids must be designed fnr end c f Li fe condit ions as

. well as be" inning of life conditions tc prevent fretting caused by flow
induced tube vibrations.

Examination of Zircaioy clad fuel. rods after three cycles of exp< sure at
Ft, ~ Calhoun, two cycles of exposure at Calvert Cii ffs and one cycLe of ex-
posure at Millstone point', Haine, Yanl;ee, and St Luceie Unit l have sholem

,. little fretting and n< fuel cladding perforations frfrf the fretting. 3>ased
fbn thf'nnbinat inn of the ex-reactor tests and the in-reactfbr surveii! ance

the fuel in the Atfo-2, plant, St L'ucie Unit 2 i s 'not ~xp~c» > tf ex-
pertenee fretting .beherinr.

~ ~

f, LHOWg- - —pgp d-.—

The capability of the St. Lucie 2 16'x 16 fuel assembly to sustain the effects of
flow-induced vibration without adverse effects has been demonstrated in a dynamic
flow test oerformed in CE's TF-2 flow test facility. The test utilized prototypical
16 x 16 reactor components consisting of a 16 x 16 type fuel assembly, a CEA shroud,
control element drive mechanism, and a simu'lation of surrounding core internals sup-
port components and was performed under extreme flow and temperature conditions. The
success of this test, similar previous tests of 16 x 16 fuel assemblies, and the
operation of CE's AHO-2 plant, demonstrate that flow-induced vibration will have no
adverse effects on the St. Lucie 2 fuel assemblies.

Corrosion

Zi rcaioy«4 fuel rod tubing has been visually examined in the spent
fuel pool'after three reactor cycles at Ft. Calhoun, two reactor

. cycles at Calvert Cliffs, and reactor cycle at NilLston», St Lucie
Unit l and Naine Y"nlee. In addition oxide thicknesses were mea-
sured in the hot ceil after one cycle at Maine Yankee. In ail in-
stances the oxide apoearance and oxide thickness measured similar
to autoclave behavior for that time and temperature.
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Four sources of periodic excitation are x'ecognized in evaluating tl e fuel
assembly susceptibility to vibration damage. These sources are as follows:

a) Reactor Coolant Pump Blade Passing Frequency

Precritical vibration monitoring on previous CE designed reactor.
indicates that peak pre sur pulses aro expected at the'pump blade
passing frequency ( 'z), and a lesser b t still pronounced peak
at twice this fr qucncy.

b) Core Support Plate Hotion

Experience with earlier CE designed reactors indicates that random
lateral motion of the core support plate is expected to occur with
an amplitude of 0.001 to 0.002 inch and a frequency range of between
two and 10 Hz.

c) Flow Induced Fuel Assembly Vibration

Flow induced fuel assembly vibration resu'ting from ccolant flow
through the fuel assembly 's expected to result in vibration
amplitudes of 0.004 in ~ or 1ess ~

d) Flow Induced Con";ol Element Vibration

Th St Lucie Unit 2 reactor vessel intox'nels and fuel assembly design
incorporates design f atur s that ensures that the vibration ci CEAs
is such as to produce no siunificnnt wear in the guide tubes ~





Coolant chemistry parameters have been specified that .ninimize
corrosion product release rates and their mobility in the Reactor
Coolant System. Speci "i cally, the prrcore hot funct i onal envirrinment
is controlled (pH and oxygen) to provide a thin, tenacious, adherent,-
protective oxide film. This approach minimizes corrosion product
release and associated inventory nn'initial startup and subsequent
operation."'uring operation, the reco".imended lithium concentration
range (0.2-1.0 ppm) effects a chemical poterti al < radient or driving
force betwe'en hot and cooler sur,faces { fueL cladding and steam gene-
rator tubing, respectively) such that soluhLe iron and nickel spe-
cies will preferential ly deposit on the steam general.r r surfaces.
The associated pli also minimizes general corrosion product release

I

rates from Re"ctor Coolant System surfaces. Hore~ver, the
specified hydrogen concentrations rarge (10-50 cm /k S™P). 3 'g
insures reducing conditions in th.. core, thereby avoidi n low
solubili ty Fe . Addi t innal I y, dissolved hydro, cn promo''es
rapid recombination of oxidizi.ng species. (Rec all, oxidizing
species and a fast neutron flux are synergistic pr~~~q!~i ~i t~s
to accelerated Zircaloy-4 corrosion).

r

During operation lithium, dissolved oxygen, and dissolved hydrogenvill be monitored at a frequency consistent with maintaining these
parameters vit.hin their specificatinns.

Post-opera( ional examinations of fuel cladding that has operated
within these specifications, has shown no significant chemical or
corrosive attack of the Zircaloy cladding.

Crud layers on zirconium oxide films are usually porous and nr>n-
'insulating. As an ex"mple, heavy, but nr n-insulating crud layers
have been found in Yankee Rove (WCAP-3317-6094, Yankee Core
Evaluation Program, Final Report, 1971). With porous crud, water
is free to flow through the crud and provide heat transfer by .

convection. Under these conditions, crud enhanced corrosion should
not occur.

3ecause of rigorous water chemistry monitoring, heavy buildup of crud
has not occurred in CE reactors. Mater chemistry monitoring is a
continuous process and should ensure no dense crud buildup.



The function of the spacer grids is to provide lateral support to fuel and
burnable poison rods in such a manner that the axial forces are not suffi-
cient to buckie or bow the rods,

Experience has proven that any specific criterion on allowable deflections
(bowing), with respect to the effects which such deElections might have on
thermal hydraulic performance, is not necessary beyond the initial fuel rod
positioning requirements required of the grids. 'his variation in spacing
is accounted for in thermal-hydraulic analysis through the introduction of
hot channel factors in calculating the maximum enthalpy rise in calculating
DiRBR. This adjustment is called the pitch, bowing, and clad diameter
enthalpy rise Eactor, which is conservatively applied to simulate a reduced
flow area along the entire channel length. The value of this factor is
given in Table 4.4-1 and its application is discussed in 'Section 4.4.

The subject of fuel rod bowing is discussed in Reference 53
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The function of the'pacer grids is tn provide lateral support tn fuel and
b'urnable pni snn rods in such a manner that the axial fnrces a'e nnt suf fi"
cient to buckle nr bnw the rods and that the wear resulting at the grid-tn-
cLad cnntact points - vill be limited tn acceptably small amnunts. It is
also a criterinn that the grid be capable nf withstanding the lateral,lnads
impnsed during the postulated'eismic and LOCA events.

~~radiation Stability of. fuel g.od Cladding

The combined effects of 'fast flux and cladding temperature are considered
in three v"ys as discussed below:

g Cladding Creep Rate

The in-pile creep performance of Zircaloy-4 is dependent upon both
the local material temperature and the lccal fast neutron flux. The

functional form of the dependencies is presented in Reference 14 for
gap conductance calculations, .artd in Reference 22 for cladding
collapse time predictions.

Cladding Hechanical Properties

The yield strength, ultimate strength, and ductility of Zircaloy-4
are dependent upon temperature and accumulated fast neutron fluence.
The temperature and fluence deoendence is discussen in gubsection

Unirradiated properties were used dependin" upon which
is more, restrictive for the phenomenon being evaluated.

Irradiation Induced Dimensional Changes
'

A--%Zircaloy-4 has been shown to sustain dimensional changes (in the
unstressed condition) as a function of the accumulated fast. fluence.
These changes are considered in the appropriate clearar;ces between
the various core components. The irradiation induced growth

.correlation method is discussed in Refererce 3.

.Zircaloy-4 fuel cladding has been ut:'lized in pressurized vater
reactors at temperatures and hurnups anticipated in current designs

„with no failures at:t.ributable to radiat'on damage..')echanical
propert.y te.-( on Zi.rcaloy-4 cladding e.;posed to neutron irradittt:ion
of 4.7 x 10 nvt (E)1 HeV) ( stimat..d) hav.. revea)cd that the
cladcing ret:ai:1s a signific"nt amount ot. d.tctilit:y (in nx«ess

o.'orc'.nt.clou~;ation,. Typical results are .hnvn in Tabl» 4.2-3.
lt is believer) tt1at t!1e fluencu of 4.7 x 10" nvt. () >1 )la'v) is
s'tt:u1'at io<', u t)lal goltt 'u 6:xno 'url tn 1 "\''1') l..t ion vi ' nn" c): sn;;e
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Zircalny ccxnpnnentsfare designed to aLLow 'fnr dimens'innaL changes resultingfrcn irradiation-induced growth. Extens've an 'yses of in'ile growth dcta
g

c
have b%!~~ performed tn formulate a comprehensive model of in pile
growth ~ The in pile growth equatinns are used tn determine the minimumaxial di fferentiaL growth allnwance «%ich must be included in the axial gapbet-een the fuel rods and the upper end fittings. For determining the nec-
essary fuel rnd growth aLLnwance, the growth cnrrelations for fuel rnd and
guide tube growth are combined statisticaLLy such that the minimum initiaL
gap is adequate to accommodate. the upper 95 percent cnnfidence level of di f-
ferential growth between fuel rods and guide tubes in the peak burnup fuel
assembly. For the purpose nf predicting axial and lateral growth of the'fueL assembly structure (thereby establishing the minimum initial clearancew!th interfacing crnr~nents), the equations are used in a conservative
ma!!ner to ensure adeq. ate: argir:s tn nterference are maintained. Tne mannerin which the in piLe ,;row:h equatinns are described in Reference,.65.

~ ~

~~

Fuel swelling due'o irradiation (accumulation of solid and gaseous fission
products) and therm 1 expansion results in an increase in the fuel pellet
diameter. The design makes provision for accommodating both forms of pellet ~

grot th. The fuel clad d'metral gap is more than sufficient to accommodate
the tr!ernal expansion of the fuel. To accom..odate irradiation induced
swelli'ng, it is conservatively assurred that the''fuel clad gap is used up by
the t.i!ermal expansion and that only the fuel porosity and the d'shes on

i a
t

. ead! end of the pellets are available. Thermal and irradiation induced
creep of the restraine<l fuel results in redistribution of fuel so that the
swelling due to irradiation is accommodated by the free volume (8.2 percent'f the fuel volume).

For such restrained pellets, and at y total fission product induced swell-
in" rate of 0.7 percent dV/V per 10 fiss/cm , 0.54 percent would bez0 . s

accommodated by the fuel porosity and dishes through fuel creep, and 0.16
percen would increase the fuel diarreter. Assumir.g peak burnup, this would
correspond to using up a void volu...e equal to 7.4 percent of the fuel
volume and increasing the fuel rod diameter by a maximum of 0.002 inch
((0.7 percent cl "d strain). lichen these numbers were comparerl to thn mini-
mum availab)e volume and the maximum ailowable st:rain, it wa" concluded
that sufficient accommodation volu:oe has been provided even under the most
adverse burnup and tolerance conditions.

Des!'onstration of the margin which exists is seen in the large seed blanket
reactor (LSBR) irradiation. Two rods which operated in the(9-) )~IIp(~f)the
HTk of fer an interesting simulation for current Ph'R design
both rods were comprised of 95 percent theoretical density p;.llets with
di shed ends «!nd clad in Zircaloy. Tne first of )hese, No~ 79-21, was
operated successfully to a burnup of 12.41 x 10 fiss/cm ( 48,000
"ll)')glTU). T<~e s "cond fuel pin, Idio. 79-25, operated succe sfully to 15.26 x
IO . Eiss/crr, ( 60i000 5!lcD/HTL'). Th.! linear heat rating ranged frorr
7. 1 to I b. 0 ki,/ ft . '1'h . wa 11 thickness fol thc Iat ter pin wa.". 0. 0:.0-inch as
co:!pared with 0.016 inch 'or tho fo..:!er. AI I. other parameters,were
u:>sent is 1 lv idal!ties I ~ The two roris were assembled .)y shrinking t.!e
«ladding onto the fue'I. The r,.a.primum diametral increase rr.:!sured at tl'e
r idge heiglits fn. rorl 79-21 w..s 0.0",5 'nch, iihiii't was less than 0.00

lor rod 79-25. Frn".. post" irra iiatinn examinat'io:!, it wns c one 1«d .d
ap'iroxir>;' 1y «'i pur: «nt of t.h ~ total i!e I '~!.1 in;: wns accommni at,i ilil i

a ~ ~'i~ r''



of the clad and ridging at pellet interfaces. These results indicate that
a comparable irradiati'on of the fuel elements for the 16 x. 16 fuel design
(cold diametral gap 0.007 inch, wall thickness of 0.025 inch, density
94,75 percent TD) would allow adequate margin for swelling accommodation.

The uccessful combined VBMR-Dresden irradiation of Zircaloy"clad uranium
ddsoeid pellets provides 'eddicionel confidence vi ( re oyer, co cbe

l,d I )
design conditions for the fuel rods for this core, klinety-eight
rods which had been irradiated in VBWR to an average burnup of about
10.7CO ~iield/YTU were assembled in fuel bundles and irradiated in Dresden to
a peal; burnuo greater than 48,000 lQd/slTU. The reported maximum heat
rating for these ~33ds is 17.3 kM/ft which occurred in VBVR. Post-irradia-
tion examination revealed that diametral increases in the fuel rods(

ranged from 0.001 to 0.003-inch maximum. The maximum diamef~al chang~3

corresponds to 1.42 percenthV/V (or 0.12 percents/V per 10 fiss/cm )

for 'these 0;424-insch diameter'rods. 'lne relevant fuel parameters are
listed below:

Fuel Density
(X TD)

Cold Diametral
Ga (in.)

Peak Burnup
(ln'~d/aTU)

VBl)R-Dresd en
LSBR-slTR
C"E design

95
95

94. 75

0.004 to 0.008 0 AS,000
0.001 50,000; 61,000
0.007 55,000

A comparison of th'e design parameters above, relative "'o the test results,
provides a de--.onstration of the clad strains resulting from swelling of
fuel.

s =.-" -~ - ~ ~

~ p~ ~ AX~ 8~a~
45ccth'ee possible effect oXAtransients would be to cad"e an axial
expansion of the pellet column agains a flattened (collapsed)
section nf the'lad. How ver, th fuel rod design includes specific
provisions to prevent clad flattening, and, therefore, such inter-
actions will not occur.
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—-——Fuel rods are initially pressurized with helium for two reasons:——a) Preclude clad collapse during the design life of the fuel. The in-
ternal pressurization, by reducing stresses from differential pres-
sure, extends the time required to produce creep collapse beyond the
required service life of the fuel.

b) Improve tlie therfnal conductivity of the pellet to clad gap within
the fuel rod. Helium ha.. a higher coefficient cf thermal conductiv-
ity than tne gaseous f ssion products.

In unpressurized fuel, the initially good helium conductivity i= eventually
degraded through tne addition of the fission product gases released from
the pellets. The initial helium pressurization results in a high helium to
fission products ratio over the design life of the fuel with a correspond
ing increase in, the gap conductivity and heat transfer.

The initial heliur fill pressure will be 360 + 15 psig. This initial fill
pressure w'll be sufficient to prevent clad collapse discussed in 'Subsec-
tion 4.2.2.f(g.and will produce a ma-imuu HOb internal prca ure "-cone;"toot
with tha c-.iteri" of gub.eccion 4.2.l.f g, The ca'culational mechogl" em-
ployed to generate internal pressure histories are discussed in Reference .

14.

.Capacity for Fiss-'on Gas Inventory

The greater portion nf the gaseous fission products remain either within
the lattice or the microporosity or the U02 fuel pellets and do not con-

.....tribute to the fuel rod internal pressure. )lowever, a fraction of the fis-
sion gas is releasea from the pellets by diffusion and pore migration and
thereafter contributes to the internal pressure.

acne

The rod pres-
sure increase l!rich results from the release of a given quantity of gas
frqsi the fuel pellf.ts depends upon the amount of open void voluf.".e available
within the ffiel rod and the temperatur s associated with the various void
volumes. ln the fuel rod design, the void volumes consider "d in computing
intf'mal pressure are:

a) Fifel rod upper end plenum

b)

c)

Fuel clad annulus

Fuel pellet end dishes and chamfers



d) Fuel pellet open porosity

Tne: e volumes are not co'natant during the lifc of the fuel. The model used........
for computing the available volume as a function of burnup and power level
accounts for the effects of fuel and clad thermal expansion, fuel pellet
densification, clad creep, clad growth and irradiation incuced swelling of
the fue) pellets.

Fuel Rod Plenum Desi~

. The fuel rod upper end plenum is requix'ed to.serve the followin functions:

.... a) Prov'de space for axial thermal expansion and burnup swelling of
the pellet column.

b) Contain tne pellet column holddown spring,

c) Act as a plenum region to ensure an acceptable range of fuel rod
internal pressure.

Of these functions, listing C is expected to be the most limitin" con-
straint on plenum length selection, since the range of temperatures in the
fuel rod, together with the effects of swelling, thermal expansion, and
fission gas release can, produce a wide range of internal pressure during
the life of the fuel. The fuel rod plenum pressure will be consistent
with the pres.uri"ation and clad collapse criteria specified in Subsection
4 2 i k(Q), ~+~8'&'p7 s IR

Outline of'rocedure Used To Si"e The Fuel
Rod P le num

a) A parame'te ic study of the effects nf plenum length on maximum and
minimum rod internal pressure is performed. Because the criteria
pertaining to maximum and minimum rod internal pressure differ,
the study is divided into two sections:

I) Haximum Internal Pressure Calculation

Maximum fuel rod pressure is limited by the stress criteria.
Naximum end of lif» pressure is determined for each plenum
length by including the fission gas re'eased, selecting con-
servative values for components dimensions and prop-rties,
and accounting for burnup effects on component dimensions.
The primary cladding stz'ess produced by each maximum pres-
sure is then compared to the stress limits to find tne
margin available with e" ch plenum length. Stress limits
are listed in Hubs c:ion 4.2.1. ) f5),~ x&sceT AR

2) Hinimum Internal Pressure/Collapse Calculation

minimum fuel rud pressure i" limited by the cri terion that
no rod will be sub.ji'ct to collapse during the design lif"time.
fhe minimum pri ssur.'istory for each plenur> length is d~l':r-
minud by ne„"1rct.ing fission gas release, si!ecting a cons -r-
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The effect of helium prepressurization on fission gas release is not con-
——sidered to be directly due to the-gas pressure. The important effects of

prepressurization on fission gas release are the improvement in gap gas
-—--—- conductivity and gap conductance and the desensitization of gap conductance

to gas release rates. Fuel rods with low helium prepressuri,zation are much

"-------more responsive to even small increases in fission gas releases at high
burnup. Gap conductance, in such rods significantly decreases, leading to

—- -- significant increases, in fuel temperature which lead to ever increasing
fission gas release. This effect is well documented by Referen'ce (1).

————- High prepressurization with helium greatly reduces this feedback effect, and

therefore, significantly changes the response of the rod. It must be

------ concluded that an empirical burnup enhancement would be considerably
different for low and high helium prepressurizations.

'C-E is actively seeking and examining sources of gas release data at
—burnups greater than 20000 hMd/HtU, for use in determining validity or

extent of burnup enhanced fission gas release.

Although C E believes the method to be. inappropriate, the maximum calcu
lated E L peak internal fuel rad pressure has been redone using the NRC
burnup enhancement factor. Tolerances were biased to maximize internal
pressure. Under these conditions the maximum EOL internal pressureis calculated to be less than thenominal primary .system pressure.

II'

S ~ ~

It's not a fo'rmal criterion that fuel rod internal pressure be less than
the primary coolant pressure because no adverse effect has been identified
which has, as its threshold, the occurrence of a net internal pressure act-
ing on tha cladding. Honorer, the design of the fuel rod is such that theinternal pressures produced during normal operation are tg(pan+~ to re-
main below the primary coolant pressure for the design life of the fuel.
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va ive combination of component dimensions and propiartii'.s, and
accounting for dimension clianges during irradiation, inc}uding
the e fEeet s of cladding creep, cladding growtli, pel lot dens i f i,-
ca'tion, pellet swelling, and thermal expansion. Each mi~jgg~m
pressure history is input to the cladding collapse model
to establish the acceptability of the associated plenum length.

b) For each plenum length, there is a resultant range of acceptable
initial fill pressures. The optimum plenum length is generally con™
sidered to be the shortest which satisfies all criteria related to
maximum and'inimum rod internal pressure including a range suf fi-
cient to accommodate a reasonable manufacturing tolerance on initialfill pressure.

,. c) Additional information on those factors which have a bearing on de-
termination of the plenum length are discussed below: .

I) Creep and dimensional stability of the fuel rod assembly influ-
ence the fission gas release model and internal pressure calcu-
1'ations, and are accounted for in the procedure of sizing the
fuel rod plenum len th. Creep in the cladding is accounted
fo". in a change in clad inside diameter, «hich in turn

influe-

ncess the fuel/clad gap. The gap c!g!e varies tbe gap con-
ductance in the pn tgg 'c'ociputar code uith resulting change
in annulus temperature, internal pressure, and fission pas r.".—
lease. in addition, the change in clad inside diameter causes
a change in the intern"l volume, with its resulting effect on
temperature and pressure. Dimensional stability considerations
affect the internal volume of the fuel rod, causing changes in
internal pressure and temperature. Fuel pellet d'nsification
reduces the stack height and pellet diarieter. Irradiation
induced radial and axia1 swelling, of the fuel pellets decreases
the internal volume within the fuel rod. In pile growth of the
fuel rod cladding contributes to the internal volume. Axial
and radial elastic deformation calculations for the cladding
are based on the differential pressure the cladding is e..posed
to, resulting in internal volume changes. Thermal relocation,
as well as differential thermal expansion of the fuel rod niate-
rials also affect the in"ernal volume of the fu l rods.

~ ~

2) The". maximum expected fission gas release in the peak power rod
is calculated using, the FATES computer code. Rod power history
input to the code is consistent with th» design limit peak
linear heat rate set by LCCA considerations, and the.efnre thn
gas 'release used to size the plenum represents an upper limit.
because of time varying gap conductance, fuel temperature and
depletion, and expected fuel management, the release rate
varid'.s as a function of burnup.

A fu=l rod cladding stress analysis is conducted tn determine the circum-
ferential stress and strain resulting from nnrmalg upset, and ..",iergency
conditions. The analysis includes th calcul;.tion of cladding tempera-
tures and rod internal pressures during each of the occurrences listed in
Subsection 4. 2. l. The design cr teria to b" used to evzlu"te the
analytical result: are specified in Subsections' '. . . Fuel rod
stresses resulting from seismic events are calculated, u. 'ng the
met hndogi~gy descri bed in Reference 50.



I''uel'odthermdl transient effects are basically manifested as the
change in internal pressure, the changes in clad thermal gradient
and thermal stresses, and the differenti"1 thermal expa..sion be-
tween pell ts and clad. ar'- . ~ ~ ~

~ t

g <Sod
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Experimental measurements reveal that less than fi~~~ percent of the
- --'elium formed during irradiation will be released. These

measurements were performed on A120'3-B4C pellets irradiated at
-----"-"-- .'.-- . temperatures to "500 F and, subsequently, annealed at 1000 F for five

days. The helium release in a burnable poison rod which operated'or one cycle in a CE PMR was calculated from internal pressure
measurements to be less than five percent. The design is based on a

. release of three to 15 percent of the helium generat..d. The design .

of the burnable poi on rod will not be limited by helium prcssure
......., despite the conservative use of 15 percent release.

A poison shim cladding analysis will be performed to determine the stresss a ~

~ ~

~
~

and strain resulting from the various normal, upset, and emergency condi-
tions discussed in Subsect'on 4.2.1. Specific accounting will b" mad" for
differential pressure, differential th rmal expan ion, clacding creep, and
irradiation induced swelling of the Al 03',4C burncblc poison natcr-
ial. Owing to the very low line"r heai ~eneration rares in these rods
(maximum local is less than 1.5 kM/ft), the stress analyses can be accom-
plished using conventional strength of materials formulae, except for
deterr..inin~ clast collapse resistance which will be done using the CEPAY

computer model

~ V

The CEAs are designed for a ten year
absorber burnup,'llowable plast'c st
the resultant dinensional clearances
asses>bly. guide tubes.

lifetime based on estimates of neutron
rain of the Inconel 625 cladding and
of the. elements within the fuel

The valise of internal pressure in the control elements is depend.dent

on the following parameters:

1) Initial fill gas pressure

2) Gas temperature

3) Helium generated and released

4) Ava 'iable volume including 8 C pr>rosity



Of the absorber materials utilized in the CEA .design, only the B,C
contributes to the total quantity of gas which must be accommodated
within the control element. The helium is produced by the nuclear
reaction n + B ~ Li + 2He , and the fraction1 10 ~ 7 4 \

of the uantit enera d which is actually released to the plenum0 ~ 5

is temperature dependent.

~ ' ~ ~

l ~



The release of helium from the BpC pellets is understood to be principally
dependent on diffusion, as indicated by the strong temperature dependence
in the equation used to calculate release fraction for ~

$L ~0&2
X released ~ 208e

»1820/T + 5

Calculation of helium release from BgC pellets is based on the maximum
temperatures predicted for normal operation. While it is true that sev-
eral of the anticipated operational occurrences (AOO's) produce heat gen-
eration rates (in those CEA's which remain inserted) greater than the max-
imum predicted for normal operation, such overpower conditions never per-
sist for more than about 60 seconds and would not be expected to raise
the pellet temperature by more than about 200 fahrenheit degrees. Temper«
ature excursions of this magnitude and duration would not be expected to
influence a diffusion controlled helium release mechanism to any apprecia-
ble extent and so are not included in the design basis for CEA internal
pressure calculations.

With respect to tiansients which could lead to CEA plenum temperatures in
excess of 1000F, there are none. The CEA plenum is always located above
the active core region, and the temperature of the gas therein is princi-
pally dependent on the temperature of the surrounding coolant and gamma
heating of the plenum spring. Since none of the AOO's produces substan-
tial increases in either the gamma heating rate in the plenum or the
local coolant temperature, it is not expected that the plenum temperature
would increas'e significantly above the normal operation range of 600F to
700F.



'(i) Assembly Liftoff

The analysis and testing for fuel assembly liftoff is reported in detail in
Section 4.4.4.2.2. The core flow rate for St. Lucie Unit 2 is less than that
which would cause, assembly liftoff.
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possible consequence of failed c "dding is the release of
quantities of CEA filler materials, and helium and lithium

(from the neutron-boron reactions) . However, the amounts which
would be released are too small to have significant effects on
coo'lant chemistry or rod worth.

The probability for a functional failure of the CEA is considered to
be very small. This conclusion is based on. the conservatism used
in the design, the quality con'trol procedures used during manufac-
turing and on testing of similar full-si"e CEA/CEDE! combinations
under simu'ated reactor conditions for lengths of travel and numbers
of trips greater than that expected to occur during the design life.
The consequences of CEA/CEDil functional failure are discussed in
Chapter 15.

A postulated CEA failure mode is cladding failure. In the event
that an element is assumed to partially fillwith water under low
or "ero power conditions, the poss'bility exists that upon returning
to pew< r, the path of the water to the outside could be blocked.

I

The expansion of the entrapped water could cause the element to
swell. In tests, specimens of CEA cladding were filled with
spacer representing the poison material. All but nine percent of the
remaining volume was filled with water; "'Ibe sealed assembly was then —————
subjected'o a temperature of 650 F and an external pressure of 2250lb/in. followed by a rapid removal of the external pressure. Theresulting- diametral increases of the cladding w<!re on th~ order of
15 to 25 mils and were not sufficient to impair a::ial motion of the
CEA, which has a 0.084 diametral clearance with the fuel assembl
guide tubes. 'hi test re.,ult, coupled with the !ow probability of
a cladding failure leading to a waterlogged rod, demonstrates thatthe orobabilitv for a CPA functional. failure from this cause is low.

Should irradiated B4C particles be exposed to reactor coolant, the
primary corrosion products that would be formed are boric acid
(which is .soluble in water), hydrogen, free carbon and a small
amount of lithium compounds. The presence of these products in the
reactor coolant would not be detrimental to the operation of the
plant,

Observations of Al 03/B4C poison shims have revealed that long
term exposure of t"iis m terial to reactor coolant can result in
gradual leaking out of Boron and eventual eroding away of the
A1203 matrix. However, the rate of reaction is such that any

resultant"changes in reactivity are very pr~d,



{k) Cl adding Overheating

Cladding overheating is avoided for normal operation and anticipated operational
occurrences by specification of NSSS design requirements, operational limitations

. (technical specifications), fuel design bases, and the SAFDL on DNBR.

The methodology for, prediction of DNBR is discussed in detail in FSAR Sections
4.4.2.2-4.4.2.10. 'DNBR analysis and evaluation is described in Section 4.4.4.
For anticipated operational occurrences the analysis in Chapter 15 shows that
the DHBR SAFDL is met. For accidents, it is not a requir ement that the DNBR

SAFDL be met since it is assumed that the cladding fails if DHB occurs {see
4.2.1.1,k and since a small amount of fuel failures acceptable as long as

radiological dose and core coolability criteria are met.



Steady state fuel temperatures are determined by the FATES computer pro-
gram. The calculational procedure considers the effect of linear heat
rate, fuel relocation, fuel swelling, densification, thermal exp"nsion,
fission gas release, and clad deformations. The model for predicting fuel
thermal performance is discussed in detail in Reference 14.

Two sets of burnup and axially dependent linear heat rate distributions are
considered in the calculation. One is the hot rod, time averaged, dis-
tribution expected to persist during long term operation, and t«e other is
the envelope of the maximum line r heat. rate at each axial locati.on. The
long term distributions are integrated over selected time periods to
determine burnup, which is in turn used for the various burnup dependent
behavioral models in the FATES computer program. The envelope accounts
for possible variations in the pea!c linear heat rate at any elevation which
may occur for short periods of time and is used exclusively for. fission gas
release c lculations.

The power history used assumes continuous 100 percent reactor power from
be'inning of life, Using this history, the highest fuel temperatures occur
at beginning of life. It has been shown that fu"1 temperatures for a given
power level at any burnup are insensitive to the previous history used to
arrive at the given power level.

Fuel thermal performance parameters are calculated for the hot rod. These
parameters fcr any other rod in the core can be obtained by using the axial
location in the hot rod, w'iose local power and burnup corresponds to the
local power and burnup in the rod being examinee. This procedure will
yield conservatively high stored energy in the fuel rod under,considera-
tion.
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all times it is intended that the power distribution be controlled (by design

and use of technical specifications) such that fuel overheating does not occur

and the fuel temperature SAFDL is not violated. Control of the power distribution

is discussed in detail in Section 4.3.2.2.

WA n~~~'~ W f~~ is Zeyd i(r~le ~:'I I)
The analysis of anticipated operational occurrences is described in'Chapter 15.

Results show that fuel melting does not occur for any anticipated operatiorial

occurrence (i.e., the SAFDL is not violated).

The analysis of Chapter 15 also shows that the fuel temperature SAFDL is met

for most accidents even though it is not required that this 'SAFDL be met for
accidents. The CEA Ejection event (15.4.5) does show that some fuel melting

occurs; however, radiological doses are well within limits.



4.2.3.2 Fuel Rod Failure Evaluation

(a) Hydriding

Internal
Failure due to internal hydriding is avoided by controlling the moisture content

of the fuel during manufacture of the fuel pellets (see Section 4.2.1.2, item

(a)).

External
Failure due to external hydriding is not expected dur to the low amount of

hydrogen absorbed by the cladding (see Section 4.2.1.2, item (a)).





A cladding collapse analyis is performed to ensure to ensure that no fuel
rod. in the core uiIj ~ollapse during its design lifetinn. Tha clad
calculation method itself does not include arbitrary safety factors.
However, the calculation inputs will be deliberately selected to produce a
conservative result. For example, the clad dimensional data are chosen to
be worst case combinations based either upon drawing tolerances or 95 per-
cent confidence limits on as built dimensions; the internal pressure
history is based on minimum fillpressure with no assistance from released
fission gas; and the flux and temperature histories are based on conserva-
tive assumptions.



(c) Overheating of Cladding

As discussed above in Section 4.2.3.1k, cladding overheating is avoided for normal

operation and anticipated operational occurrences. 'The analyses in Chapter 15

accounts for cladding overheating during accidents by conservatively assuming a

-breach of the cladding ifDNB occurs. The ECCS analysis in FSAR Section 6.3.3
shows that cladding temperatures are acceptable (<2200 F) for LOCAs.



(d) Overheating of Fuel Pellets

As discussed above in Section 4.2.3.1$ , fuel overheating, is avoided for normal

operation and anticipated operational occurrences. The analysis of Chapter 15

also shows that the fuel temperature SAFDL is met for most accidents (i.e.,
fuel melting does not occur). The CEA Ejection in 15.4.5 does show a small

amount (0.05Ã) of centerline fuel melting; however, radiological doses are

well within limits.
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An in depth post irradiation examination has been conducted wherein
fuel cladding chemical reactions were among those items studied .
This study concluded that early unpressurized elements containing
unstable fuel were more susceptible to stress corrosion attack than
are the current design that utilizes stable fuel and pressurized
cladding. By carefully monitoring the reactor cn~!ant activity of
operating reactnrs, it has been concLuded that the current fuel
designs are not susceptible tn stress corrosion (nr other types nf
corrosion) during normal plant operation. Since stress corrosion
attack is the result of a combination of stresses imposed by the
fuel on the cLadding and the corrosive chemical species available
tn the cLadding, irradiation programs are being pursued tn define
the conditions under which pellet clad interaction wi LL damage the
cladding. These programs are currently underway both at HaLden andin the Pathfinder test program being conducted jointly with KWU in
the Obrigheim and Petten reactors.

CE and KWU are participating in the Studsvik and Pathfinder/Petten
programs to evaluate fuel rod performance under ramp conditions to
power levels not recently attained. These can occur either after
refueling or after extended periods of low power operation or during
control rod maneuvers. The effects of various fuel rod design
variables on power ramp limits is also investigated as a means to
further optimize design. The Petten/Pathfinder program which began
in 1973 is being conducted jointly by CE and KWU in the Obrigheim
PWR reactor and Petten test reactor facilities. One special test
assembly has been irradiated each year since 1973 in the Obrigheim
reactor. Included in this assembly, which is designed to facilitate
fuel rod removal and replacement, are well-characterized segmented
rods or, "rodlets" which are axially connected to form a complete
fuel rod. These rodlets are "pre irradiated" in the Obrigheim
reactor for one,. two, or three operating cycles, and then separated
and irradiated in a test reactor to evaluate performance under ramp
conditions. To date, approximately 500 rodlets have been irradiated
in Obrigheim. Forty three of these rodlets have been discharged and
ramped in Petten. An additional 24. rodlets are being supplied to
the Studsvik Overramp project for ramp testing in the R-2 reactor at
Studsvik. Ramp tests on eight of these rodlets have thus far been

~ completed at Studsvik. Post-i'rradiation, hot cell examination pro-
grams form an integral part of both the Petten/Pathfinder and Studs-
vik experiments to characterize fuel rod behavior, particularly with
respect to dimensional stability and fission product release.„ These
test programs are designed to distinguish between fuel rod power
ramps which occur on start-up and those which might occur during
reactor power maneuvering operations.

0- Operating flexibilityof a plant requires that the fuel rods main-
tain integrity during periodic changes in power. Power cycling
tests of this type have been jointly conducted by CE/KWU in
Obrigheim and Petten. In the Petten test, a single unpressurized
fuel rod was power cycled between nine kw/ft and 17 kw/ft at=a power
change rate of about three kw/ft/min. The fuel rod successfully
completed 400 cycles and achieved a burnup of 8000 Mwd/Mtu. Power
cycL'nr tests were «hen conducte" in O'er g'~e'.m on eight short
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pressurized and unpressurized fuel rods. The test fuel rods were
attached to a control rod drive mechanism and driven from the low
power to a high power position on a nominal cycle. Power changes
from 50 percent to 100 percent at rates of 20 percent per minutefor 880 cycles were included. After successfully completing the
experiment, the test rods achieved a peak burnup of 30,000 Mwd/Mtu
without substantial cladding deformation or fuel rod perforation.

An analytical code] t~ evaluat'laddin„roaponae to pellet-clad interaction
has been develop d . Thas analysis which is based on an adv-need ver-
sion of the FATES computer code, considers generalized plane-strain of aunit section of fuel and c'ad. All oi the physical pheromd'na calculation
methods and input vaxisol-s o'he present FAT"S program(1(p) are in-
c duCed in the nev, version; anc in adoitlnn, models are included or elastic
and plastic stresses and stra'ns in the clad and fuel, a. d fuel creep. A
compatible interface modeled between the fuel and clad ensures that inter-
action is accurately accounted for.

~ \

The treatsient of power history, axial power shapes and other operating
paraaicters is handled similar to the current FATES version with the excep-

- tion that power ra."..p rates and cycling can bc con" iderud. Yne response of
the 'fuel arid clad is calculated through an iterative process, and the
interaction between the fuel and clad is established.

The resulting analytical predictions of temperatures, stresses, strains
and geometric configuration are thus made avail "ble for use in conjunction
with operating experience and irradiation test results in demonstrating the
acceptability of the various operating conditions to which the fuel may be
subjected. A detailed discussion or" the methods and capabilities of the
pellet-clad interaction model id- contained in Reference 6S.



The potential for waterlogging rupture is considered remote. Basically,
the necessar'y factors, or combination of factors, include the presence of a
smt".11 opening in the cladding, time to permit filling of the fuel rod with
water, and finally, a rapid power transient. The size of the opening
necessary to cause a problem falls with' a fairly narrow band. Above a
certain defect size, the rod can fill rapidly, but during a power increaseit also expels w"te>. or steam readily without a large pressure buildup.
Defects which could result in an opening in cladding are scrupulously
chec):ed for during the fuel rod manufacturing process by both ultrasonic
and helium leak test ing. Clad defects which could develop during reactor
operation due to hyQriding are iso controlled by limiting those

factors'.p.,hydtoten. cent nt o'eel pallet ) oh:.cb cor. "ib'.t" to h kyi idn.t

Th" uost likely,time for a waterlogging rupture incident would be after 'an
abnormally long shutdown period. After this time, however, the startup
rate is cont:oiled so that even if a fuel rod were filled with coolant, it
would "bake out", thus minimizing the possibility of additional cladding
rupture. The combination of control and in pection during the manufactur-
ing process and the limits on the rate of power change restrict the
potential for waterlogging rupture to a very small number of fuel rods.

The UO„ fuel pellets are highly resistant to attack by reactor coolant in
the event cladding defects should occur. Exten" ive experimental work and
operating experience have shown that the design parameters chosen conserva-
tively account for changes in thermal performance during, operation and that
coolant activity buildup resulti'ng from cladding rupture 'is limited by the
ability of uranium dioxide to retain solid and gaseous fission products.



In the event that a fuel rod does
become waterlogged at low or zero power, it is .possible that a subsequent
power increase could cause a buildup of hydrostatic pressure. It is un-
likely that the pressure would build up to a level that could cause
cladding rupture because a fuel pin with the potential for rupture requires
the combination of a very small defect together with a lo»g period of
operation at low or zero power.

Tests which have been conducted gin~ intentionally waterlogged fuel pins
(capsule drive core at SPERT) showed that the resulting failures
did eject some fuel material frcm the rod and greatly deformed the t~st
specimens. However, these test rods were completely sealed, and the tran-
sient rates used were several orders of magnitude greater than those
allowed in normal operation.

In those instances where waterlogged fuel rods have been'observed in com-
mercial reactors, it has not been clear that waterlogging was the cause,
and not just the result, of, associated cladding failures; and CE 'nas not
observed and is not aware of any case in which materia'as expelled from
waterlogged fuel rods or in which the fuel cladding was significantly de-
formed in a normal power reactor.

It is therefore ccncluded that the effect of normal power transients on
waterlogged ~ fuel rods is not likely to result in cladding rupture and
even if rupture does occur it will not produce the sort of postulated
burst failures which would expel fuel material or dam ge adjacent fuel
rods or fuel assembly structural components.



~ ~ ~4.2.3.3 Fuel Coolability Criteria

(a) Se@rE
(b) Violent Expulsion of Fuel Material

The CEA Ejection analysis of Section 15.4.5 shows that, for all cases, the

280 cal/gm limit is met. The mathematical model and analytical results are

presented in Section 15.4.5.1.3.



Insert E

(a) Fragmentation of Embrittled Cladding

The analysis of Section 6.3.3 shows that the 2200 F cladding temperature0

and 17% cladding oxidation criteria are met for all cases.



.An experimental and analytical program was cond'ted to determine the
ef fects of fuel assembly coolant flow aldis ribution during normal reactor

.operat:on. In the experi:,".cntal phase, velocity and static pressure mea-
surements were made in cold, flowing water in an oversize model of a CE

.. 14 x 14 fuel assembly in order to determine the three-dimensional flow
distributions in the vicinity of several types of flow obstruction. The
effects of the distributions on thermal behavior were evaluated, where
necessary, with (hg use of a preliminary version of the TORC thermal and
hydraulic code ~ Subjects investigated included:6~)

a) The assembly inlet flow maldistribution caused by blockage of a core
support plate flow hole ~ Evaluation of the flow recovery data in-
dicated that even the complete blockage of a core support plate flow
hole would no" produce a H-3 Dl]BR of less than 1.0 even though the
reactor might be operating at a power suffic'ent to produce a DND'R

of 1.3 without the bloc!cage.



b) T)e flow maldistribution within the assembly caused hy complete
blockage of one to nine channels. Flow distributions were measured
at positions upstream and downstream of a blockage of one to nine
channels. The influence of the blockage diminished very rapidly in
thc upstream direction. Analysis of the data for a .".ingle channel
blockage indicated that such a blockage would not produce a ii-3
D!lS!< of less than 1.0 downstream of the blockage even though the
reactor might be operating at a power sufficient to produce a

DAB'f

1.3 without the blockage.

The results presented above were obtained through flow testing an oversize
model of a standard 14 x 14 fuel assembly. Because of the great similarity
in design b tween 16 x 16 assembly, and the earlier 14 x 14 array, these
teat results also constitute an adequate demonstration of the effects that
flow blockage would nave on tire 16 x" 16 assembly. This concl.usion is also
supported by the fact that thc 16 x 16 as" cmbly has been demonstrated to
hav' greater resistance to axial f'ow t:han would occur with thc 14 x 14
array. Th effect of the high r flow resi tance to produce more rapJd flow
recovery, i.e., more nearly vni form flow, is analogous to the common use
of flow resistance devices (screens or perforated plates) to smooCh non-
uniform vclo"ity profiles in ducts or process equipment.

~ I ~



(d) Structural Damage From External Forces

The analysis showing that the fuel assembly can withstand the assumed structural
forces wil'l be presented in Section 4.2.3. 1a.



(~)

Vendor product certifications, process surveillance, inspections, tests,
and material check analyses are performed to ensure conformity of all fuel
assembly and control element assembly components to the design requirements
from material procurement through receiving inspection at the pl..nt site .

The following are basic quality assurance measures ~erich are performed.

Fuel Assenbl

A comprehensive quality control plan is established to ensure that dimen-
sional requirements of the drawings are met. In those cases wnere a large
number of measurements are required and 100 percent inspection is im-
practical, these plans provide a high statistical confidence that these
dimensions are within tolerance. Sensitivity and accuracy of all
measuring devices are within + 10 percent of the dimensi.oned tolerance.
one basic quality assurance measures wnich are performed in addition to
dimensional inspections and material verifications are described in th.
following sections. „

Weld Qu litv Assurance measures

The welded joints used in the fuel assembly design are listed below in a

series of paragraphs which describe the type and function of each weld,
and include a brief descripticn of the testing (both destructive and non-
destructive) performed to ensure the structural integrity of the joints.
The walds are listed from top to bottom in the fuel assembly.

The CEA guide tube joints (between the tube and threaded uvper and lower
ends) are butt welds between the two Zircaloy subcomponents. The welds
are required to be full penetration welds and must not cause violation of
dimension='r corrosion resistance standards.

The upper end fitting center guide post to lover cast flow plate joint has
a threaded connection 'ich is prevented from unt.hreading by tack welding
the center guide post to the bottom of the lover cast pl,.te using the gas
tun"sten arc (GTA) pro"ess. Each weld is inspected for compliance with a

visual standard.
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The spacer grid welds at the interseciton of perpendicular Zircaloy-4 grid
strips are made by the CTA process. Each intersection is welded top and
bottom, and each veld is inspected by comparison with a visual standard.

For the spacer grid to CEA guide tube weld (both components Zircaloy-4),
each grid is welded to each guide tube with eight small welds, evenly
divided between the upper and lower faces of the grid. Ecch veld is re-
quired to be free of cracks and burnthrough and each veld is inspected by
co..parison to a visual standard. Also, sufficient testing of sample welds
is required to establish acceptable corrosion resistance of the weld
region. Each guide tube is inspected after welding to show that welding
has not affected clearance for CEA motion.

The lower spacer grid velds at spacer strip intersections and between
spacer and perimeter strips (all components Inconcl 625) have the same con-
figuration as, for the Zircaloy and are all insp cted for compliance with
appropriate visual standards.

The lover spacer grid (Inconel) to Inconel skirt weld is made using the GTA

process. Each weld is inspected to ensure compliance vith a visual
standard.

The Inconel skirt to lower end fitting (304 stainless steel) weld is made
using the GTA process and each weld is inspected to ensure compliance with
a visual standard.

The lover end fitting is fastened to the Zircaloy uide tubes using
hreaded connections. The connections are prevented from unthreading by

~ stainless steel lockin ~ rings which a e welded to the lo::er end fitting.
Each ring is tack velded to the end fitting in four places using'the GTA
process, and each veld is inspected for compliance with a visual standard.

The inspection requirements and acceptance standards for each of the velds
are established on the basis of providing adequate assurance that the
connections will perform their required functions.

.2 Other Qualit Assurance Yeasures

All guide tubes, are internally gaged ensuring free passage within the tubes
including the reduced diameter buffer region.

Each upper end fitting post to guide tube joint is inspected for compliance
with a visible standard.

The spacer grid to fuel rod relationship is carefully examined t each gr d
locat ion o

An alpha smear test is performed on the exterior surface of the fuel rods.

Each completed fuel assembly is inspected for cles n'nuss, wrapped to
preserve its cle "nliness and lo "drd v'.thin s.lip~>ing containers which are
later purged and filled with dry air.





Visual inspection of the conveyance vehicle, shipping container, and fuel
ass'embly are per formed at the reactor ite. Approved procedures are
provided for unloading the fuel assemb'ies. Following unloading, exterior
portions of the fuel assembly components are inspected for shipping damage
and cleanliness. If damage e is detected, the assembly may be repaired on-
site or returned to the manufacturing facility for repair. In the event
the repair process were other than one normally used by the m"nufacturing
facility, or that the repaired assembly did not meet the standard require-
ment's for new fuel the specific process or assembly 'would be reviewed be-
fore (he process or assembly would be accepted.

Fuel Rod

~A 'Dl Fuel Pellets

During the conversion of UF6 to ceramic grade uranium dioxide power, the
U0 power is divided into lots blended to form uniform isotopic,
chemical, and physical characteristics. Two containers are selected from
the total number of containers in each lot for certification sampling.
Samples are removed fro- each of the two selected containers and sub- ~.e.ss stt) .

Pelle"s are. divided into lots dur'ng fabr'cation with all pellets within
the lot being processed under the same conditions. Representative samp'es
are obtained from each lot for produc" acceptance tests. Total hydrogen
content of finished ground pellets is restricted (Subsection '+a a s 4).
The pellet diameters are 100 percent inspected; all other pellet dimens ons
rect a 90/90 confidence level. D .nsity requirements of the sintered pellet,
Suesartion e.2Q.5(6), must meat a 95/95 confiden-a level. Lontltudinal
sections of two sample pellets from each pellet lot are prepared ror metal-
'lographic examination to ensure conformance to nicrostructure requi:emerts
(Subsection 4.2.$ .5$4i) Surface finish of ground pellets is restricted to
63 microinches or less (arithmetic average) when me "sured in accordance
with ASK Specification 846.1-1962; and shall meet a 90/90 confidence limit.
Pe 1 le sur faces are inspected for chips cracR s and fis ures in acco dane»

.with approved standards.

Cladding

Lots are formed from tubing produced from the same ingot, annealed in the
same final vacuum annealing charge and fabricated using the same pro-
cedures. Samples randomly selected from each lot of finished tubing are
chemically analyzed to ensure conformance to specified chemcial require-
ments, and to verify tensile properties and hydride orientation. Samples
from each lot are also used for flare tests, metallographic te'.sts, and
burst tests. Each finished tube is ultrasonically tested over. its ent .re
le".neth for internal so ndness; visually inspected for cleanl isle s and thee

ab" ence of acid stains, surfac'e defect, and dtufo=-.ration; nnd insp. ct"d
for inside dimension and wall thickne s. The folio: ing summarizes the

rs quirements





The spacer grid outside dimension is specified as 8.130 + 0.015 -inches
square, and all grids are checked to verify compliance with this require-
ment prior to their assembly into fuel assemblies.

Fuel rod channel spacing is controlled indirectly by placing requirements
on the true position of individual grid cells and on the straightness of
individual rods. No specific channel measurements are made on production
fuel because measurements made for information showed essentially no more
variation than would be expected from grid cell position tolerances which
are already considered in thermal performance analyses.





1) Chemical Analysis

Ingot analysis is required for top, middle, and bottom of each
ingot. Finished product is tested for hydrogen, nitrogen,
carbon, and oxygen per ASTM E146-68.

2) Tensile Test at Room Temperature (ASTH E8-69)

3) Corrosion Resistance Test (ASTH G2-67)

4) Grain Size (AS'112-63)

5). Flare Test (Subsection

6) Hydrostatic Burst Test (Subsection

7) Sur face Roughness

8) Visual Examination

9) Ultransonic Test

10) Mall Thickness

11) Straightness

12) Inside Diameter

Fuel Rod Assembly

Immediately prior tn loading, pellets must be capable of passing approved
visual standards. Each fuel pellet stack is weighed to within 0.1 percent
accuracy. The loading process is such that cleanliness and dryness of all
internal fuel rod components are maintained until after the final end cap
weld is completed. Loading and handling of pellets is carefully controlled
to minimize chipping of pellets.

The following procedures re used during fabrication to assure that there
are no axial gaps in fuel rods.

Stack Length Gage

The operator stacks pellets onto V trough" that are gage marked to the
proper fuel column height. Mhen pellet 'st"cking is completed, all column
heights are overchecked by Quality Control. The pellets are subsequently
loaded into tubes. After loading, the distance from the end of the tube
to the end of the pellet column is checked with a gage.

Finished fuel rods, prior to being loaded into bundles, a:e fluoroscoped
to ensure that no significant gaps exist in the fuel column.



0



Loaded fuel rods are evacuated and backfilled with'helium to a prescribed
level as'etermined for the fuel batch. Impurity content: of the fill gas "

shall not exceed 0.5 percent.

The fuel rod end cap to fuel rod 'cladding tube welds are butt welds between
the Zircalcy-4 cladding tube and the Zircaloy-4 end cap machined from bar
stock. The veld process is magnetic force welding (VtFM). Quality
assurance on the end cap veld is as follovs:

a) Destructive examination of a sufficient number of veld samples to
establish that the maximum allowable percent of unbonded wall
thickness (15 percent) and-the maximum allowable continuous unbonded
region (10 percent) are not exceeded.

b) 'isual examination of all end cap welds to estab'ish freedom from
cracks, seams, inclusions and foreign par icles after final
machining of the weld region.

c) Helios leak checking
WIE a)1 end cap acids to establish that no leak

rate greater- than 10 cm /s is present.

d) Corrosion testing of a sufficient number of samples to establish
that weld zones do not exhibit excessive corrosion compared to a
visual standard. Welds must be capable of passing a corrosion test
(AS'' G2-67) with nb ~referential. oxidation at the weld in water
at. 650 F, 2200 lb/in. for 3.5 days.

All finished fuel rods are visually inspected to ensure' proper surface ,

finish (scratch..s greater than 0.001 inch in depth, cracks, slivers, and
other similar defects are not acceptable),

Each fuel rod is marked to provide, a means of identification.

Burnable Poison Rod

Burnable Poi'son Pellets

B4C power is sampled to verify particle size and vtX boron requirement:s
prior to its use in pellet production. Finished pellets are 100 percent
inspected For diameter and must satisfy a 90/90 confidence level on other
dimensions. Samples are taken from each of the pellet lots and examined
for uniform dispersion of the B4C in A120 . Conformance with density
range requirements is demonstrated at a 93/95 confidence level and with
B4C loading requirements at a 90/90 level. Samples are drawn from each
lot to verify acceptable impurity levels. Finally, all pellets are
inspected for conformance with surface chip and crack standards.

'laddin

Th» testing and inspection plan for burnable poison rod gladding is ident-
ical to that for fuel rod cladding (Subsection 4.2.4.f(bg.





The moisture content of poison pellets prior to loading is limited to
values below that which would be required to produce primary hydride
penetration of the cladding. Total moisture inventory is coy~a~able
to that which has been shown to be acceptable in fuel rods. . The
f brication process is such that all steps from component drying through
final welding are carefully controlled so as to minimize the possibilities
for excessive moisture pickup. Final verification of pellet dryness is
made by destructive examination of one poison rod from each group of rods
from the same drying lot.

The following procedure is used during fabrication to assure that there
are no axial gaps in poison rods.

The operator stacks pellets onto V troughs that are gage marked to the
proper column height. Ken pellet stacking is completed, all column
heights are over-checked by Qu"lity Control. The pellets are subsequently
loaded into tubes. After loading, the distance from the end of the tube
to the end of the pellet column is checked with a gage.

Loaded poison rods are evacuated and backfilled with helium to a prescribed
level. Impurity content of the fill gas must not exceed 0.5 percent.

End cap weld integrity and corrosion resistance is ensured by a Quality
Control plan identic "l to that used in fuel rod fabrication (Subsection tf 2 t.l(L).

Each poison rod is marked to provide a means of identification.

4 " 4-.4- - Control Element Assemblies

C
The CEAs are subjected to numerous inspections and tests during manufactur-
ing and after installation in the reactor. A general product specification
controls the fabrication, inspection, assembly cleaning, packaging, and
shipping of CEAs. All materials are procured to AHS, ASTsh1 or CE speci"
fications. In addition, various CEA hardware tests have been conducted or
are in progre s.

During manufacturing, the fol'owing inspections and tests are performed:

a) The loading of each control element is carefully controlled to
obtain the proper amounts and types of filler materials or each
type of CEA application (e.g,, full length or part length).

b) All end cap welds are liquid penetrant examined and helium leak
tested. A sampling plan is used to section and examine end cap
welds.

c)

d)

Each type of control element has unique external features which
distinguish it from other types.

S~ sef 'ou icicle
Each CEA has unioue

See Figures 4.2-3 through 4.2-5P.
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e) Fully assembled CEAs are checked for proper alignment of the neutron
absorber elements using a special fixture. The alignment check en-
sures that the frictional force that could result from advers~
tolerances is below the force which could significantly increase
trip time.

In addition to the basic measures discussed above, the manufacturing pro-
cess includes numerous other quality control steps for ensuring that the
individual CEA components satisfy design requirements for material quality,
detail dimensions, and process control.

After installation in the reactor, but prior to criticality, each CEA is
traversed through its full stroke and tripped. A similar procedure will
also be conducted at refueling intervals,

The required 90 percent insertion time for CEAs is 3.0 seconds under worst
case conditions. Verification of adequacy will be determined by testing
in the GE TF-2 flow test facility. This facility will contain proto-
typical 16 x 16 reactor components consisting of a fuel assembly, CEA
shroud, control element drive mechanism, and a simulation of surrounding
core internal support components. The test conditions simulate the worst
possible core pressure differential at reactor temperature and pressure
conditions, in addition to adverse control element assembly alignment.
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4.2.4.2 On-Line Fuel S stem Monitorin

The Primary Sampling System (Section 9.3.2) is used to obtain primary coolant

samples and analyze them for boron concentration, fission and corrosion product

concentrations, chloride concentration, reactor coolant pH and conductivity

levels.

The Secondary Sampling System (Section 9.3.2) is used to analyze the secondary

system coolant for cation conductivity, pH, hydrazine and dissolved oxygen.

The Steam Generator Blowdown System (Section 10.4.8) is used in conjunction with

the Chemical Feed and Secondary Sampling Systems (see Sections 9.3.2 and 10.3.5)

to control the chemistry of the secondary side water and monitor the activity in

the secondary side water.
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High burnup performance experience, as described in Subsection 'as
provided evidence that the fuel will perform satisfactorily under design
conditions. The current core design bases do not include a specific re-
quir ment for testing of irradiated fuel rods. However, the fuel assembly
design allows disassembly and reassembly to facilitate such inspections,
should the need arise.

~,

A fuel rod irradiation program has been developed to evaluate the perform-
ance of fuel rod designed for use in the 16 x 16 "fuel assembly. The pro-
gram includes the irradiation of six standard 16 x 16 assemblies, two each
for 1, 2, and 3 cycles, respectively, in the Arkansas Nuclear„One-Unit 2
reactor (AHO-2): Each ssembly will contain a minimum of 50 precharacter-
ized, remov"bl rods distributed within the assembly to obtain a spectrum
of exposure levels for evaluation purposes in the interim and terminal
examinations. interim examination of all six assemblies is planned during
refueling shutdowns after each cycle.

The AVO-2 fuel rods and specific compcnents of the fuel rod" have rece'ved
a detailed pre-characterization. The program calls for substantial clad-
ding characterization to include mechanical properties, texture, hydride
orientation and out of reactor low strain rate behavior. 1n add'tion to
the ID and OD dir ensional data normally obtained on the clad tubing
m" terial, a minimum of 300 fuel rods will be measured to obtain as loaded
dimensions. Sufficient fuel rods will be profiled to obtain diameter and
ovality measurements such that chang s in these par-meters can be tracked
by similar measurements during interim inspections. Also, a random selec-
tion of approximately 100 UO pellets from each lot per batch used will
be characterized dimensional)y and the density distribution will be deter-
mined. About one half of thes pellets will be placed in known axial
locations in selected fuel rods while the remainder will be set aside as
archives.

.... 'A poolside non'estructive examine" ion will be made during each of the
>first three refuelingSat AtlO-2. Tne six 16 x 16 assemblies with char"cter-

ized rods will be removed from the reactor at each refueling and moved to
the spent fuel pool for leak testing (if failed fuel is in the core) and
for visual inspection. The length of the assembly and peripheral rods will
be measured. During the shutdown, 'a target of 20 pre-characterized rods
per batch will be scheduled for examination and measurement. At some time
after the refueling outage, pre-characterized rods retained in discharged

* assemblies vill be measured. A target of 100 rods will be eddv
tested aft~ each shutdo»~.

A post irradiation fue survexl ance ogram for St Lucie Unit 2 is being
'lanned. Spec'fic requirements the plan will be determined based on

ti'e results of the ANO-2 r" . am. However F!'<L curr.ntlv lans to "r-
torm . i!aspect ion ~

when the tuel a."semblics are removed from the core and p]aced
in the spent fuel storage pool.

I'



There are two types of tests which can be performed for checking the worth
of CEA's and CEA groups following refueling outages. The first is a rod
symmetry test in which the reactivity worth of each symmetrically located
CEA in a particular group is compared with that of other CEA's in that
group. The second is a check on the group reactivity worth of several of
the CEA groups.

The sensitivity of the individual rod symmetry check is such that a sub- .
stantial loss of boron from any single element of a standard five-element
CEA would probably be reflected in the test results. The group worth
test is sufficiently sensitive to reveal multiple element failures within
a given CEA.

III $es4~

J
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An. unexpected degradation of guide tubes that are under Control
Element Assemblies (CEAs) was recently observed in irradiated
fuel assemblies taken from operating Combustion Engineering re-
actors. Apparently, coolant turbulence is responsible for
inducing vibratory motions in the normally fully withdrawn con-
trols rods. When these vibrating rods are in contact with the
inner surface of the guide tubes, a ~earing of the guide tube
wall has taken place. Significant wear has been found to be

confined to the relatively soft Zircaloy"4 guide tube because
the Inconel-625 cladding on the control rods is a relatively
hard wear surface. The extent of the observed wear has
appeared to be plant dependent, but has in some cases extended
completely through the guide tube wall.

The problem of guide tube wear has been addressed on operating
CE reactors through the use of stainless steel, chrome plated
sleeves in the guide tube regions subject to longterm contact
with the control rods. Sleeves are also 'to be used-initially [g

W+:~le P: "-":'n addition, hardware modifications have been
made in the ".egion where flow exits from the fuel assembly and
enters the CEA shroud. Since sleeves alone have been shown
to be effective on other plants, the combination of sleeves and
the reduced flow excitation of the control rods prom'ses to
provide acceptable operation.

a) Discussion of Hard-are Hodifications

1. Flow Channel 'Extensions — The flow channel extensions used on 5 f,
are similar to "hose installed in CE's AXO-2 plant ~

in San Onofre 2 and 3. Flow channel extensions are installed
in the five e'ement CEA cavities in the fuel alignment plate to
extend the flow. channels of the C~>) shroud to the bottom of the
fuel alignment plate (see Figure~g - ) ~ The extensions are
designed to minimize flow turbulence near the control rod tips
by isolating the interior of the control rod shroud from flow
exiting the fuel assembly.

2. Flow B pass Insert - A flow bypass insert (FBPI) hyp, Pen in-
stalled in each of the four element CEA shrouds on ~ SEC/+.pi rs

The function of the FBPI is the same as that of the flow chan-
nel extensions, namely to direct the majority of the fuel
assembly flow away from the control rods and the 'nterior of
the 'our';e-...ent C"=A ~"roud. Ti e FBPI is a c'1'"-"rical casti-.e
ins tailed in the bot to:i "c ~e fou. -ale-ent E,l s, r uds .





casting has a right angle flow tube through its, center to
direct flow to the outlet plenum ag kg peripheral through
holes for the CEA fingers (see Figure> 'he four
element CEA has been modified to accommodate the FBPI, and its
spider sits on top of the FBPI when the CEA is fully inserted.

~ L

b) Out-of-Pile Demonstration Program

Two separate 250 hour flow tests have been conducted using the
hard-'are

modifications described above. Full size 16 x 16 fuel assem»
blies were used in each case. The fuel assembly guide tubes were
not sleeved. Hardware tolerances and flow conditions were purposely
chosen to reflect adverse conditions.

The results of these tests showed that a dramatic reduction in
control rod vibration characteristics had been achieved, compared
to the original hardware configuration, and that very little guide
tube wear would be predicted over the course of the fuel lifetime.

c) In-Pile Demonstration Test

The use of the out-of-pile tests to predict the,in-reactor rate of
guide tube wear is justified by a demonstration program recentl
completed in the Calvert Cliffs 2 reactor (Referencesjg and ). The
results showed that the wear rate predicted by out-of-pile testing
is consistent with that occurring in longterm reactor operation.

A: L~rc. ~g
Because the above demonstration program was performed for geometries

guide tube sleeves in the fuel, which will be ader CEAS, as in in-
terim measure. until a similar demonstration program planned for
Cycle 1 of San Onofre 2 has been completed.

Safet Anal sis

Sleeving of the fuel assemblies will not result in CEA scram times
in excess of those used in the existing safety analysis. Therefore, .

no changes are required for the analyses involving the anticipated
occurrences.

C

The use of thin-wall stainless steel sleeves in the 16 x 16 assembly
design was justified previously for the Arkansas Nuclear One, Unit 2
reactor, (Reference ). The presence of the sleeves does not produce
changes in the structural properties of the fuel assembly for
seismic or LOCA analyses.
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TABLE 4.2-1

HECllANICAL DESIGN PARr'91ETERS

(gd

Core Arrangement

Number of fuel assemblies in core, total
Number of CEAs
Number of. fuel and poison rod locations
Spacing between fuel assemblies, fuel rod surface to "

surface, in.
Spacing, outer fuel rod surface to core shroud,

in'ydraulicdiameter, nominal channel, ft.
Total flow area (ex~luding guide tubes), ft
Tota1 core area, ft
Core equivalent diameter, in.
Core circumscribed diameter, in.
Total fuel loading, Kg U

Total fuel weight, lb UO

Total weight of Zircaloy, lb
Fuel volume (including dishes), ft

217
91
51,212
0.208

0-214
0-0394
54.8
101.1
136
143
81.7 x 10

3204.4 x 10
59,008
325

Fuel Assembl ies

Batch

A
B

C

Cl

No. of
Assemblies

73
80
40

8
16

Enrichment
(wtZ) U-235

No. of Poison Rods
er Assemhl

0
16

0
12
16

Fuel Rod array square 16 x 16
Fuel Rod Pitch, in. 0.506

Gpacer Grid(P/gg ]):
Type Leaf spring

Material

Number per assembly

Weight each, lb

Zircaloy"4

Bottom Spacer Grid:

Type

Material

Number per assembly

Leaf spring

Inconel 625

4,2-73 Amendment Nn. 0, (12/80)
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TABLE 4.2-1 (Cont'd)

Fuel Assemblies (Cont'd)

Weight each, 1b

Weight of fuel assembly, lb

Outside dimensions:

2.6

1303

Fuel rod to fuel rod, in. 7;972 x 7.972

Fuel Rod:

Fuel rod material (sintered '-pellet)

Pellet diameter, in.

Pellet length, in.

Pellet density, g/cm 3

Pellet theoretical density, g/cm

Pellet density (X theoretical)

Stack height density, g/cm

Clad material

Clad ID, in.
'lad

OD, (nominal ), in.

Clad thickness, (nominal), in.

Diametral g ap, (cold, nominal), in.

Active length, in.

Plenum length, in.

U02

0.325

0.390

10.38

10.96

94.75

10.061

Zircaloy-4

0.332

0.382

0.025

0.007

136.7

8i$58

Control Element (CEA) Full Len th Part Len th

Number

Absorber elements, No. per assy.

Type

83

5,4

Cylindrical
rods

Cylindrical
rods

Clad material Inconel 625 Inconel 625

4 '-74





Control Element (CEA)

Clad thickness, in.

Clad OD, in.

Diametral gap, in.

Center Element (a)

Poison material

Poison Length, in.

Outside Elements

Poison !faterial

Poison Length, in.

B4C Pe lie t

Diameter, in.

SL2-FSAR

TABLE 4.2-1 (Cont'd)

Fuel Assemblies (Cont.'d)

Full Lenpth

0.035

0.816

0.009

g g P)-Xn-dJ
1

/p.s//a s-

B4C/Ag-In-Cd

/aa//a.s.

0.737

Part Lca th

0.035

0.816

0.009

Inconel/B4C

a <,s/iq

Inconel/B4C

d8 Sjly

0.737

Density, % of )heoretical density
of 2-52 g/cm

Weight Z boron, minimum

73

77c5

73

77.5

Burnable Poison Rod

Absorber material

Pellet diameter, in.

Pellet length, in., min

Pellet density (Z theoretical), min

Theor et ical dens ity, A1203 g/cm 3

Theoretical density, B4C, g/cm 3

Clad material

A1203-B4C

0.307

0.500

93

3.90

2.52

Zircaloy"4

tarot Applicable for Four - Element CEA

cr so~-8 eaten Q~ ~PIa a~/b) F;.~
4.2-75 Amendment No, 0, (12/80)
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TABLE 4.2-1 (Cont'd)

Burnable Poison Rod . nt'd)

Clad ID, in.

Clad OD, in.

Clad thickness, (nominal), in.

Diametral gap, (cold, nominal), 1n ~ 8 ups

0.332

0.382

0.025

Active length,

Plenum length,

in.

Ln. g, (5-y

4,2-76
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.TABLE 4.2-2

ABSORBER MATERIALS — THERMAL AND PHYSICAL PARAMETERS

1) Boron Carbide (B4C):

Configuration

Outside diameter in.

Right cylinder

0.737 +0.001

Pellet length, in. nominal

End chamfer

Density gm/cc

Meight X boron, minimum

X open porosity in pellet

Thermal conductivity
(cal/cm-s- C):

0.03" x 45 CHAMF

1.84

77.5

27

Irradiated Unirradiated

.800 F

1000 F

Melting point, F

X thermal linear expansion

2) Silver-Indium"Cadmium (Ag-In-Cd):

Conf igur ation

0.D. in.

I.D. in.

8.3 x 10 28 x 10

7.9 x 10 24 x 10

4,440

0.23X 9 1000 F

Cylindrical bars with
central hole

0.734 + .003

Length of bar, inches nominal

Density, lbe/in.

Thermal conductivity
(cal/s-cm- C)

12 1/2

0.367

Irradiated Unirradiated

at 300 C

at 400 C

Melting Point, F

Linear Tnensal Expansion~.i /ns ap

0.14 0.182

0.148 0.196

1,470

12.5 x 10

4.2-77
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TABLE 4.2-2 (Cont'd)

3) Inconel Alloy 625 (Ni-Cr-Fe):

Conf igur ation
(as absorber)

Outside diame ter, inches

Inside diameter, inches

Length of cylinder, inches

Density, lb/in.

Ultimate tensile
Strength, lb/in. Q 70 F

Specified m-'nim«m yield
strength 9 650 F, kis

Elongation in 2 inches, percent

Young's modulus, lb/in.

Cylindrical bar

0.816 +0.002

Solid

69 7/8 (Part length CEA)

0.305

120-150 x 10
3

65

30

at 70 F

at 650 F

29.7 x 10
6

627.0 x 20

Thermal conductivity, Btu/hr-ft-F

70 F '5. 7

600 F

Linear thermal expansion, in. /in.-F

8.2

7.4 x 10
(70 to 600 F)

4.2-78
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TABLE 4.2-3

TENSILE TEST RESULTS ON IRRADIATED
SAXTON CORE III CLADDING

Fluence (>1 MeV) 4.7 x 1021 n/cm2 (estimated)

Rod
ID

BO

BO

RD

RD
%8Q

HQ

FS
GL

Location
From

Bot tan
(in.)

11" 17
26-32

3-9
12-18
12-18
28-34

, 28-34
12-18

Testing
Te:Op
(oF)

650
650
650
650
675
675
675
675

0.2'4 Yield
Stress

(lb/in2 x 103 )

61.4
58.1
62. 2
60.5
70.4
66.0
57.2
60.5

Ultimate
Tensile
Strength

(lb/in.2 x 103)

65.6
68.9
70. 0
65.4
77.4
75.1
71.4
71.5

Uniform
Strain
In 2-in.

Gage
Length
(!)

2.2
2.4
2.0
1.7
1.9
1.6
3.9
2.4

g
I

Tnt a 1

Strain
In 2-in.

Gage
Length

6.8
11.3
4.2
5,8
6.1
6.2

12.9
9.3
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TABLE 4.2-4

POOLSIDE FOEL INSPECTION PPOCRAM S1DNARY

Reactor

Palisades

Maine Yankee

Ft. Calho«n

Sh«tdovn
Date/Cvcle

A«g«st 1973/IA

June 1974/I
Hay )975/IA
April 1977/Core 2 Cycle I
J«ly 1978/Core 2 Cycle II
Febr«ary 1975/I
October '1975/II
September 1977/III

Cycle Average
Burn« (MMd/Mtu)

6,800

4,450
17,400

9,000
10,900
7,700

Ins ection Pro ram Sco e

Visual Exam, Camma-Scanning, Crud Sampling

Visual
Visual
V1s«al
Vis«al

Exam,
Exam>
Exam,
Exam

Visual Exam
Visual Exam, Crud Sampling
Visual Exam

Sipping, Disassembly/Single Rod Exams, Crud Sanpling
Sipping
Disassembly/Single Rod Exans

Calvert Cliffs-I December 1976/I
Jan«ary 1978/II
April 1979/Il

17,000
8,300
9,500

Visual Exan,
Visual Exam,
Vis«al Exam,

CE/EPRI Test Bundle Disassembly, Single Rod
CE/EPRI Test Bundle Disassembly, Singl,e Rod
CE/EPRI Test Bundle Disassembly, Single Rod

Exam
Exam
Exan

Millstone-II 11ovcmbcr 1977/I
March 1979/II

15,100
9,200

Visual Exam

St. L«cie"I Ju/y 1976/I
March 1978/IA

Calvert Cliffs - II September 1978/I

800
12,400

16 >200

Visual Exam
Visual Exam >

Vis«al Exam

Vis«al Exam

Disassembly and Single Rod Exans
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guestion 1

Details of the actual limited displacement break flow area
and the actual break separation time at any circumferential
break location are needed for this specific plant.lt~
Details of the actual limited displacement break flow area
and the actual break separation time at any circumferential
break location are provided in revised FSAR Section 3.6.2.



uestion 2

It must be demonstrated that St. L'ucie plant analysis system para-
meters fall within the design envelope of CENPD-168, Revision l.

The syst: em parameters of the St. Lucie 2 plant fall within the design
envelope of CENPD-168, Revision 1. See attached proposed FSAR
amendment to 3.6.2.1.1.



3-6.2 DETEPAIsNTIOW OF BREAK LOCATIOlIS AtsD DYtlAHIC EFFECTS ASSOCIATED
WITH THE POSTULATED RUPTURE OF PIPIIIG

3.6.2.1 Criteria Used to Define Break Locations for Pipe Mhi ~Anal sis

3,6.2.1.1 High Energy Piping Systems

This section provides the criteria used to determine postulated piping

failure locations for high energy piping systems both inside and outside

con tainh.nt.

o) Reactor Coolant System thin Loop Piping

1) A tress survey of the St. Lucie 2 Reactor, Coolant System ldain Loop Pipin~

performed in accordance with the methods described in CE<IPD 16BA (Reference 1)

Yhe St. Lucie 2 Reactor Coolant System geometries and transients were 'employed i
the analysis. The results of this analysis are presented in Figure 3.6-4. In

accordance iiiith the criteria specified in Reference (l) circumferential type

pipe breaks are postulated to occur at all terminal ends and pipe breaks are

postulated at all intermediate locations throughout the piping system where the
k;,,

range of primary plus secondary stress intensity exceeds 2a4 Sm or the cumulative)

usage factor exceeds 0.10.

Mhere all intermediate pipe break locations would be considered unlikely because
1

the stresses and cumulative usage factors calculated for a particular run of

piping between terminal ends are everywhere less than the stress and fatigue

limits stated above, the two intermediate locations of highest cumulative usaoe
a

factor are chosen as the most likely break locations for piping runs longer than

10 diameters total length, and for piping runs having more than one change in

direction through-out the run.

2) The results presented in Figure 3.6-4 confirm the break location and types

3)

of Reference (I) for the main loop pipe.

For the partial area guillotine type pipe breaks at the reactor inlet and outlet

nozzles and the steam generator inlet nozzles, the methods of Reference (1) <>ere

employed to calculate the fIow areas and opening times of the break at these locations.
The stiffness ys,lues axe provided in Table 3.6-2 and Figure 3.6-5 ~





The resultant break characteristics are shown in Tab1e 3.6-1. The pipe whip

restraint at the reactor vessel inlet is shown in Figure 3.6.3. A11 other

guillotine breaks have been assumed to open to fu11 area.

Th= break locations for RCS are shown in Figures 3.6C-2.1 and 3.6C-2.2.
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SL-2

Question No

R Assurance should be provided that the criteria used to predict
break location, as referenced to CENPD-168A, Revision 1 is

.used for reactor coolant system piping only. Xf this criteria
is used. for piping other than the HCS, additional justification
must be provided.

~Res onse

CENPD-16BA, Revision 1 is used to predict break locations
for Reactor Coolant loop piping only. For all other high
energy piping, as indicated in Section 3.6.2.1.1(e), pipe
whip analysis is performed based on "break anywhere" criteria,
and jet impingement analysis is performed for breaks postulated
in accordance with the criteria given in Section 3.6.2.2.1(b),
(c) ~ and 3.6.2.2.2.



) I



uestion 4

Additional items not covered by CENPD-168, and which should be
provided for the reactor coolant system of the plant are the pipe
whip restraint parameters such as stiffness values and gap sizes.

Res onse 4

The pipe whip restraint parameters (i.e. stiffness values) are provided
in revised FSAR Section 3.6.2.]. Gap sizes for reactor vessel inlet
break will be provided.



Questions No.

5-10 The applicant has made a commitment to provide the following
items in a future amendment to the FSAR.

5 — High Energy pipe rupture analysis inside containment.
(Appendix 3.6A).

6 - High Energy pipe rupture analysis outside containment
(Appendix 3.6B).

7 — Pipe whip restraints and break location (Appendix 3;6C).

8 — Structural details of the pipe whip restraints (Appendix 3.6D;

9 — l4ain Steam and feedwater dynamic analysis (Appendix 3.6E) .

10 - moderate Energy analysis '(Appendix 3.6F).

R~es onse

All information requested above has been supplied in Amendment 3
of the St Lucie 2 FSAR (issued June 81).



cation No.

The FSAR Section 3.6,2.2 should be clarified to show that
the requirement .of 0.8 (Sh + SA) is based on the sum of

,,Equations (9) and (10) of Paragraph NC-3652 of the ASME
B&PV Code, Section III and not Equation (9) and (10) in-
dividually.

~Res onse

The stress criteria of 0.8 (Sh + SA) is compared against
the sum of Equations (9) and (10) of paragraph NC-3652
and ND-3652 of the ASME Code Section III to determine break
locations.

Refer to revised FSAR Subsection 3.6.2.2.1(c)(2) .



.0
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u"stion No. 12

~ I

Provide criteria for postulated pipe breaks in both high and moderate
energy piping systems in the containment penetration area.

~Res onse

High energy pipe breaks and moderate energy leakage cracks are postulated
based on the crite".ia of Subsections 3.6.2.2.1(c), 3.6.2.2.2 and 3.6-2-4
for piping located in the penetration area. The pipe rupture analysis
does not take credit for any break exclusion region.

Refer to revised 'FSAR Subsection 3.6.2.5.

1



uestion No. 13

Provide the basis for the 0.8 SA criteria for expansion stresses which is
stated in Section '3.6.2.2.2(2) of the FSAR.

Re~sense

The basis for 0.8 SA criteria for expansion stresses stated in Section
3.6.2.2.2(2) of the FSAR is as per Appendix B (Giambusso criteria) to
BTP APCSB 3-1 item 2.(b).(2).



t Question No.
14 provide a listing of the high energy systems that are considered

for pipe rupture analysis. Ih addition provide a summary of the
results of I:he analyses of these systems to demonstrate that
essential systems, components, and supports will not be impaired
as a result of high energy pipe breaks.

Response

High energy system considered for pipe rupture analysis are:

Xnside Containment

1. Hain Steam and Feedwater
2. Reactor Coolant (includes pressurizer surge, spray and relief).
3. Safety.infection (all lines pressurized by the safety injection

tanks).
4. Shutdown Coolding (high energy portion only)
5. Chemical and volume control (letdown and charging).
6. Steam generator blowdown.

Outside Containment

l. Hain Steam and Feedwater
2. Chemical and Volume Control (letdown and charging)
3. St'earn generator blowdown.
4.,Auxiliary Steam System
5. Auxiliary feedwater system
6. Steam supply to Auxiliary Feedwater pump.

The results of the analyses of these systems are presented in
Appendices 3.6A and 3.68.



Question No.

1S

N>en longitudinal breaks are postulated, assurance must be
provided that they are chosen in the location that is likely
to cause the maximum damage.

~Res onse

Longitudinal breaks are postulated to occur at any location
about the circumference of tne pipe. This method identifies
the location that causes the maximum damage.

Refer to Subsection 3.6.2.3(b)(2) of the FSAR.





0 es6oQ ~So. f6

The following information is required as it pertains to the subsystem
analysis before our review can be completed.

(l) The method for determining that an adequate number of degrees of
freedom were used in the dynamic modeling to determine the response
of all Category X and applicable Non-Category X structures and plant
equipment.

~Res ense

For piping systems, adequate mass points and corresponding dynamic degrees
of freedom are selected and distributed to provide for appropriate repre-
sentation of the dynamic characteristics of the subsystem. As indicated in
3.7.3.1.1.2, the maximum spacing of the mass points does not exceed one half
the distance for which the frequency of a simply supported beam would be
20 H . Each mass prints, except for points indicated as restrained in a
given direction, have 3 linear degrees of freedom. Therefore, the degrees
of freedom exceeds twice the number of mode with frequencies less than 33 H .

The dynamic models of the cable tray and HVAC duct with their respective
support structures were constructed with an adequate number of mass points
in order to simulate the dynamic behavior of the subsystem. The number of
mass points in the dynamic model is adequate because the number of degrees
of freedom exceeds twice the number of modes with frequencies less than 33 H .

NSSS vendor supplied subsystems are modeled with sufficient masses (dynamic
degrees of freedom) such that inclusion of additional degrees of freedom
results in less than a 10% increase in responses (Analysis of the pressurizer,
surge line, and spray line also meets the alternate criteria that the number
of. degrees of freedom is greater than twice the number of modes with
frequencies less'han 33 Hz).
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P~<> '„ Justification that a sufficient number of modes were considered to assure
participation of all sigriificant modesis wg"'~<

Response

The criterion for sufficiency in number of dynamic modes is that the
inclusion of addi,tional modes does not result in more than 10% increase
in response. In general, this can be satisfied by including all the
dynamic modes below 33 H , if the highest mode calculated below 33 H has

2
already fallen into the flat rigid response region of the corresponding
response spectra, the effect of the remaining high modes are taken care of
by a'dding the dynamic agalysis result with an equivalent static solution in
SRSS summation.

t

Dynamic analysis of cable tray/HVAC duct-support systems has combined all
modes in the flexible region together with residual terms accounting for
higher modes in the rigid region.

Criterion used to assure that sufficient modes are included in the analysis of
VASSS vendor supplied subsystems is that the inclusion of additional modes results
in less than a 10% increase in response. Analysis of the coupled components of
the RCS included all modes less than 50 Hz (Section 3.7.3.1.2.3(b)).
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The methods used to handle the relative displacezents of Category Isupports.

~es onsa

:(1) The following is a summary of the method used to handle the relative
seismic displacement of support in piping systems,

a. The relative seismic displacments between supports/restraints
installed on the same building structure are normally negligible
in the stress analysis.

b. The relative seismic displacements between supports/restraints
located in two buildings on separate mats are to be derived from
the combination of co-directional maximum absolute seismic dis-
placement of the two buildings at the supporting elevation by
SRSS (square root of the sum of the squares) metnod.

4

c. The relative seismic displacements between supports/restraints
located in two buildings on a common mat or attached to two
structures within the same building are to be derived by taking
the square root of the sum of the squares of each relative seismic
displacement, towards a common reference.

d. For piping connecting to equipments or primary piping system of
which the available maximum seismic displacements are relative
to the base support of the ma)or equipments, the base supports
arc to be selected as the common reference. The maximum seismic
displacement of the subject piping restraint system are to be
converted into relative displacements towards the base support of
connecting nozzle and the piping restraint system are then to be
derived by taking absolute addition of the two relative seismic
displacements which in turn are relative to the base support of
the equipment.

e. The piping system will be analyzed separately with relative
seismic displacement input in each of the three orthaganal
coordinate directions. The resultant response (such as pipe
stress, moment, force, etc) are obtained by taking SRSS of the
response corresponding to each coordinate direction.

(2) Relative displacement among supports located at different floor eleva-
tions are not considered in cable tray and HVAC duct seismic analysis.
Ducts are provided with flexible points to accommodate relative dis-
placement of the supports.
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For the couple'd components of the RCS the relative support displacements
are applied directly in the time history analysis methods described in
Section 3.?.3.1.2.3. 'For NSSS vendor supplied multiply supported sub-
systems analyzed by response spectrum methods, relative support displace-
ments are applied statically in the most unfavorable manner.



Provide information on how significant effects such as piping inferactions,
externally applied structural restraints, hydrodynamic loads and nonlinear
responses are accounted for.

Re~sonsa

The effects of piping interactions and hydrodynamic loads are considered
in the analysis of safety Class l, 2 and 3 components. The safety related
equipment is designed to withstand the piping interaction loads that could
be imposed on these components. These loads are combined with the other
plant loading in accorda'nce with FSAR Table 3.9-6. The equipment is analyzed
to assure that under these loadings the operability will be assured. The
summary of results for these active components is provided in FSAR Appendi.. 3.9A.

Interacti.on of the RCS main loop piping and the major components is
accounted for directly in the time history analysis of the composite
coupled model. Treatment of hydrodynamic effects and non-linear response
of the reactor internals and fuel is discussed in Section 3-7.3.14.





Question 20

If the equilalent static load method was used, Justification must
be provided that the system can be represented by a simple model
and that thc relative motion between support points is accounted
for.

Response

The piping system stress analysis does not utilize the equilivant
static load method.

H

This piping analysis utilizes the modified equivalent static
load method which is described in the response to question 23.

Cable tray and HVAC duct seismic supports were designed in the
following manner:

A seismic response analysis was performed on a 3-D model, which
represented a typical multiple span of cable tray (HVAC duct) and
its supports. Each tray (duct) support in the model was assigned
a fundamental frequency of ]6 to ]8 Hz in three directions. The
results of this analysis was an amplication factor which was then
used to determine the static equvalent "g" values for design of
individual cable tray (HVAC duct) supports. , Each support is de-
signed to.have a fundamental frequency of ]6 to ]8 Hz.

Regarding considerations of relative motion between supports see
discussion for (]8) above.

For NSSS vendor supplied subsystems the equivalent static load
method is limited to analysis of components which can be realistically
represented as single-degreee-of-freedom systems or by simple beam
or frame type models. For multiply supported components the realtive
motion between supports are applied in the most unfavorable manner
using static" analysis procedures and responses are added to those due
to inertial effects by the absolute sum method.





Question 21

The criteria and procedure given for the modeling of the seismic systems
and the criteria for determining whether a component is analyzed as part
of a system or independently requires amplification and inclusion of all
information required by the SRP. Before our review can be completed on this
section, the criteria and procedures actually used must be described.

This should include the modeling procedures used and the criteria for
decoupling as outlined in SRP Section 3.7.2, paragraph IXI.3.

J~eo onse

The criteria -cnd procedure for the modeling of the se5.smic systan are
stated in FSAR Section 3.7,2.3.

For. the reactor, bii3din,", in particular, studies using seismic mo'dcls with
and without subsystem are made to ensure thc coupl'ng e feet is minimal.
Models with major'equipment (such as stcam g"nerators and reactor vessels)
and the supporting structure .(i.e, the intern"1 structure) modeled ep"rately
and modeled together ace constructed and the. Computer Code STAl&Y Yi"" is em-
ployed. Dynamic respon"es such as ~requencies,'accelerations, and re ponse
spectra ar compared. Th- differences are icund negligiole.

The reactor internal structure response spectra. as shown in Figure 3,7-. 15

illustrates that. the peak acceleration occurs approximately at 3 Hz, The

RCS loop has a fundamental of 10 Hz, Thereby the coupling effect between

the reactor building and the RCS loop is insignificant,
I II

t



0

0



estion 22

A discussion of the methods actually used in determining the funda-
mental frequencies is required in this FSAR Section. Also explain
how the three ranges of equipment/support behavior (rigid, flexible,
resonant) aelineated are handled in the analysis. A statement or
statements is required as to how these matters are considered in the
analysis.

For piping systems which are analyzed by either modal response
spectra method or modified equivalent static load method, the fun-
damental frequencies are determined by the stiffness matrix method
of natural mode analysis as described in FSAR 3.7.3.1.1.2.2. For
piping systems which are analyzed by simplified seismic analysis
method, the exact values of fundamental frequencies are not
calculated. As described in FSAR 3.7.3.1.1.C, the piping are
restrained to have fundamental mode periods less than 70 percent
of the first mode period of the supporting structure. This was
accomplished by comparing and modifying the restraint spacing in
design with that of a simply supported beam.

Mhere feasible, the piping system are arranged to be in the rigid
region (i.e., the fundamental frequencies are more than twice the
dominant frequencies of the support structure. If the fundamental
frequency of the piping system is less than twice but more than
1.43 of the dominant frequencies of the support structurei
modified Equivalent Static Load Method as delineated in
~SAR 3.7.3.l.lb is used. The Nodal Response Spectra Methodis normally used for piping systems in the flexible or
resonant region.
Frequencies for the reactor coolant system and reactor internals
are calculated in accordance with the procedures described in
Subsection 3.7.3.).2.3 (b) and 3.7.3.)4, respectively. The three
ranges of equipment/support behavior (rigid, fl'exible, resonant)
are not delineated for NSSS vendor supplied subsystems. (Currrent
Section 3.7.3.4 describes procedures for NSSS vendor supplied
subsystems).
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uestion No. 23

Justification has been provided for the use of the equilalent static load
method for piping systems. Similiar Justification is needed for all equip-
ment for which this metho'd'was used. Also provide clarification on how the
modified equivalent static load method differs from the equivalent static
load method.„

~Res ense

The modified eqivalent static load method as described in FSAR Subsection
3.7.3.1.1.b, is a frequency based static analysis. It is applicable when
the piping system is proved to be in the rela'tively rigid side of the dominant
frequency of the supporting structure. At first, the fundamental frequency of the
piping system is determined by, the same stiffness matrix method of natural
mode analysis described in FSAR Subsection 3.7.3.1.1.a.2,then a static analysis
is performed using an acceleration value of 1.5 times the maxium value of
the applicable floor response sectrum in the period range equal to or less
than the first mode period of the piping sy'tem.

The equivalent static load method, as we interpret from SRP 3.7.3 Section II,
b does not require demonstration of the fundamental frequency of the piping,
system, equipment ect. a factor of 1.5 is applied to the peak acceleration
of the applicable floor response spectrum to obtain the equivalent static
load.

As indicated in FSAR Subsection 3.7.3.1.1, the seismic analysis of Non-NSSS
piping is done by using. one of the three following methods:

a) Nodal Response Spectra Method — This method is based on the classical
modal analysis which involves the calculation of all the siunificant
natural frequencies and their mode shape vectors and the response combination
of these modes of vibration.

, b) Modified Equivalent Static Load Method (Simplified dynamic analysis)
This method involves the calculation of the first mode period of the piping
system to determine the applicable value of accelerations which in turn
is used 'in the equilavent static analysis.

c) Simplified Static Method (chart method) —— This method involves the develop-'ent of reference restraint spacing based on preset value of fundamental
piping period to preclude the possible resonance with the support structure.
The location of restraint on the piping system is determined by comparing
the individual selected restraint spacing with the reference restraint
spacing.
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uestion No. 74

Discuss the approach for combining the loads corresponding to the three
components of earthquake motion when the time history method of analysis
is used.

~Res ense

For NSSS vendor supplied subsystems analyzed by time history methods,
maximum components of reaction at all design points are calculated for
each separate direction of seismic excitation. Maximum co-directional,
responses resulting from each of the three orthogonal directions of
ground excitation are then combined by the square root of the sum of
the squares (SRSS) method. The resultant six load components are
applied simultaneously in computing the stresses for each component
or structure. (See Section 3.7.3.1.2.4).





ication 25

The criteria to be used in the analysiq of multiple supported equip-
ment and.components meet the staff requirements as outlined in NRC

Standard Review Plan 3.7.3 Section II-9 with the exception that a
committment be made to combine the support displacements in the most
unfavorable combinations.

Res onse 25

For combination of support displacements of the piping system, see
Response to 3.7.3.1 (3), Question 18.

For NSSS vendor supplied multiple supported components analyzed by
the response spectrum method, the support displacements are imposed on

the supported item in the most unfavorable combina'tion using static
analysis procedures. The responses due to the inertial effect and
relative displacement are combined by the absolute sum method. (See
Section 3.7.3.1.2.3(d) for surge (and spray) line analysis). The
analysis of the multiple supported coupled components of the RCS are
analyzed using time history procedures with the relative'upport dis-
placements applied directly as described in Section 3.7.3.1.2.3.

Note: FSAR Section 3.7.3.9(c) currently provides commitment requested
by draft SER.
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7/29/81

This section concerning the 'interaction of other piping with
seismic Category I piping adequately defines how these piping
systems are handled when they are a part of the same system.
However, information is required as to how Non-Category, I
piping systems are analyzed and/or isolated from Category I
piping when the systems are in close proximity so that a failure
of the Non-Category I piping would not damage the Category I piping.
piping..

~Res onse

As required for. safe 'plant shutdown, non-category I piping is
r.~ismicallv suooorted where it passes over seismic Category I
piping, valves and valv'e operators.



7/2)Q I

Buried seismic Category I piping is assumed to be distorted in the name

fashion as the earth, hence a straight run of piping would assume a ainu-
soidal wave shape. All buried seismic Category I piping is located in
C)ass 1 fill Mich provides a medium nf continuous support and restraint j
thus precluding unacceptable seismic displacement.

The underground duct banks containing Class lE electrical'cables are
sci smical ly analyrcd.

3.1.3.13 Xnteraction of Other Pi in with Seismic Cate or I Pi in

Xn general all non-scismic Category I piping systems are designed t'o be
isolated frnn'ny seismic Category I piping system.

Hhere seismic Category X piping .systems are in close proximity to non-
seismic systems, the excessive movement of the non-seismic Category I
system due to 'seismic induced effects is restrained so that nn failure
nf the seismic Category g pyatem occurs.

cu h 4[p~4t
Xf not isol ted by a barrier, the adjacent non-seismic Category I piping
is analyzed according to the same seismic criteria as applicable to the
seismic Category X piping system.

Uhere seismic Category X piping is directly c nnected to nonsei smic pi ping,
the seismic e ffeet s of the nonseismic piping ~ prevented from being trans-
ferred to the seismic Category I piping by placing anchors or combinations
of restraints beyond the interface. The portion up to the anchor is in-

= eluded in the dynamic modeling of 'the seismic Category I piping. The
attached non-seismic Category I piping, up to the first anchor beyond the
interface, is also designed in'uch a manner that during an earthquake
of SSE inte~sity it, does not cause a failure of the seismic Category I
nw ping

. Noa-seismic Iines are seismically supported where they.>ass
over seismic Category I piping, valves and valve operators.





WEsT ION gg
~.(Section 3.7.3.14)

A description of the linear vertical analysis and
nonlinear ho< izontal analysis is provided. Ver ify
whether or not a vertical nonlinear analysis is
used in the event that the linear vertical analysis
indicates that the response of the core may be
sufficiently large to liftoff the core plate. In
ease it is used, provide a description of the
analysis.

Response: A linear analysis has been comp)eted. Because of
the low level of excitation, the fuel does not lift
off the core support plate. Therefore, a nonlinear
analysis is not required.

/VEST IOi9 gf Provide a commitment that closely spaced modes are
(Section -3.7.3.14) considered as per Regulatory Guide 1.92, in the

analysis of the reactor internals and the core.

0
Response: In the analysis of reactor i iternals and the core,

closely spaced modes are cons',dered in accordance
with Regulatory Guide 1.92.
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Question No. 30
3.9.2.1 Pi in Preo erational and Startu Testin Pro ram

4

Piping vibration, thermal expansion, and dynamic effects testingwill be conducted during the St Lucie plant's preoperational
and stnrtup testing program. The purpose of these tests is to
confirm that the piping, components, restraints, and supports
have been designed to withstand the dynamic loadings and
operational transient conditions that will be encountered during
service as required by the ASME Section III Code and to confirm
that no. unacceptable restraint of normal thermal motion occurs.
Ne have identified the following open'issues in our review.
The issues are identified by sections of the FSAR.

Many of the items required by the Standard Review Plan (SRP)
Section 3.9.2 ar'e covered only briefly or not at. all in this
section. Tne SRP Acceptance Requirements II.la through f and
items a through d of the review procedures should be addressed
before this FSAR Section can be considered acceptable. The
staff requires a commitment to test, all high energy piping
and all seismic Category I moderate energy piping, including
supports and restraints for'hermal expansion, steady state
vibration, dynamic and transient loads.

Response

SRP Section 3.9.2 Acceptance Requirements IIa through f and
Review Procedure items a through d are addressed in the revised
FSAR Subsection 3.9.2.1. At the time of this response the list
of snubbers (reg. wire) by SRP 3.9.2 Acceptance Criteria l.d
and list of deflection points required by SRP 3.9.2 Acceptance
Criteria " .c are not complete. These items will be furnished
in a later ammendment.





SL2-PSAR

3.9.2 DYNAMIC'SYSTEM ANALYSIS AND TESTING

3.9.2.1 Preo erational Vibration Thermal Ex ansion and D namic Testin
~on P9. in

Piping vibration, thermal expansion and dynamic effect testing will be con-
ducted duiing preoperational and startup testing. The purpose of these tests
is to confirm, by observation or measurement, as appropriate, that the piping
systems, restraints, components and supports are capable of withstanding the
flow-induced dynamic loadings under steady state and anticipated tr'ansient
operating conditions. In 'addition, thermal motions will be observed or moni-
tored as appropriate to verify movements predicted by analysis and ensure
that adequate clearances exist to allow the required normal thermal movement
of systems, components and supports.

This testing program is designated to fulfillthe requirements of Regulatory
Guide 1.68, Revision 2. The following piping is included in the Test Program:

— ASME Code Class 1, 2 and 3 Systems
— Other high energy systems within seismic Category I

structures
— High energy portions of non-safety systems whose failure

could reduce the functioning of any seismic Category I
plant feature to an unacceptable level- Seismic Category I portion of moderate energy piping systems
located both inside and outside containment.

Certain lines which fall in the categories above will be exempted from
testing for the following reasons:

- Line is rarely used, or when used, is not related to plant
shutdown

— Line is both isolated from source of vibration and has a
low momentum flow

— Line is continuously supported (e.g., buried lines)
—Line cannot be tested under the operational conditions for

which it is designed during preoperational or startup
testing (e.g., containment spraying headers).

Test boundaries of each system subject to test will be marked on isometrics
as well as corresponding allowable vibratory and thermal motion for points
which are to be observed.

3.9.2.1.1 Vibrational Testing
0

The vibration tests are performed during those system operating modes wnere
significant vibratory response is anticipated, based on operating experience
with similar systems in nuclear power plants. Prior to implementation of
the test program, a test procedure will be written which will contain a





3.9.2.1.1 (cont'd)

description of the tests; 'a complete listing of the systems to be tested
and of the various modes of operations under which they are to be tested
and the acceptance criteria for each test. For example, Table 3.9-15 gives
a summary listing of possible testing modes for selected systems.

They are divided into two categories:

are operating, which occur for relatively long periods of
time during the normal 'plant operations;
Tran'sient — Vibrations which occur during relatively short
periods of time. Examples are single and multiple pump start,
rapid valve opening or closing and safety relief valve
operation.

To simplify the testing efforts, four (4) levels of test (based on their
sophisitication) are identified:

3.9.2.1.1.1 Level 1 - Visual Observation Test

The purpose of this test is to visually determine the acceptability of the
vibration for the piping subject to test.

Testing at Level 1 is judged sufficient to determine the acceptability of
steady state and transient vibration for many cases, based on industrial
experience with similar systems. This flexibility results in high allowable
peak-to-peak displacements which might be easily observed visually. Locations
having allowable peak-to-peak displacements in excess of 20 mils will be clearly
observable visually and require no specific definition of their location. All
locations with allowable peak-to-peak displacements less than 20 mils will be
marked up on the isometrics as well as the respective distances from which
these vibrations must be imperceivable to be acceptable. The distances,
marked up on the isometrics, will be derived by determination of a visually
observable maximum amplitude which would result in a dynamic stress less than
or equal to 50 percent of the alternating stress amplitude at 106 cycles a'

shown in the ASMF. Code. In addition to marked points, special attention
will be paid to observing:

a) Elbow spans and spans adjacent to elbows;
b) Spans with lumped masses such as valves and flanges;
c) Vents, drains, and instrumentation lines.

Simple charts, which quickly and conservatively determine allowable peak-to-
peak displacement for any piping span configuration, will be provided for
this purpose. Should the Level 1 test procedure lead to inconclusive
re'suits, a Level 2 test is to be performed.

3.9.2.1.1.2 Level 2 —Hand Held Amplitude Test

The purpose of this test is to determine the vibratory displacement of those
piping segments for which Level 1 visual observations are inconclusive.
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3.9.2.1.1.2 (cont'd)

This Test Procedure is applicable for both steady state and transient condi-
tions. A Level 2 Test, utilizing a hand-held vibration indicator to measure
peak-to-peak displacement, will be performed at prescribed locations. The
locations will be chosen on the basis of dividing the piping systems into a
series of representativ'e spans. A span is defined as any part of a piping
system between two consecutive restraints which function in the same direction,
or'- a cantilever. Instruction on how to break down each piping system into
'different span configurations will be provided as part of the test procedure.
The measurement locations and acceptable criteria for the different span con-
figurations will be'iven in the Test Procedure.

Stress amplitudes due 'to vibration will be considered acceptable if they do
not exceed 50% of Sa and 106 cycles as shown in Figures I-9 of the ASlK B&PV
Code, Section XXI 1971 edition up to and including the Summer 1973 addenda.

For low cycle ( 4106 cycles) transient vibrations, the acceptance criteria
is predicated on the following:

a) If observed displacements are such that the maximum dynamic ampli-
tude stress does not exceed 50% of Sa at 106 cycles as shown in
Figures I-9 of the ASNE B&PV Code, Section IXI 1971 edition up to
and including the Summer 1973 addenda, then the vibration is
acceptable.

b) Xf measured displacements are'larger than a) above, then:

1) A cumulative usage factor Uv is computed from

Uv i N

Ni
ALwhere:

Ni

Ni
AL

Si m

number of type i transients times the effective number
of cycles for each type i transient, and
allowable number of cycles for type i transient corres-
ponding to the alternating stress, Si, where
the maximum alternating stress produced by the type i
transient.

The vibration is acceptable if Uv O.l.

Instrumentation Requirements for Level 2 test are given in Table 3.9-16.

If the test results do not meet the Level 2 acceptance'riteria, then a
Level 3, Hand Held Amplitude/Frequency Test will be performed for cases of
steady state vibration and Level 4, Instrumentation-Stress Test for cases
of transient-vibrations.
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3.9.2.1.1.3 Level 3 - Hand Held Amplitude/Frequency Test

The purpose of thi . test is to determine the vibratory and respective peak-
to-peak displacements of piping segments for which the results of the Level
2 testing are inconclusive. Portable instruments are used for this test.
Acceptance criteria i'nco'rporated„ in the same "charts used for Level 2 tests
and/or 'computer analysis used to determine dynamic stresses, based on the
measurement results, will enable a final conclusion regarding the acceptability
of. steady state vibration.

3.9.2.1.1.4 Level 4 — Instrumentation — Stress

This test will be perfo'rmed for those transient events for which the results
of Level 3 testing are inconclusive. A time history analysis of the piping
system response to the transients will be performed utilizing the computer
program PLAST. The location of maximum stress points, maximum displacement
points and maximum restrained loads will be calculated. The results vill give
all necessary information to establish acceptance criteria and to select proper
testing sensors. Fluid parameters will be measured if required. A data
acquisition system will be used to record information during testing.

In addition, Level 4 Testing may be used for shock or pulse type transients.
A computer time history analysis of the piping and support system response to
the pulse is generated to optimize transducer locations. During the test, real
time data is recorded for later analysis.

3.9.2.1.1.5 Corrective Action
I

Xn the unlikely event that the piping vibration exceeds the acceptance
criteria for Level 3 or '4 tests, then corrective actions will be initiated.
Possible corrective action includes: (1) identification and, reduction or
elimination of the offendin'g force, (2) detuning of resonant piping spans
by appropriate modifications to the restraint system, (3) addition of bracing
to stiffen the system,'nd (4) changes in operating procedures to eliminate
troublesome operating conditions.

Following corrective action, additional testing shall be performed to
determine if the vibrations have been sufficiently reduced to'satisfy the
acceptance criteria and the piping stress analysis shall be revised to
include the corrective measures. Corrective action will be documented in
preoperational test procedures as required and will be available for NRC
review.

The methodology described above is summarized in the General Flow Chart in
Figure 3.9-19.

3.9.2.1.2 Thermal Expansion Testing

Thermal expansion testing willbe performed to verify that the measured
movements at particul'ar locations are approximately equal to those predicted
by analysis and to ensure that the piping is not restrained due to inter-
ferences with other components.

Prior to the implementation of the testing program, a test procedure wi11 be
written identifying systems'to be tested and expected movements at those
chosen points. A rationale will be provided for the choice of measurement points.



3.9.2.1.2 (cont'd)

Xnformation concerning inspection and testing of snubbers is contained in the
answer to Question 44. Subsection 14.2.12.1.10.T,of the FSAR contains a
description of 'the test program.



SL2-FSAR
TABLE 3.9-15

LIST OF VIBRATION TESTING MODES

Flow Modes for Preoperational Vibration Testing
Piping Systems Steady State est Level 'ransient Test Level Instrumentation Required

1

Main Steam from Steam
Generators to MSIV's

Main Steam to Auxi-
.'liary Feedwater Pump

Turbine

1002 Power

Pull flow though
atmospheric dump
valves, all valves
open

Run at full pump
flow

Turbine trip at
lOOX power

Hone

AFH turbine trip
at full pump flow

(to be added)

None

Peedwater and Auxi-
liary Peedwater

Single APW Pump
Operation for
Pumps 2A, 2B, 2C;
recirculation mode

Pump start, recircu-
lation mode
FM reg valve

None

Intake Cooling
Mater Pumps
Discharge Piping

Component Cooling
Mater

Pump(s) Operating

Pump(s) Operating

Hone

Hone

None

None

Diesel Oil Transfer
Pump Discharge Piping

Steam Generator
Blowdown

Pump(s) Operating

Flow at normal
rate
Flow at maximum
rate

None

Initiate flow,
system cold
None

None

None





SL2-rSAR
TABLE 3.9-15 cont'd

LIST OF VT",RATION TESTIhQ MODES

Plow Modes for Preoperational Vibration Testing

Piping Systems Steady State Teat Level Transient Test Level Instrumentation Required

Reactor Coolant Main
Loop

Single and Mult-
iple Pump Opera-
tion

Pump(s) starts
and stops

Pressurizer Spray
Valve Cycling

None

Hand-Held Vibration
Amplitude Meter

Relief Valve
Discharge Piping

Chemical 6 Volume
Control System

Letdown flow modes

Boric acid makeup
pumps 2A and 2B

PORV operation

None

None

(to be added)

Low Pressure
Safety In)ection

Charging Pumps 2A,
28 and 2C Single
and Multiple pump
operation

LPSI Pumps 2A and
20 operating in
minimum recircula-
tion- mode

2 Single and Multiple
Pump starts and
stops

None

2 Hand-Held Vibration
Amplitude Meter

Shutdown Cooling
mode

None

High Pressure
Safety In)ection

HPSI Pumps 2A and
28 operating in
minimum recircula-:
tion mode

None

Safety in]ection
mode

None
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SL2-FSAR
TABL'E 3.9-15 cont'.d

~ ~ ~

LIST OF VIBRATION TESTI G MODES

Floe Modes for Preoperational Vibration Testing

Piping Systems Steady State. Test Level Transient Test Level Instrumentation Required

Fuel Pool Cooling Pump(s) 2A and
2B operating

None

Containment Spray Pumps 2A and
2B in minimum
recirculation
mode

None

Hydrar.ine In)ection Pumps 2A and 2B
operating

Pump(s) start and
stop

None



SL2-FSAR
TABLE 3.9-16

INSTRUMENTATION RE UIREKNTS FOR LEVEL 2 TEST

To perform the Level 2 Test, the following instruments are needed:

1. Transducers (Accelerometers)

Range of amplitudes up to 500 mils
Range of frequencies: 5 - 1000 Hz
Naximum operating temperature: 600 F

0

Hand-held transducers may be used for steady state vibration measure-
ments if testing temperature is less than 250 P. Temporarily mounted0

transducers are recommended for: (a) steady state tests, if piping
temperature exceeds 250 P; (b) all Level 2 transient tests. Clamped0

~

brackets or magnetic bases will be used to mount transducers.

2. Hand-Held Vibration Indicators for Stead State Testin

Each instrument shall have the following range of scales:

(a) 0 - 10 mile
(d) 0 - 100 mils

(b) 0 - 20 mila
(e) 0 - 300 mils

(c) 0 - 40 mils
(f) 0 - 600 mils

3. Hand-Held Peak Hold Indicator for Transient Test

Required ranges of displacement are the same as for steady state testing
in Item (2) above.



LEVEL 0-
VISUALOBSERVATION

POSITIVE RESULTS

SIGNQFF INCONCLUSIVE

LEVEL2-
HAND HELD AMPLITUDE INDICATOR

SIGNRFF

POSIT(VE

INCONCLUSIVF.

RESULTS

STEADYSTATE
VIBRATIONS

TRANSIENT
VIBRATIONS

LEVEL 4-
INSTRUMENT/

STRESS TESTING

(EXAMPLES OF MODES!

MS TURBINE':STOP VALVE
CLOSURE PORV CYCLING

INCONCLUSIVE LINES

LEVEL 3-
AMPLITUDE/FREQUENCY INDICATORS

POSITIVE NEGATIVE POSITIVE
RESULTS

NEGA IVE

SIGNAFF
CORRECTIVE

ACTION,
AE-TEST

SIGNA)FF
CORRECTlYE

ACTION, .
RE-TEST

GENERAL FLOW CHART FOR PIPING VIBRATIONTESTING

Figure

3.9-19



14 ~ 1.12.1.10.T PIPING THERMAL EXPANSION AND RESTRAINT

I

.~Ob acl:ive

To verify that piping systems within the test boundaries (e.g., main
steam, feedwater, safety injection, CVCS) are free to expand thermally,
that spring hangers do not bottom out or unload, that snubbers do not
restrict thermal movements, and that these movements are within design
allowances.

'

a) Verify that temporary structures and restraints that could interfere
with system expansion are removed.

b) Pre-service inspection of snubbers included in this, test has been
completed within six months of the start of the test.

c) All other hangers and restraints affected by this test have been
inspected for correct installation and adjustment.

Test Method

a) Verify expected piping thermal expansion at RCS temperature plateaus
during hot functionals.

b) For safety-related systems whose normal operating temperature exceeds
250'"that are expected to attain operating temperature dur'ing hot
functionals, verify expected snubber thermal movement and swing
clearance at RCS temperature plateaus.

c) For safety-related systems whose normal operating temperature exceeds
250' that do not attain operating temperature during hot functionals,
verify by observation and/or calculation that snubbers will accormnodate
the projected thermal movement.

d) Monito'r piping and snubber movement during cooldown.

Acce tance
Criteria')

There is no evidence of interference with thermal expansion of any
system piping or component other than by supports shown on the piping
isometric.

b) Measured thermal displacements of piping, spring hangers, and snubbers
is within + 20% or 1/4 inch (whichever is greater) of the displacement
predicted by the stress analysts from the stress isometric drawings.

c) . Snubber swing clearances are acceptable (i.e., snubber movement
envelopes are free from obstructions).

d) System piping, spring hangers, and snubbers return to their cold
position following system cool-down.



uestion 31-1

Justify decoupling the horizontal and vertical'omponents of the
responses to blowdown loads.

Re~soese

The axial and lateral internals models were uncoupled to provide
more spatial detail to account for important structural characteristics
in the separate models. There is a separation in the axial and lateral
natural frequencies, so that the response characteristics in the
separate directions are not coupled. Typical late'ral natural
frequencies for St. Lucil+ange from 2 to 25 hertz. Typical vertical
natural frequencies range from 25 hertz to 200 hertz. The results of
the analyses show the lateral displacements to be small and, when
combined with the maximum axial loads, the beam column effects are
negligible. Typical peak horizontal relative displacements for St.
Lucie 82 are .100 inches. Typical peak vertical displacements are
approximately 1/10 of horizontal.





uestion 31-2

Justify the use of results of linear analysis for the inherent
nonlinear problem'.

~Res onsa

The horizontal and vertical models which were used to determine the
LOCA structural responses of the reactor internals were nonlinear.
The CESHOCK (references g, 2, 3) code was used to calculate the
maximum component loads that resulted from the postulated hot and
cold leg breaks. These analyses considered nonlinearities such as

gaps, damping, friction, hysteresis and coefficient of restitution.

References:
"Topical Report on Dynamic Analysis of Reactor Vessel Internals
Under Loss-of-Coolant Accident Conditions with Application of
Analysis to C-E 800 Mwe Class Reactors," Combustion Engineering,

2. Gabrielson, V.K., "SHOCK, A Computer Code for Solving Lumped-Mass
Dynamic Systems," SCL-DR-65-34, January 1966.

3. "Structural Analysis of the 16 x 16 Fuel Assembly for Combined
Seismic and Loss-of-Coolant-Accident Loadings," CENPD-178P,
Combustion Engineering Propriety Report, October 1976.



Present a discussion outlining the effects of system flow upon mass
and flexibilityproperties.

~Res ense

The effects of system flow on the dynamic response of reactor vessel
internals are secondary. The hydrodynamic effect of these components

~
is dominated by hydrodynamic coupling and hydrodynamic -added mass.
Both of these effects are considered in the dynamic response analyses
of these components. A detached description of CE methodology for
hydrodynamic mass is presented in CENPD-178-P REV 1, "Structural
Analysis of Fuel Assemblies for Seismic and Loss-of-Coolant-Accident
Loading" to be released in August 1981. Additional references which
describe this hydrodynamic mass methodology are listed below.

1. Fritz, R. J. "The Effect of Liquids on the Dynamic Motions of
Immersed Solids," Journal of Engineering for Industry, Paper No.
71-VIB-100.

2. McDonald, D.K. "Seismic Analysis of Vertical Pumps Enclosed in
Liquid Filled Containers," ASME paper No. 75-PVP-56.



uestion 32

Me find this program acceptable provided the applicant submits a
correlation o". the St. Lucie Unit 2 observed vibrational characteris-
tics with the results from the prototype reactors. Xf the comparison
of the observed vibrational characteristics of St. Lucie with those
of the prototype plants indicate the need for any corrective action,
the staff will review the applicant's proposed'corrective action for
St. Lucie Unit 2 and provide its evaluation in a supplement to this
SER.

~Res esse

During the preoperational test program, the internals are subjected
to the significant flow modes of normal plant operation. Before and
after these flow tests, the internals are fully examined to determine
any evidence of excessive vibrations. The observed vibrational charac-
teristics of St. Lucie 2 will be compared to those of the prototype
plants as described in Subsection 3.9.2.4. A separate report will be
sent to 'the NRC after the final examination that will contain the
results of the program as well as identify any needs for corrective
action.
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uestion 33

The discussion of plant conditions in Subsection 3.9.3.1 of the FSAR

requires clarification. The Loading Combination Method of response
combination and allowable limits should be provided for all ASME

Class 1, 2 and 3 components and their supports for each design and
service condition.

~Res esse

The plant conditions considered for the seismic qualification of
the mechanical components are normal, upset, emergency and faulted.
The Design Loading Combination for each plant condition is provided
on FSAR Table 3.9-5 while the corresponding allowable stress limits
are provided on FSAR Table 3.9-6 and 3.9-7. When dynamic loadings
are present, the methodology of combining responses met the require-
ment of NUREG 0484, Revision 1, dated May 1980. As illustrated in
the NUREG a summation of the static loads are combined by the absolute
sum method with the combined dynamic loads. FSAR Appendix 3.9A provides
the seismic loading criteria and the results of analysis which illus-
trates that the actual loads encountered are less than the ASME

allowables.

The loading combinations and design stress limits for ASME code class
and NSSS components (except valves) are presented in Table 33-1 and 33-2.
The loading combinations and stress limits for valves, pumps, and all
other class 2 and 3 components are presented in Tables 33-3 through
33-8.

Note.: The use of emergency limits in Table 3.3-1 for other than
the ATWS event is under generic. discussion with respect to
probability of occurrence of specific events. Refer Item 55.
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TABLE 33-1

'F

LOADING COMBINATIONS ASME CODE CLASS 1 'NSSS COMPONENTS

EXCEPT VALVES (TABLE 3.9-1)

Condition Design Loading Combination
'(a)

Design
Normal(b)
Upset (b)
Emergency
Faulted

PD
PO+ DW

PO + DM + OBE
PO + DH + DE
PO + DV +„DBE + DF

Legend:

PD ~ design„pressure

PO

DH

OBE

DBE

DE

DF

operating pressure
dead weight
operating basis earthquake
design basis earthquake

Dynamic system loadings associated withi:the emergency
condition (5 cycles of complete loss of secondary pressure)
Dynamic system loadings associated with a postulated pipe
rupture '(LOCA) or steam line break

As required by ASME Code Section'II, Division I, other loads such(b)
as. thermal transient, thermal gradient, and anchor point displacement
portions of the OBE require consideration in addition to the primary
stress producing loads listed.

Method of combination: NUREG 04S4



0
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TABLE 33-2

STRESS LIMITS FOR ASME CODE CLASS 1

NSSS COMPONENTS EXCEPT VALVES

(TABLE 3.9-1)

Condition Stress Limits~ ~

Normal and'pset
Emergency
Faulted

NB 3223 and NB 3654
NB 3224 and NB 3655
NB 3225 and NB 3656

As speciiied in ASME Section III, 1971 and applicable addenda.





TABLE 33-3
LOADING COHBINATIONS FOR

NSSS VALVES CLASS 1, 2 and 3

Condition ~Loadfn

Design

Normal
(l)Upset

(2)Emergency

PD

PO + DW + SSE + T

PO + DW + SSE + T

PO + DW + SSE + T

(l)Jamesbury supplied valves only

Fischer supplied valves only(2)

PO — Operating Pressure

PD —Design Pressure

DW — Dead Weight

SSE — Safe Shutdown Earthquake

T — Transients
Note: All loads are absolutely summed





TABLE 33-4

DESIGN STRESS LIMITS FOR

NSSS VALVES CLASS 1, 2 and 3

Condition

Design

Normal

Upset

Emergency

Stress

Sm

F 1 Sm

1.2 Sm or Sy
(1)

Limits. (2)

(~nn. Ol Og.

~ 1.5 Sm

1.5 Sm

1.65 SIQ

1.8 Sm

Notes:

(1) Greater of 1.2 Sm or Sy

For .Class 2 and 3 valves Sm is replaced by S(2)
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TABLE 33-5

LOADING COMBINATIONS FOR

NSSS PUMPS CLASS 2 AND 3

Design ~ DP+DW+NL+SSE

DP ~ design pressure

DW ~ dead weight

NL'ozzle loads (include piping imposed thermal expansion, dead
weight and seismic)

SSE ~ safe shutdown earthquake

Note: All loads are absolutely summed.





TABLE 33-6

DESIGN STRESS LIMITS FOR

CODE CLASS 2 AND 3 NSSS PUMPS

later
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TABLE 33-7
t

LOADING COMBINATIONS FOR NSSS ASME CODE

CLASS 2 AND 3 COMPONENTS OTHER THAN VALVES AND PRPS

VESSEL AND SUPPORTS

Condition

Design

Normal

Upset

Faulted

~Desi n Loadin Combinations (a)

PD+ NL

PO + DW + NL

PO + DW + OBE + NL

PO+ DW+ SSE+ NL

Legend:

PD = design pressure

PO = operating pressure

DW = dead weight
OBE ~ operating basis'arthquake
SSE ~ safe shutdown earthquake

NL ~ nozzle loads (includes piping imposed thermal expansion,
dead weight and seismic)

Nozzle loads are increased by 50% for the faulted loading condition.(l)
The 50% increase for faulted nozzle loads is confirmed to be acceptable
by the piping analysis.

Note: All loads 'are absolutely summed.



TABLE 33-8

DESIGN STRESS LIMITS FOR

CODE CLASS 2 & 3 NSSS COMPONENTS

OTHER TIIAN VALVES Ai& PUMPS

(VESSELS 6 SUPPORTS)

Com onents

Safety Injection Tank

Condi.tion

Normal

Stress Limits
~r~ ™ ohio )0'o

Sm 1.5 Sm

Upset

Faulted

Sm

2.0 Sm

1.5 Sm

2.4 Sm

Pressure Vessels Normal

Upset

Emergency'aulted

ASME III NC 3300 or
ND 3300

(™ o
E

1.1 S 1.65 S

1.5 S 1.8 S

2.0 S 2.4 S

Supports All ASME III, NF

~
~ ~



TABLE 3.9-5

DESIGN LOADING COMBINATIONS FOR ~EUALITY
GROUPS B AND C COMPONENTS (VESSELS PUIIPS VALVES

Plant 0 eratin Condition Desi n Loadin Combination

Normal

Upset

Emergency

Faulted a) PO+ DW

b) PO + DW

c) PO+ DW

d) PO+ DW

e) PO+DW

+ DBE
+ DBE + RVO

+ DBE + FVC

+ DBE + FC

a) PO+ DW

a) PO + DW + OBE

b) PO + DW + OBE + RVO

c) PO + DW + OBE + FVC

d) PO+ DW+ IN@

a) PO+ DW+ OBE+ RVO+ FVC

Notation

PO
DW

OBE-
RVO—
FVC-
DU „-
DBE-
FC

operating pressure and temperature
live and dead" weight (including nozzle load)
operating basis earthquake (inertia portion)
relief valve operation (including open or closed, as applicable)
fast valve operation (as applicable)
other dynamic system loading associated with plant upset conditions
design basis earthquake (inertia portion)
dynamic system loadings associated with plant faulted conditions

(*) .
These loads are combined in accordance with NUREG 0484, Rev. l.



TABLE 3.9-5A

DESIGN LOADING COMBINATIONS FOR A E UALITY
GROUPS B AND C PIPING

Plant 0 cretin Condition

Normal

Desi n Loadin Combinations

a) PO+DW
b) TO

Upset a) PO+DW
b) PO + DW

c) PO+DW
~ d) PO+ DW

e) TI

+ OBE
+ OBE + RVO
+ OBE + FVC
+ DQ

Emergency

Faulted a) PO + DW

b) PO + DW

c) PO + DW

d) PO + DW

e) PO + DW

+ DBE
+ DBE + RVO

+ DBE + FVC
+ FC *
+ DBE + FC

a) PO + DW + OBE + RVO + FVC

Notation

PO — operating pressure and temperature
DW - live and dead weight (including nozzle load)
OBE — operating basis earthquake (inertia portion)
RVO - relief valve operation (open or closed as applicable)
FVC — fast valve operation (as applicable)
DU — other dynamic system loading associated with plant upset conditions
DBE — design basis earthquake (inertia portion)
FC — dynamic system loadings associated with plant faulted conditions
TO - thermal loads
TI — restrained thermal expansion and the relative movement of anchor

points produced by the OBE

(fc) These loads are combined on the basis of SRSS in accordance with
NUREG 0484, Rev. 1.



\

uestion 34

The methods of combining responses to the various loads listed in
Sections 3.9.3.1 of the FSAR are not defined. Ue will require a
description of the methods used for the combinations of responses
to all dynamic loads for all NSSS and BOP supplied ASME Class 1, 2

and 3 equipment, components and their supports. Our position on
this issue is outlined in NUREG-0484, "Methodology for Combining
Dynamic Responses," Revision 1 dated May, 1980.

1

~Res onse

See revis'ed loading combinations in question 33.



The response of certain reactor coolant system components and their
supports to postulated asymmetric LOCA 1oads needs to be addressed in
accordance with NUREG-0609;

~)\a8 onse

TABLE I provides the status of the evaluation of components, structures,
and attachments to the RCS when sub)ected to asymmetric loads. Where the
evaluation has been completed, the results have been shown acce'ptable.



TABLE 1: Assessment of Structures/Asymmetric Loads
~ ~ ~ 4

Component/Structure Assessment
Status

Evaluation
Basis

Reference Comments

Reactor Pressure Vessel

Steam Generators

Reactor Coolant Pumps

Reactor Vessel Supports

Steam Generator Supports

Complete Plant Specific Analysis FSAR 3.9.1.4-1 Complete

Reactor Coolant Pump Supports

Biological Shield Wall FSAR 6.2.1.2,

Steam Gen., R C Pump

Compartment Wall

RCS Main Piping Complete Plant Specific Analysis

FSAR 6.2.1.2



TABLE 1:. Assessment of Structures/Asymmetric Loads

Component/Structure
Assessment

Status
Evaluation

Basis
Reference Comments

ECCS Piping In Progress Plant Specific
Analysis

FSAR 3.9.1.4.5 Preliminary analyses
predict acceptable results.
FSAR Amendment Nov. 1981.

ECCS Piping Supports & Restraints In Progress

CEDMS In Progress FSAR 3.9.1.4.3

Reactor Internals In Progress FSAR 3.7.3-14
FSAR 3.9.2.5

Analysis nearly complete
Results to date are
acceptable.

Fuel In Progress Analyses expected to be
completed 3/82.
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ST'. LUCIE 2 CEDf't

~ GEOftETRY AND f00f1ENT CAPABILITY SIMILAR TO PALO

VERDE

PIPE BREAK + SSE HEAD VELOCITIES LOWER THAN THOSE

FOR PALO VERDE

SINCE PALO VERDE HAS BEEN DEMONSTRATED ACCEPTABLE,

ST. LUCIE 2 CEDN ARE EXPECTED TO BE DENONSTRATED

TO BE ACCEPTABLE

~ ANALYSIS IS EXPECTED TO BE COMPLETED SY SEPTENBER

1, 1981
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ST. LUCIE 2 ECCS PIPING

'PRELININARY CALCULATIONS INDICATE THAT LINES
1A AND 18 ARF THE HOST SEVERELY LOADED

k

~ COHPARISOf'I OF INPUT NOTIONS MITH OTHER ECCS

LIf'JES PREVIOUSLY ANALYZED INDICATE THAT

j.) PLASTI C ANALYSIS IS REQUIRED,

2) RESULTS ARE ANTICIPATED TO DENONSTRATE

ACCEPTAB ILITY.

~ ANALYSIS IS EXPECTED TO BE CONPLETED BY SEPTEfSER

30, 1981
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3.9.1.4 - Consideration for the Evaluation of the Faulted Condition
3.9. 1.4. 1 Seismic Category I NSSS Items

The major components of the reactor coolant system (RCS) are designed to
~ withstand the forces associated with the design basis pipe breaks discussed

in ~ection 3.6.2, in combination with the forces associated with .the Safe

Shutdown Earthquake and normal operating conditions. See Sections 3.9.1.1 and 3.9.3
ior-discussion or loading combinations. The forces associated with the postulated
pipe breaks include pipe thrust forces at the break location, resultant
subcompartment differential pressurization forces, and internal asymmetric

hydraulic forces acting on the reactor internals. The pipe break, thrust
forces are determined by the methods discussed in Section 3.6.2. 6-1- The

time and spatially dependent asyranetric hydraulic loads acting on the
reactor internals are determined by the methods discussed in Section
3.9,2.5.

A dynamic hon-linear time history analysis was performed to generate reactor
.

~ vessel loads and motions due to the forces associated with the partial area pipe
breaks at the reactor inlet 'and outlet nozzles and the steam generator inlet
nozzles {See Section3.6.2.1.1.3). The analysis used the DAGS code to perform a

'irect integration of the coupled equations of motion, in which the system

,.characteristics "are updated at each integration step to account for local
non-linearities.'hese non-linearities include initial gaps and preloads at
system restraints or local plastic response which may occur fo11owing a pipe
break. The FORCE 'code post-processes DAGS response. output in order to provide
the 1 oads and motions at pre-speci fied 1 ocati ons ..

The analysis uSed a lumped parameter model including details of the reactor vessel
and supports, major connected piping and components,and the reactor internals
(Figures 3.9-19 through 3.9-22). This mathematical model provides a three-
dimensional representation of the dynamic response of the RCS major components

subjected .to'the simultaneous time varying pipe break forcing functions. This
model is defined mathematically in terms of the ICES STRUDL II computer code

to develop appropriate matrices for the elements of the three-dimensional space

frame model.



7he resuits generate reactor vessel and support loads and time history motions

ot RCS piping at ECCS piping $ unctur'e points, and RV shell motions at internals

and CEON support points. Ttlese motions provide input excitations.for the pipe

break analyses of the reactor internals, fuel, CEAS, CEDARS and ECCS piping.
e

Yhe component and support loads for the Steam Generator, Reactor Coolant

Pump, and Pressurizer were determined by equivalent static analyses.

4 load factor equal to 2.0 on the calculated thrust, jet impingement, and

subcompartment pressure loads is employed to account for the dynamic response
E

of the structure. The model employed for static analysi is shown in Figure 3.9-18

Yhe system or subsystem analysis used to establish, or confirm, loads which

are specified for the design of components and supports is performed on an

elastic basis.

s I

Mhen an elastic system analysis is employed to establish the loads which act

on components and supports, elastic stress analysis methods are also used

$ n the design calculations to evaluate the effects of the loads on the

components and supports. In particular, inelastic methods such as plastic

instability and limit analysis methods, as defined in Section III of the

ASHE Code, are not used in conjunction with an elastic system analysis.'

Analyses of the reactor coolant system components (reactor vessel, steam generator,

reactor coolant pump, pressurizer, . and reactor coolant piping) and their supports

have. been performed in accordance with the methods described above. For each

component and support member, the calculated loads, in combination with the seismic

loads, are below the loads specified for design, and the stresses (piping rupture

in combination with SSE) are below those allowed by Section III of the ASME B&PYI code for Service tevel D.



3.9. l.4e 2 Reactor Internals

See Sections 3.7.3.14 end 3.9.2.5

3.9.1.4.3 Control Element Drive Mechanisms (CEDMs)

The capability of the control element drive mechanisms (CEDMs) to withstand

the effects of design basis pipe breaks in combination with safe shutdown

seismic (SSE) loadings is evaluated by analysis. This dynamic loading is

experienced by the CEDMs via the motion of the reactor vessel head. The

reactor vessel head/CEDN motions due to pipe rupture and seismic loadings

are calculated using the models described in section 3.9.1.4.l.



3.9.1.4.3.1 Method of Analysist Previous studies on other CE plants (Reference 1) have'indicated that the

reactor vessel asynmetric load aspects of a hypothetical guillotine break

produce motions which result in stresses which exceed the ASME Code Level

D allowable stresses for elastic calculation. Elastic plastic dynamic

analyses have demonstrated for those plants that the structural integrity
of the CElNs is not impaired by these loadings and that the ASME Code

Level D allowable limits for elastic plastic calculation are not exceeded.

In order to demonstrate that the integrity of the CEDHs are not impaired

by pipe break and SSE loads,.elastic-plastic dynamic analyses are

per formed.

In the elastic plastic analysis, the motions of the RV are input to the

finite element model of the CE{N. Moments and deformation are computed

as a function of time during the event. The moment to cause plastic
instability of the most severely loaded section is computed by elastic
plastic static analysis. The actual moments during the dynamic event

are then compared to the plastic instability moment in order to evaluate

integrity.
3.9.1.4.3.2 Models

Dynamic analysis finite e'lement models are prepared for CEDHs near the

center of the RV head and near the outer edge. The models are made up

of beam type elements

The model of the calculation of the plastic instability load is made up

of shell elements in order to consider the effects of ovalization of the

cylindrical section.'he nozzle at the RY head is usually the most

severely loaded section.

3.9.I.4.3.3 Material Properties
Recently the material properties necessary for elastic plastic analysis

have been developed by the CE Hetallurigical and Materials Laboratory.

These properties are available for all of the materials at all of the

temperatures that the GEOM normally experiences.

3.9.1.4.3.4 Loading

The effects of pipe break and SSE are transmitted to the CEDH by the

motion of the reactor vessel head resulting from the analysis of

Section 3:9.1.4.1.



A response spectrum is'alculated for the motion of the reactor vessel
head resulting from the primary system dynamic analysis for pipe break
loads. This response spectrum is combined with the SSE response spectrum
by taking the square root of the sum of the squares (RSS) of the ordinates
of the two spectra. ,An artificial time history of motion is then developed
frop the combined acceleration spectrum and used as the input to the
dynamic CEDN analysis.

I

Acceleration spectra resulting from pipe rupture at the RV inlet nozzle,
the RV outlet nozzle, and at the steam generator inlet nozzle are compared
in order to determine the most severe loading condition. If one loading
condition can be identified as the, most severe case, only that loading
condition is used in the dynamic CEDM analysis. Other loadings are also used
if they are not clearly enveloped by the most severe one.

3.9. 1.4.3.5 Response

The models, material properties and RV head motion history are used in
the NRC finite,element program for analysis. The AHSYS

program may also be used. The results of the dynamic
'nalysis include moments, strains, stresses and-deformation as a function

of time. These results are presented graphically for critical regions
of the CEDM. The same material properties are used in the static analysis
for the plastic instability moment.

3.9.1.4.3,6 Evaluation

3.9.1.4.3.6.1 Acceptance criteria
The CEDMs are not required to operate for safe shutdown after a loss of
coolant event resulting from the design basis pipe breaks. In order to
comply With existing ECCS analysis methods, however, the integrity of the
CEDMs must be maintained and leakage must be prevented. The ASME Boiler
and Pressure Vessel Code Section III Division 1 Appendix F lists a number
of criteria which assure that the pressure boundary will not be violated.
These criteria include an instability limit for comparison to elastic
plastic analysis results. The integrity of the pressure boundary is assured
if the applied loads do not exceed 70~ of the plastic instability
load.



3.9.1.4.3.6.2 Evaluation of Integrity

The results of each'dynamic analysis are compared to the results of the
static plastic instability moment analysis. Integrity of the CEOMs is
azured if the acceptance criteria are satisfied. Based on Reference (1)
sMdies, it is expected that results of these analyses will demonstrate the
integrity of the CEDMs. Results will be submitted in a November, 1981
amendment.

REFERENCES

1. "Reactor Coolant System Asymmetric Loads Evaluation Program Final
Report", Combustion Engineering, Inc., July 1, 1980.

3.9.1.4.4

The components not covered. by the ASME Code but which are related to plant
safety include: (1) fuel, (2) non pressure boundary portions of control
element drive mechanisms (CEDMs) and (3) control element assemblies (CEAs).
Each of these components is designed in accordance with specific criteria
to insure their operability as it relates to safety.





3.9.1.4.5 EMERGENCY COBE 'COOLING SYSTEN+ECCS) PIPING AND SUPPORTS

The capability of'he emergency core cooling system (ECCS) piping and supports

to withstand the effects of design basis pipe breaks are evaluated by analysis.

The capability of the ECCS piping and supports to withstand the combined effects

of pipe break and safe shutdown seismic (SSE) loadings are also evaluated. Pipe

rupture loadings are experienced by the ECCS piping via the motion of the primary

system piping, and the SSE loadings are experienced by the ECCS piping via the motion

of the primary system piping and the ECCS piping supports.

The primary piping motions due to pipe rupture loadings are calculated using the

models described in section 3.9.1.4.1. The seismic loadings are provided from

the code stress'nal fsis of the ECCS lines.

3.9.1.4.5.1 Method of A~nal sis

Previous studies on other CE plants (Reference 1) have indicated that the motion

of the primary system piping at the ECCS injection nozzle due to pipe rupture

'load: contains frequencies which are in the range of the natura'I frequencies of

the ECCS piping. The ECCS piping response, therefore, is sensitive to small

geometry and input frequency changes. Because of this sensitivity the analysis

of a pipe system may require either elastic or elastic plastic analysis.

Each ECCS pipeline to be evaluated will be analyzed by traditional dynamic elastic

analysis and evaluated according to appropriate elastic stress limits for ASIDE

Level B and Level 0 conditions. For pipelines where Level D limits are not

satisfied, a detailed elastic plastic analysis to demonstrate integrity and

functionability of the piping will be performed.

3.9.1.4.5.2 Models

The elastic dynamic analysis >If11 be performed by using distributed mass models

and the appropriate ECCS nozzle motion history. The NARC finite element program

will be used for the elastic dynamic analysis for pipe rupture loads. The program

0 will determine the motion history of the ECCS pipeline and the 'loads in the supports

by performing the time history analysis.
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Elastic plastic dynamic analysis, if required, will also be performed with the

INRC finite element program. A detailed analysis of a typical pipe elbow

and a typical straight section will be performed to determine. the moment

carrying capability, or plastic instability moment, of the elbow and pipe.
r

This analysis also provides an e'lastic p'Iastic stiffness of the elbow to be.

used in the pipeline dynamic analysis.

The f'inite element model used f'r the elastic plastic dynamic analysis is

roulade up of pipe elements with modified stiffness at elbows to incorporate

the ovalization effects observed in the detailed plastic 'elbow analyses.

The stiffness and load carrying capability of the supports input to the analysis
P

is computed by elastic or elastic plastic analysis.

3.9.1.4.5.3 Naterials

The materia'I used for the ECCS piping is ASI/E SA376 GRT316 stainless steel.
The e lasti'c properties required for analysis will be taken directly from the

ASNE Code. The elastic plastic properties will be established by scalino stress

strain data available from previous CE-tests to the specified code yield and

ultimate stress values.

3.9.1.4.5.4 Loadin<O

The effects of primary system pipe breaks are transmitted to the ECCS piping

by the motion of the primary piping. For the evaluation of pipe. break loads only,

the displacement time history of the primary piping (at the ECCS injection nozzle)

will be applied directly to each dynamic ECCS pipeline analysis. The displacement

time history is obtained from a dynamic analysis of the reactor coolant system for
postulated pipe breaks at'he vessel inlet, outlet nozzles and steam generator inlet
nozzle.

3.9.1.4.5.5 ~Res onse

~ The natural frequency of al'1 ECES pipelines will be determined. The results of the

primary system dynamic analysis for pipe rupture ag the reactor vessel inlet nozzle

»ill be compared to the pipeline frequencies to determine which hot leg injection



and which intact cold leg injection line is loaded most severely. The most

severely loaded pipelines are analyzed for cold leg pipe rupture loads.

The results of the primary system dynamic analysis for pipe rupture at the reactor
'essel. outlet nozz1e and steam generator inlet nozz'le will also be compared to the

pipelibe frequencies.'his will enable determination of the cold leg injection
. line which is loaded most severely. ',The most severely loaded cold leg injection line

and the intact hot leg injection line will be analyzed for the most severe hot leg

pipe rupture loads.

The analyses will result in motions and stresses in the piping and pipe support loads.

I'lastic-plasticanalyses will in addition, result in plastic strains and deformation

in the pipe and e1bows.

3.9.1.4.5. 6 Evaluation

3.9.1.4.5.6.1 Acceptance Criteria

The integrity and functionability of the ECCS piping must be demonstrated; Integrity
and functionability are assured if the Level B (upset condition) limits of the ASME

I

Boiler and Pressure,Vessel Code Section III, Division 1, are not exceeded. If the

Level 8 limits are exceeded, then LeveT D or faulted limits may be used to demonstrate

that integrity is maintained. Functionability may be assured by demonstrating that
the deformations of the piping are acceptable.

3.9. 1.4.5.6.2 Evaluation of Integrity and Functionability

The evaluation of the effects of pipe break loads and SSE loads combined when both

loadings produce only elastic stresses is by the comparison of the square root of
the sum of the squares of the stresses caused by the two loadings with the elastic
stress allowable.

The elastic dynamic stress results will be compared to the Level B stress limits
of the ASME Code. In the event, that these stress limits are not satisfied, Level

D limits will be compared for demonstration of integrity. If Level D elastic limits
are met, functionability will be evaluated by assessing the extent of deformation

of the 'pipe.
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The evaluation of'the effects of pipe break loads and SSE loads combined in the

case where significant plasticity exists in the pipe'is conducted by computing the

sum of'he strains due to the two loadings and comparing the sum to the strain at

705 of the plastic instability load.

Integrity is demonstrated'if the applied maximum moment is less than 70Ã of the

plastic instability moment or correspondingly if the applied strain is less than the
4

strain at 70Ã of the plastic instability moment.
N

Functionability will be. evaluated by comparing the extent of deformation at the

maximum loading to the, deformation required to significantly affect ECCS

flo.v.

Results will be submitted in a November 1981 amendment.

REFERENCES

l. "Reactor Coolant System Asymmetric Loads Evaluation Program Final Report,

Combustion Engineering, Lnc. July 1, 1980.
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3.9.2.5 ~Dnamic S stem Anal sis of the Reactor Internals Under Faulted
Conditions

ynamic analyses are performed to determine blowdown loads and structural
responses of the reactor internals and fuel to postulated LOCA loadings and

„ to verify the adequacy of their design. A brief description of these
methods is provided below.

The LOCA maximum stress intensities in the reactor internals 'are determined
using the combinations of lateral and vertical LOCA time-dependent Ioadings
which resuIt in maximum stress intensities. The maximum LOCA stresses and
the maximum stresses resulting from the SSE are then combined using the
root sum square method to obtain the total stress intensi,ties.

3.9.2.5.1 D namic Anal sis Forcin Functions

The hydrodynamic forcing functions during a postulated LOCA result from
transient pressure, flow rate, and density distributions throughout the
primary reactor coo'lant system.

3.9.2.5.1.1 H draulic Pressure Loads

The transient pressure, flow rate and density distributions are computed for
the subcooled and saturated portions of the blowdown period during a LOCA.
The computer code utilized is based on a node-flowpath concept in which
control volumes (nodes) are connected in any desired manner by flow areas
(flowpaths). A complex node-flow path network is used to model the Reactor
Coolant System (RCS). The modeling procedure has been compared to a large
scale experimental blowdown test with excellent agreement.

The laws of conservation of mass, energy and momentum along with a repre-
sentation of the equation of state are solved simultaneously. The hydraulic
transient of the reactor is coupled to the thermal response of the core by
analytically solving the one-dimensional radial heat conduction equation in
each core node.

Pre-blowdown steady state conditions in the RCS are established through the
use of specified input quantities.

P

The blowdown loads model uses a nonequi]ibrium critical flow correlation for
computing the subcooled and saturated critical fluid discharge through the
break.

3.9.2.S.|.2 ~DL
A break in the primary coolant system will result in large local pressure

'ifferences across var ious reactor vessel internal components and an accel-
eration of the local fluid velocity in various regions. The acceleration
of the local fluid velocity can result in higher component drag loads than
occur during steady state reactor operation.
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3.9.'2.5.1.3 Core'oads

~ The totai instantaneous:loa'd across the core is given by the sumation of the
pressure and drag forces acting parallel to the flow. The loads are obtained
using a control volume approach utilizing an integrated fIuid momentum equation.
The drag forces are represented by the fluid shear term in this equation and
consist of both frictional and form drag.

3.9;2.5 1.4 CEA Shroud Loads

During normal operation, the reactor coolant flow axially through the core into
the upper guide structure. Within the upper guide structure, the coolant flow
changes direction so that it exits radially through the hot leg nozzles. During
a LOCA, the transverse flow of the coolant across the CEA shroud gives rise to
loads s(hich induce deflections in these shrouds.

The transverse drag forces were determined from flow model experiments which
were geometrically and dynamically similar to the full-scale upper guide

. structure design. The measured experimental model forces were scaled-up to
represent the actual forces on the upper guide structure using the computed
transient flow rate and density information.

3.9.2.5.1.5 Results of Blowdown Loads Anal sis

Analysis was performed of a postulated pipe break at the reactor vessel inlet
nozzle. The transient pressure differences throughout the vessel are evaluated

~ ~ and used in the str'uctural response calculation described below.-- The pressure
W difference across the core is also evaluated for the break.

A postulated pipe break occurring at the reactor vessel outlet nozzle was also
analyzed. The pressure difference throughout the vessel is calculated. The
decompression in the annulus is symmetric early in the transient because the
pressure wave 'must travel through the core barrel internal's to reach the lower
plenum from where the wave propagates uniformIy up through the downcomer. The

.axial pressure difference across the core was also calculated.

A postulated pipe break .occurring at the steam generator inlet nozzle was also
analyzed. The pressure difference throughout the reactor vessel was calculated.
The axial pressure difference across the core was also calculated.



3.9.2.5.2 Structural Res onse Anal sesI I

fhe-dynamic LOCA analyses of the reactor internals and core determine the shel
beam and rigid body motions oi the internals, using established computerized
structural response techniques. The analyses consist basically of three partsi
In~ the first part, the time-dependent shell response of the core support barre
to the transient loading is calculated using the finite-element computer code,
ASHSD<B>. The second'art of the analysis evaluates the buckling potehtial of
the core support barrel, for ho) leg freak conditions ~sing the finite-'element
computer code, SAN<SOR-DYHASOR<1'~'. In the third part, the nonlinear dynamic
time history responses of the reactor internals and core to vertical and hor-
izontal loads resulting from hot and cold leg breaks are determined. with the
CESHOCK code, which is further described in Reference (10).

3.9.2.5.2.1 Shell Res onse of the Core Su ort Barrel

, A cold leg break causes a pressure transient on the core support barrel that
varies circumferentially as well as longitudinally. The ASHSD finite-element

.computer code is used to analyze the shell response of the CSB to the pressure
transient from a cold leg break.

The CSB is modeled as a series of shell elements 'joined at their nodal point
circles as shown in Figure 3.9-1. The length of the elements in each model is
selected to be a fraction of the shell attenuation length.

(y
A damped equation of nmtion is formulated for each degree of freedom of the
system. Four degrees of freedom, radial displacement, circumferential displace-
ment, vertical displacement, and meridional rotation are considered in the
analysis. The differential equations of motion are solved numerically using a

step-by-step integration procedure.

The circumferential variation of the pressure time-history is considered by
representing the pressure as a Fourier expansion. The pressure at each elevation
in the model is determined by linear interpo'lation. Thus, a complete spatial
time load distribution compatible with the ASHSD computer program is..obtained.
Each load harmonic is considered separately by ASHSD. The results for each har-
monic are then added to obtain the nodal displacements, resultant shell forces
and shell stresses as a function of time.

3.9.2.5.2.2 - D namic Stabilit Anal sis of CSB
'A

hot leg break causes net external radial pressure on .the core support barrel.
A stability analysis of.'he CSB is performed using the finite-element computer
code, SQft<SOR-DYHASOR. The effects of an initially imperfect shape based on
actual. out-of-roundness measurements are included in the analysis.

The CSB is modeled as a series of shell elements;es.shown in Figure.3.9-2.
Stiffness and mass matrices for the barrel are generated utilizing the SAMMSOR

part of the code. The equations of motion of the shell are solved in DYNASOR

using the Houbolt numerical procedure.
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An initial imperfection is applied to the core support barrel by means of a pseu-

d

~

~

~

~

~

oload for each circumferential harmonic considered. The actual pressure tran-
ient loading generated by the out'let break is uniform circumferentially but varies

longitudinally. The response is obtained for each. of the imperfection harmonics.

Appendix'F, Section III of the ASt/E Boiler and Pressure Yessel Code requires that
permissible dynamic external pressure loads be limited to 75K of the dynamic
$ nstabi'bty pressure loads, or alternately, the dynamic instability loads must be
greater than 1.33 times the actual loads. Consequently, this analysis is repeated
with the imperfection applied in the critical harmonic and the pressure loading is
increased beyond 1.33 times the actual loads. in order to demonstrate the stability
of the core support barrel.

3.9.2.5.2.3 D namic S stem Anal ~sis of the Reactor Internals

Dynamic analyses are performed to determine the structural response of the
reactor'nternalsto postulated asyrhnetric LOCA loading (including reactor vessel motion

effects) and to verify the adequacy of their structural design. The postulated
pipe breaks resu'It in horizontal and vertical forcing functions which cause the
'internals to respond to both beam and shell modes.

Detailed structural mathematical models of the reactor internals are developed
based on the geometrical design. These models are constructed in terms of lumped
masses connected by beam or bar elements, and include nonlinear effects such as

'impacting and friction. The models are developed for input to the CESHOCK code
which solves the differential equations of motion for lumped parameter models by

direct step-by-step numerical integration procedure. The model definitions
employ the procedures established in Combustion Engineering Topical Report CENPD-42
and, in additio@ include hydrodynamic couplingeffects and adetailed representation of
thecore supportbarrel to upper guidestructure to reactor vessel interfaces. Separate
mode'ls are formulated for the horizontal (Fig. 3.9-3) and vertical (Fig. 3.9-4)
directions to more efficiently account for structural and response differences in
those directions.

The models for the horizontal directions are developed in terms of 'lumped masses
.connected by beam elements. The stiffness values for the beam elements are gen- ..

eral'ly evaluated using beam character istic equations. The lumped-mass weights a>:e
based upon the mass d;stribution of the internals structures. Local masses such.-'s p'lates and snubber blocks ar'e included at'ppropriate nodes;--The effect- of the
surrounding water on the dynamics of the internals for horizontal motion is accounted
for by hydrodynamically coupling the components separated by a narrow annulus-
the vessel, core barrel, core shroud, lower support structure cylinder, and upper
guide structure cylinder. The clearance between the core support barrel and the
reactor vessel snubbers as well as the c'learance between th'e core shroud guide lugs
and the fuel alignment plate is simulated by nonlinear springs which account for
the loads generated should impacting occur. A representation of the core is included
$ n the internals models which provides appropriate inertial 'and impact feedback
effects on the internals response.

The vertical model stiffness valises are generally calculated using bar character-
istic equations. Nonlinear, couplings are Included between components to account
or structural interactions such as those between the fuel and core support plate'

and between the core support barrel and upper guide structure upper f'langes. Pre-
loads, which are caused by the combined, action of applied external forces, dead
weights, and holddowns are also included. Friction elements are used to simulate
the coupling between the fuel rods and spacer grids.
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A reduced model of the'reactor vessel internals (Fig. 3.9-5) is developed
for,'ncorporationinto the reactor coolant system model. The detailed nonlinear !,

~

~horizontal and vertical internals (plus core) models are condensed and combined
nto a three-dimens.onal model compatible with the reactor coolant system model

arid the computer programs through which the latter model is analyzed. The purpose
of this reduced internals model is to account vr the effects of the internal LOCA loads on
the reactor vessel support motion and the structural loading interaction between
the internals and the vessel. The reduced internals model is developed so as:to
produce reactor vessel support motions and 1oadings equivaIent to those produced
by the detailed internals models.

The dynamic responses of the reactor internals to the postulated pipe breaks are
determined with the CESHOCKcode utiliz'ing the detailedmodels. Horizontal and ver-
tical analyses are per formed, for both hot and cold leg breaks to determine the
lateral and axial responses of the internals to,the simultaneous internal fluid
forces and vessel motion excitation.

'he vertical excitation of the internals is calculated by the LOAD2 computer code
. (31)

using the control volume method. In this method, the reactor internals are divided
into volumes containing both structure and fluid or structure alone. The momentum
equation is then applied to each volume, and a resultant force is calculated which
is distributed over the structural nodes within the volume. 'his method takes into
consideration pressure, fluid friction, momentum changes, and gravitational'forces
acting on each volume. The resulting load time histories are in a form consistent
for CESHOCK code input.

In order to achieve an initial (prior to the pipe break) equilibrium, the initial
static deflections and gaps are calculated. 'The resulting initial conditions andtload time histories are input to the CESHOCK code and the dynamic response of the
model is calculated.

The horizontal input excitations resulting from a cold leg break are the core support
barrel force time history and the vessel motion time history determined from the
reactor coolant system analysis. The core support barrel forces are obtained by
representing the asymmetric pressure distribution time history as a Fourier expan-.
sion. The two terms (sine and cose) which excite the beam mode of vibration are

.then integrated over the core support barrel .and transformed into nodal force
time histories.

The horizontal input excitationd'esulting from a hot leg break are the CEA shroud
crossflow load time histories and Che vessel motion time history determined from
the reactor coolant system analysis. The forces applied to the shroud mass points
are'determined directly from the blowdown pressure time history and include the
drag force and forces due to the pressure differential on the shrouds.

The results from these analyses consist of time-dependent member forces, and
nodal'isplacements,velocities and accelerations. The load and displacement responses

are used in the detailed stress analyses of the internals.

Preliminary results of reactor internals analyses indicate, on a load comparison
basis, Chat Che adequacy of the structural design of the internals will be confirmed
by the detailed stress analyses. Results of the stress analysis will be submitted
in a later amendment in December 1981.



31. "LDAD2 - A computer Code to Calculate Vertical Hydraulic Loads
on Reactor Internals Using CEFLASH-ag Data As Input",
Calcu1ation Ho.'79-STA-003, G. Garner, August 24, 1979.
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~Desi n Loadie Cate aries

The design, loading conditions are categorized below:

3.9.5.3.I Normal Operating and Upset

The normal and upset category includes the combinations of design loadings
consisting of normal operating temperature and pressure differentials,
loads due tn flow, weights, reactions, superimposed loads, vibration, shock
Loads including operating basis earthquake, and transient loads not re-
quiring shut, down.

3.9.5.3.2 Faulted

The faulted category consists of the mechanical loading combinations nf
Subsection 3.9.5.3. 1 with the exception that the safe shutdown earthquake
(SSE) (in piace of the operating basis earthquake) and the Loads resulting
frau the loss-of-coolant accident (LOCA) are included.

3.9.5.4 Desi n Bases

3.9.5.4.1 'eactor Xnternals

The stress limits to Mich the reactor internals are designed are Listed in
Table 3.9-14.

Ho emergency condition has been identified for the applicable components,
~ therefor'e, no appropriate stress criteria are provided.

WWsFW 8=l~paraMw~~~~ee-en~Cmeee~ d. are e in

The maximum stress intensities in the reactor internal components are de-
termined utilizing the most conservative combinations of the lateral and
vertical LOCA time-dependent loadings in the structural analyRis. These
maximum stresses and the maximum stresses resulting from the SSE are then
combined absolutely to obtain the total stress. intensities.

To properly perform their functions, the reactor internal structures are
designed to meet the deformation limits listed below:

a) Under design loadings plus operating basis earthquake forces, de-
flection is Iimiled so that the control element assemblies
(CEAs) can function and adequate core cooling is preserved.

b) Under normal operating loadings, pIus SSE forces, pIus pipe rupture
loadings resulting fran a break equivalent in size to the largest
line connected to the Reactor Coolant System piping, deflectionn are
limited so that the core is held in place, adequate core cool-
ing is preserved, and aLL.CHAs can be inserted. Those deftectinns
which would influence CEA movement are limited to less than SO per-
cent of the deflections required to prevent CHA insertion.

3. 9-54
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Insert A

Reactor internals are designed according to Subsection NG of the ASIDE Code,
Section III, with the exception of stamping and a code stress report.
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TABLE 3.9-2 (Cont'd)

g. Emirenc Conditions

Five Cycles of complete loss of secondary pressure. This transient would
follow a steam line break. A steam line break is not considered credible
in forming the basis for design of the Reactor Coolant System. However,
system components will not fail structurally in the unlikely event that it
does happen.

4. Faulted Conditions

The loading combination resulting from the combined effects of the design
basis earthquake and normal operation at full power are categorizedas
faulted condition .

The loading combinations resulting from the design basis earthquake,
'ormal operation at full power and pipe rupture conditions are categorized
as faulted condition. Design basis earthquake and pipe rupture loadings
are combined by the SRSS method.

5. Test Conditions

Ten cycles of system hydrostatic testing at 3110 psig and at a temperature
not less than 60 F above the highest component reference temperature (RTN>T )
or 100 F above the highest component section (RT T) value. This is
based on one initial hydrostatic test plus a majIII repair every four years
for 36 years which includes equipment failure and normal plant cycles.

200 cycles of leak testing at 2235 psig and at a temperature not less than
60 F above the highest component reference temperature {RTRDT) or lDD F
above the highest pipe section RT>ig . This is based on nornml plant operation
involving five shutdowns for head emoval or valve repair per year for 40
years.

'
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The fuel assembly is designed to be capable of withstanding- the axial loads
wit'hdut buckling and without, sustaining excessive otrcsseo.

4.2.3.1.2.2 Safe Shutdown Earthquake (SSE)
r

'She a"ial .and lateral loads and deformation sustained by the fuel assembly
during a postulated SSE hove the same origin as those di cussed above for
thc OBE, but they arise from initial ground ac'celerations twice those
assumed for the ORE. The analytical methods used for the SSE are identical
to those used for the OBE.

Lose of Coolant Accident (LOCA)

Xn the event of a large break LOCA, there will occur rapid changes in pres-
sure and flow within the, reactor vessel. Associated with the transient arc
relatively large axial and'lateral loads on the fuel assemblieo. The
response of a fuel assembly to thc mechanical. loads produced by a LOCA io
cor)oidercd acceptable if the fuel rods are maintained in a eoolable array,i.c., acceptably .low grid crushing. The methods used for. analysis of
combined seismic and LOCA loads and s resscs is described in Reference 50.

Vo qualify the complete fuel assembly, fu)l scale hot loop testing was con-
ducted. The tests were designed to evaluate fretting and wear of compo"
ncnts, refueling procedures, fuel assembly uplift forces, holddown perfor-
mance and compatibility of the fuel assembly with interfacing. reactor in-
ternals, CEAs and CEDHs under conditions of reactor water chemistry, flow
velocity, temperature, and pressure. The test assembly was a 16 x 16 five
guide tube design. Ae test was run for approximately 2000 hours. The
testa results demonstrated the acceptability of the design.

Efcchanical testing of the'fuel assembly and its components is being per-
formed to support analytical means of defining the assembly'o otructural
characteristics. Thc test program consists of static and dynamic tests
of spacer grids and otatic and vibratory tests of a ful) size fuel as-
acmbly.

4'2.3.1.2.4 Combined SSE and LOCA

It is not considered appropriate to combine the stresses resulting from the SSE
and LOCA events. Hevcrthcleso, for purposes of demonstrating margin in the
dcoign, the maximum otrcss intensities for each individual event will be
combined by a square root of oum of the oquareo (SRSS) method. This vill be
performed as a function of fuel assembly elevation and position, cg, the maximum
otress intensities for, the center guide tube at the upper grid elevation (ao
determined in the analysis discussed in Subsections 4.2.3.1,2.2 and 4.2.3.1.2.3)will be combined by thc SRSS method. It is expected that the results will
demonstrate that the allowable stresses described in Subsection 4.2.1.1 are not
exceeded for any position along'the fuel assembly, even under t:he added

con-'ervatismprovided by this load combination.

4.2.3.l.3 Spaccr Grid Evaluation

490. 1

Thc function of the opacer grids io to provide lateral support to fuel and
burnable poison rods in ouch a manner that thc axial forces arc not ouffi-

~ 5 ~ J J
4.2-39 Amcndmcnt No, 3 ~ (6/81)
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ST. LUCIE UNIT 2

REACTOR VESSEL SUPPORT LOADS

LOCATION LOCA ONLY
COMBINED

LOCA + N.Op. + SSE
SPECIFICATION

Hl

Vl

4.291

4.697

'.74
6.47

8.00

8.50

H2

V2

4.100

2.642

4.71

3.75

7.00

7.00

H3

V3

3.904

3.216

4.44

'.29

7.00

7.00

Units —millions of pounds
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ST. LUCIE UNIT 2

STEAM GENERATOR SUPPORT LOADS

LOCATION
COMBINED

LOCA + N.Op. + SSE
SPECIFICATION

Upper keys (ea.)

Snubbers (ea.)

Z1
Z2

1.51
2.00

0.22

2.172
2.172

0.55

SLIDING BASE

Vertical pads Y1
Y2
Y3
Y4

1.71
2.33
2.23
1.72

5.974
3.588
2.458
2.586

Anchor bolts "
, Y1

(per pair of bolts) Y2
Y3
Y4

1.85
1.72
0.58
1.73

2.716
2.856'.086

2.948

Lower stop

Lower keys

X3

Z11
Z12

5.648

3.28
1.06

7.085

3.755
2.772

Units —millions of pounds



ST. LUCIE UNIT 2

RCS COMPONENT NOZZLE LOADS

RSS MOMENTS

NOZZLE LOCATION COMBINED
LOCA + N.O . + SSE

SPECIFICATION

R V Inlet

R V Outlet

S G Inlet

3.47

6.73

9.93

42.49

21.75

S G Outlet 6.20 7.79

RCP Suction

RCP Discharge

3.90

3.98

4.45

5.42

Units - millions of pounds



Provide stress limits and criteria to limit deformation and assure
functional capability for Class 2 and 3 austenitic pipe bend and
elbows.

~Res onse

All Class 2 and 3 austenitic pipe bends and elbows will be reviewed
to assure functional capabiligy. Functional capability will be assured
without further proof if the stresses are below the limits indicated
in the General Electric Topic Report, NED0-21985, Paragraph 2.2. For
those elbows or bends which exceed those limits, additional demonstrationwill be provided.
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5V. Section 3.9.3.3 of the FSAR ohould include a more detailed description of
the calculation procedures, which were used in the parametric studies for
closed discharge systems.

~Res onse

The closed discharge system of the safety and relief valves from the pressurizer
are analy ed by a time-history dynamic analysis. As a more conservative, less

'omplexapproach, the closed discharge system of the safety and relief valves
on safety-related auxiliary system such as Safety In)ection System and Chemical
and Volume Control System are analyzed by a static analysis. A transient
hydraulic force equal to the freely blowing reaction force acting in both
directions with a dynamic load factor of 2 is applied to each straight leg of
the piping syst'm.Spy +gas/pry'd'Rl'Icrs ~ Coo IvaH-+i»bring <recur'f Jr''hogg ~
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'S~ Information should be provided in Section 3.9.3.3 of the FSAR relating
~to the various design and service loading conditions and combinations

thereof, and the corresponding stress criteria used in the design for
the mounting of pressure relief valves.

~Res onse

The Design Stress limits as delineated in PSAR 3.9.3.1.1 and Tables 3.9.6 and
3.9.7 and Design Loading table 3.9.5 are applicable to the mounting of pressure
relief valves.





The method of evaluating the structural response of the piping and
support system stiffness in the dynamic analysis of these mountings
should be discussed in Section 3.9.3.3 of the FSAR.

~Pea onse

In the dynamic analysis of the Safety/Relief valve discharge piping system,
the same stiffness matrix method as described in FSAR 3.7.3.l.l.? is used for
the representation of the structural response of the piping, Supports are
modeled as a spring element with a finite stiffness.
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Question No.

40. A d'scussion which demonstrated that, those components
designed to the FSAR criteria have an adequate margin
of safety should be submitted in the FSAR. Zn addi-
tion, the applicant should verify that the allowable
stresses of MSS-SP-58, "pipe Hangers and Supports" are
used without the addition of a shape factor to account
for bending stresses.

~R$ $ 0$ $6

The adequacy of the margin of safety of support and re-
straint design is demonstrated based on use of normal
AISC and MSS-SP-58 stress limits as the design basis
for all load combinations including faulted. Shape
factors are not used to account for bending stress.
This is discussed in the revised Subsection 3.9.3.4.

As a result of discussions of this response during 'the review
'eeting, 'Question 40.1 was generated. This question and its
response are attached.
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~uestion 40;1

a) Compare AISC allowables with those of ASME Code Appendix 17, Show

them comparable.

b) How is reduced mat:erial yeild strength at elevated temperatures
addressed when using the AISC code?

c) ASME requires CMTR's and C of C's. What material documentation does
AISC require?

~Res ense

a) The allowable stresses in the AISC Code and ASME Code Appendix XVII
have been reviewed and, are similar in most respects. The following
differences are identified: 1) For welded tee points the tensile
stresses on the weld surface in the through thickness direction are
limited to 60% of yield by AISC and 30% of yield by ASME Appendix XVII.
Ultrasonic testing of both shop and field welds of this type has been
specified. 2) ASME Increase Factor is 1.2 ~S not to exceed 0.7 Su.

Ft Ft.
The Ebasco Increase Factor of 1.6 across the board will be ]ustified
for ~S values)0.73.

Su
t

b) No reduction in yield strength is taken for application below 700'F
in accordance with the AISC Manual of Steel Construction. (Reference:
Effect of lieat on Structural Steel.) No austenitic material is used
in seismic Category I component supports.

c) Ebasco practice for seismic Category I requires Certificates of Compliance
and QiTR's as appropriate.
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41. Provide in a tabular form for both BOP and NSSS Code
Class 1,2 and 3 component supports the load combinations,
stress limits for various plant conditions.

~Res ouse

The stress limits and load combinations for various plant
conditions are presented in Tables 3.9-17 and 3.9-38 for
Class 1,2,and 3 supports and restraints.

For NSSS scope of supply see the Tables in Question 33.

As a result of discussions of this
response during the review meetings,
question 41.1 was generated. This
question and its response are
attached.



Ouestion 41.1

Justify-the use of SRSS for combination of SSEI and SSED in the
faulted condition.

b) Provide the faulted allowable stresses ror bolts.

~ c) Compare Table 3.9-5 with the loading tables of Section 3.8.3.

d) Define the materials for which allowables are given in Tables of
Section 3.8.3.

~Res oese

a) Where the fundamental frequency of the piping system is beyond the
resonant region of the supporting structure the SSE will be combined
in the following manner: SSE = SEI + SSED

Mhere the piping fundamental frequency is not beyond the structural
resonant region the SSE will be combined in the following manner:
SSE = ISSEII + ISSEDI

b) Faulted allowables for bolts are as follows:

Material
~~M Tensile Stress@,

% of Ultimate

Qggt: 4uA 5 c~

A-325
64 Ksi
53%

(@)Il 1 II dia )
61%

(l~~~"-14" dia.)

A-490
86 Ksi
58%

c) Requirements for component supports are addressed in Section 3.8.3.
Any areas where disparity between AISC and ASME support requirements
is significant will be identified. This will be performed so that
governing loading cases address or envelope the loading cases given .

in Table 3.9-5.

d) Allowable stresses are based on Section 1.5 of AXSC which in turn
are base'd on ASTM material values. AISC factors of safety vary from
1.67 to 2.0 on yield strength. The development of factors of safety
is documented in the Commentary to the AISC Code.

RR)
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uestion No. 42

Provide the allowable buckling limits for ASME Class 1 linear and

plate and shell type component supports subjected to faulted condition
load. Also provide additional information concerning the design of
support bolts and bolted connections.

~Res onse

All safety-related component supporting structures are designated
"Seismic Category X." Load combinations and allowable stresses are in
accordance with Standard Review Plant 3.8.3 and Standard Review Plant
3.8.4. The margin of safety for these structures is inherent in the
design equations in the AISC Specifications.

For linear and plate and shell type component supports subjected to
the accident (faulted) load condition, the design stresses are limited
to ninety (90) percent of the critical buckling stress as applicable.
For design of support bolts and bolted connections, refer to the
above paragraph.

CE—

a) Buckling failure mode of the RCS supports is not credible due to
the design characteristics of the supports.

b) The bolts in CE scope of supply (Steam Generator Skirt to Sliding
Base) are designed to be. below 70% of ultimate which, for the
material, is less than 75% of yield.

c) Required Preload of interface Anchor Bolts (S. G. Snubber, Pressurizer
Skirt) were specified to Ebasco.

II

NRC Posibion: Any support for a Class 1, 2 or 3 component in which the
buckling stress p 67% critical buckling must be justified as
to why the margin against buckling failure is sufficient.

As a result"of discussions of this response during the review meeting,
Question 42.1 was generated. This question and its response are attached.
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uestion 42.1

a) What the design values for buckling
stresses')

Commit to using 2/3 of critical buckling stress as a design limit
and )ustify those cases where it is needed.

~Res onse

a) The design values for buckling stresses are specified in Section
1.5.1.'3 of the AISC code. This Section identifies a minimum factor
of safety of 1.67 which is in agreement with Appendix XVII of the
ASME Code, Article XVII-2110 b).

b) Cases where buckling stresses in the supports of ASME III Class 1,
2 or 3 components exceed 67% of critical buckling stresses will be
justified on an individual basis that the margin against buckling
is sufficient.
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3.9.3.4 Com onent Su orts

For NSSS supplied components'rocured prior to July', 1974 design stress
limits for ASME Code Class 1 vessel supports, piping supports and supports
for the reactor coolant pumps (including .the attachment welds to the vessel
or. piping assemblies) are defined in the component specification. For the
faulted condition the stress limits are defined as: the limits of Section
IXI, NB-3220 using an Sm value equal to the greater of 1.5 times the tabu-
lated Sm value and 1.2 times the tabulated Sy value, but not exceeding .7
times the material tensile strength, with the values taken at the appropri-
ate temperature. Design stress limits for other loading conditions are
those identified in applicable subsections of the ASME Code.

A/E supplied supports for Code Class 1, 2 and 3 mechanical systems, compo-
nents and piping are designed in accordance with codes in effect at the time
of purchase order. The supports for components procured prior to July 1, 1974
are designed per AISC guidelines. For normal and upset conditions, normal AISC
stress limits apply.

Supports for, components procured after July 1, 1974 are designed in accordance
with ASME Code, Section III, Subsection NF, with its applicable stress limits.
The only supports designed to Section NF are for the following components:

Containment Spray Pumps

, Intake Cooling Mater Pumps

Auxiliary Feedwater Pumps

Diesel Oil Transfer Pumps

Basket Strainers

Safety Injection Tanks

SG Sliding Base and Bearings

Ion Exchangers
ll

Bottom Loaded Filters

Fuel Pool Heat Exchanger

Shutdown Cooling Heat Exchangers

Instrument Racks

Letdown Heat Exchanger

Regenerative Heat Exchanger

(cont'd on next page)
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3.9.3.4 (cont'd)

The extent of deformation of the supports is limited by the allowable
stresses discussed above.

E

The waste gas compressor supports and anchor bolts are designed to the
criteria of the AISC Hanual of Steel Construction, 1970, except that the
increase in the allowable stresses due to seismic and wind loads per
Paragraph 1.5.6 Part 5, is not permitted.

All safety-related component supporting structures are designated "Seismic
Category I." Load combinations and allowable stresses are in accordance
with Standard Review Plan 3.8.3 and Standard Review Plan 3.8.4. Refer to
FSAR 3.8.3 and'SAR 3.8.4. The margin of safety for these structures is
inherent in the design equations in the AISC Specifications.

For linear and plate and shell type component supports subjected to the
accident (faulted) load condition, the design stresses are limited to
ninety (90)'"percent of the critical buckling stress as applicable. For
design of support bolts and bolted connections, refer to the above
paragraph.

Piping supports and restraints are designed to accommodate the loading
combinations shown in Table 3.9-16. The normal allowable stress limits of
AISC and MSS-SP-58, as summarized in Table 3.9-15, are used in original
support and restraint design for all loading combinations, including faulted.
To minimize redesign and refabrication, which might result from revised
stress analyses, the following criteria apply as necessary when evaluating
existing restraint designs against revised faulted .loading: stresses in
hangers and restraints shall be less than 1.6 times AISC limits, not to
exceed .96 times material yield stress, where shear yield stress is assumed
to be .577 times tensile yield stress. Also, stresses shall not exceed
.90"times critical buckling stress, when that is a controlling factor.

Supports are designed to the highest loadings that would result from
transient conditions such as relief valve operation, fast valve closure,
or system thermal gradients. Thermal stresses are considered as primary
stresses for supports and as secondary stresses for components.

The operability assurance program for active components and their supports
is discussed in Subsection 3.9.3.2. Preoperational tests for piping systems
and their supports are discussed in Subsection 3.9.2.1.

* Cases where buckling stresses in the supports of ASHE Class 1, 2 or 3

components exceed 67% of critical buckling stress will be justified on an
individual basis that the margin against buckling is sufficient.





TABLE 3.9-17

Notes

1. for compact sections as defined in AISC 1,5.1.4,1

2.:, for-other sections as defined in AISC 1.5,1,4.4 and 1.5.1,4.5

3. tables for compression values in AISC 1.5.1.3.1

4.,„calculated per AISC 1.5.1.3.1

5. These values are used in original design for all loading combinations-
including faulted. When checking an existing support or restraint
design against revised faulted loads stresses are limited to the following:

R

stresses in hangers and restraints shall be less than 1.6;times AISC
limits, not to exceed 0.96 times material yield stress, where shear
yield stress is assumed to be 0.577 times tensile yield stress. Also,
stresses shall not exceed 0.90 times critical buckling stress, when
that is,a 'controlling factor. Cases where buckling stresses in su'pports
of.ASME Class 1, 2 or 3 components exceed 67% of critical buckling stress
will be )ustified on an individual basis that the margin against buckling
is sufficient.
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TABLE 3.9-17

STRESS LIMITS FOR PIPE SUPPORTS

e

Reference: MSS SP-58 & AISC Manual —-7th Edition

Sha e & Use
Fb

~Ben din
Ft,

Tension
Fv

Shear
Fp

~Beardon

Tension at
Pin Hole

Steel
Standard
Han er Com onents

21,6002
1

23,760
N/A 14,400 14,400 N/A

14,500 14,500 11,600 23,200 10,850

Plates and Bars

Rods at Threads

Rods — Plain

14,500

N/A

N/A

14,500

9,000

14,500

11$ 600

N/A

21,600

N/A

N/A

10,850

N/A .

N/A

Pins

~Pi e

14,500

15,000

N/A

15,000

11,600 23,200 N/A

12,000 See Note 3 N/A

Bars & Plates
304 Steel

~Pi e
304 Steel

Bolts

11$ 200

11,200

11,200

11,200

15,000

8,950 17,900 8,400

8,950 See Note 4 N/A

12$ 000 21,600 N/A

Fo'r Notes, see next page.
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TABLE 3.9-18

LOADING COMBINATIONS AND STRESS LIMITS FOR PIPING SUPPORTS

ASME
CODE
CIABS
1

Plant Operating
Condition

Normal
Upset

Emergency
Faulted(1)

Design Load
Combination

SW

a) SW+OBE

b) SW+OBE+FVC

c) SW+OBE+RVO

d) SW+OBE+T
SW+OBE+RVO+FVC
SW+ '(SSE2 + FC2)~

Piping
Support'tressLimit

Refer to Table 3.9-17

ASME
CODE
CLASS
2 & 3

Normal
Upset

Emergency
Faulted

SW

a) SW+OBE

b) SW+OBE+FVC

c) SW+OBE+RVO
SW+OBE+FVC+RVO
SW+ (SSE2 + FC2)

Refer to Table 3.9-17

Nooatfoo:

SW

DW

OBE ~
SSE ~
RVO =

FVC =
TH
SSEI~
SSED=
T c:

FC

(1} a)

b)

Largest of: a) DW+Hax(+) TH
b) DW+Max(-)TH
c) DW

Deadweight (includes sustained mechanical loads)
Operating Basis Earthquake
Safe Shutdown Farthquakc
Relief Valve — includes both open and closed systems
Fast Valve Closure
Thermal expansion
Inertia Portion of SSE
Displacement Portion of SSE
Transient
Dynamic loads associated with plant faulted condition

Where the fundamental frequency of the piping system is beyond the
resonant region of the supporting 'structure the SSE will be combined

Where the piping fundamental frequency is not beyond the structural
resonant region the SSE will be combined in the following manner:
SSE = )SSEIl + lSSEDt
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Question 43

Xn addition, assurances must be provided that stresses due to thermal
expansion, thermal gradient and differential support movements have
been included.

~Res onse

The design and service conditions for supports and restraints included
thermal effects and differential support movements as primary loads.

I

CE — The RCS Analysis includes the effects of thermal gradient,
thermal expansion, and differential movement of supports.

For class 1, 2 and 3 vessels and pumps, nozzle loads include piping
thermal expansion loadings.

Vessels which are supported at both ends are provided with one fixed
support and one slotted support to accomodate the axial thermal growth
of the shell.



uestion 44

Me will also require an acceptable response to our request for preservice
inspection and testing information on snubbers.

Re~sonse

Inspection and Testing of snubbers on safety-related piping or
components shall be performed as follows:

1) After snubber installation is completed but not more than six months
prior to the start of pre-core hot functional testing, a pre-service
visual examination shall be performed to verify that:

a) There are no visible signs of damage or impaired operability as- a
result of storage, handling, or installation.

b) The snubber location, orientation, position setting, and configur-
ation (attachments, extensions, etc.) are according to design
drawings and specifications.

c) Snubbers are not seized, frozen, or )ammed.

d) Adequate swing clearance is provided to allow snubber movement.

e) If applicable, fluid is to the recommended level and is not
leaking from the snubber system.

f) Structural connections such as pins, fasteners, and other
connecting hardware such as lock nuts, tabs, wire, or cotter pins
are installed correctly.

If the period between the pre-service examination and the start of hot
functional testing exceeds six months due to unexpected situations,
re-examination of items (a), (d), and (e) shall be performed. Snubbers
which are installed incorrectly or otherwise fail to meet the above
requirements shall be repaired or replaced and re-examined in
accordance with the above criteria.

2) During pre-core hot functional testing, snubber thermal movements for
safety-related systems whose operating temperature exceeds 250' shall
be verified as follows:

a). During initial system heatup, snubber expected thermal movement
shall be verified for any safety-related system which attains
operating temperature. Verification shall be performed at RCS

temperature plateaus of approximately 260', 360', 480',
and 532'. Snubber thermal movement shall be observed during
cooldown and verified at ambient conditions after cooldown is
completed.
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b) For those safety-related systems which do not attain operating
temperature, 'observation and/or calculation shall be used to
verify that snubbers will accomodate the pro)ected thermal
movement.

c) Snubber swing clearance shall be verified for the temperature
plateaus in (a) above.

hny discrepancies or inconsistencies shall be addressed as follows:

a) The snubbe" in question shall be removed from service or other
interim action shall be taken to prevent system damage prior to
proceeding to the next temperature plateau.

b) The discrepancy or inconsistency shall be evaluated for cause and
corrected pxior to core load.

c) The snubber in question shall be monitored again during heatup for
post;-core hot functionals'o verify that the problem has been
resolved.
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QUESTION ~
' (Section 3.9.4)

The thermal deflection problem of dissimilar materials
is not covered and there is no information as to the
allowable and actual deflections due to the various
loadirig conditions. Design margins for stress, defor-
mation, and fatigue should be presented and should be
shown to be equal to or greater than those of other
p1ants of similar design having a period of successful
operation.

Response: In response to the NRC questions pertaining to the design
margins for functional reliability regarding the design
criteria for non-pressurized components, the components
outside the pressure boundaries are the coil stack, the
pressure housing shroud, and the cooling shroud. All are
desioned to be a slip fit over the motor housing and are
capable of being removed at temperature. A test was per-
formed to verify this requirement. Dimensions and
materials used for the St. Lucie II CEDMs are identical
to those on operating reactors..

All failure modes of non-pressurized active components
will not effect the safety function of the CEDING. The
c( il stack is designed and has been tested to verify its
c;pability to withstand loss o air coolant flow for up

.t> four (4) hours without loss of function.

Parts within the pressure boundary, such as the motor
assembly, have b en sized 'for thermal deflections caused
by dissimilar material so that clearances are available
above the maximum design temperature of 650'F.



uestion 46

CEA Insertabilit

A. As stated in Proposed FSAR Amendment 3.'9.1.9.3 {Question 35),
insertability for the design basis pipe breaks is not required.
Pressure boundary integrity wi11 be demonstrated.



4

g(ESTION C7
(Sectio 3.9.5)

Identify the highest usage factor and the location where it
occurs in the reactor internals.

Response: The highest usage factor for the reactor internals is found
to occur in the core support barrel'lange region and is
less than .15.



uestion 49

We will require an acceptable response to our request for additional
information on periodic leak testing of pressure isolation valves.

~Res esse

FPL recognizes that leak tight integrity of primary coolant system
pressure isolation valves, while an integral part of IST, will be
reviewed in detail separately on an advanced schedule prior to OL.

A separate response, as part of IST, will be transmitted.
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uestion 50

The applicant should define the stress limits to which the welded attach-
ments in the high and moderate energy piping systems are designed. Also
describe the detailed stress analysis or tests which may have been performed
to demonstrate compliance, including one example with a summary of the
results.

~Res onse

Stress analysis of piping is performed for various loading conditions as
presented in Table 3.9-5. This analysis also determines the loads on
welder attachments which are used as seismic restraints. Local stresses
on piping due to welded attachments are calculated using WRC Bulletin 107.
The local stressed are combined with other stresses determined by pipe
stress analysis in the welded attachment location and ASME code Section
XII allowable Stress Criteria are satisfied. A sample calculation and
the summary of results are attached.

The trunnion analysis utilizes the Cylnoz computer program to determine
the adequacy-of the piping system b> including the'ocal stresses into
the appropriate loading combination. The loading combinations and
allowable stress criteria are provided on page 5. The computer program
uses the piping load in global coordinates (refer pg. 2) and transforms
these loads into the following components:

(1) Radial/shear loads (P/VL, VC)
(2) ,Circum./longit. bending (MC /ML)

, (3) Torsional moment (MT)

The details of local stress intensity calculation for unit load applica-
tion for P, VL, VC, MC, ML, and MT are provided on page 8. Membrane and
bending stresses in hoop direction due to P, MC and ML are calculated at
four locations'around the trunnion in outer and inner surface of the
pipe. For example, AU and AL represent the stresses at point A upper
surface and'lower surface respectively. Similar calculation for membrane
and bending stresses in longitudinal direction due to P, MC, and HL are
calculated at the same eight locations of the pipe as described above.
Shear stresses due to VL, VC, and MT are calculated at these locations.
Using the above stresses, stress intensity is calculated at each of these
eight locations. The, largest stress intensity value is added with pres-
sure stress (if applicable) and normal stress in the pipe, due to corres-
ponding load case and compared with the allowable stress. The results of
the analysis, shown on page 6, conclude that the calculated stress are
within the ASHE allowable for all loading combinations.

I
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cation 51

Provide the following information for an ASHE Code Class I piping
system identified in PSAR 3. 6A.

(a) Calculated stress intensity, calculated cumulative usage
factor, and the calculated primary plus secondary stress range
for each point at which these parameters we calculated.

(b) Results in tabular form and correlated with node points
identified on a sketch of the system.

Response 51

The calcu1ated stress intensity,,accumulated usage factor and
primary and secondary stress range is provided in Table 3.6C-l.





TABLE 3.6C-1

STRESS SUMMARY

SAFETY INJECTION SYSTEM (SC1

Poi t
113
114

1140
115
116
117
118
119
120
121
157
158
159
160
169

1210
122
123
124
125
126
127

1270
1271

128
129
130
131,
132
133
134
135
136
336
236
237
238
239
137
138
139
14O(*)
941

8002 (TP)

Eq 10
Sn/Sm

.437

.202

. 178

.533

.811

.903
1.136

.907

.975

.882

.431

. 353

. 370

.176

.586
1. 198
l. 226

.701
1.376
1.395

.794

.823

.844
1.625
1.498

;568
.560

1.506
1;638
1.559
1.468
1.043

.436

.419

.188

.176

.790

1.352
2.213
2.307
1.450

Eq 9
s/

l.55

.285

.267

.250

. 314

.609

.554

.554

.543

.538

.511

.256

.243

.215

.135

.271

.561

.560

.297

.554

.540

.275

.287

.301

.582

.560

.275
273

.530

.521

.522

.529

.522

.260

.248

. 143

.135

.281

.298

.609

.674

.345

Usage
Factor.

0
.0004

0'03

0

0.

.0024

.0010

Notes:
(1) Node Points correspond to

figures 3.6C-3.8,3.9,3.10

(2) (*) Break location
(3) (TP) Terminal point



TABLE 3.6C-2

STRESS SUMMARY

SAFETY INJECTION SYSTEl~d(SC2

Point Number

8001 (TP)

100

'.1000

101

102

103

'.1030

104 (*)
105

1050

106

108

109

110

1100

112

.113

114

Stress Ratio SA

.424

.335

.389

.519

.355

.417

.633

.402

.099

.101

. 244

'. 278

. 229

.370

.381

.336

.311

.169

Stress Ratio Sh+SA

.266

. 147

.244

.326

.233

.262

. 397

.252

.062

.064

.155

.177

.147
'235

.242

.214

.198

.107

Notes:
~ (I) Node points correspond to Figures 3.6C-3.6,3.9,3.10

s

(2) (*) Break Location

(3) (TP) Terminal Point
\



~uestion 52
/ r

The postulated guillotine breaks may either be based on complete
severence or limited separation. The appli'cant should identify
which type of break was assumed for all postulated guillotine
breaks not included as part of CENPD-168. Xn case limited separ-
ation was assumed, justification should be provided.

lf

Res onse 52

For all high energy system failures not included in the CENPD-168
„report, the pipe rupture and jet analysis conservatively assumed
guillotine breaks with complete separation.

CE — For limited area breaks see proposed amendment to FSAR Section
3.6.2.1.1 (Question 2). All other guillotine break locations
are full area.



uestion 53

The applicant, in describing analytical methods to define forcing functions,
should indicate (a) the assumed loading conditions at the time of the postu-
lated pipe break, and (b) the, rise time for the initial pulse. If the rise
time was greater than one millisecond, justification should be provided.

~Res oese

(a) For high stress points determining the pipe stress analysis considers
plant normal and plant upset conditions. The pipe rupture and get
impingement analysis'assumes a normal operating condition of 100%
power prior to the pipe break.

(b) The pipe rupture analysis assumed a break opening time equal to or
less than one millisecond.



uestion 54

Mhat is the status of St. Lucie,Unit 2 with respect to the SG feedwater
ring event recently experienced at SONGS2

~Res Dnse

CE agreed to set up a meeting to discuss this issue with the NRC.





uestion 55

Justify the use of ASNE Code Level C service limits for the small feed-
water line break transient by showing that the .probability of a small
feedwater line break is less than or equal to that, for an ATWS event
(reference: NRC letter James P. Knight to Paul S. Check, dated July 29,
1981)alger~

~Res ense

The response to Question 440e81 (f), which is attached, shows that for
St. Lucky Unit 2 the probability of a small feedwater line break is less
than 10 per plant year (sufficiently low to )ustify use of Level C

service limits).

Note: In the i,night to Check memo, the review of the event probability of
occurence is indicated as required to be reviewed by the NRC
probabilistic review group (not MES). The outcome of that
review can affect item 833. s

es'





SL-2 Round One uestions

440.81 (f)
(15.2.5)

The limiting feedwater line break w~s not a double-ended guil-
lotine break (OEGB), but a 0.25 ft. small break.

The NRC will accept exceeding 110".„ design pressure for very low
probability events, such as a double-ended guillotine break.
However, for all break sizes less than a DEGB, which result in
the system pressure exceeding 110K the applicant must demonstrate
that the probability for these events, is sufficiently low to
satisfy the Level C Service categorization, as defined in Section
3 of the ASME Pressure Vessel Code.

He require the applicant to review all applicable data for
justifying his position.. We also require, as assessment of the
conser vatism inherent in the analyzed events.

.~Res onse:

The feedwater line break analyzed in FSAR Section 15.2.5.2
is postulated to

occur in the specific length of piping between either steam gen-
erator nozzle and the first upstream check valve. Using the
methods and data contained in HASH-1400 we can estimate the
recurrence frequency of such a break.

WASH 1400, Appendix III Section 6.4.2 provides an assessment of
nuclear experience with large pipe (> 4") integrity. In 150
reactor years of experience, no major failures were observed
in large primary or secondary. piping with the one exception
of one crack in the secondary loop (certainly'less than .25 ft. ).
Based on this information WASH 1400 concludes that the pipe
rupture rate for the combined primary and secondary system is '

Too
=. 7 x 10-3/plant year. (WASH-1400 also indicates that

this value represents a 955 confidence estimate for ruptures-
vs. cracks). Since approximately lOX of this piping is "LOCA
sensitive", WASH-1400 interpretes this data to show that the
recurrence frequency for LOCAs due to failures of large pipes
is 7 x 10-4/plant year. Please note that this data is not limited
to Double Ended Guillotine Breaks and in fact includes a crack
which is much less than .25 ft.2.
The total length of Main Feedwater System piping which is
"sensitive" with respect to the event analyzed in Section
15.2.5.2 is 30 feet. This compares to approximately 288 feet of
LOCA sensitive large piping. From this information, using the
same approach as MASH-1400, we can estimate the recurrence
frequency for the. initiating event analyzed in Section 15.2.5.2
as 30 x 7 x 10-4 per plant year, or'.3 x 10-5 er lant ear.

288
Thus it is shown that the initiating event which is analyzed in
Section 15.2.5.2 is in fact a very low probability event that is .





highly unlikely to occur in,a plant s lifetime.

Additionally, the high primary system pressures reported in Section
15.2.5.2 arr due to the conservatively assumed
coincident occurrence of a loss of normal a/c power. MASH 1400
estimates the conditional probability of this at 1 x 10-3(Ref.
Appendix III, Section 6.3). From this we can easily conclude
that the joint recurrence frequency for the initiating event with

f / p i 1 h 107~
Therefore, the event analyzed in Section 15.2.5.2 is indeed
sufficiently low to satisfy the Level C Service categorization,
as defined in Section 3 of the ASME Pressure Vessel Code.

An additional conservatism of the FSAR analysis, that should be
pointed out, is that no credit is taken for PORY operation which
would tend to minimize the peak primary system pressure.

Discussion of the'conservatisms inherent in the analysis of
feedwater line breaks will be provided by 9/30/Sl, including

~i) modeling of steam generator heat transfer,

ii) >prediction of fluid conditions at the break location,

iii) correlation for prediction of break discharge rate,

iv) treatment= of steam generator low water level trip,

v) selection of plant initial conditions, and

vi) selection of the "worst" break size.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

l'lASHlkGTON,D. C. 20555

JUL 3 8 1981

MEMORANDUM FOR: Paul.S. Check, Assistant Director for
Plant Systems, DSI

FROM'UBJECT:

James P. Knight, Assistant Director for
Components 8 Structures Engineering, DE

USE OF LEVEL C PRESSURE LIMIT FOR
NON-ATWS TRANSIENTS AND EVENTS

The use of Paragraph NB-3224 (Level C Service Limits) of Section III of the ASME

Code permits an allowable primary membrane stress. due to pressure and other
mechanical loadings which is 1.2 times the allowable stress used for design
loadings for austenitic materials and the greater of 1.1 times the design
allowable or 0.9 Sy for ferritic materials. For PWR geometries this essentially
corresponds to an increase of. 1.2 x design pressure for austenitic materials,
and 1.1 x design pressure or 0.9 Sy for ferritic materials.

Level C limits permitting increased pressure was introduced in the Code by the
ASME Boiler and-Pressure Vessel Comittee at the request of the NRC to deal with
an ATWS event. While other events were not specifically discussed by the

~

~

~

~
~

Committee, we believe that it would not object to Level C limits being used for
other events of about the same probability of occurrence..as ATWS. We consider
this to be acceptable and would permit the use of the Level C limits stated
in Paragraph NB-3224 for an non-ATWS event having about the same or a lower
probability of occurrence. If the probability of occurrence for the event is
higher than ATWS, then the Level B limits of Paragraph NB-3223 should be used.

The Mechanical Engineering Branch is not able to evaluate whether the stated
probability of occurrence of small breaks in the main feed piping as provided
by Combustion Engineering is valid.. It would appear that the length of line
subject to the break event may be plant specific for Palo Verde, St. Lucie-2
and Waterford.

cc: See next page.

James P. ight, Assistant Director for
Components 5 Structures Engirg'ering

Division of Engineering
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APPENDIX l.9A

1 9A TMX RELATED RE UIRH4ENTS

The following item numbers correspond to those listed in NUREG-0737
"Clarification. of THX Action Plan Requirements" (October, 1980)(

. 'I A.l.l SHIFT TECHNICAL ADVISOR

Florida Power 6 Light Co (FP&L) programs in response to this requirement
have been developed for St. Lucie Unit. 1 (Docket No. 50-335) and wi11
also be applicable to St. Iucie Unit 2.

e

Chapter 13 has been revised to'ddress this requirement. Responsibility
authority, phase out plans, and reporting relationshps are in Section
13.1.2.2. Qualifications are in Section 13.1.3.1. Training is in
Section 13.1.3.1 and 13.2.1.1.2 The details of the training program
Mere submitted for Unit 1 to the NRC as required by NUREG-0737 for
operating reactors.

Z. .1.2 SHIFT SUPERVISION ADHINISTRATIVZDUTIES

FP&L programs in xesponse to this requirement have been developed for
St. Lucie Unit 1 (Docket No. 50-335) and will also be applicable to
Ste Lucie Unit 2.

The plant procedure describing these duties is addressed in revised
Section 13.5.1.3.

X.A.1.3 ~ SHIFT HANNXNG

Procedures reflecting the requirements of NUREG-Od737, limiting(13)
overtime, hours of work and minimum shift complement have been gener-
ated for f)l Lucfe Unft l end vill epply to Sr.t Lucio Unit 2 when

~ necessary.

Section 13.5.1.3 has been revised to address the procedure defining
overtime policy. Section 13.1.2.3 has been revised to indicate shift
manning.

X.$' 2.1 IHHEDIATE UPGRADING OF OPERATOR AND SENIOR OPERATOR
TRAINING AND UALIFICATIONS

Section 13.1.3.1 has been revised to address senior reactor operator
qualifications as specified by NUREG-0737.(13) Section 13.2.1.1.1 has
been revised to address changes to the overall training program. License
candidate certification is addressed in the xevised section 13.2.1.1.1C).





I.A.2;3. ADMINISTRATION OF TRAINING PROGRAMS

Revised section 13.2.1 addresses- the qualifications of, the plant
training staff personnel.

I.A.3.1 REVISE SCOPE AND CRITERIA FOR LICENSING EXAM

H?6L initial and requalification training program revisions to address
the increased scope of the license exams have been developed for
St. Lucie 1 (Docket No. 50-535) and'will also be applicable to St.
Lucie Unit 2. Revisied Section 13.2.1.1.1 addresses the content of the
training program.

I.B.1.2 EVALUATION OF ORGANIZATION AND MANAGEMENT

I

The FP&L organization is described in Secti'on 13.1.1. The principal
function of the Independent Safety Engineering Group as indicated by
HUREG-0737 is operating experience assessment. This function is
addressed in I.C.5 below.





~ I.C.I SHORT TERII ACCIDENT ANALYSIS. AND PROCEDURE REYISION

F)orida Power & Light Co. (FP&L) has. participated in C-E Owners Group

activities conducted since the Three Hile Island accident io.develop im-

proved emergency procedure guidelines and associated supporting analyses..

The C-E Owners Group has completed riumerous documents which have been sub-

mitted to the NRC for revi'ew. A sumnary of results obtained to date and current

activities is approved below.

The initial C-E Owners Group analysis of Inadequate Core Cooling (ICC) is

documented in report CEN-117, "Inadequate Core Cooling - A Response to NRC

IE Bulletin 79-06C, Item 6 for Combustion Engineering Nuclear Steam Supply

Systems". 'his report was submitted to the NRC staff for review on October 31,

',.979, by the C-E Owners Group.

"Operational Guidance for Inadequate Core Cooling" was prepared by the C-E

based on the anal ses in re ort CEN-117. This operationalOwners Group p

guidance was distributed to all members of the C-E Owners Group for their

use in revl'ew and possible revision of plant emergency procedures in December,

$ 979." A copy of this operational guidance was submitted to the NRC staff for

review by the C-E 0'wners'r6up on December 10, 1980. Updated versions of this

instrumentation response characteristics under ICZ conditions. This study was

described to the NRC staff at a meeting in Bethesda, HD,*on Hay 28, 1980.

This study was completed on December, 1980, and its results have been distributed

guidance are being used in the preparation of St. Lucie Unit 2 emergency procedures.

Since early 3.980, the C-E Owners Group has sponsored an extensive study of

0
to members of the C-E Owners Group for their use. FP&L is currently evaluating



~ the results or this study for use in possible revisions to plant eniergency

'rocedures. Such revisions would be based upon determination of the use-

.fullness of specific instrumentation for detection of ICC. This evaluation

and subsequent revision of plant emergency procedures as required is expected

to be completed prior to the start up of St. t.ucie
2.'he

initial.C-E Owners Group analyses of transients and accidents (non-LOCA)

is documented in report CEN-128, " Response of Combustion Engineering Nuclear

Steam Supply System to Transients and Accidents". This report was submitted

to the NRC staff for review on April 1, 3980. The results in this report

s how how a typical C-E-designed plant would most likely respond to various

event initiators and shows what systems are actuated following each event.
v

The report includes results of plant simulation analyses with digital computer

~ codes to determine transient behavior of pertinent. plant process. parameters,

components, and systems and results of sequence of events analyses performed

to identify component and system functions and alternate means to accomplish

speci fied safety functions.

The analyses contained in report CEN-128 consider single active failure for

each system called upon to function for a particular event. Passive failures

and multiple system failures are not considered. The sequence of events

analyses (SEA) show the various paths through an event without probabilistic

considerations. Each SEA demonstrates how specified safety functions are sat-

isfied. Sequence of events diagrams (SED) are 'used to show how these functions

are accomplished and include single active failures in each responding system

and operator failure to perform manual actions. Consequential failures are

considered in the SED for the steam line break.

yP't-„,,
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t I . C-E 0 ers Group has conducted a program to developSince early 1980, tie - wn

analyses of transients and accidents involving pmulti le failures. These

analyses were outline o ed t th NRC staff in a meeting held in Bethesda, HD,

on January 31,..1980 These analyses are currently scheduleduled to be completed

in the. first quarter of 1981 The results of these analyses will provide

one basi s for possi bl e revisionbl o of emergency procedure guidel ines.

The initial C-E Owners Group development of emergency p grocedure gui del ines

was complete in e ird th f't quarter of. 1980. These emergency procedure

guidelines are documented in repot t CEN-l28. pThis re ort was submitted to

the NRC staff for review on April 1,'980.

The emergency procedure guidelines containe 'i ed in re ort CEN-128 were prepared

s ast safety, andbased on ex ensivet reviews of existing emergency procedure, p

1 th lant simulation and sequence of events analyses indesign ana yses, e p

CEN-l28, and interviews with operations personne pel at lants <Iith operating C-E

reactors. These emergency procedure guidelines were p p
~ ~ re ared to be used as a

basis for reviewing, and revising if necessary, exist g pstin lant emergency pro-

the NRC reviews SONGS 2+3.. FPSLcedures. These guidelines. were updated based on e

d on these guidelines.is preparing the St..Lucie 2 emergency procedures based on

The NRC staff, in a letter dated July X7, 2980, qsent uestions to the C-E

uidelines documented in reportOwners Group concerning the emergency procedure g

in Bethesda, l'ID, on September 11, 1980,CEN-128. A meeting was held with the NRC staff in e e

to discuss these questions and answers to them.

A preliminary response
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to these questions was Submitted by the C-E Owners Group to the NRC staff in
\

a letter dated December 10, 1980. The remaining responses were submitted

to the HRC staff by the C-E Owners Group in January, 1981.

4

Since early 1980, the C-E Owners Group has conducted an extensive evaluation

of"specific technical characteristics of emergency procedure guidelines.

These include (1) the diagnostic guidance to be. provided in emergency procedure

guidelines, (2) the need for a separate guideline for inadequate core cooling,

and (3) the format for presentation of emergency guidance. This evaluation

is currently scheduled to be completed in the first quarter of 1981. The results

of this evaluation will serve as one basis for possible revision of emergency

, procedure guidelines contained in report CEH-128.

The C-E (4ners Group agreed on December 3, 1980, to conduct a series of work-

shops concerning emergency procedure guidelines in early 1981. These workshops
4

were intended to provide a formal process by which the emergency procedure

guidelines documented in report CEH-228 will be revised to account for multiple ~

failure considerations. Input to these workshops was provided by the analysis

and emergency procedure guidelines studies which have been conducted by the C-E

Owners Group since'early 1980. The workshops were attended by staff personnel

from C-E and from utilities which own C-E reactors. These workshops also pro-

vided the opportunity to explore multiple-failure scenarios beyond, those

which have been currently identified in the C-E Owners Group analyses of tran-
P

sients and accidents. LOCA was alos be considered in these workshops.

I

The C-E Owners Group met with the HRC staff on January 30, 1981~ in order to

discuss the process being used for revision of emergency procedure guidelines.

i'/,
J
/

. ~
'
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The revised emergency procedure guidelines were submitted for review to the

NRC staff by the C-E Owners Group on June 30; 1981 in CEN-152 and 156.
k

Following completion, of the NRC review of the revised emergency procedure

guidelines FPKL will evaluate tkeneed for revision of its plant emergency
1

procedures. The schedule in NUREG-0737 indicates that six months will be

required for NRC staff review and approval and that another six months or more

are to -be allowed for revision and implementation of emergency procedures.

Therefore, the St. Lucie Units 2 emergency procedures will be revised if nec-.

essary after December 1, 1981, and the revisions implemented at the first re-

fueling outage after June 1, 1982.



X.C 2 SHIFT RELIEF AND TURNOVER PROCEDURES

The FP&L program in response to'his requirement has been developed fox
St. Lucie 1 (Docket No. 50-335) and will also be applicable. to St..
Lucie Unit 2. Revised Section 13.5.1.3 addresses this requirement.

X.C.3 SHIFT SUPERVISOR RESPONSIBILITIES

The FP&L program in response to this requirement has been developed
for St. Lucie 1 (Docket No. 50-335) and will also be applicable to St.
Lucie Unit 2. Revised Section 13.5.1.3 addresses this requirement.

X.C.4 CONTROL ROOM ACCESS

The FP&L program in response to this requirement has been developed for
St. Lucie 1 (Docket No. 50-335) and will also be applicable to St.
Lucie Unit 2. Revised Section 13.5.1.3 addresses this requirement.
Access limitations are 'also addressed in the site security plan,
Section 13.6.

X+C.5 PROCEDURES FOR FEEDBACK OF OPERATING
EKPERIENCE TO PLANT STAFF

Procedures have been genexated to reflect the requirements of NUREG-0 737(
Sections 13.1'.1.3 and 13.1.2.2k) have been revised to indicate the organi-
zational responsibilities for this program.

0
I.C.6 VERIFY CORRECT PERFORMANCE'OF OPERATING ACTIVITIES

Performance and„procedures currently in effect at St. Lucie Unit 1
reflect the requirements of NUREG-0737(13). This requirement will
also be met at St. Lucie Unit 2. Section 13.5.1.3 has beed revised to
address this requirement.





I.C.7 NSSS VENDOR REVIEW OF PROCEDURES~ ~

~

The low-power and power ascension test and emergency procedures for St. Lucie 2

are in the process of preparation and review. The HSSS Vendor, Combustion
I ~ ~

Engineering (C-E), Inc., is assisting in the preparation of the low-power,physics

and power 'ascenion test procedures for'se bp FP&L during the startup of St. Luc>e

2. The C-E Site Rep. is a member of the Test Horking Group and participates

in the review and approval of the low-power physics and power-ascension test

procedures. In addition, C-E wi.ll be reviewing the specific emergency procedures

listed in table I.C.7-1. Documentation will be available prior to the start of low-

power testing which will verify that the NSSS. vendor reviewed and approved procedures

involved with the following:

Precritical tests (FSAR table 3.4.2-2)
Low-Power physics tests (FSAR table 14.2-2)'
Power Ascension tests (FSAR table 14.2-2)
Emergency Procedures (table I.C.7-1)

Amplifying information for the Units 2&3 startup test program can be found in

FSAR section 14.2, which also lists the tests'involved and the test organization.

l '«

P'.«e»

I.C. 7-1



Table 'I.C.7-1

EMERGENCY PROCEDURES

Shutdown Resulting from Reactor trip or Turbine trip

Anticipated Transients without Scram

Blackout Operation

Control Room Inaccessibility

RCS Cooldown During Blackout

PLCEA Off-Normal Operation and Realignment

Excessive Reactor Coolant System Leakage

Excessive Reactor Coolant System Activity

~ . Reactor Coolant pump'-Off-Normal Operation

Pressurizer Pressure and Level-Off-Normal Operation

Pressurizer Relief and Safety Yalve-Off-Normal Operation

Loss of Reactor Coolant Flo~v

Steam Generator Tube Leak Failure

Loss of Reactor Coolant

Inadequate Core Cooling

Charging,and Letdown - Off-Normal Operation

Emergency Boration

'

Boron Concentration Control-Off-Normal

Component Cooling t4ater-Off-Normal Operation

C.C.W-Excessive Activity
HPSI-Off-Normal Operation

SDC/LPSI-Off-Normal Operation

Uncontrolled Release of Radioactive Liquids

( (~)
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Waste Gas System-Off-Normal Operation

Uncontrolled Release of Radioactive Gas

Condensor Tube Leak

Loss of Feedwater or Steam Generator Level

Main Steam Line Break

Loss of Instrument Air

Wide Range Nuclear Instrumentation Channel Halfunctions

Linear Power Range Channel Malfunctions

Loss of Containment Integrity-Off-Normal Operations

Accidents Involving new or Spent Fuel

: po ~ Jl'.
,+

)'g ~
'h

( «)



X.C.G PILOT NONITORING OF SELECTED EHERGEHCY PROCEDURES FOR NTOL
APPLIGQ/TS

lhny deficiencies identified by an HRC audit vill be corrected.

X.B.l CONTROl ROON DESIGH
1

h control room design review vill be performed that will satisfy the require"
ments of BUREG-0737~ , item I.D ~ I ~ This review Mill coaxnence in 1981, and
vill i>ae the draft RVRRG/GR 1580. f11'I jdry'URB5 0 700'
A schedule has been established that vill complete the review by April, 1982.
All discrepancies found vill be evaluated for their safety implication,
prioritired and scheduled for implementation. Those discrepancies found to be
a significant Human Factors problem vill be corrected prior to November,
1982. Other discrepancies found not to be significant vill be considered for
long term implementation and vill be corrected on a schedule approved by the NRC.
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I.G. 1 TRAINING DURING LOW — POWER TESTING

This training will be in accordance with Robert L. Tedesio, Assistant
Director for Licensing to Dr. Robert E. Uhrig letter dated June 12, 1981.
Subject, THI-2 Action Plan Item I.G.1. Since testing was accomplished
at a comparable prototype plant, SONGS-2, only the training required
by this letter need .be accomplished and 'is addressed in revised Section
13.2.1.2.



REACTOR COOLANT SYSTEM VENTS
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SL2 FSAR

II.3.2'LANT SHIELDIHG .

A design review w~ con uc ed cted to evaluate the radiological environment of
e p an.h l t following an accident in which aigni,ficant core damage has oc-

curred. The evaluation F~fc4r ~g~ *
ac ~<~ Gp<~~~~5, A Ace~'phoae are( ~ul6'g~s dH~
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IX.B.4 TRAXNXNG FOR HITIGATXNG CORE DAMAGE

The programs in whig?j initigating core do@age training is contained are
addressed 1n revisedgectinns 13.2.1.1.1 a) and 13.2.1.1.2.

IX.D.1. RELIEF AND SAFETY VALVE TEST REQUIREMENTS

The Electric Power Research Institute (EPRI) bdts dcudepcZ a generic program
to verify the operationa1 characteristics of PMR safety and relief valves
including the effects of downstream piping on valve operation and to provide
assurance that these systems can perform as required to prevent overpressuri-
ragion of the primary coolant boundary. The testing of PORV isolation valves.
m under coooideTation. A preliminary program plan was presented to the NRC
staff in a meeting held on December 17, 1979. The program includes teats on
full scale P4R relief and safety. valves. Experience from foreign 'relief valve
test programs ~5; utilized to expedite the program. The experimental
data together with foreign relief valve tests results will be used to validate
a computational methodology for assessing the hydraulic/structural performance'f PMR safety/relief valve systems on a plant-unique basis.

~
'he overpreasure protection system of St. Lucie Unit 2 includes three ASHE

Code safety valves located on the pressurizer. The valves are designed to
protect the Reactor Coolant System as required by Section IXI of the ASHE
Code. A description of these valves is provided in Subsection 5.4..13 and
Table 5 4-8 Sd.+ VchcS r/v(se2 kX'vc g ~4 ~c«v~'~ ave-

6>'~'IA

EP>R3 Pv23~ n Also, the preliminary teat matrix
(as outlined in the December 17,1979 program plan) bounds the fluid conditions
and transient oimulationo under which the St. Lucie Unit 2 safety valves are
expected to operate.

'

The overpressure protection system also includeo two power operated relief
valves which serve to ameliorate transients at normal operating temperatures
and also provide low temperature overpressure protection at reduced tempera-««s ~ Rekg <re~ ..yepvCJ(ndcZi'vc cg gQ pjp~d. ~pi<~ ~v~ Z~'~~ ~4&( 1'P4~ E7'~2

Pvp~~, These valves have been specified and are being designed, developed,
and tested to assure operability and capacity for the applicable liquid and
steam'onditions. 'hese valves are in compliance with Section III, Class I of
the ASME Code and vill be qualified for post accident conditions

s

The design and testing of these valves are summarized in Table 5.4-9, and
Amendment 1 to Subsection 5.4.13.

XXeD 3 RELIEF AND SAFETY VALVE,POSITION INDICATION

~s4'c gpu y si,'&r u,'u 6c,u>M g~ Hl c iM'ajr~ q pr~rurig~~
yes'+ sssud, ptuc ppsr~ rryu$ y~~ paid~, Se~ i~/ mM~

a
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0
XI.E.1-1 AUXIfXARY PEEDMATER SYSTEM RELIABILITYEVALUATION

n) Event tree and fault tree logic techniques~@ fresn conducted as part of
a reliability analysis to determine dominant failure mod~a and assess
Auxiliary Feedvater System reliability levels. 77 c. ~c5ul6 ~g f4'5 ~'a,hi+
w>ntuafi~ fi pv~ig~ i~ App ~d rp. Io. 0 '7(3.

b) ~ A standard deterministic type of safety review ~ gun performed using
as principal guidance the acceptance criteria specified in Standard
Review Plan 10.4.9 "Auxiliary Peedvater System" {Rl) and Branch Techni-
cal Position ASB 10-1, "Design Guidelines for Auxiliary Feedwater System
Pump Drive and Power Supply Diversity for PHR Plants" {RO). ih< zcsAfs

P Ws ~~ d ~dW c Q~d r !04.gal

c) " The guidelines of Enclosure 2 of NRC letter to pending OL applicants.
dated March 10, 1980t12) hasWci addressed to describe the design
basis accident and transients and the corresponding acceptance cri,teria
for Auxiliary Peedvater System. (n Rppzv A'w N'/<A

II.E li2 AUXILIARYPEEDLATER XHXTIATIOHAHD XHDICATION
4

A safety grade automatic-initiation Auxiliary Peedwater System hog bee~ imple-
mented for St- Lucia Unit 2 and r's described in 5+sg~fi'~„5 (gi
7.$ . I (.8
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II E+3ol ~ EHERGEN"Y POFER SUPPLY FOR PRESSURIZER HEATERS

a) h sufficient number of pressurizer. heaters and associated controls
necessary to maintain natural circulation at hot standby condition are
prorovided with power supply from either the offsite power source or the
emergency power source (vhen offsite power not available). Each
redundant group of heaters has access to .only one Class lE division of
power
supply'o

b) Any changeover of the heaters from normal offsite pover to emergency
onsite power is accomplished manually in the control room. (See
Subsection 8.3 '.1 1)

c)

Procedures and training villbe established to make the operator aware
of when and hov the required pressurizer heaters are connected to the
emergency buses.'' The procedures will identify a) vhich engineered
safety features loads may be appropriately shed for a given situation,
b) manual.operation of the heaters and c) instrumentation and criteria
to prevent overloading a diesel generator.

The time required to accompli'sh the connection of the necessary number
of pressurizer heaters to emergency buses is consistent vith the timely
initiation and maintenance of natural circulation.

Q
Pressurizer heater motive and consol power interfaces with emergency
buses axe through devices which ad~ualified to safety grade
requirements. Safety grade circuit breakers are provided to protect
this Class lE interface's per the St Lucie Unit 2 commitment to Regula-
tory Guide 1 75 ~ "Physical Independence of'Electric System" 1/75(Rl) in
Section 8.3i

0

)
3

)0
l3
) 0

to

f) Being non-class 1E loads, the pressurizer heaters are automatically shed
from the emergency power sdurce upon occurrence of a S/AS ~

IX,E,CI,l DEDICATED HYDROGEN PENETRATZONS

As discussed in Subsection 6 ~ 2;5, redundant internal hydrogen recombiners. are
provided. Therefore this requirement is not applicable to St Lucie Unit 2. 0

XX.E 4 2 CONTAINHKNT ISOLATION DEPENDABILITY

The following items address corresponding NRC positions contained in
NUHEG&73I-

1) As discussed in Subsection 7 ~ 3 ~ 1 1 the containment isolation actua-
tion signal (CXAS) is initiated upon high pressure or high radiation
inside the containment Therefore, the CIAS gomplies with the
recommendation in Standard Review Plan 6.2 ~ 4 "Containment Isolation
System" (Rl) with respect to diversity in the parameters sensed for
initiation of containment isolation.

~ Amendment No, 3, (6/81)



SL2 PSAR

2} Uofag the dcfinftfon. in Appendix A to the Branch Technical Position
APCSB 3-1 (Ji.l/24/75) (nttnch d to the Standard Revfe>r Plan 3 ~ 6.1),
essential system aad.components az'e defined no those systems nad
components required to shutdown the reactor nnd mitigate the conse-
quences of an accident. Table 6 2-52 Identifies the esoentfnl
peaetrntioao no ESF peaetrntfoao Ao indicated in Subsection 6.2.4,
nll coatafament peretratfono associated with nonessential systems
are either ndaiaistratively locked closed or automatically ioolnted
upon n CEAS Pea trntiono for systems lik post accident monitoriag
fastrumeatatfon nad RCS oamplfag however are provided with annual

~ override of the CIAS to enable the opezator to open the contniamcnt
ioolation vnlvco nad activate the systems as

aecessaryi'he

St Lucfe Unit 2 coataiaanat foolatfon system complfeo with
General Design Criteria (GDC) 55,'6 nnd 57' CIAS io uoed to
isolate noaeosential systems GDC 57 permits the uoe of one con-
tainment isolation valve located outside containment which io
capable of autoaatic or remote manual operation and does not require
closure on n CIAS. The peaetrationo that falL into this category
aze naia steam aad feedwater which are automatfcnlly isolated upon
receipt of n HSIS However, with thc diversity of high containment
pressure or Iow steam generator prcssure, n HSIS io generated and
ioolates thc mafa steam 5 solntion valves and Hain Peedwater isola-
tion valves. The component cooling water linea to aad from thc
z'eactor coolant pump fall under the requirements of GDC 56 An SEAS
isolates these pcaetratfoao aad is initiated by diverse parameters,
low pressuriv r pzeosure or high coatainneat pressure.

4) The present design of control systems for automatic containment
fsolntion valves "are such that reoettiag the isolation signal does
not result in the automatic reopening of containment isolatioa
valves. Ceztain valves (eg, poot accident oaapl'ing, containment
radiation aonitoriagp instruaeat nir) which are required to open
during, an a'ccident are provided with the capability of annually
overridfag the automatic isolation ofgnal Reopening of these
containment ioolatfon valves requires deliberate operator action,
nnd can be-,accomplished only on n valve-by-valve basis. The con-
tafnaent isolation design does not utilise "ganged" control switches
for contnfament isolation valvoo.

5) The CIAS ~ HSIS aad SIAS containment presoure oetpoiat io selected to
account for the normal operating presoure fnside coataiamcnt,
equipment 'uncertainty, octpoint drift and nsoocinted iaotrumeatatfon
time delay. "The pressure setpoint selected io fnr enough above the
maximum expected preosuz'e inside containment during normal 'operation
oo.that inadvertent containment isolation does aot occur duriag
normal operation Eroa instrument drift or fluctuations due to thc

, inaccuracy of'the pressure sensor

(~J
Amendment No. 1, (4/8l)
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6) The containment purge valves villcomply with the operability
criteria provided in Branch Technical Position CSB 6-4 (Rl)'nd th
staff interim position of October 23 ~ 1979. The 48" purge valves
arc administratively closed during normal plant operntioa nnd only
o ned Mhen the rea'ctor ia in cold ohutdovn or rcfueliag mode.~ Thepe
8" continuous containment purge valves trill b= nble to close under
the DBA pressure nnd floe'condition loading (time dependent) within
the required valve closure tirm linit
The 48" purge valves are ve'rified to be closed at least every 31

days')

The continuous contniameat purge valves close on n CIA vhich, no
stated in Xtem 1, is initiated upon.a.high radiation or high pres-
oure inside containment

IX.P 1 ADDITIONALACCXDEHT HOHITORIHG XHSTRUHEMTATXOH

Xn order to minimize the potential for operator error, display panel controlo
added to the control room no n result of this action item Millundergo n human
factor analysis.

II

The containment pressure measuremeat nad iadicati'on capability will be
upgraded to four times the design pressure of steel containment- A
continuous indication af contninmeat pressure vill be provided in the
control room, in ndditioa to recordiagQrcfcc du 5'A~~h~ v I >I)

A continuous indication and recording, of
ku~ trill be provided ia the control room- /krraw n~ ~'W ~gC-
Q~r h.d n c~fm ~'0 bc. p~'A+C +v ~ c ~ Pg 'VD 6~ 8.c

a(c rcael~ ~~f su~ gq ~ Ml~~de& A Co0, coc gaO~ ~ Q
$4Lfcv * 4$ cpignl 7ib. g. 3 )

0 *

j o.

c) Redundant physically oepnrate safety related hydrogen analyzers are
~ presently provided vith n measurement range of 0 to 10 percent hydrogen

concentration- The analyzers are manually operated from the control
room and readings nrc continuously displayed in a panel meter and
recorded on na analog strip chnrt ia the control room-, As indicated in
Sections 3.10 nnd 3.11 the analyzer system are oeiomic Category I, meets
the seipmic qualification of IEEE 344-l975, and environmental qualifi-
cation of ICE 323-1974. The poser is supplied from Class 1E emergency
buo Mith automatic loading onto the diesel generators. Provisions are
ande for periodic testing. Subsection 6.2.5.2.1 provides a detailed
description of the hydrogen analyzers

Amendment No. 1, (4/81)
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'Ahe IC requircaent o. «aouring containx-nt radiation lcvcla up to
TOO Rfhr (total rEadiation 4will be nxet by providing containsent
post-accident monitorc eitb a maxima range of DLLnimum of
tuo ouch nonitora vill be provided; physically aeparatcd; and dcaigncd
and qualified 'to function in an accident environment (ie, Claao TE

rcquirencnta).. lContinuoua indication and recording viLl be provided in
the control'ock/~< ~c~~ ig, 9.4.Q

keble gas effluent aonitorn are prcaently p'rovided in the folloving
potential gaseous rclcaoe pointa (aaxinua monitor liait)-
1) Cascous Mcete diocharge line (10 pCi/cc)

2) Condcnncr,air cjcctor diachargc (TO pCi/cc)

3) plant vent (JO IECi/cc)

0

4) Pucl Ba'ndling Building atact: (10 "jCi/cc)

5) GCCS area cxhauat {10 ~pCi/cc)

Hovcver, after an accident involving radiation release, the only rclcaoc
~ paths utiliaod arc the plant vent, L'CCS area exhaust ducto and ataoa-

phcric d~ valves and Bain atcaxn safety valves

The system description for the high range noble gas effluent monitors
are provided in Subsection 11.5.2. The high range noble gas effluent
monitors are either multistage gaseous monitors (subsection 11.5.2.1.3 ~

or externally, mounted GH tubes (Subsection 11.5.2.1.3.e).
1U'apabilityfor continuous aanpling of plant gaacoua offluant for poot

nccidont release of radioiodine and particulateo still be provided trith
onoitc laboratory capabilitieo to aaalyre or aeaourc these aanpleag~<
gVQeCHE»E Nr g"o R ~ EE,'

A detailed description of those eyoteaa under itcna a, b, d, e and f m;ll be
provided in e later amendment.

t
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EI.G. l EHERGEBCY POMER POR PRESSURIZER EQUIMEHT

c)

d)

Vwtive and control components of the poser operated relief valves
(PORVa) vill be supplied from either the offaite pover source or the
emergency power source (when offoite pover i'o not availa eble) .

Hotive and control components for the PORV block valves m,ll be supplied
from either the offsite povnr source or the emergency power source (when
o ffsite pover io not available) .

Th changeover of the PORV and block valve motive and control poMer frome c ange
dthe normal offoite to emergency onsite pover ia to be accomplxshe

manually in the control room.

Hotive and control pover connections to the emergency buses for the
POPVs and associated "block valves Mill be through devices qualified in
accordance vith safety grade requirements.

Tne pressurirer level indication instrument channels m.ll be povered
from vital instrument buses, supplied from either offsite pover or the
emergency poser source (Mhen offoite pover is not available).

The PORV's are powered from 125VDC safety busses 2A and.2B and are available
continously. The PORV block valves are powered from safety related
480VAC motor control centers which are powered through the onsite
distribution sy tern. Upon loss of offsite power the diesel generator
is started and powers the onsite system. (refer to section 8-3)
Therefore, the PORV block valves receive reliable power in the
event,,they are required to operate during a loss of offsite power.

The description gf the operation of the PORV and PORV Block Valves
is found in FSAR~%ection 5.2.6.
The two safety related pressurizer level instrumentation channels
are powered from the safety related 120V AC motor control centers
which are powered through the onsite distribution system. Upon
loss of offsite power the diesel generators are started and powers
the onsite system (refer to Section 8.3). The control wiring
diagrams (B 327 Sheets 90,370,395,649 and 658) are submitted to the
NRC (refer to Section 1.7) .

2.3



XE BQLLETINS OH NEASURES TO MITIGATE SHALL BREWS, LOCAS AND LOSS

OF FEEWATER ACCIDENTS
i .- ~

Per the requirements of HUREG-0737, only t~ concerns under this item (II.K.1)
are app ica e1 cable to St Lucie Unit 2. These concerns, as addressed below, are

andItems 7 and 9 from XE Bulletin 79-06B, "Review of Operational Errors an

Systems Hisalignment> Identified During Ihc Three Nile Xsland Incident" (April
14~ 1979).

Xtem XZ.K.1.5 "REUXEt4 ESF VALVES

All safety-related, valve p'ositions, positioning, requirements, and
positive controls were reviewed, and documented in Table 1.9A-l, to
assure that valves remain positioned (open or closed) in a manner to
ensure the proper operation of. engineered safety features.

The provision of complete display of instrumentation is an integral
part of the design'of systems required for safe shutdown and accident
mitigation. A ma)or component of the display information provided in
the control room is position indication for valves and HVAC dampers.
Table 1.9A-l lists all active valves and dampcrs that may be required
to operate to achieve safe shutdown or mitigate the consequences of an
accident. For most valves and dampers position indicating lights are
provided on control 'panels in the control room. For all other valves
and dampers whose failure might have adverse consequences, sufficient
information is ava'ilable for position determination in the control
room (refer to Table 1.9A-1).

The related. procedures for maintenance, testing, plant and system start-
up sad supervisory„periodic surveillance require that these valves are
xeturned to their correct positions following necessary manipulation
and are maintained'in their'roper position during all operational
modes. These procedures have been developed in response to this
1'RREG-0737 requirement. for St. Lucie Unit 1 (Docket No.

50-335)'nd

will also be applicable to St. Lucie Unit 2. Revised section
13.5.1.3 addresses these procedures. Training in the use of these
procedures is addressed in the programs described in revised Sections
13.2.1.1.1 and 13.2.1.1.2.

Xtem XI.K.1.10 - 0 erabilit Status

PPRL programs in response to this requirement have been developed
fox St. Lucie Unit 1 (Docket No. 50-335) and will also be applicab'le
to St.'Lucie Unit 2. As indicated in NUREG 0660 (not clarified by
NUREG 0737) for units applying for operating licenses, this item is
addressed in I.D. 2 and I.C.6 above.
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IL8 2.N:2.33 THERMAL MECHANICAL REPORT-EFFECT OF HIGH PRESSURE

'FPElis participating in C-E Owners Group generic efforts to evaluate

the effect of high pressure safety injection on reactor vessel integrity

in response to item II.K.2.13 of NUREG-0737. FP8L will submit the re-

quired report by. the end of the second quarter of 1982.

i I. $
'
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'T1.K. 2.17 Potential For Voidin In The Reactor Coolant S stem
Durin Transients:

Description
In order to prevent voiding in the Reactor Coolant System
during normal operation St Lucie unit 2 operating procedures
are written to provide a cooldown rate of 50 F/hour to 325 F
and then maintain hot leg temperature at 325 F for 20.40

hours. This will allow shutdown cooling pressure to
be reached without flashing of the upper head fluid in a
total cooldown time of 25.7 hours. Florida Power and Light.
analysis to support this procedure is provided in Apendix
5.2a

In "the" event a void formation is identified in the Reactor'oolant System the operators are trained to implement a
",Drain and Fill" procedure to mitigate voiding. The NSSS
vendor has completed an extensive analysis of voiding in the
Reactor Coolant System. The results show that rapid refill
,and drain of the reactor vessel head does not, cause stress
levels in excess of those occuring during a normal cooldown
at, 100 F/hour. The results of this analysis to support this
procedure is provided in Apendix 5.2C-
gW r +of~ Cpgrn, ~ gy~ -fc:.('l.

a O'O~V,c-gee J
~ ~ a
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II. K.3.1 - INSTALLLATIONANO TESTING OF AUTOMATIC FORV ISOLAT10ll SYSTBS

II. K.3.2 - REPORT OH OVERALL SAFETY FFFECT OF PORY ISOLATION SYSTEM

FP+L has participated in C-E Owners Group activi ties conducted since the

Three Mile Island accident to address various aspects of PORV design and oper-

ation. These activities have included review of operating experience with

PORV's on C-E reactors, development of input to the EPRI program for testing
~ ~

these valves, review of requirements for emergency power'o the PORYs and the

associated block valves, development of a recommendation for PORV position in-

dication, review and updating of emergency procedure guidelines to assure PORY

operation is adequately addressed, and development of associated operator

training'aterials. The requirements of Action Plan Item II.K.3.2 have also

been also been addressed as a C-E Owners Group activity (CEN-145, PORV FAILURE

REDUCTION METHODS).„

It has been concluded based on the C-E Owners Group activities that the addition

of an automatic" PORV isolation system on St. Lucie Unit 2 to further decrease

the probability 'of a small-break loss-of-coolant accident caused by a stuck-open

PORV is not necessary. This conclusion is based on the following considerations.

"FirNst, the desi'gn'of the PORY actuation logic is such that the valves are only

actuated coiAcident with the high pressurizer pressure trip of the reactor. he

PORVs are not used 'prior to the Reactor Protection System actuation in an attempt

'to avoid the reactor trip. Thus, challenges to the PORVs are reduced because

the margin between the normal operating pressure and the high pressure reactor
~ ~trip is maximized. The success of this design approach is ev>dent based on the

operating experience compi'led to date which has only nineteen challenges to the

puff





PORYs in 29 reactor-years of operation on C-E plants (data from a recent

survey of the C-E Owners Group). It should be noted that eleven of these

nineteen challenges were caused by a trubine runback feature which has been

removed. The PORYs successfully reclosed in each case where they were

chal 1 enged.

The second consideration for not needing an automatic PORY isolation system

is that'various.actions have been taken which significantly improve the re-

liability of the PORVs and associated block valves. The elimination of the

turbine runback feature mentioned previously, and the provision of a

direct reliable means for indicattng PORV position to the operator reduce the

recurrence frequency of a small break-LOCA due to PORY failure by an estimated

factor of 15. Improved operator training programs, improved emergency

~ . procedures,'n'd 'the provision of emergency power to the PORVs and block

valves reduce the small break LOCA recurrence frequency further although the

exact magnitude has not been quantified.

The final consideration for not needing an automatic PORY isolation system

is that the recurrence frequency of a small break LOCA due to PORV failure

has been substantially reduced by the actions mentioned previously to an

estimated value which falls well within the uncertainty band of the recurrence

frequencies for a"LOCA due to a small pipe rupture estimated in HASH-1400.

Thus, the recurrence frequency is now at an acceptably low value. The incor-

poration of an automatic PORY isolation system vtould further increase PORY

system reliability. However, this action is not considered to be necessary

since the recurrence frequency of PORY system failures without this feature

is small.
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Item II.K.3.3 - Re rtin Safet Valve a'nd PORV Failures and Challen es

FP&L vill assure that any failure of a PORV or safety valve to close >6ll be
reported to the HRC promptly. All challenges to the PORV's or safety valvesvill be documented in the annual rcport.

Item EI.K".3.5 - Automatic Tri of Reactor Coolant Pum s Durin a LOCA

As an activity for the C"E OMner's Group, Comb'ustion Engineering is preparing
predictions of the LOFT Test L3-6. Because of the importance of, those tests,
C"E concurs with the BRC position provided in the clarification to this Action
Item and vill defer a final decision on implementation of automatic trip of
reactor coolant pumps until the evaluation of ECC models is completed.
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II.K.3.17 REPORT ON OUTAGES OF EMERGENCY CORE-COOLING SYSTEMS LICENSEE
REPORT AND PROPOSED TECHNICAL SPECIFICATION CHANGES

,A detailed report will be submitted including the outage dates and length

of outages f'r all ECC systems for five (5) years of operation. The determined

causes of the outages will also be included in the report. The ECC systems

or components involved in the outage, and corrective action will also be

identified.'est and maintenance outages will be included in the above listing

covering five years of operation. Any proposed changes to improve the availability
~ of ECC equipment if needed will also be included in the report.

At the end of five years of plant operation for St. Lucie Unit 2 necessary

data will be derived from the plant operator's log book, equipment malfunction

log and the license event reports (LERS).

f ~

L- E.
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)I L S ES EFFECT OF LOSS OF AC POINTER OII PUIIP SEALS

FPSL has conducted a test of RCP seals under simulated loss of ac power

conditions of full temperature and pressure. After approximately 50 hours

at coolant conditions of 550oF and 2250 psig, the RCP seal cartridge still
performed satisfactorily with the. pump idle. Some seal damage was observed

during the 'post-test inspection; however, the maximum seal leakage during the

test was only 16 gph (Reference: FPEL letter L-81-107, March 10, 1981),

'3 2-



II.K.3.30 REVISED SHALL BREAK LOCA METHODS TO SHO'l4 COMPLIANCE WITH

ID CFR PART 50, APPENDIX K
I

The small break LOCA models used in the St. Lucie Uni'.t 2 FSAR analyses are

described in CENPD-137, "Calculative Methods for the C-E Small Break Evaluation

Model" Following the TMI accident the C-E Owners Group submitted two reports,

'EN-114-P and CEN-115-P in response to NRC requests 'in IE.Bulletins 79-06B and

79-06C. Following a review of these reports and similar reports from other

vendors the NRC issue t e requiremen)RC d th equirement II K.3.30 in NUREG-0737. FPSL has been

actively participating in the C-E Owners Group efforts to provide the justi-

fication of the current small break LOCA models since that requirement was

issued. To date, the C-E Owners Group has submitted an analysis of the LOFT

Small Break experiment L3-6.and has met with the NRC on January 6, 1981 to. de-

fine the NRC concerns with the models in use. The concerns expressed at thatt Qo
meeting are currently being addressed as response to action item II.K.3.*and the

required report justifying the present model will be submitted during the

first quarter of 1982.

33
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JI.K.3.3l PLANT SPECIFIC CALCULATIONS TO SHOW COHPLIANCE WITH
20 CFR PART 50.46

Upon completion of satisfying item II.K.3.30 of NVREG-0737-(~e-response

~o-question-440;-36)-, a determination as to the adequacy of the present small

break LOCA model will be made. If it is found as a result of that determin-

ation that a revised small break LOCA model is necessary and the presently
ZJp

3 ttt 3 11 3 I'. LOCA 1t )3 1 6.3.3.3 ~) 1 3
Ql

valid, a revised small break ECCS analysis, applicable to St. Lucie Unit 2, will

be submitted within one year after staff approval of the revised small break

LOCA model.
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III.A.1.1 UPGRADE EMERGEHCX PREPAREDHESS

The St. Lucie Plant Emergency Plan discussed in'Section 13.3 has been modified
to incorporate the requirements of this task.

W

III.A.1.2 UPGRADE EHERGENCX SUPPORT FACILITIES

FPhL programs in response to this requirement have been or are being developed
for St. Lucie Unit 1 .{Docket No. 50-335) and vill also be applicable to St.
Lucie Unit 2

a) FP&L has designated space for a joint onsite technical support center
{TSC) adjacent to the St. Lucie Unit 1 control room. A Unit 1 Plant
Procedure has been approved vhich delineates the activation, manning and
use of the TSC during emergencies. The Emergency Plan has been revised
to reflect the existence of this facility and to establish'the methods
and lines of communication.

c)

FP6L has designated an area as the joint onsite operational support
center. The Emergency Plan has been revised to reflect the existence of
this center and to establish the methods and lines of communication.

FP&L has designated an area as the joint emergency operations facility-
The Emergency Plan has been revised to reflect the existence of this
facility.
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The TSC will be located in„1929 square foot room adjacent to the
control room,gksks and office space will be provided for the NRC,
and sanitary facilities will be available.

Telephone communication system is provided in between the TSC,
control room and Emergency
Operations Facility {EOF) together with the dedicated telephone
link with the NRC as described in subsection 9.5.2.

The Safety Assessmen't System (see Item I.D.2 in Appendix 1.9A)will provide the Safety Parameter Display System (SPDS) display
and other technical data display required in the TSC. The TSCwill have at least two color CRT's, a data logger and a console.
The equipment shall receive data needed in the TSC to analyze
plant conditions without interrupting the plant operation. Itwill b possible to access Regulatory Guide 1.97 input data and
the high level display (SPDS) in all modes of operation. The
operation of the TSC equipment will not degrade performance of
any Safety System equipment or displays. The quality and ac-
curacy of the instruments used will be of the same de'sign as
used for SPDS in the Control Room. The overall system relia-bility col/ be designed to achieve an unavailability
goal of 0.01 during all operations above cold shutdown.

Data display system and print out devices vill be adequate to
provide TSC personnel unhindered access to sufficient data to
perform their assigned tasks. The'TSC display will include
plant system variables, radiological variables, meterological
information and offsite radiological information. Trend graph
and time history capability will be provided.

A conceptual'esign for the TSC power supply is presently being
developed. There are several possible power sources being con-
sidered but the final decision has not been made at this time.
The intent. of requirements set forth in NUREG 0696 will be met.

Zl A.l < > Q~s 4 Qp~D(~ Syp~l- ('~J-~ C>~)

The on-site Operational Support Center {OSC) 'erves as an
assembly point for auxiliary operators, health physics techni-
cians, maintenance personnel, and other plant shift personnel
available to support the emergency response. Required staffwill be assigned to appropriate activities by the Emergency
Coordinator or his designee.

Activation of the OSC will be initiated by the Emergency
Coordi-'ator.

The OSC will be in operation for an Alert, Site Area
Emergency or General Emergency.

The OSC is maintained in the first floor maintenance area of the
Service Building. PAX telephone communications are maintained
between the Control Room and the OSC.





The EOF will be located in a 2500 square foot, area adjacent to
but separate from the cafeteria in the General Office in Miami.
This area can be isolated from other company operations and the
public.
The Recovery Manager will command the EOF and when notified by
the Recovery Manager, designated managers with responsibility
for the following functional areas will either be stationed or
represented in the EOF!

Operations
Engineering
Radwaste
Health Physics
Personnel
Security
Nuclear Analysis

, Scheduling
Procurement
Accounting
Administration
Licensing
State-County Coordination

In addition, public information and governmental affairs managers
will be represented.

Desk space will also be provided for State of Florida and NRC
representatives in the EOF and adjacent private offices are set
aside for their exclusive use.

,Power to the General Office Building is normally supplied from
the FPL distribution system. If power is not available from the
distribution system, power is furnished by standby gas turbines„
which are capable of supplying all the EOF's requirements.

('c/cn j D 2 <$ lip(~C'w l
The Safety Assessment System„will be capable of transmitting all
the TSC data and meteorological data to the EOF. The EOF ~i>l
be provided with facilities for data acquisition, display and
evaluation of radiological, meterological and plant data to
determine offsite protective measures. It will have all the
SPDS functions, and all other data available in the Technical
Support Center.

An. area in clear view of the data displays will be set aside with
a conference table so that progress of the accident can be ob-
served, discussion held,,and rapid decision's made.
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EOF Communications

The General Office telephone system is a Centrex exchange. Ex-
clusive tie lines are provided to division offices, power plants
and the Juno Beach Facility. In addition, dedicated private
telephone lines are provided to each TSC, Control Room and Plant
Manager's office.

\

Three CRT displays of plant parameters will be available in the
EOF. Computer terminals, teletype and'facsimile equipment and
access to the'. State LGR and HRS radio networks will also be
provided. Xn addition, the private office that has been set
aside for th'e NRC will have telephone communications specified
by the NRC staff as well as normal Bell telephone service.

The FPL General Office Communication Center is near the EOF and
has capabilities for TNX, Facsimile and FPL Telenet. It will
be manned 24 hours per day during an emergency.

Satellite Emer ency Operations Facility
In mid-l982, the Project Management, Engineering, and Construction
departments will be relocated to a new facility at Juno Beach,
Florida. The Juno Beach facility will also serve as a corporate
training center.

One of the training rooms in the Juno Beach facility will be
arranged to permit rapid conversion to a Satellite Emergency
Operation Facility (SEOF). This room has about 790 square feet.
Data displays will be provided and the SEOF will be staffed by
engineering and construction personnel required to assist in
the accident diagnosis, management and recovery. An adjacent
room has been set aside for the NRC.

By convening technical personnel at the Juno Beach SEOF rather
than either plant site or the General Office, mobilization timewill be reduced from several hours to about one hour. An
emergency generator will provide essential services in the
event of loss of normal power.

XII.'A.3.3 COHMUNICATIONS

Direct dedicated telephone lines for NRC notification and environmental
notification vill be installed similar to those already installed on St. Lucie
Unit l. pic. <~nmu~t~gew spk~ ls g<c~'bgd 4 $45cc.fro

The Emergency Procedures vill be revised to reflect these additions.
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INTEGRITY OF SYSTEHS OUTSIDE CONTAINHENT

.LIKELY TO CONTAIN RADIOACTIVE MATERIAL

In the unlikely event of an accident, the Containment Isolation Actuation

Signal (CXAS) isolates all nonessential systems, thereby eliminating all large

radioactive leakage paths from containment. The only means of leakage into
the Reactor Auxiliary Building is through ESF system'omponents (i.e., pump

seals, valve leakage, etc.) and post accident monitoring sample lines. Liquid
leakages collected in the ECCS room sumps are normally routed t'o the equipment
drain tank in the Waste Hanagement System (WMS). The normal operational mode

of the ECCS room sump pumps has not been modified. On high sump water level
the pumps discharge to the equipment drain tank. To prevent radioactive
contaminants from entering the WHS, the ESF Leakage Collection and Return
System (see Subsection '9.3.5) provides operators with a method to direct ESF

leakage to the containment. This system eliminates hignly radioactive liquid
from entering normally "Low activity" waste hold-up tanks. likewise, all
sources of high activity sample gas (e.g., hydrogen sampling) are re-routed to
the containment, thus eliminating contamination of the Waste Gas System. The

above described design precludes the use of Liquid and Gaseous Waste Manage-
ment Systems during an unlikely event of an accident.

The following systems contain high activity fluid during a postulated accident:

1) Shutdown Cooling, System

2) High Pressure Safety Injection (Recirculation Phase)

3) Containment Spray (Recirculation Phase)

4) Sampling System pl yl)

I l~ I r,'r
5) Shield Building Ventilation System ~ C~i< ""

~ ~: . c "--„-
d~ (A.t.

6) ECCS Area Ventilation System.

For these systems a baseline leak test is implemented for the purpose of
establishing minimum leakage requirements for the preventive maintenance
program. This baseline system leak rate test is described in Subsection
14.2.12.4N and is conducted in coordination with system preoperational testing
as described in Section 14.2. Periodic integrated leak testing, at intervals
not to exceed each refueling cycle is established. A method is provided to
compare yearly leak test results with the baseline tests taken. A program is
established to evaluate yearly results and initiate leakage reduction measures
for the preventive maintenance program.

III.D.3.3 In Plant Radiation Honitorin

FP&L programs in response to this requirement have been developed for
St. Lucie Unit, 1 (Docket No. 50-335) and will also be applicable to
St. Lucie Unit 2. The Health Physics piocedures address detailed
radioiodine assessment. These are generally described in Sectiont 12.5.3. Training is an integral part of the non-licensed training
program discussed in Section 13.2.1.1.2.



III.D".3.4 CONTROL ROOM. HABITABILITY

Potential hazards in'he vicinity of the site have been identified and evalu"
ated to confirm that operators in the control room are adequately protected
(refer to Section 2.2). In addition,'radioactive releases have been analyzed
for their effects on control room operators (refer to Section 6.4). Liquid
source terms from within the Reactor'uxilary Building, although not factored
into the dose rate to the operators presented in Section 6.4, would have
insignificant impact in terms of doses because the control room itself is
located on top of the Reactor-Auxiliary Building and is well separated from
liquid source terms.
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1.0 INTRODUCTION

1. 1 PURPOSE

This document provides the FPEL partial response to the requirements of Section

II.F.2 of NUREG-0737'Reference 1) regarding the documentation of the

FPSL St. Lucie 2 instrumentation for detection of Inadequate Core

Cooling (ICC).

1. 2 SCOPE

This report (1) identifies the instrument sensor package selected by

FP8L to detect ICC in St. Lucie 2 and (2) describes the status of. design

and development activities being conducted by FPGL, to implement the

instrumentation to be used to detect inadequate core cooling ( ICC).

1.3 BACVGROUND

C-"E Owners Group efforts on the evaluation of Inadequate Core Cooling have

been ongoing since early 1979. Results of initial studies by the C-E

Owners Group ar'e documented in, reports CEN-117 (Reference 2) and CEN-125

(Reference 3). These results are being considered in the preparation of the

emergency operating instructions which FPSL will transmit to the NRC.

All studies have been based on the requirements to indicate the approach

:to, the existence of, and the recovery from ICC.

The C-E Owners'roup (with F P 8 L participation) has performed
an evaluation of response characteristics of potential Inadequate Core

Cooling (ICC) detection instrumentation. This study is, in'art, an am-

plification of the work reported in CEN-117 in that it provided detailed
analyses of the existing instruments, as well as, investigating the per-
formance characteristics of selected new instruments. Specifically, the
instruments whose response characteristics have been evaluated are the
subcooled margin monitor, the heated junction thermocouple reactor vessel

level monitor, core-exit thermocouples, in-core. thermocouples, self powered

neutron detectors, hot leg resistance temperature detectors and ex-core
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neutron detectors. A summary of the details of this effort is contained

in Appendix A.

Based on the results of the above instrument evaluation study, FP&L has

selected an Inadequate @re Cooling Instrumentation (ICCI) package for
use in St. Lucie 2, consisting of:
1) hot and cold leg R sistance Temperature D tectors (RTDs)

2) pressurizer pressure sensors

3) Core Exit Ihermocouples (CETs)

4) Reactor Vessel Level Monitoring System (RVLflS) probes employing the

Heated Junction Thermocouple (HJTC) concept

FPRL is in the process of'valuating appropriate transmission, processing and

display hardware for use with the above ICC sensor package. This hardware
will ~atisfy the licensing requirements of Section II.F.2 of NUREG-0737.'





$ .0 BASES FOR ICC INSTRUt1ENT SELECTION

The ICC instrumentation sensor package selected by FPSL is designed to;
1) provide the operator with an advanced warning of the approach to ICC

2) cover the full range of ICC from normal operation to complete core uncovery

The ICC detection system that employs the FP8L sensor package and displays
the sensor output enables the reactor operator to monitor system conditions
associated with the approach to and the recovery from ICC.

2.1 DESCRIPTION OF ICC PROGRESSION

The instrument sensor package for ICC- detection provides the reactor operator a

continuous indication of the progression leading to and away from ICC ~ To

ensure the selected instrument package provides such coverage, a methodical presen-
tation of the conditions leading to and away from ICC is developed. In this
development, the progression towards and away from ICC is divided into conditions
based on physical processes occurring within the RPV. Six distinct ICC condi-
tions are identified. These are characterized as

follows:'onditions

Associated with the Approach to ICC

Co. ~ition la Loss nf fluid subcoolina orior to t.';e first occurrence of satur-.-

tion conditions in the coolant.
Condition 2a Fal'ling coolant inventory within the upper plenum, from .

the top of the vessel to the top of the active fuel.

Condition 3a'ncreasing core exit temperature produced by uncovery of the core

resulting from the drop in level of the mixture of vapor bubbles

and liquid from the top of the active fuel to the minimum level
during the event.

Conditions Associated wi th Recover from ICC

Condition 3b Decreasing core exit steam tempearture resulting from the rising
of the level to the top of the active fuel

Condition 2b Vessel fill by the increase in inventory above the fuel.

Condition lb Establishment of saturation conditions followed by an increase

in fluid subcooling.

These conditions, encompass all possible coolant situations associated with any

ICC event progression. The conditions denoted with an "a" r efer to fluid
situations that occu r during the approach to ICC. Conditions"
denoted by a "b" refer to fluid situations which occur during the recovery from

ICC. Thus, "a" conditions differ from "b" conditions in the trending (direc-
tional behavior) 'of the associated parameters.
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l.s~.-o
're ro ression of an event, an ICCIii order to provide indicators during the entire p g

"ich rovide at least one appropriateinstrument system consists of instruments whic i p

indicator for each of the physical Conditions described above.

f IIApplying this description of the "approach to", and "recovery from ICC to
ICC instrument selection:
1) provides assurance that the selected ICC system detects the entire

progression
2) demonstrates the extent of instrument diversity or redundancy which is

possible with the available instruments.
Furthermore, by defining the ICC progression on a physical basis the general

labels of "approach to", and "recovery from" ICC can now be associated wi th
specific physically measurable processes . (See Section 2.2,.2 2.3 and 2.4).

The instrument package selected by FP&L to monitor. the ICC event progression con-

sists of (1) saturation margin monitors (SMM), {2) reactor vessel level moni-

tors employing the HJTC design concept and (3) core exi.t thermocouples. The

SMMs can indicate the initial occurrence of saturation (Condition la) and the

achievement of a subcooled condition following core recovery {Condition lb).
The reactor vessel level monitors provides information to the operator on the

decreasing liquid inventory in the reactor pressure vessel (RPV) regions above

the fuel alignment plate (FAP), as well as the increasing RPY liquid inventory
above the FAP following core recovery (Conditions 2a and Zb). The core exit
thermocouples (CETs) monitor the increasing steam temperatures associated with
ICC and the decreasing steam temperatures associated with recovery from ICC

(Conditions 3a and 3b).

2.2 AOVANCED WARNING OF THE APPROACH TO ICC

The FP&L ICC instt umentation orovides the ooerator with an advanced warning
of the approach to ICC by providing indications of:
1) the loss of subcooling and occurrence of saturation (Condition la) with the

StN.

2) the inca nf inv~ntnrv in tho R>V (f:ondition 2a) with the RVLHS
3) the increasing core coolant exit temperature (Condition 3a) with CETs

It should be noted that the RYLNS measures inventory (collapsed liquid level) rather
than two-phase level. This measurement provides the operator with an advanced
indication of the, coolant level should condi tions arise to cause the two-phase
froth to collapse via system overpressurization, or the loss of operating reactor
coolant pumps.





2.3 APPLICATION OF FP8L ICC DETECTION SYSTEM

Following an event leading to ICC the FP8L ICC detection system will provide

information to the reactor operator so that he may:

l) verify that the core cooling safety function is being met,

2) establish the potential for fission product release.

Accomplishment of the core cooling safety function is verified via ICCI by

observing (l) an increasing inventory level above the fuel alignment plate, (2) an

increasing subcooling in the RPV and RCS piping or (3) a decreasing core

exit steam superheat. The operator is informed about the progression of an

event by both static and trend displays. The trending of ICC information

enables the operator to quickly assess the success of automatically or manually

performed mitigating actions' chart indi cating the,ICCI trending duri ng

he "ri u»CC orogression conditions associated with the aoproach to
and recovery from ICC is presented in Table 3-l.

2.4 INSTRUMENT RANGE,

FP8L uses satura ion temperature and water inventory as indicators for the approach

to and recovery from ICC when there is water inventory above the fuel alignment

plate. These measurements characterize conditions la, lb, 2a, and 2b of the ICC

progression.

When the two-phase level is below the fuel alignment plate, the measurement of
core exit fluid temperature represents a direct indication of the approach .to,

and recovery from ICC (Conditions 3a and 3b). Therefore, the. FPSL ICC sensor

package is sufficient to provide information to the'eactor operator o'n the

entire progression of an event with the potential of resulting in ICC.



TABLE 3-1

ICC STATUS AS AVAILABLE TO THE OPERATOR FROM ICC IHSTRUMENTATIOH TRENDING

I .. APPROACHIHG AH ICC CONDITION

CONDITION
SUBCOOLING MEA-
SURED BY SMM

WATER INVENTORY MEA-
SURED BY HJTC PROBE

COOLANT SUPERHEAT
MEASURED BY CET

la
2a

3a

DECREASING

CONSTANT

COHSTANT

CONSTANT

DECREASING

CONSTANT

CONSTANT

CONSTANT

INC REAS ING

II. RECEDIHG FROfj AN ICC CONDITION

COHDITION
SUBCOOLIHG MEA-
SURED BY SMM

WATER INVENTORY MEA-
SURED BY HJTC PROBE

COOLANT SUPERHEAT
MEASURED BY CET

3b

2b

1b

CONSTANT

CONSTANT

INCREAS IHG

CONSTANT

INCREASING

CONSTANT

DECREASING

CONSTANT

CONSTANT
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3.0 INADE UATE CORE COOLING INSTRUMEHTATIOH DESIGN DESCRIPTIOH

This section describes the FPSL St. Lucie 2 Inadequate Core Cooling Instrument

sensor package. Associated signal transmission, processing and display hard-

ware and software have not yet been finalized.and will be presented in a

future amendment.

The reactor vessel liquid inventory above the core and the fluid
conditions at various locations in the primary system will be measured by:

- Saturation Margin Monitors
- Reactor Vessel Level Monitors
'- Core exit thermocouples

These instruments collectively conform to the design requirements presented in
S ction 2.0 and functional requirements of Section 4.0.

The St. Lucie 2 ICC instrumentation package will provide the operator with
indications of the approach to, existence of and recovery from ICC.

'

A functional diagram of the ICC instrument package is presented in Figure 3-1.
Detailed information on the associated sensors is presented in the following
sections.

3.1 SENSOR DESIGN

3.1.1 SATURATION tQRGIH MONITORING SYSTEM

The saturation margin monitor can be used to provide information to the

reactor operator on (1) the approach to saturation and (2) existence of core

uncovery. The specific saturation margin monitor design configuration to be

implemented by St. Lucie 2 is not yet'inalized. It is expected that the
St. Lucie 2 SMM includes the same RCS temper'ature and pressure inputs as

described in Appendix 8 plus the maximum unheated junction thermocouple temp-

erature(UHJTC) described in Section 3.1.2 and 3.2.2.
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The UHJTC inputs come from the outputs of the HJTCS processing units.
In summary, the sensor inputs to the SN'3 are:

~1n ut ~Ran e

Pressurizer Pressure

Cold Leg Temperature

Hot Leg Temperature

thaximum UHJTC lemperature (from HJTC processing)

0-3000 psia
0-710 F

0-710 F

100-1800 F

3.1.2 HEATED JUNCTION THERtSCOUPLE HJTC SYSTEil

The HJTC System measures reactor coolant liquid inventory above the fuel
alignment plate. with discrete HJTC sensors located at different levels within

' separator tube ranqinq from the toP of the fuel alignment plate to the

reactor vessel head. The basic principle of system operation is ttie detection of
a temperature difference between adjacent heated and unheated thermocouples.

's pictured in Figure 3-2, the HJTC sensor consists of a Chromel-Alumel

thermocouple near a heater {or heated junction) and another Chromel-Alumel

themocouple positioned away from the heater (or unheated junction). In a

fluid with relatively good heat transfer properties, the temperature difference
between the adjacent thermocouples is small. In a fluid with relatively
poor heat transfer properties, the temperature difference between the thermo-

coupl es i s 1 arge.

The HJTC System is composed of two channels of HJTC instruments. Each HJTC

instrument is manufactured into a probe assembly. The probe assembly includes
eight (8) HJTC sensors, a seal plug, and electrical connectors (Figure 3-3).
The eight (8) HJTC sensors are electrically independent. Details of the axial
placements of the 16 HJTC sensors have not been finalized.

Two design features ensure proper operation under all thermal-hydraulic
conditions. Fi rst, each HJTC is shielded to avoid overcooling due to direct
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water contact during two phase fluid conditions. The HJTC with the splash

shield is referred to as the HJTC sensor (See Figure 3-2). Second, a string
of HJTC sensors is enclosed in a tube that separates the liquid and gas phases

that surround it.

The separator tube (See Figure 3-4) creates a collapsed liquid level that
the HJTC sensors measure. This collapsed liquid level is directly related
to the average liquid fraction of the fluid in,the reactor head volume above

the fuel alignment plate. This mode of di rect in-vessel sensing reduces

spurious effects due to pressure, fluid properties, and non-homogenei ties of
the fluid medium. The string of HJTC sensors and the separator tube is
referred to as the probe assembly.

The probe assembly is housed in a stainless steel structure that protects
it from flow loads. Figure 3-5 shows the two radial locations of
the HJTC probe assemblies. Installation arrangements are being developed

for St. Lucie 2 and will be provided in a future amen'chnent.

3.1.3 CORE EXIT THERtSCOUPLE CET SYSTEM

The core exit thermocouples provide a measure of core heatu'p v'ia

measurement of core exit steam temperature.

'he

design of the St. Lucie 2 In-core Instrumentation (ICI) system includes
a Type K (Ch'romel-Alumel) thermocouple within each of the 56 ICI detector
assemblies.

The junction of each thermocouple is located ~ 18" above the top of the active fuel
inside a structure which supports and shields the ICI detector assembly string
from flow forces in the outlet plenum region. These Core Exit Thermocouples

(CET) monitor the temperature of the reactor coolant as it exits the fuel
assemblies. Figure 3- 6 depicts a typical ICI detector assembly, showing the
CET. The core locations of the ICI detector assemblies are shown in Figure 3-7

Appendix D'escribes the present design of the CET system which will be used

for the first cycle of St. Lucie Unit 2.



1.98-13
FIGURE 3-4

HJTC SEi<SOR A((D SEPARATOR TUBE

TC Sheath

Level of Steam-';,'ater taixture

Separator Tube

loafer Level Inside Se;".arator :uoe

Collapsed llater Level

Unheated TC ~unction

—l!.atad TC Jurction

—Splash Guard



I



1.9B-14

LEVEL DETECTOR HOLOEA
LOCATIONS (2)

.~ eO
Qo Qo

0 0 8 0 0

Qo Qo Qo QQ Qo

Qo Qo Qo Qo Qo Po
0 0 0 e 0 0 0

220

Qo Qo c> Qo o O
Qo Qo

O o

LEVEL DETECTOR
PENETRA'TION LOCATIONS
IN ICI NOZZLES I2)

ICI NOZZLES 1101

ORIVE MECHANISM

HJTC PROBE ASSEMBLY LOCATIONS
FIGURE 3-5





1.98.-15
'

ICI COllVECTOR

NOTABLE li) COR

GUIDE TUBE

E DFTECTOR

SEAL PLUG

~CORE EXIT THERi')OCOUPLE

RHODIUII EIIITTER (~)

BACNGROUllD

DETECTOR

CALIBRATIOi) TUBE

BULLET HOSE T I P

FIGUAE 3-6

ICI DETECTOR ASSE)SLY





0

0

0

0

0

0

ICI =Detector Assembly/Core Exitc
Thermocouple Location

Figure 3-7
,r

ICI DETECTOR ASSE518LIES/CORE EXIT
THEM/OCOUPLES COPE LOCATIOhS



1.9B-17

(he CETs have a usable temperature range from 200'F to up to 1800'F (Reference 4).

3.2 DESCRIPTION OF ICCI PROCESSING AND DISPLAY

The following sections provide a preliminary description of the processing and

display functions associated with each of the ICC detection instruments.

Additional details on the complete ICCI signal processing, transmission and

display equipment will be made available ht a later date.

3.2.1 SATURATION t'lARGIN YjONITOR

The SNM processing equipment will perform the following functions:

1. Calculate the subcooled margin

The saturation temperature is calculated from the minimum pressure input

and the saturation pressure is calculated from the maximum temperature

input (See Section 3.1). The temperature subcooled margin is the difference

between saturation temperature and the maximum temperature input. The pres-

sure subcooled margin is the difference between saturation pressure and the

minimum pressure input.



- Process senso> outputs foi display of, temperature margin to saturation.

-3. Provide an alarm output when subcooled margin reaches a preselected (to
be dete.mined) setpoint.

3.2.2 HEATED JUNCTION THERNOCOUPLE

The processing equipment for the HJTC performs the following functions:

1. Determine, collapsed liquid level above core.

The heated and unheated thermocouples in the HJTC are connected in such a

way that absolute and differential temperature signals are available. This

is shown in Figure 3-8. When liquid water surrounds the thermocouples, their
temperature and voltage output are approximately equals .he voltage Y(A ), on

Figure 3-8 is, therefore, approximately zero. In the absence of liquid, the

thermocouple temperatures and output voltages become unequal, causing Y(A C)
to rise. When Y( C)

of the individual HJTC rises above a predetermined(A-C)
setpoint, liquid inventory does not exist at this HJTC position.

2: Determine'he maximum upper plenum/head fluid temperature from the unheated

thermocouples" for use as an output to the SNN. (The temperature processing
range is from 100 F to 1800 F).

3. Process input signals to display collapsed liquid level as a function
of time, and selected unheated junction thermoco~i~le temperatures.

r
4. Provide an alarm output when any of the HJTC detects the absence of

. liquid level.

5. Provide control of heater power for proper HJTC output signal level. Figure

3-9 shows the'design for one of the two channels which includes the heater
power controller.
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. 3 CORE EXIT THE RMOCOUPLE SYSTEM

'he

following constitutes a preliminary description of the CET processing

functi ons:

Process core exit thermocouple inputs for display.
utpu when temperature reaches a preselected value.

3. Process CETs for display of superheat

des' requ> rements of NUREG 0737
These functions are intended to meet the esign

II.F.2 Attachmente l. A final description of the CET processing equipment wi'll

be presented in a future amendment.

3.2.4 SYSTEM DISPl AY

The display equipment will (at a minimum) be capable of trending:

(1) Temperature larkin to Saturation

(2) Collapsed liquid level (water inventory) above the fuel alignr,ent plate
't th rmocouple temperatures and saturation temperature.(3) Representati,ye core exi e

Details regar,ii».~ the trending display will be presented in a future amendment.

4".O INSTRUMENT FU(iC'i >.') .'L '";<IP I''ll

In the follow'ing sections a functional description of the instruments of the

ICC Detection System is given and the function of the instruments is related
to the ICC conditions which are described in Section 2-1.

I

4.1'UBCOOL ING ANO SATURATION

The parameters'me'asured to detect subcooling and saturation are the RCS and UHgC

coolant temperature and the pressurizer pressure. Temperature is measured

in the hot legs and the vessel upper head region.

4.1.1 INSTRUMENT RANGE AND RESPONSE TIME

In order to include all initial conditions and ICC event types, the instruments
to detect initial saturation should encompass the range from. the shutdown cooling
entry conditions, which are the lowest temperature conditions for which the
reactor primary system provides the heat remov'al safety function, up to the sat-
uration conditions at the pressurizer saFety valve pressure rating, which are the
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highest temperature conditions which can occur while the core is covered with

coolant.

The instrument response time should be fast enough so as not to looms t or delay

the reactor operator from t'aking appropriate actions.

Generic analyses, done to date show that existing or planned instruments have

adequate range and response.

r

1 he informati on which is deri ved from the reactor vessel temperature and

pressure measurements is the amount of subcooling during the >nitial approach

to saturation conditions and the occurrence of saturation (Condition la) and,

the reestablishment of subcooled conditions (Condition lb).

4.2 COOLANT NV N ARY M ASIIRI:MI=NT N RI'AC:TAR VFSSEL

The Reactor Coolant System is at saturation coriditions until sufficient
coolant is lost to, 1ower the two-phase level to the top of the active core.
Quring this interval there were no existing instruments which would measure

directly the coolant inventory loss. A Heated Junction Thermocouple

System provides a'direct measurement during this period. The parameter

which is meas'ured is the collapsed liquid level above the fuel alignment
plate. The collapsed level represents the amount of liquid mass which is
in the reactor vessel above the core. Measurement of the collapsed water
level was selected in preference to measuring.two-phase level, because it
is a direct indication of the water inventory while the two-phase level is
'.determined by-water inventory and void fraction.

The-collapsed level is obtained over the same temperature and pressure range

as the saturation measurements, thereby encompassing all operating and

accident conditions where it must function. Also, it is intended to monitor
Condition 2b (following core recovery). Therefore, it must survive the high
steam temperature which may occur during the preceeding core uncovery interval.
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4.2.1'ANGE ANO RESPONSE TINE

The level range extends from the top of the vessel down to the top of the fuel

alignment plate. The response time is short enough to track the level during

small break LOCA 'events. The resolution is sufficient to show the initial
level drop, the key locations near the hot leg elevation'nd the lowest levels

just above the alignment plate. This provides the operator with adequate

indication. to'rack the progression of Conditions 2a and 2b and to detect

'the consequences of his mitigating actions or the functionabi lity of automati c

=- equipment.

4.3 CORE EXIT STEAN TEt1PERATURE

The overall'ntent of ICC detection is the detection of the

potential for fission product release from the reactor fuel. The parameter

which is related to the potential for fission product release is the. fluid
temperature at the core exit,'ather than the uncovery of the core by coolant.

After the core'ecomes uncovered, the fluid leaving the core is supe'rheated

steam and the trending of the superheat provides the operator with an indi-
cation of whether he'is approaching or .receding from an ICC condition. Unlike
the" measure of coolant inventory, the CET provides a direct indication of the ICC

direction and severity.

I„

The amount of sup'erheat of the steam leaving the core will be measured by the

core exit thermocobples. 'The time behavior of the superheat temperature is
similar to the time behavior of the cladding temperature.

The core exit steam temperature is measured with the thermocouples included

in the In-Core Instrument (ICI) string. They are located inside the ICI

support tube, at yn elevation a few inches above the fuel alignment plate.
Generic calculations of a similar installation for representative uncovery
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events show that the thermocouples respond sufficiently fast to the

increasing steam temperature. Plant specific calculations on the St. Lucie 2

configuration will be made to verify this response.

4.3.1 RANGE AND RESPONSE TINE

A I 0
The required temperature range of the thermocouples. extends from 200 F, the lowest

t Vsaturation temperature at-which uncovery may occur up to 1200 F which gives
~

'I

a significant measure of superheat. The approximate upper service temperature

limi.t is 1800 F, therefore the desired range can be met with the present
thermocouple capabHities. Thermocouples are expected to function with
reduced accuracy at even higher t mperatures, so th ".ange for proc ssin"„

the thermocouple output could extend to about 2300 F.

It is not necessary that the core exit steam temperature be measured

accurately. It is only necessary to the reactor operator that his
i'ndicator of stea~> temperature. provide an analogous trending (with a small time

delay) of the fuel temperature behavior. Therefore, through the steam tempe-

rature trending'he operator can monitor 'the consequences of his remedial

actions, This information is of primary interest to the operator during
core uncovery,.(Conditions 3a and 3b).
t

5; 0 SYSTEM UALI F ICATION

r

The qualification -program for the ICC Detection System instrumentation has not
been completely defined. The qualification program will be based on the
following three«" categories of ICC instrumentation:

1.> Sensor instrumentation within the pressure vessel

2. Instrumentation components and systems which extend from the primary
pressure boundary up to and including the primary display isolator and

including the backup displays.

3. Ins trumen tati on systems whi ch compri se the primary di spl ay equipment.
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A

I

A preliminary outline of the qualific'ation program for each classification is
ll

given below.

The in-vessel sensors represent the best equipment available consistent with
qualification and schedular requirements (as per NUREG-0737, Appendix B).

Design of the equipment will be consistent with current industry practices

in this area. Specifically, instrumentation will be designed such that they

meet appropriate, stress criteria when subjected to normal and design basis

accident loadings. Seismic qualification to safe shutdown conditions will
verify function after 'being subjected to the seismic loadings.

II, ll

„.Tt>e out-of-vessel instrumentation system, up to and including the primary display
isolator, and the backup displays will be environmentally qualified in accordance

with IEEE-323-1974. Plant-specific containment temperature and pressure design

,
profiles will be used where 'appropriate in these tests. This equipment will also.
be seismically qualified according.to IEEE-STD-344-1975. CEN-99(S), "Seismic

Oualification of NSSS Supplied Instrumentation Equipment," Combustion Engineering,
Inc." (August 1978) describes the methods used to meet the criteria of this
document.

FP&L is 'evaluating what is required to augment the out-of-vessel Class lE instru-
mentation equipment qualification program to NUREG-.0588. Consistent with Ap-

pendix B of NUREG-0737, the out-of-vessel equipment under procurement is the
best available equipment. FP&L expects to complete this evaluation by the end

of', the first quarter of 3982.
t

6'.0 SYSTEM VERIFICATION TESTING

This section describes tests and operational experience with ICC instruments.
ll

6.1 RTD AND PRESSURIZER PRESSURE SENSORS

The hot and cold leg RTD temperature sensors and the pressurizer pressure
sensors are standard NSSS instruments which have well known responses. No

special verification tests have been performed nor are planned for the future.
These sensors along wi tn UHJTC inputs, provide basic reliable temperature and

P

pressure inputs which are consiaer c'dequate for use in the St+1 and other

addi tional di spl ay functions.
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6.2 HJTC SYSTEM SENSORS AND PROCESSING

The HJTC System is a ne» system developed to indicate liquid inventory above

the core. Since it is a new system, extensive testing has been performed and

further tests are planned to assure than the HJTC System will operate to

unambiguously indicate liquid inventory above the core.
I4

The testing is divided into three phases:

Ph'ase 1 - Proof of Principle Testing

Phase 2 - Design Oevelopment Testing

Phase 3 - Prototvpe Testing

The first phase consisted of a series of five tests, which have been completed.

The testing demonstrated the capability of the HJTC instrument design to

measure liquid level in simulated reactor vessel thermal-hydrauli c conditions-

(including accident conditions).
PROOF OF PRINCIPLE TESTING

Test 1 Autoclave test to show HJTC (thermocouples only) response to water

or =steam.

In April 1980, a conceptual test was performed with two thermocouples in one

she'ath with one thermocouple as a heater and the other thermocouple as the

inventory sensor. This configuration was placed in an autoclave (pressure

vessel with the'capabilities to adjust temperature and pressure). The thermo-

couples were exposed to water and then steam environments. The results

demonstrated a significant output difference between steam and'water conditions

for a given heater'ower level.

Test 2 Two phase flow test to show bare HJTC sensitivity to voids.

I'n

June 1980, a HJTC (of the present differential thermocouple design) was

placed into the Advanced Instrumentation for Ref lood Studies (AIRS) test
facility, a low pressure two-phase flow test facility at Oak Ridge National

Laboratory (ORNL). The HJTC was exposed to void fractions at various heater

power levels. The results demonstrated that the bare HJTC output was

virtually the same in two-phase liquid as in subcooled liquid. The HJTC did
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Test 3 Atmospheric air-water test to show the effect oi' splash shield

. A 'splash shield was designed to increase the sensi ivity to voids.
The'plash

shield prevents direct contact wi th the liquid in the two-phase fluid.
The HJTC output changed at intermediate void fraction two-phase fluid. The

results demonstrated that the HJTC sensor (heated junction thermocouple with
the splash shield) sensed intermediate void fraction fluid conditions.

Test 4 Kigh pressure boil-off test to show KJTC sensor response to reactor
thermal -hydraul ic condi tions.

In September 1980, a C-E HJTC sensor (HJTC with splash shield) was installed
and tested at the ORi'iL Thermal-Hydraulics Test Facility (THTF). The HJTC sensor

was subjected to various two-phase fluid conditions at reactor temperatures and

pressures. The results verified that the HJTC sensor is a device that can

sense liquid inventory under normal and accident reactor vessel high pressure

and temperature two-phase conditions.

Test 5 Atmospheric air-water'test to show the effect of a separator tube

' separator tube vias added to the HJTC d sign to form a collapsed liquid
level so that" the HJTC sensor directly measures liquid inventory under all
simulated two-phase conditions. In October., 1980, atmospheric air-water

'tests were performed with HJTC sensor and the separator tube. The results
demonstrated that the separator tube did form a collapsed liquid level and

the HJTC output 'did accurately indicate liquid inventory. This test verified
that the HJTC instrument, which includes the HJTC, the splash shield, and

the separator tube, is a viable measuring device for liquid inventory.
DES I GN DE VE LOP HEN 7 TESTING

The Phase 2 test program consisted of high pressure and temperature tests of

the probe assembly under steady state and transient conditions. These tests,
performed during Hay 1981 at C-E, provided design verification information for
the HJTC instrument under conditions exp cted to occur in the reactor.
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TEST SERIES 1: Single Phase Tests

The HJTC response was measdred as the water level was changed by filling or
draining the test vessel at different rates. Information on HJTC temperature

response at various pressures and sensor heater powers was obtained.

TEST SERIES 2: Two-Phase Tests

Steam was injected at the bottom of the test vessel to produce a two-phase

mixture, The HJTC response was measured as the water level was varied

by filling or draining. The results were similar to the single phase tests,
indicating that the HJTC can measure the collapsed water level in a two-phase

environment under conditions similar to those encountered during a small

break LOCA.

TEST SERIES 3: Oepressurization Transient Tests

The HJTC response during a depressurization transient was determined by .

allowing the test vessel to blowdown from high pressure. Results of these

tests are still being reviewed, additional information on this test series
will be presented in a future amendment.

PROTOTYPE TESTING
The Phase 3 test program will consist of high temperature and pressure testing
of the manufactured prototype system HJTC,probe assembly and processing

electronics. Verification of the HJTC system prototype will be the goal of
this test program.', The Phase 3 test program is expected to be completed by

the end of 1981.

6.3 CORE EXIT THERMOCOUPLES

Testing at OtNL,was performed to evaluate the response of CETs under simulated
'ccident conditions {Reference 4). This test in addition showed that the instru-
ments remained functional up to 2300 F. This test along with previous
reactor operating experience are considered sufficient to verify the response
of CETs.
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7. 0 OPERATING INSTRUCTIONS

l

The C-E Owners Group is defining a program for development of further
emergency procedure guidelines and operator training materials associated

with the ICC Detection System described in Section 3. This program is
expected to provide these guidelines and training materials during the fourth.
quarter of 1981. These guidelines and training materials will be based on

modifications to existing ICC guidelines.

The existing guidelines for reactor operators to use to detect ICC and take

corrective action have been developed by the C-E Owners Group and submi tted
to HRC for review (Reference 5). These guidelines have been used to review
and revise the plant emergency procedures for St. Lucie Unit 2. In addition,
the C-E Owners Group has devel oped reactor operator training material s

concerning ICC.
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8.0 COMPARISON OF MCUNENTATION RE UIREt4ENTS OF POSITION II.F.2, ATTACHMENT

1 AND APPENDIX' WITH STATUS REPORT

Tables 8-1 through 8-3 provide a point by point compari'son of the documentation

required by NUREG-0737, Item II.F;2, the requirements of Attachment 1 of Item

II.F.2, and the Criteria of Appendix B of NUREG-0737 with the inadequate

core cooling detection instrumentation to be installed in St. Lucie Unit 2.,



n
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TABLE 8-1

EUALUATION OF ICC DETECTION

INSTRUMENTATION TO DOCUMENTATION

RE UIREMENTS OF NUREG 0737 ITEM

11. F.2

ITEM RESPONSE

l.a. Description of the ICC Detection Instrumentation is provided in
Section 3.0. The instrumentation to be added includes the

modified SMt1, the HJTC Probe Assemblies, and Improved ICI (CET)

Detector Assemblies.

l.b. The existing instrumentation systems are described in Appendices

B, C, and D. This includes the SMM, HJTC Probe Holders, and

ICI (CET) Detector Assemblies.

Section 10.0 discusses first cycle operation of St.'Lucie Unit 2

with the existing instrumentation..

l..c. The planned modifications to the existing Unit 2 instrumentation
will be made (date to be included later) Modifications include
changes to the SMM, design, procurement and installation of the
HJTC probe assemblies, and improved ICI Detector Assemblies (which
necessitate installation of improved ICI Nozzle Flanges). The .

final ICC Detection instrumentation will be as described in
Section 3.0.

2. ,The'design analysis and evaluation of the ICC Detection Instrumen-
tation is discussed in Sections 2.0 and 4.0. and Appendix A. Test-
ing is discussed in Section 6.0.

3. Additional instrumentation testing is discussed in Section 6.0.
gualification testing is discussed in Section 5.0.





1.98-32

RESPONSE

This table evaluates the ICC Detection Instrumentation's con-

formance to the NUREG-0737, Item II.F.2 documentation requirements.

Table 8-2 evaluates conformance to Attachment 1 of Item II.F.2
Table 8-3 evaluates conformance to Appendix B of NUREG-0737.

Information on the ICC transmission, processing, and display

hardware will be presented in a future amendment.

Section 9.0 discusses the schedule for installation and imple-

mentation of the complete ICC Detection Instrumentation.

Guidelines for use of the ICC Detection Instrumentation are

discussed in Section 7.0

A future amendment will discuss key operator actions in the

current emergency procedures for ICC. Section 7.0 discusses

the emergency procedures to be implemented upon incorporation

of the complete ICC Detection System.

The following describes additional submittals that will be

provided to support the acceptability of the final ICC Detection

Instrumentation. The schedule for submittal of this documentation

will be provided in September, 1981.

1) equal ificati on Tes ting of the HJTCS.

2) Environmental and Seismic qualification of the
in-vessel and out-of-vessel instrumentation equipment.

3) llodifications to emergency procedures.

4) Proposed Changes to Technical Specification.

5) Description of ICC signal transmission, processing
'and display equipment.
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TABLE 8-2

EVALUATION OF I CC DETECTION I i(ST RUNE«TATION

TO ATTACH.'KHT 1 OF II.F.2

RESPONSE

St. Lucie 2 has 56 core exit thermocouples (CETs)

distributed unifomly over the top of the core. Section

3.1.3 has a description of the CET sensors. Figure

3-7 depicts the locations of the CETs.

The ICC design incorporates a minimum of one backup
display with the capability for selective readingof a minimum of 16 operable themocouples, 4 from
each core quadrant.

The ICC design was analyzed for human factors cons id-
erations .

The ICC instrumentation was evaluated for conformanceto Appendix B of NUREG — 0737 (see table 8-3) .

The primary 'and backup display channels are electri-
cally independent, energized from independent station
class 1E power 'sources and physically separated in
accordance with Regulatory Guide 1.75 up to and
including the isolution devices.





ICC instrumentation shall be environm ntally qualified
pursuant to C-L owners. group qualification program.

r

Primary and bac) up display channels are des'igned
to prov"de the highest availability possible.

ICC monitoring system was designed and reviewed to
the quali y a surance provisions in App. B items.
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TABLE 8-3
WTALUATION OF ICC DETECTION INSTRUYiENTATION

TO APPENDIX 8'OF NUREG-0737

ITEM RESPONSE

The ICC detection instrumentation is environmentally and
seismically. qualified as specified in Section 5.0.

2. The ICC detection instrumentation is designed such that
no single failure within either the accident-monitoring
instrumentation, its auxiliary supporting features or
.its power sources concurrent with the failure that are
a condition or result of a specific accident will pre-»

, vent the operator from being presented the data required
to analyze core inadequate core cooling.

3. The ICC detection instrumentation is designed such that
redundant or diverse channels are electrically inde-
pendent, energized from station class 1E power source
and physically seperated in accordance with Regulatory
Guide 1.75.

4. Instrumentation is available prior to an accident as
defined in IEEE ST D 279 and/or as specified in technical
specifications.

5. Recommendations of the following regulatory guides
were considered in the design of ICC instrumentation;128130'38158'64'74188'123'144

6. Continuous indication display is provided at all times.

7. All inadequate core cooling instrumentation is designed
to provide read-out display and trending informat,ion
to the operator.

8. All inadequate'ore cooling instrumentation is specifi-
cally and si'ngularly identified so that the operator can
easily discern 'their use .during an accident condition.



I
Signals from a ICC instrument intended for other use is
isolated through isolation devices designated as part
of the monitoring instrumentation.

Each ICC monitoring channel is provided with a checking
variable. Instrument checking has a high degree of
confidence and operational availability.

Servicing, testing and calibrating programs snail be
consitant with operating technical specifications.

i
The System design is such as to facilitate administra-
tive control during periods when channels are removed
from service.

The System design is such as to facilitate administra-
tive control of access to all set points adjustments,
module calibration adjustments and test points.

Monitoring instrumentation is designed to minimize
anomalous indications to the operator.

Instrumentation is designed to facilitate replacement of
components .or modules. The instrumentation design is
designed such that malfunctioning components can be
identified easily.

The design incorporates this requirement to the extent
practical.

The design incorporates this requirement to the extent
practical.

The system is designed to facilitate periodic testing
of instrument channels.

~
~
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9.0 SCHEDULE FOR ICC INSTRUl<ENTATION INSTALLATION

A schedule for the installation of the ICC Instrumentation will be provided

, to the NRC once the system design (including transmission, processing and

display hardware) is completed. It is currently planned to complete instal-
lation of all ICC equipment (date to be included later).

10.0 OPERATION llITH INTERIM ICC INSTRUi<ENTATION

Procedures and training for identification of an approach to ICC on St. Lucie 2

have been developed using existing instrumentation. These procedures are

currently undergoing NSSS vendor review and will be reviewed. by the NRC PIRB

prior to startup of St. Lucie Unit 2.

With final ICC instrumentation installation scheduled for first refueling, the

plant will be operated during the first cycle using existing instrumentation.
This includes,two of three instrumentation systems planned for the final
ICC system, which will be described in a future amendment to the FSAR.Those two are:

Subcooled t4rgin t<onitor (SHN)

Core Exit Temperature (CETs)

The HJTCS will"be absent from the interim system. This instrumentation will
be integrated with:

Emergency Operating Instructions
Operator- Training for ICC Recognition and thtigation

Emer enc 0 eratin Instructions EOI

To be submitted in a future amendment.

~Tr ainin

FPKL wi'll complete operator training (including simulator training) prior
'o

fuel load on use of the existing control room instrumentation related
to ICC as utilized in the approved EOIs.
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Based on the existing instrumentation, training and procedures for ICC

recognition, FPIIL is confident that St. Lucie 2 can be safety operated

prior to implementation of the final ICC instrumentation (Date to be

included later).
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APPENDIX A

Evaluation of Instrumenta'tion,for Detection

of Inade uate Core Coolin

The C-E Owners Group has conducted an evaluation of instrumentation for
the potential application to the detection of Inadequate Core Cooling.
The performance characteristics of selected instruments were compared

for representative transients resulting in various degrees of reactor
coolant system voiding. The respective instruments then were evaluated
based on their developmental and post-accident qualification status,
response characteristics, and signal

clarity.'.l

DESCRIPTION OF ICC EVENT PROGRESSION

The state of progression of an event resulting in ICC can be divided based on

physical processes occurring within the RPV,into the following six conditions:

Conditions Associated with the Approach to ICC

Condition la Loss of fluid suhcooling orior to the first occurrence of
\ saturation conditions in the coolant.

Condi tion 2a Falling coolant inventory within the upper plenum, from the top
of the vessel to the too of the active fuel.

Condition 3a Increasing core exit temperature produced hy uncovery of the core

resulting from .'the drop in level of the mixture of vapor bubbles

and liquid from the top of the active fuel to the minimum level

during the event.

Conditions Associated wi th Recove~r from ICC

Condition 3b Decreasing core exit steam tempeaiture resulting from the rising
of the level to the top of the active ,uel

Condition 2b Vessel fill by the increase in inventorv'bove the fuel.

Condition lb Establishment of saturation conditions followed by an increase

in fluid subcooling.



The instrument system used for the detection of ICC should provide the

reactor operator with the current status of selected key parameters and

the trending of prior status of selected key parameters as the event

progresses through each of the above conditions,

A.2 SUMMARY OF SENSOR EVALUATION

The instruments evaluated in this effort were the subcooled margin monitor

(SMM), resistance temperature detectors (RTDs), reactor vessel level
monitor employing the heated junction thermocouples (HJTC), core exit
thermocouples (CETs), self-powered neutron detectors (SPNDs), ex-core
detectors and'n-core thermocouples. The instruments are listed in
Table A-l, where their capabilities are summarized. Significant con-

clusions about each instrument are given below.

A.2. 1 Subcooled Mar in Monitor

The Subcooled Margin Monitor (SMM), using input from existing Resistance

Temperature Detectors (RTD) in the hot and cold legs and from the pressurizer
pressure sensors, will detect the initial occurrence of saturation during

LOCA events and during loss yf heat sink events.

The usefulness of the SMM may be significan'tly increased by also feeding
into it the signals from the fluid'emperature measurements from the

HJTCS and by modifying the SMM to calculate and display degrees superheat in
addition to degrees subcooling. The signals from the HJTCS temperature
measurements provide information about possible local differences in temperature
between the reactor vessel upper head/upper .plenum (location of the HJTCS)

and the hot or cold legs (location of the RTDs).
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With these modifications, the SHM can be used not only'for detection of the app-

roach to ICC, namely Condition la (loss of subcooling), but also for Conditions

3a and 3b (core uncovery) and Condition lb (core recovery). Even with the

modifications, the StO will not be capable of indicating the existence of
Conditions 2a and 2b when the coolant is at saturation conditions and the level

is between the top of the vessel and the top of the core.

A.2.2 Resistance Tem erature Detectors (RTD)

The RTD are adequate for sensing the initial occurrence of saturation.

The hot leg( 'TD range is sufficient to sense saturation for events initiated(I)

at power. The cold leg RTD, which have a wider range, are sufficient to

sense saturation for events initiated from zero power or shutdown conditions.

The RTD range is not adequate for ICC indications during core uncovery.

For depressurization LOCA events, the core may uncover at low pressure,

when the saturation temperature is below the lower limit of the hot leg

RTD. Initial superheat of the steam will therefore not be detected by the

hot leg RTD. As the uncovery proceeds, the superheated steam temperature

may quickly exceed the upper limit of the RTD range.

A.2.3 Heated Junction Thermocou le 'S stem HJTCS

The HJTC probe is .designed to create and measure,a collapsed liquid level in

a localized plenum region. The height of the collapsed liquid level wi
thin'he

probe is sensed using pairs of heated junction thermocouples. This mode

of sensing reduces spurious effects due Lv pressure, fluid properties, and

non-homogenei ties of the fluid medium.

The siqnal which is oroduced bv the HJTC orobe is a small electrical current

similar in magnitude to, or greater than, the current produced by typical

(I) In most C-E PWRs a dual range RTD system is employed.
Typically,'arrow

band RTDs are located in the hot legs and wide range RTDs are

found in the cold leg. St. Lucie Unit 2 employs wide range RTDs in

both hot and cold legs.
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temperature sensing devices presently used in the reactor coolant system.

This signal may be transmitted from within the reactor vessel to outside of
the containment building with no intermediate .electronics. Furthermore, the

signal is not subject to external disturbances, such as containment environ-

ment as would be present with a hydraulic signal transmission system.

The HJTC can provide significant information to the operator for two conditions
associated with an ICC event - Condition 2a, the approach to uncovery and Con-

dition 2b, the refill. For a"large small break event, the two-phase level
drops to the too of the core within 5 to l5 minutes of the break initiation.
In this event, the HJTC would show the rapidly decreasing coolant inventory
and would quantify for the operator the status of the degrading situation
which is otherwise evident to him from numerous existing instruments. For

smaller breaks, the progression of the event „is slower, and the HJTC can

provide significant information on the effectiveness of his mitigating
actions. It is probably for such long term conditions, prior to core

uncovery, that the HJTC would have its greatest usefulness.

Following recovery of the core, the operator could use the HJTC to verify that
1

„the core is again covered and therefore is- being adequately cooled. Through

monitoring the HJTC level the operator has better indication of the correctness
and effectiveness of his actions in maintaining the coolant inventory.
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A.2.4. Core Exit Thermocou les (CETs

The core. exi t thermocouples will show the. approach to and existence of ICC

after core uncovery for the events analyzed. The core exit
thermocouples respond to the coolant temperature at the core exit and in-
dicate superheat after the core is no longer completely covered by coolant.

The trend of the change in superheat corresponds to the trend of the change

in cladding temperature.

Existing thermocouples in C-E reactors have been qualified to industry

standard accuracy for operation to 750 F. However, thermocouples of0

this design (i.e. stanless steel sheathed, alumina insulated, Type K,
0

Chromel-Alumel) are suitable for nuclear service to 1650 F. Tests have

bien run on such thermocouples to simulate severe accidents (See Reference

4 of text). Results from these tests demonstrated the shunting error

caused by the increase in electrical conductance of the alumina at high

temperature is shown to be negligible up to 1650 F and is acceptably small

to 1800 F. It i s concluded that the thermocouples in operating C-E
0

designed reactors could satisfy the minimum NRC requirement for 1650 F and

are adequate,to 1800 F
0

A.2.5, Self-Powered Neutron Detectors SPND

The SPND yield a signal caused by high temperature as the two-phase level
falls below the elevation of the SPND. However, testing is required to

r
identify the phenomena responsible for the anomalous behavior of the SPND

at TMI-2. At the present, their use is limited to low temperature events

(less than 1000 F clad temperature) or to only the initial uncovery portion
of an event.

A.2.6 Ex-Core Neutron Detectors

Existing source range neutron detectors-are sensiti ve enough to respond to
the formation of coolant voids within the vessel during the events analyzed.
However, the signal magnitude is ambiguous because of the effects of vary-
.ing boron concentration and deuter'ium concentration in the reactor coolant.
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A stack of ex-core detectors gives less ambiguous information on voi sn voids and

level in the vessel. The relative shape of the axial distribution of

signals from a stack of five detectors shows promise as an ICC indicator,

but additional development is needed.

A.2.7 In-Core Thermocou les

Although the loss of other instrumentation such as the SPND's would have to be consi-

dered, in general, it appears feasible that in-core thermocouples may be added to or

substituted for some SPND in the in-core instrument string. In-core thermocouples

sense the surrounding environment via radiation, as well as, steam convection. The

information provided to the operato" by in-core thermocouples is qualitatively the
same as tnat provioeu oy ieTs.
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APPENDIX 8

SATURATION MARGIN MONITOR

The design of the St. Lucie Unit 2 Saturation Margin Monitor (SMM) is described

in Section 3.1.1 of the accompanying report. This device will provide on-line
control room ind'cation of reactor coolant saturation conditions to the operator.
The ".t., Lucie 2 SMM is designed to accept input from selected RTDs and the

Unheated Junction thermocouple with the maximum temperature indication.

During the first cycle of St. Lucie Unit 2 operation the HJTC level probe will
not be installed. Therefore, the SMM will receive its input from the RTDs alone.
A detailed description of the SMM system to be used during the first fuel cycle
will be presented in a future amendment.
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APPENDIX C

Heated Junction Thermocou le S stem

C.1 SYSTEM DESCRIPTION

The Heated Junction Thermocouple System (HJTC) that is planned to be in-
stalled in St. Lucie Unit 2 consists of two separate channels of instru-
mentation which meet the design requirements for a 'post-accident monitoring
system. The sensors are internal to the reactor vessel. Details of the

associated transmission, control and display hardware are currently being
finalized and will be presented in' future amendment.

C.2 TECHNICAL DESCRIPTION OF THE REACTOR VESSEL INTERNALS CHANGE

The changes concern hardware modifications internal to the reactor vessel

which will serve as a holder and guide path for level detector assemblies.

The design of the holders will facilitate future use of. the level detectors.

Basically, three major components are affected by the modification. These

include the upper guide structure assembly, the instrument support plate
/

assembly, and the in-core instrumentation nozzle. The upper guide structure .

changes include two instrument guide tubes, support brackets .and lead-in
funnels as shown on Figure C-1. The instrbment support plate is being
modified to provide a pathway for the HJTC probe assemblies as shown in Figur'e
C-2. An additional penetration is being added in each of two ICI nozzle
flanges.

llhen the above, changes are complete, St. Lucie Unit 2 will have provisions
for two HJTC probe assemblies located as shown in Figure 3-5.

C.3 IMPLEMENTATION SCHEDULE

The future HJTC probe assembly to be installed in the holders is shown in
Figure C-3 and described in Section 3. 1.2 of the accompanying report. The

HJTC probe/holder locations are depicted in Figure 3-5. The probe will be
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installed in St. Lucie Unit 2 (date to be specified later). An imolementatinn

schedule for this effort vIill be provided in a future amendment.
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Core Exit Thermocouple System
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APPENDIX 0

Core Exit Thermocou le S stem

The basic design of the St. t.ucie Unit 2 Core. Exit Thermocouples (CET) is
described in Section 3. 1.3 of the accompanying report. The CETs

are.'ncluded

in the 56 In-Core Instrument (ICI) Detector Assemblies as shown

in Figure 3-6; the locations of which are shown in Figure 3-7.

A description of the CET processing and display to be used during the
first cycle of operation of Unit 2 will be presented in a future
amendment.
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f), Adequate'overlapping of the ranges of narrow and wide
range monitors are provided.

g) Signals from the associated sensors are only used for
monitoring the containment water level.

h) The availability requirement of the wide range containment
water level monitors is specified in plant technical
specification.

i) Testing and calibration requirements are specified an
plant technical specification.
Th struments are specifically identified on the controle in
panels so that. the operator can easily discern tha yt the
are intended for use under accident'onditions.

7.5.3.2.2

7.5.3.2.3

Design Description

The wide and narrow range contaimient level transmitters
are located inside %he containment. The narrow range
monitor measures discrete level points from..the bottom of

the reactor cavity sump {elevation -7ft.) to the top of
the sump (elevation Oft.). The wide range monitors measure
discrete level points from elevation -1 ft. to elevation
26 ft."of the containment. The electronics portion of each
of the sensors are located outside the containment and
converts the discrete point measurement to a continuous
lhvel indication in the control rooms. The two channels of
wide "range level monitors are indicated in the control room,
one channel is recorded. The aarrow range level monitoring
channel is both indicated and recorded in the control room.

Safety'valuation
The r'edundant,wide range water level monitors are safety
related and designated seismic Category I. They are qualified
for the design basis accident environment in which they
operate per XEEE 323-1974, seismic qualification is per
IEEE" 3'44-1975. These monitors are provided strictly for
monitoring purpose. H~fety—rela4ed~r ator-action —i-s
~edm~forma4ioa-providedWy&hi s-instrument.;

The narrow range water level instrument is primarily used
during'normal operation and does not serve any safety
related function post accident.
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A endix 7. 5A-. Safet Assessment S stem

7..1
The Safety Assessment System (SAS) will provide the Safety Para-
meter Display: System (SPDS) and all other data required. in the
control room, Technical Support Center (TSC) and Emergency Opera-
tions Facility"(BOF). This report describes that portion of the
SAS which mee'ts 'the SPDS requirements of NUREG 0696 functional
Criteria for 'Em7ergency Response Facilities, February 1981. It
provides a centralized, flexible, computer-base data and display
system to assist'control room personnel evaluating the safety
status of the pl'ant. This assistance is accomplished by pro-
viding the operator and other Emergency Response Facilities
(ERFs) a high-level graphical display containing a minimum set
of key plant parameters representative of the plant safety status.
All data displayed by the'SAS is validated by comparing redundant
sensors, ehcking the value against. reasonable limits, calculating
x'ates of change, and/or checking temperature versus pressure
curves ~ 4

The displays of the SAS have been evaluated against human factors
design criteria. The concepts .used in the.SAS design will be
verified using .data recorded from a" similar power plant simulator.

The SAS will be operable during normal and abnormal plant operat-
ing condition's. The SAS will operate during all SPDS required-
modes of pIant'peration. The normal operation mode will'encom-
pass all plant conditions at or above normal operating pressure
and temperatui*e."'-.When the Reactor Coolant. System is intentionally
cooled below'~normal operating values, the operator will select
the"Heatup-Cooldown mode which alters the limit checking algorithm
for the key pa'rameters.

4

'he'SPDS poxti'on"'of the SAS will be implemented on a CRT located
in an area of"'the control room visible to the control room op-
exator and the'"senior reactor operator.. This CRT contains the
high-level di'splay from which the overall safety status of the
plant may be"assessed. A dedicated function button panel allows
the'operator--"to'select any of the high level displays and various
supporting displays at any time.

The SAS is de'signed such that control room personnel can utilize
its'features-'isithout requiring additional opexations personnel.

The primary displ'ay consists of bar graphs of selected parameter
values, digital status indicators for important safety system
parametexs and digital values. The parameters indicated by
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bar graphs and digital values include: RCS pressure, RCS tempera-
ture, 'pressurizer level, steam generator levels and steam gen-
erator pressures. Status indicators are provided for containment
environment and secondary system radiation. Reactor vessel
level core exit temperature, amount of subcooling and contain-
ment. radiation are indicated by digital values.

In addition, there is a message area for an appropriate secondary
display providing information related to off-normal value or
event, detection.

The bar graphs indicate vide-range values and if a parameter is
outside its normal range the bar color will change. The direc-
tion (increasing or decreasing) of change is indicated by an
arrow.

During normal operation, the message'rea will be used to display
average power, reactor core average temperature, data, time, and
unit time. These messages may be displayed by higher priority
messages as required.

Trend graph groups of selected related parameters, showing the
last thirty minutes of plant operation are available.

The SAS hardware system utilizes a symmetrical redundant com-
ponent interconnection, configuration to insure high availability.
The functional center of the system is a pair of main processing
computers located in St Lucie Unit 1 Reactor Auxiliary Building
which receives multiplexed plant process data from both St
Lucie Units. The input multiplexer system in each unit is in
itself computer controlled and fully redundant. Both main pro-
cessing computers receive the available variables specified in
Regulatory Guide 1.97 "Instrumentation for Light Mater Cooled
Nuclear Power Plant to Access Plant and Environs Conditions
during and following an Accident", December 1980 (R2), from both
St Lucie Units simultaneously. Also each main computer is
available at all times to functionally support the system peri-
pherals and display devices in both plants simultaneously as
well as the Technical Support Center (TSC) and the Emergency
Offsite Facility (EOF).

The interface between the SAS and the input variables derived
from safety related systems are isolated in accordance with the
safety system criteria to preserve channel independence and in-
tegrity of the safety systems in the case of SAS malfunction.
Also design provisions are included in the interface between
the SAS and non-safety systems to ensure the integrity of the
SAS upon failure of non-safety system.
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'7.5A.2 .Human'--'Factors Considerations
II

Human factors''engineering and industrial design techniques have
;been effectively -comb'ined,,in accordance with established man-
machine interface design''equirements to maximize system effect-
iveness:, reduce'training and skill demands, and minimize op-

,.erator error.,
4,u, IP

~ t

The CRT coloi„~graphic formats and functional key board designs
,have been dev'e3oped through an interdisciplinary team of senior
,operational„-,human .factors, industrial design and computer in-
terface personnel.

Minimum use,.'of,.color, combined with simplified format through-
out the CRT pri sentaion, have been key design features to pro-
vide both normal and off-normal pattern. recognition. The
.operator, who,is the end user, has been directly involved from
the concepti'on "to insure. that man-machine interface goals of
,SAS have been satisfied. The human factor engineering standards
and testing >verification methods which have been used are con-
sistent with 'accepted practices.

'.5A.3Verification and Validation
The SAS is implemented on a digital computer system. The display
software that controls the sensor data, key parameter construc-
tion and display'ormats has been developed under strict veri-
fication and'alidation.

h

Dur3.ng the course of software development;. a set of static test
cases will be developed which test the key features of each
software module. Furthermore, static system test cases will
be.'developed.and used to'erify the .correct operability of
the total system. A set. of dynamic test cases will be generated
by. recording,'nucl'ear simu'ltor data on magnetic tape from 'a number
of,'different'l'ant transients .which test the dynamic behavior of
the 'system under "real" conditions. A design review that com-
'pares these test results to the original functional and design
specifications vill be performed. A selected number of the
static test'cases will be "frozen" such that they could be used
to,verify future" changes to the software. ln summary, verifi-
cat'ion and validation is addressed and designed into the SAS
'software to"„prov'ide a highly reliable product and a mechanism
for„ identifying and controlling future changes.

k





a ~ ~"

I'

CI I
Ol f ~ 0

44itftt
SICTILS

ftftfILEPTLSN 14 TV8ILLTN

'R ggffttttfe, "

ICf gfCfftttel

il
~ P A h4 l'4

4 ~

l

Cat at
at af '

~

naf IstuftR SS Itautle

AVLSC ~

STOLKS

14ILSS I I I IC4CS III ICNICS III IC4CS Ill
I"I

CtfI?

I'A f lgtfl 114 I ITLLI

ILIITLhltt
ChCLWTLI JC

~ l~ L --~ 1' ~ ~

4

I ~CCCtgr flit Iofrgr gtgt
114 I ITLIT IS4 I ITLIT

~LAIT 4fl
CKCTTLIPP

41 ILI

41ST

'I

rent ILCCtgr 1114

I ~ Lgtt
IACIIICC'ggt

ll III
C ILC IRCOO glgl

I IL lgte
14/&sMC fIC

Cfgtt

IgtttfICC
Cffft
LCIILTICC

I II&I
CCI %ITCCS

IILI4l
COCIIISIS

I 1 I

Iglg I

~'AIIC
0 I'Cs

sgIIT I
CCLCC KOTTLL

'T'f t
Csl.tt ILOftll

ggLTTII
LCC

Cgse ICOTTR

IIIC
I I Tftte

DCI/
'I

LII
ttglttT
Clf /Teflg
rstf g u
4LL t
I/OC
Clf

IOLI t
ettm
Cgf/TIgL4

'

/-
*

I,.
I

ITC

LC

rlllffg

IC
IllllIIT

' P

Rf/Terl4
SSCCC ktfR
IF Cg ILLILSTS

LIg
ItftltT ~

CI~ F4

ILV
~TKm
CTT

Llg
ltLtIll
LTT IlM

ltILL ff
Rf/LLI%4

5g$ 5s<ss~„d Qfl~
TLC

VTTL LIT

RT ~

4 l



~,



7.6.3.8 DIRECT POSITION INDICATION OF RELIEF
AND SAFETY VALVES, TMI ITEM II.D.3

Acoustic valve flow monitors are used to provide direct position in-
dication of pressurizer safety valves'(SRVs) and power operated relief
valves (PORVs) .

7.6.3.8.1 DESIGN BASIS

a) Valve positions are monitored acoustically and indicators and
alarms are provided in the control room.

b) Acoustic flow':-monitors are powered from a vital instrument bus
and are designed as seismic Category I.

c) The acoustic flow monitors are qualified for the appropriate
environment "'(a'y transient or accident which causes the relief
or, safety valv'e to open).

7.6.3.8.2 DESCRIPTXON

The means of detecting pressurizer safety relief and, power operatedrelief valve position is by continuously and automatically detecting
accustical signals generated by flow noise levels through the valve.
This is accomplished by utilizing accelerometers mounted on the valve
body. „The accelerometer converts acoustical acceleration into anelectrical charge which is converted to a voltage by the charge con-t verter. This proportional voltage is then processed and a relative
flow indication is obtained.

~~4 f /freeFive'alve position. monitors are provided, ~ for„the>pressurizer
safety relief valy~ and +<~ ~o PORVr. A common audio-visual
alarm alerts the operators when flow through any of the five valves
exceeds a pre-established set point. These set points can be ad-
justed 'from the'.control room.

J

The system is powered from a 120VAC 60Hz uninterruptable power supply
(UPS). An alarm is 'initiated upon loss, of instrument power. The
indicator modules, ar'e located in the Control Room Auxiliary Panel.
The system is qualified in accordance with IEEE-323-1974'„ 344-1975.
The accelerometers'nd charge converters are located inside the con-
tainment and are"',subjected to the containment environment during
and following a smal'1 break LOCA. These components are designed
and tested to withstand and remain operable following the postulated
accident. Various'components of the acoustic valve flow monitors
are identified in Table 7.6-2.

I





a) the use of this information by an operator during both
normal and abnormal plant conditions

b) integr'ation into emergency condition
c) integration into operator training and
d) other alarms during emergency and need for

prioritization of alarms

7 6.3;8.3 EVALUATION

As a backup to this reliable single .channel environmentally qualified
system ~ vg6lc 5fcm m'en()g~ <eh ~ switches are provided
for the pressurizer PORVs and discharge temperature indication for the
pressurizer safety relief valves are used. Thksebackup methods of
deteunining valve'osition are discussed in the emergency procedures.)

The displays and co'ntrols added to the control room will be included
in the detailed human factor engineering study taking into consider- ( i
ation

(
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TABLE 7.6-2
ACOUSTIC VALVE FLOW MONITOR COMPONENTS

Acoustical Sensors lo4~ m~kv-

tested and qualified to IEEE 344 and
323 for the containment environment.

Charge Converters /gal cA Al4~6e
Y'estedand qualified to IEEE 344 and

323 for the -containment environment.

Indicator Modules mQ v- 5

tested and qualified to IEEE 344 and
323 for the control 'room environment.

Alarm Module

tested and qualified to IEEE 344,and
323 for the control room environment.

'

Cable furnished as Class 1E. 50 feet of
low noise, high temperature cable

, connects each valve sensor to its
charge convertor.
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3.7 REACTOR COOIJPlT'AS VENT SYSTEM

3.7.1

1.1

Desi .n Bases

Functional Requirements

The reactor coolant gas vent system (RCGVS) is designed to perform
the following functions:

A. The primary function. of the system is to allow for remote venting of
the Reactor Coolant System (RCS) via the reactor vessel head vent or

'pressurizer, steam space vent during post-accident situations when
large quantities of non-condensible gases may collect in these high
points.

B, As a secondary function, the system may be used in normal RCS venting
procedures required for a plant outage.

.3.7.1.2 Design Criteria .

Flow Rate

The basic purpose of the vent system is to remove non-condensible gases
(primarily hydrogen) from the. RCS in a timely manner.

~
'1) The syste'm is designed to vent, non-condensible gas from the RCS

in a reasonable period of time over a wide range of reactor coolant
temperature and pressure conditions. Over the range of conditions

. cons ersidered (pressures from 250 psia to 2250 psia and temperatures0 offrom 200 F to 700 F) the system is designed to vent one-half o
the RCS volume in one hour with the vented volume expressed in
standard"cubic feet of gas.

(2) At the upper end, flow through the vent system must be limited to
avoid excessive mass loss from the reactor coolant system. By
utilizing flow restricting orifices, the RCGVS is designed to'.

a) Limit 't:he coolant liquid loss through the vent to the makeup
capacity. This limits the mass loss to below the definition of
a LOCA in 1OCFR50, Appendix A.

~
0 f '\

b) Limit the vent'mass rate such that venting does not result in
heat or mass loss from the RCS which would result in uncontrollable
pressurizer pressure or level changes under emergency conditions,
Vith all heaters available, the heat loss is within the heater
capacity ~

B. Controls

"The vent system cont:rois are de igned to allow venting under accident
conditions and minimize the potential for inadvertant operation.
Specifically:

I) The system permits remote (control zoom) venting from the reactor
vessel head or the pressurizer.

2) The vent system is operable following all design ba is events excep
those requiring evacuation of thc control room, an d loss of all AC

~ power (plant backout).
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3) Control room position indication is provided for all power operated
valves.

4) To minimize the possibility of inadvertent operation of the system/
administrative controls on valve operation are provided-

5) The RCGVS is designed for a single active failure with active
components powered from their respe'ctive redundant emergency power
sources. Parallel vent paths with valves powered from alternate
power sources are provided. The solenoid operated valves are
powered from safety grade 125V DC power supplies. Power is removed
from the fail closed valves, by utilizing key-locked control switches,
to minimize the possibility of inadvertent operation during normal
operation.

'.

Piping and Arrangement

l) The vent path is safety grade,and meets the same qualifications. as
the RCS . Redundance in the

vent path is provided and essential piping and components are
Seismic Category 1, Safety Class 2.

2) The system Is designed not to interfere with refueling maintenance
actions. System piping is flanged vhere required to facilitate
removal of components that might interfere with refueling operation.

~ .

3) Vent aths are provided to both the quench tank and containment
atmosphere. The quench tank path allows for cooling of gases
and condensing vater vapor by releasing the vented gases belov
the vater level in the tank. The containment vent path terminates
fin the area where good air mixing and maximum cooling properties
exist ~ '-

4) The vent system materials are designed to be compatible with uper-
heated steam, steam/water mixtures, water, fission pses, helium,
nitrogen, and hydrogen as high as 2500 psia and 700 F.

3.7.2. 1 Summary

The system is designed to permit the operator to vent the reactor vessel
head or pressurizer steam space from the control roo p
con t ons, andi i d is operable following all design basis events except those
requiring evacuation of the control room or a complete oss o a
power. e vent paTh ath from either the pressurizer 'or reactor vess

d from emer encyfo single active failure proof with active components powered o g
pover sources. Parallel valves povered off alternate power sources are

in the event ofprov e at oid d b th vent sources to assure a vent path exists i
s stem rovidesa sin le failure of either a valve or the po~er source. The syst pa s ng e a ure o ei

directl or to .the quench8 redundant vent path either to the containment direct y or o .
a k. The uench tank route allows removal of the gas from the uenc om the RCS vithouttan . e quenc

the need'to release the highly radioactive flui n o c
o t e quenc anf h h tank provides a discharge location which can be used to store
sma quantxt es o all i of gas without influencing containment hydrogen
tration levels. However, venting, large quantities o gas .to e
tank vill resu1t in rupture of the quench tank'rupture disc providing a
second path to containment for vented gas.



0



l

Cocrling of gas vented to the quench tank is provided by introducing the
gas below the q'uench volume. The direct vent path is located to take
advantage of mixing<and cooling in the containment.

~ g ~ ~
~ lp

The system is designed with a flow limiting orifice to limit flow such that "

the mass 'flow rate'of reactor coolant system fluid out of the vent is less
than the makeup c'apacity of a single coolant charging pump. This
effectively limits'he flow to less than the LOCA definition oof lOCFR50
Appendix A. The vent rate limitation also assures that RCS pressure
control is not compromised by venting operation. The system has the
capability to vent large quantities of hydrogen gas from the RCS.

,r .'r",

Although designed for accident conditions, the syste'.may be used to aid
in the pre or post-refueling venting of the reactor coolant system.
Venting of the individual CEDNs and RCPs will still be necessary, however,
pressurizer and reactor vessel venting can be accomplia om lished with the svstem

g«hpcrea4 5 emu:~c pccrriCif desired. Vent flow can be directed to the quench tank or
Ior th™is operation to prevent inadvertent'elease of radioactive

fluid to the containment.

~;
3.7. 2. l. l

As shown'n 'PAID, (Figure 9.3 7 ), non-condensible gases are removed from
either the pressurizer or reactor vessel through the flow restricting
or5.fice and one of the parallel isolation valves and delivered to the
quench tank or containment via their isolation valves. Venting under
accident conditions'ould be accomplished using only one source.(reactor
vessel or press'urizer)and one sink (quench tank or containment atmosphere)
at, a given time.

Normal Operation '"

This system is not'' intende'd for use during normal power operation and
administrative controls are provided to minimize the possiblity of in-
advertant operation. Additionally, power is removed from all valves during
normal plant conditions.

3.7.2.1.2

During normal operation, leakage detection is maintained by use of the
pressure instrumentation. A rise in pressure will indicate leakage past
any of the system isolation valves. Small leakage rates can be determined
by conducting RCS leak rate calculations. Larger leakage rates can
be determined by directing leakage to the quench tank and monitoring

1 hange~ C', M ~ ~cv cr vcM~h ~ ju 0 M+Aoxi~c 'c out rrrosWo+A+~~g Jtank l.evel chan<em

Accident Operation

Operation of the RCGVS during accident conditions willvary depending on
the rate of gasrgeneration. For low gas generation 'rates, gas from within
the reactor vessel or pressurizer is vented to the quench tanank. Reactor
and/or pressurizer vent valves are lined up and the gas releaseased to the
quench tank. Honitoring of quench tank pressure is necessary during this
mode of operation. From this point the gas could be discharged to the
gaseous waste management system if it, is available for use.

For high gas generation rates, gases may be vented to the containment
atmosphere.
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The RCGVS will be .operated as an on-off system to remove'gas from .the RCS.
The volume of gas to be removed is determined by reactor vessel or pressurizer
instrumentation and thorn the venting time is determined dependent upon
this volume and "ystem temperature and pressure.

3. 7-2-2 Component Descrip'tion
tI

There are no major components in the RCGVS. The entire system consists of
piping, valves, and"pipe fittings. All piping and valves are constructed
of-austenitic stainless steels and are Nuclear Safety qualified according
to the Class as indicated on Figure 9. 3-7 . 'Piping system supports and
all valves are also seismically qualified. Power operated valves are
solenoid operated type designed to fail close to minimize inadvertent
operation. Redun'dancy in valve arrangement and power supply is designed
to meet the single failure criterion. Part of the piping system includes
orifices at the pressurizex vent and reactor vessel head vent, both
sized to meet the flow requirements of system design criteria.

3.7.3

3.7.3-1

Safet Evaluation
H U

Performance re'quixements, capabilities, and reliabilities
The ability to,vent the RCS — either reactor vessel or pressurizer -'nder
accident conditions is assured by providing redundant flow paths from each
venting source, redundant dischaxge paths, and emergency power to all
power operated valves. A single active failure of either a power operated
valve or power supply will not prevent venting to containment (either
directly or through the quench tank dependent upon failure mode) from either
sou'rce.

.3.7.3.2 Pipe Break Analysis

Consistent with +C xequirements, the RCGVS is designed to limit mass loss
to, less than a LOCA as defined in 10CFR50, Appendix A and thus a separate
analysis of inadvertent system operation or pipe breakage is not required
to meet 10CFR50.46.

The pressure boundary of the normally pressurized portion of the head vent
system/protected.from the effects of postulated pipe breaks in the main
loop cold leg piping, or branch lines to the cold legs, or non-RCPB
"piping. The pressure boundary of the normally unpressurized portion of
the vent system is protected from the effects of postulated pipe breaks
in.non-RCPB lines for which venting would be required.

, The flow function of the vent system is protected from the effects of
failures for which venting would be required.

Leakage Detection and Control

The components of the RCGVS are provided with welded connections wherever
possible to minimize leakage to the atmosphere. However, flanged connections
are provided on the reactor vessel vent line to allow disassembly for
refueling maintenance. System valves are of the packless type to minimize
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leakage. 'Leakage 'Past the system isolation valves into the normally
znpressurized portion of the system is detected by prcssure instrumentation

7.3.5

Natural Phenomena
C

RCGVS components a'e located in containment and, therefore, are not
subject to the natural phenomena described in Chapter 3 other than
seismic. All components, piping and supports in the RCGVS in the Nuclear
Safety Class 1„ 2 and Non-Nuclear Safety piping are specified and
designed as Seismic Category I. Piping has been analy"ed and supported
in accordance with St.Lucie 2 seismic criteria. All valves have been
analyzed and te ted for operability during a seismic event by manufacturers.
Table 9.3-$ provides a tabulation of Seismic Category l valves wnose
operation is relied upon to mitigate the consequences of an accident.

k

Failure Modes and,Effects Analysis
V

Table 9.3-9 shows„ a failure mode and effects analysis for the RCGVS. At
~ l ast one failure is postulated for each safety-related component„ of~ eas

e entedthe RCGVS. In each case the possible cause of such a failure'is presente
as. well as the local effects, detection methods, and compensating provisions."

7.4 Ins ection Testin~ Re uirements

Each component is, inspected and cleaned prior to installation into the
RCGVS. The instrument will be calibrated during pre-operational testing.
The valves and controls will be tested for operability following
installation.

Components have been specified and purchased as Seismic Category I and
Nuclear Safety Class ~here required. Vendors have subMantiated either
thxough test, calculational and/or operational data that system components
trill. remain operable under the design seismic loads. Vendors have tested
'and inspected all safety class equipment in accordance with applicable
ASME and IEEE codes.

>.7.5 Instrumentation Reouirements

The system is designed to be controlled remotely from the main control room.
All over-operated valves powered from emergency power sources and alternate
sources are used as necessary to meet single failure criteria. Position
indication (open/shut) "is provided for all remotely operated valves and
displayed in the control room.

~7 5.1 Pressure Instrumentation

Vent headex pressure instrumentation is provided to monitor any valve leakage.
Pressure indication and high pressure alarm are located in the control
room.
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Apendix 5.2B

AHALYSXS OP NATURAL CXRCULATXON COOLDO'Ilh

NXTHOUT UPPER HEAD VOXDXNG

DFCENBER 1980

NUCL<~% AVv. ALYSXS DEPARWilENT
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TABLE 2 ~

tlODEL GEOtM~TRY DESCRXPTXOH

FLUXD,VOLUME DESCRXPTXOM

2

Combined hot leg volume.

Combined steam generator inlet plenum
~ vo3.ume.

3 Combined steam generator tube volume from
tube sheet to 'top of tube bundle.

Combi.ned steam generator tube volume from.
top of tube bundle to tube sheet.

Combined steam generator ou let plenum
volume.

Combined cold leg volume upstream of
reactor coolant pump.

Combined reactor coolant pump volume-

Combined cold leg volume downstream of
reactor coolant pump. h

Reactor'esse3. domcomer volume.

10 Reactor vessel inlet plenum volume.

Core volume-

16 Volume from top of active core to fuel
alignment, plate.
Outlet plenum volume from fuel alignmen"
plate to upper guid structu e

sup:ort'late.

3.3 CEA shroud volume.

17 Upper head volume from upp r guide
structur e support, plate to "op o CE ~

shroud..

3.4 'pper head volume above toe of CEA, Shroud.

32 Surge line volume.

Px essurirer volume.

Steam generator she3.1 ide volume.
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TABLE 1 (continued)
MODEL'.GEOi~tETRY DESCRXPTXON

PLON ZUNCTLON DESCRXPT3:OiT

Plow from vo3.ume 12 to volume 1.

2 Plow from vo3.ume 1 to volume 2
I

Plow from volume .2 to vot.ume 3

Plow from,volume 3 to volume 4

Plow from volume 4 to vo3.um 5.

Plow from volume 5 to volume 6

Plow from volume 6 to volume 7.

8 Plow from vo3.ume 7 to volum 8.

P3.ow from volume 8 to volume 9.

10 P3.ow from volume 9 to vo3.ume 10-

17

Plow from volume 10 to volume 11.

Flow from vo3.ume ll to volume 16.

12 Plow from volume 16 to volume 12.

Plow from volume 3.6 to volume 13.
~ '

Plow from volume 13 to volume 3.7.

Plow from volume 17 to volume 3.2.

Plow from volume 14 to volume 17.

35

36

Plow from volume 32 to vo3.ume 1-

Plow from volum 34 to volume 32.

37 Spray flow to volume 34.

38
I

39

Charging Slow to volume 8

Letdown flow from vo3.ume 6.





TABLE l (continued)

blODEL GEOi~KTRX DESCRXPTXOH

PLOM JUHCTXOH DESCRXPTXOH

81'eedwater flow to volume 51.

Atmospheric relief valve flow from volume
51.

'83 Steam Bypass valve flow to condenser from
volume 51.

Steam dump valve flow to condenser from
volume 51.

Steam flow "o turbine from volume 51





TABLE 1 ('ontinued)

- ~
HPWT COiTDUCTOR

MODEL. GEObKTRY DESCRXPTXOH

DESCRXPTXOM-

Puel conductor connecting fuel to volum 11

Steam generator tubes connecting volume 3
and volume 51.

Steam generator tubes connecting volume 4
and volume 51-

Metal in reactor vessel walls adjacent to
volume 14-

kletal associated with upperheacL drive
shafts in volume 14.

Metal associated with CEA. shrouds
connecting volume 13 and volume 17.

Metal associated saith CEA hrouds
connecting volume 13 and volume 12.

Metal associat.ed with CEA, shrouds
connecting volume 13 and volume 12.

Upper guide structure support plate
connecting volume 17 and volume 12

Metal associated with upper guide
structure adjacent to volume 12-

Metal in reactor vessel wall adjacent to
volume 17.

An effective conducto- to allow a:<ial neat
conduction between volumes 14. and volu;..
17-
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APPENDIX 5.2C
~ ~

Natural Circulation Cooldown

A ccmbined thermal/stress analysis was performed to determine the range of
stresses produced in the reactor vesssel head due to voiding of'he upper head
region. In performing the th'ermal analysis, "worst case" assumptions were
mad in defining the fluid temperature and initial vessel temperatures- Th
assumptions which define the thermal transient are as follows and il'iustrated
on Figure a S.~C -I

1. The upper head is drained down to the upper guide support structure
plate in 20 minutes with both fluid and metal temperatures remaini ng at
600'F-

2. The water level is held at this height for 40 minutes with a fluid
temperature of 300'F.

3. The head is refilled over a 20 minute period with 300 F water.

The upper head remains filled
5. The heat transfer coeff icient

hr-
F)-'ith 300 water =or a period of time-

for the water is large {H=500 Btu/ft

6. The heat transfer coefficient for steam is very small (H=O. Gtu/ft~-hr-
oF)

Temperatures calculated for this transient were applied to a stress ana1ysis
model. The res'ults of this analysis indicate that the hignest stresses occur
in 'the "knuckle" ", egion o'f the head near the .inside radius. The magnitude of
stresses produced 'f'r this transient were found to be no more severe than tho
stresses occurring'uring a normal cooldown of 100'F/hr.

In addition the results of this analysis demonstrate that:
I

l. A more rapid refill of the head does not cause higher stresses since
~ - the thermal conducti Iity through the reactor vessel wall is th

l imiting !:eat tr ansf er mechani sm.

'2. The water level holddown time does nave an effect on the stresses i n
the head. Longer holddown times decrease he stress in the "knuck1e"
region because of axial heat flow which re'noves heat from th head-

3. 'The thermally-induced stresses in the nozzle. region of the reactor
vessel are small in comparison to th tresses due to pressure loading
only.





The deformations and rotations in the control element dr ive mechanism
nozzles are negligible.due to the thermal transient.

5. No separation occurs at the 0-ring seal region of the flange, hence, no
leakage occurs. '
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'7. 5. 3. 1

TMI RELATED ADDXTIONALACCXDENT MONXTORXNG INSTRUMENTATXON
I.

TMI Containment Pressure Monitors

7.5.3 '.1

Xn Compliance with NUREG 0737 permanently installed wide
range containment pressure monitors are provided for post
accident monitoring of containment pressure.

Design Bases

a) Measurement and indication capability is provided ower
a range of -5 psig to four times the containment design
pressure (175 psig)

b) Safety related redundant instrumentation channels
are provided to meet. the single failure criteria.

c) The redundant containment pressure monitoring instrumen-
tation channels are energerized from independent class
IE power sources, and are physically separated in accordance
with regulatory Guide 1.75 "Physical Independance of
Electric Systems" January 1975 (Rl)

d) The containment pressure monitoring instrumentation is
qualified in accordance with XEEE 323-1974 for the
design bases accident, environment in which they

operate.')

The containment pressure monitors are designed seismic
category I and qualified per the IEEE 344-1975 criteria.

f) Continuous indication and recording of containment
pressure is provided in the control room.

'

g) Each instrument covers the entire pressure range.
't

h) The monitoring instrumentation inputs are from sensors
that directly measure containment, pressure and provide
input only to the containment pressure monitors.

i) An instrumentation channel. is available during normal
operation prior to an accident as specified in plant
technical specification.

j) Testing and calibration requirements are specified in
plant technical specification

k) The instruments are specifically identified on, the control
panels so that the operator can easily discern that they
are intended for use under accident conditions.

~ ~7.5.3.1.2 Design Description

, The containment pressure detectors are electronic trans-
mitters '(Rosemount 1153GB7) mounted outside the Reactor
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7 '.3.1.3

containment Building. The detectors utilize independent
sensing lines which penetrate the containment. A normally
open f'ail closed solenoid valve with remote manual control
operated from the control zoom is provided for containment

volation for each loop. The redundant containment pressure
monitoring channels are provided with indicators in the
control- room and one of the channels is recorded in the control
zoom. Instrument loop accuracypprovided in Table 7.5-1

Safety Evaluation

The TMI containment pressure monitors are designated
seismic category I and designed to the Quality Group B
standard. Two more charm'els of containment pressure
monitoring instrumentations with a range of 0 to 60 psig
are pro'vided as post accident monitors (refer to Table 7.5-1).
Hence in the unlikely event when the two redundant TMI
containment, pressure monitor displays disagree the operator
has available to his disposition these other monitoring
channels for verification purposes as described in the
plant technical specifications, Channel calibration and
channel check are performed periodically.

7.5.3.2 TMI Containment Nater Level Monitors

In compliance with NUREG 0737, permanently installed narrow
and Aide range containment water level monitors are providentfor'ost accident monitoring. The narrow range instrument
covers'he range from the bottom to the top of the reactor
cavity'sump. The wide range instruments cover the range
from the bottom of the containment to the evelation equiv-
alent:to 600,000 gallon capacity.

7.5.3.2.1 Design Bases

a) "Safety related, redundant wide range water level monitors
are provided to meet the single failure criteria. .The
wide range monitors are designed to seismic Category I

- 're'quirements.

b) -The redundant wide range water level instrumentation
channels are energized from independent class IE power" sources and are physically separated in accordance with

''Regulatory, Guide 1.75 "Physical Independence of Electric
Systems" January 1975 (Rl)-

c) One'arrow range containment water level monitor is
provided

d) Both the narrow and wide range containment water level
monitoring channels are qualified to IEEE 323-1976
for post accident. environment in which they operate
Seismic qualification per IEEE 344-1975 is also provided-

e) Continuous,.indication and recording of containment water
level is provided in the control room.



0



0' ble 9.3-9

Valve Ho. Description Sire(In.) Type
ActuaCion

Type

V1462

V1460

V1461

V1464

V1465

V1466

Reactor Vessel Vent
isolation
Reactor '.Vessel Vent
isolation
Prcssu'rizer Vent
isolation

'ressurizer Vent
isolation
guens ls Tank 'Vent
isolation
Containsssent Vent
isolation

Containment Vent
isolation

Glooe

Globe

Globe-

Globe

Globe

Globe

Globe

Solenoid

Solenoid

Solenoid

'olenoid

Solenoid

Solenoid

Solenoid
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rrtiura Modes Effects lhai

ub> apnrfows lou
ptcusutu Indi ca»
tfon

fluench Tant ?asia ao Pails Open
', tlon Valve Y1464>

~ ~

Causa
I

Kfcccro-
c>cchsn Icol
failure, set
1>oint drift
Elcctro-
rnuclrun Icol
failure, sot»
point drift *

}Ical>;rnfcol
5frrdlng ~ Scat
Le.rkcgc

b. Paf.lo Cloned Itechanical
Failure,'Loss
of Poucr

~ \

PaiLuro
~>>de

Prassura indicator ao spurious high
P j-1140 prcssure Indfca»

't IUrr/1Iarre

Symptoms and Local Kffccto
Includ In' crrdcnt Pnilutes

No Impact on normal opetncfun.
I.oss of ability t,o detect leakage
Into Clru vcnC system piping..

Bo impact on nntrcnl opctst inn..
l.osu of ability to decoct lcnkago
into thc vent aystcm piping.

Hethod of
Detect>an

Vdlvo positfo'n
indfcacfan fn tho
Control 'tours,.

Valve position
fndfcnc fun fn tho
control roam,

Pago 4

r>~tt
Xnharcnt Corspensot end other

>~au>at>n e:e a

Hunu Poet-Ahcr4cnt
venting ls
not affected

fiona Yu>r C-ht c Ident
vent l r l; I s not
affected

inability Co isolate quuncll tant
from che tcndcor coolant gas vent
aystcrr> ~

~ ou»an

Ho fr>>pact on norr>~l operation.
Inability to vent. preasurfrer or
reactor to quench tank,.

, Valve position indi»
cation fn cha controL
roorso

Valve position indi»
cation in the 'controL
roow ~ Operator.

Ifono Redundant fsulr
- tfon valves Co

Chc reactor
vessel s»d pter

'urfxcr 'precfut
uncontrolled vr
I rig Cu Che'uer
t enk.

Venting Co the ~
Cr>ntc 1 nmcrr C I s

possible, f I
ncc usa.r ty

S u o

oro roe tho toe coo>noh cao t>a~no 8 area

3 .. Pressure Instru
cent isolation
Va ive e Y1467
YPIS1140

4< Pafla Open Hcchsnf cal
Sfndfng, Seat-
Leakage

Nplr4

~ ~ ~

'p

e O'At4c'gedundaat
Valves

~ ~

bi Faffa Closed Mechanical
Fs Ifute

Loss of ability to detect seat
leakage froa tho presaurircr arfd
teactor isolation valves into the
reactor coolant gas vent aystere
piping.

Operator Unlikely event
since valve Ir
normally open
and hcc only r
r>anus 1 opt ts cr

4 Concafnrlent
Isolation Volvo
Y1465 Y1466

~ ~

a> Pafln Open Hcchanf cel
Iindfng, Sent
Leakage

~ ~

Inability to isolate reactor coolant Hfgh containc>ent pressure HonoVCnt ayatere frO>S COntainment. and hursidity if venting fn
in progress o Valve position
indication in the control

» ~

~
o

~ 4)

Redundant f sol,
Cion valves Co

the reactor
.Vessel sntf ptc
utltet precfuJ
'untorrC to11ed v

~ fng to Che
Contsfnmcut ~





0

'ressurizer

Vent Isolation
valve Y1460
Y)461

e
~ 0

sin for t Reactor Coolant Caa

Symptons nd Local Effccta
Includfnp Dc enffcnt Failures

I'dffbfe Meden Kffeeee Anef Vent Sye t jf5

~ Me thod of
De t e c tfon

Failure
Mode

ft, Poffe Cloned
Cence

Meohnnfeof
Faf lure, Lose
of Poucr to
the Valve

Mo impact on norr al operation.
Inabfffty to vent, pr ssurfzcr or
reactor to contafnncnte

Valve posftfon
indi feat ion Ln the
control roon,
Operator,

a, Fntla Open Valve posftfon
LnJffootion Ln
control roon.

PT-1140 hitch pres
aura fnJfcotfon ~

~o

~ ~

b. Pails Closed Mechanical
Failure, Loca
of Foucr

Inability tq vent tha'ressurizer.

~ ~~0 oo

Valve position in
the control roora,
Isolatfon valve.
Operator.

o

Mechanical Ho ffffpact on norfnal operation,
Bfndfng, Seat Znubflfty to vent tho reactor
Leakage vessel uitiudut also venting

pressurizer. Thfs La satfsfactorp
and uffl'not LPMpact natural
cf rculatfon.

oo

Inherent Conpchsag ng
Po ofofon

Parallslw edsadsnt
tooiatfoa valve

4f noo $W

.p,a.r~gqj> >
u-'~'-.c.i .;,l',a

~ M dd< .redo Q
Hone

ParalIOI'edundant
ioolatioa valve,

~ ~ Fee5fa! X
and btb
Ef(sets ~

Ventfrfg to
the quench
tank ff pos
sfbfo if
ncces»rye
Rcdf>ndadpt
isofatfon
values to
COff(afna,enf
y1455 Y146
and qu«nch
tafA Y1464
pr«eludes
unconl ro> I r
venting to
tile pru>Sofa
zero
Parwll«f
isulat fon
valve 3 1 lou
vcnifng of
thu prcs-
surfaer.

Reactor Vesaei
Vent Isolation
Va 1 va Y1462
Y1463

~ ~

af. Patio Open

bM Paila Closed

Mechanical
BLndfng, Scat
Leakage

Mechanical
,Failure, Loca
of Paver

No inpact on noraal
operation.'nablo

to vent preaaurLzer vtthout
also venting thc Reactor Vessel.
Thfe ia satisfactory dfnd ufll
not inpact natural circulatLone

Inability to vent tha reactor
vessel,

0 ~

Yalve posftLon
indfcatfon in the
control roon.

PT-ll40 high prcssure
indication.

Valve position in
the control roone
Operator.

~ ~

Hone

Parallel redundant
isolation valve.

ROJundant
Lsolat fun
Vaf lees to
curfc~lnnunt
Y1465, Y1466
an J Y1464
prccludus
un con't r o 1 1 cd
v«nt'fn of
thu reactor
Vcsetfo
Parallel
Lsofatfon
vh 1 ven 3 1 1 oeis
venting of
tlfu reactor
vessel ~

dn

~ ~
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Pollute
Hode

Failure Hades Effects Anni

~ Cause
Synptons nnd Local Effects
Including Dependent Entlurcs ~

Hcthod of
~ Dctcctfon

Table 9.3-
sia for the Rcacto- Coo'tant f~s Vent S stera

Pag43 of 3

Inherent Corapensnttng
Ftovfston

R.enny.
nnd other
Effects

Position Indfca»
tot for Y»462 i
Y1463

Posttfon Indtca
tot fot Y1460
Y1461

Posftton Indfca
tor fot Y1464

Palea indication
of valve pont t Lon

False indfcntfon
of valve post't ton

Paleo indfcntion
of va lve pos ft forl

Electro-
mechsntcal
fnflure,

Elcctto-
mechnnfcnl
fnifurer

Electro-
mechanical
failure

r
Loan of ability to detect
vnlvo psoftfon fn rcnctot vessel
vent line.

Loss of nbflfty to detect valve
posttion in pressurizer vent
1frrc.

Loss of ability to detect volvo
position in quench tank vent
Iinc.

Prcssure gauge
PT-1140 in»»tea ~

tion ehous valve
Ls opened.

Pressure gaugo
P<-1140 tndfca
tfur1 s»roun valve

~
ts opcrrud. I
Quench Yank
temperature and
press«rc vertfy
val«c posfcfon.
Prcssure -gouge
PT-1140

Hone

Hone

a ~

Drain Valves
Y1469 Y1471
Y1486

eo Scat Leakage

bo Pails Cloned

Contnmf nation,
Hcchnntcnl
dnnsge
Hc clrnn fcnl
Bind fng

Position Indfca Paine fndfcntfon Elcctro4r
tor for Y1465 of valve position mcchnnfcal
Y1466 fnf lute

4

Loss of nbflfty to detect
valve post tion in cantatnraent
vent line.

Ho impact on oynten operation+

Conte lnncnt pressure/
hunt Jf ty/rndint ton
levels verify con-
tafrrmcnt valve position,
Press«rc gnugo PT-1140

hone

No tnpnct an normal- operations+ Operator
Innbility to drafn affected
linc acctfon,

Hone

Dratn ltoeo are
blind ffanged.

Hono

cumocw~~ '. Pails Open

lhoL 0 Iv.d vier vf'a

9 >+ci

Hcchnntcal
Binding, Seat
Leakage

a.c~~ul Jar
Inobility to isolate reoccur coc4ont High containment ptosoura
vonC=4Irroconr,f tora containncnt. and humidity tf venting ia

in ptogresa. Valve position
tndicctfon in tho control

Hone Redundnnt fsolfrr
t ion vJ 1 vcs „'to

the reactor
VCSSCl nod pree4r
urizer preclude
'uncontrolled vent
ing to the
contafnraerrtr

b, Pails Cloned Hcchnnical
Pnffure, Lose
of Pouer to
thc Volvo

~ r
f,g„„o Yatvc position

fndfcntfon tn tha
$U/ (~Q rIt )~wc &l~ ~ ~ corrttof toora ~

Opcrntot,

Hone gin.)4n4I 'i~
»c, ~ ~».> ('n.

. ~ ~ 'rc.l ~ T.-n C
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COMHUNICATIONS SYSTEHS

9.5.2.l Desi n Basis

1'able and diverse'ed to assure re ias s stems are design
o eration and

T e comm nxcatxo y

d on
ffoite communications oe

and are illustrate
onoite, and o ox

imum noise levels, anemergency conditions under maximum
Figures 9.5-1 through 9.5«5.

9.5.2..2 S stem Deacri tron

'on ovotems are as follows:The onsite communication oy

a) Private au omtomatic telephone ex chan e {PAX)

PA)b) Page<par v/ t li.ne communication (

c) Radio paging

d ) Sound powered head sets

e) Site alarm signals

(PBX)f) Private raneb h telephone exchange

' evateme are as follows:'he offsite communication eya em

an e {PBX)a) Private ranb anch telephone exch g

b) Two-way radio

Radio paging (limited range)J~gc.<< 0 c)

9.5.2.2.1 On 'te Communication Systemssi
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the plant providing x,atelephonee are locate d throughout

tion.



I(



SL2-FSAR

The page/party line communication system consists of a solid state combined
speaker and handset station amplifier, speakers and associated equipment
and wiring. The system provides one page and five party line channels..
The page/party system for St Lucie Unit 2 is interfaced with the St Lucie
Unit 1 page/party system through a merge/isolate assembly.

Access to the paging channel is provided by the handset stations or PAX

telephone via interface equipment. The speakers and handset stations are
located throughout the site to provide full plant coverage.

The radio paging communication system consists of a transmitter, radio
receivers, antennae, remote desk sets (priority phone), remote control/
master consoles, interface equipment and wiring. The system provides tone
plus voice selective radio paging signals, broadcast throughout the Unit 2

site.

The sound powered communication system consists'of sound powered headsets,
remote jack stations and wiring. Jack stations are located in vital areas
where communication is required for remote shutdown. A dedicated headset
is stored adjacent to each jack station. The system provides back-up
communication in the unlikely event of a complete loss of normal communi-
cation.-

The site alarm signals are incorporated into the page/party system. Site
evacuation, containment evacuation and fire alarm signals are provided
bv tone generators. The tone generators are remotelv controlled by the
control rocm operator pushbutton stations. High containment radiation
init'ates a containment evacuation signal. Two emergency pushbutton
stations in the containment can also initiate this signal. The tone
generator signals are fed to the page/party station amplifiers and broad-
cast through the speaker system in the entire site. The page/party system
is provided with a volume override feature to assure that maximum sound
dispersion is provided in the event of site alarm.

Additional onsite communications is provided by a private branch telephone
exchange (PBX) via the line to the PAX system. The PBX telephone system
consists of a central switching unit, telephone sets, associated equipment
and wiring. This system is an extension of the existing St Lucie Unit
PBX system, and is equipped to provide St Lucie Unit 2, with onoite as well
as offsite communication via telephones located in the control room, re-
mote shutdown room, offices and labs. Two lines for telemetry, load con-
trol and supervisory control 'are provided for the site in addition to the
telephone company central office voice trunks. In the event of complete
.loss of all plant telephone service, a telephone line is provided for voice
communication between the site and the system load dispatch office. This
is in addition to the normal plant telephone service.

9.5.2.2.2 Of fsite Communications Facilitics

Offsite commercial telephone service is provided by a private branch
telephone exchange (PBX) system as described above.

9. 5-2
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As back-up to the telephone lines, a two-way radio facility (operating on
37.7 megahertz) is .rseintained hetween the site and Florida Power & Light
Company's Riviera Plant which maintains radio and te]ephone contact with
the system load dispatch officed The system load dispatch has direct
telephone lines and either patched or indirect radio contact with all
plants and radio, equipped vehicles in the Florida Power & Light Company

systems A dedicated two-way radio communication system is also provided
for plant security purposes (see Section 13.6).

I

The radio paging system described in Subsection 9,5,2.2,1 has limited
~capability for radio paging coverage beyond the site boundary.

' 5tr 'I Err

9 t 5 ~ 2.3 3 stems Eve laotian r:

Communication facilities of the types described are conventional and have a

history of reliable operation at Florida Power 6 Light Company plants<

The availability of the page party, two way radio system, and radio paging
system is assured by powering the system from a vital ac bus which has three
a)ternate supplies;

a) inverter, powered from an emergency HQC

b) voltage regulating transformer, powered from an emergency MCC

c) dc power from station battery

The Vital AC Bus is supplied from an automatic transfer switch that is norm-
ally selected to, the static uninterruptable power source (SUPS). The alter-
nate supply to the automatic transfer switch is from a 120 VAC regulator
powered from the 480 VAC 2AB Bus, The automatic transfer switch will auto-
matically transfer from the SUPS to the alternate regulated 120 VAC in the
event of a SUPS malfunction<

The automatic transfer switch can be manually bypassed and the regulated
120 .VAC connected. to the Vital AC Bus.

The SUPS inverter is normally supplied by rectified power from the 480 VAC

2AB Bus with a back-up 125V DC from the 125V DC 2AB Bus. Diode logic insures
that the 125V DC is available to the SUPS in the event of loss of the 480VAC

-2AB Buss The 125V DC 2AB Bus has a battery back-up to provide power in the
event of a loss of the rectifier,

4
430. 0

The availability'of,the PAX system is assured by powering this system from'.

a) ac operated battery charger

b) .48 volt battery

7

The PAX internal telephone system is shared with Unit 81 ~ The power for the
PAX system is supplied from a 48V DC Battery, The battery is continuously
charged with power from a power panel that is supplied from the 480VAC IBG

non-essential Bus, In the event of loss of power on this Bus, the emergency
diesel will automatically supply power to the Bus. Under operational con-

4

430. 5

9. 5-3 Amendment No. 4, (6/81)
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trol, the non-essential section of this Bus can be energized to provide for
AX system battery charging.

~Mg~rt bang-up -systems

Thc Sound Powered Telephone System will be available .for inplant communica-
tions frbm the Control Room and between various locations throughout the
plant ~ This system uses voice sound power to generate the communication
signal and does not require external power, making it immune to disruption
in the event of loss of all onsite power.

nS~~.>
av bilit of tP PAX stem 's ssur

ro ed b uthe~n Be

In the event of loss of „the normal offsite power sources, the communica-
tions systems remain operable since they are powered from batteries,
Diverse offsite and onsite communications systems ensure that plant com-
munications are maintained'n general, each of the communications systems
have their interconnection cables run in a dedicated conduit system to
minimize the probability of common mode failure, The unique design features
that will assure functionally operable onsite communications is decribed
below,

The Pa e Part /Site Alarm S stem has the following features.

1) The various instruments are distributed throughout the plant ~ Should
one instrument fail, an alternate instr~ment would be available within
a short distance.t 2) Each instrument is individually fused, Should a component fail that
would overload the power, the individual instrument fuse would open
the circuit preventing disruption to the entire system.

3) The Page Party/Site Alarm System electrical. cables are routed through
dedicated conduits other than in the manhole. systems where it mixes
with sound powered cables.- Damage to the Page Party/Sita Alarm con-
duit and cables would not disrupt other communication systems.
Routing of more than two communication systems within one manhole
or raceway system is not permitted to assure that the loss of any
one raceway system will not jeopardize total site

communications')

The bulk of the interconnecting cabling is sectionalized at a
main terminal box by building and/or areas; in addition to that the
Reactor Auxiliary, Reactor Containment and Turbine Buildings
(ic: section cables) are designed to ring loops, some remote
instruments are fed radially. Should an interconnecting cable be
severed in any loop, the equipment would continue to function,
being connected by the remaining parts of the loop.

In the page/party system, if a line is severed producing an open
circuit the system is sectionalized into two parts; if the line
is shorted service may be impaired or totally lost until it is
repairedi

~ 6) Discnnnects are provided to isolate and remove any section/loop
from the system. Should a malfunction introduce noise into the

9. 5-3a Amendment No. 4, (6/81)
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~ entire syst: em. If.communications are disrupted the malfunctioning
section/loop can be removed from the system<

On loss of power- from the vital 120VAC Bus, the Page Party/Site
Alarm signals vill not function,

The Pax Tele hone S stem has the following features:

Various instruments are distributed throughout the Plant ~ Should
one instrument fail an alternate. instrument vould be available
vithin a short distancei

2) The Unit 2 PAX system is connected to the Unit 1 system via 2 (tvo)
50 pair cables.

From the SL2 main distribution frame multipair shielded twisted
pair cables are routed to telephone cabinets (terminal boxes)<
From the tc)ephone cabinet to each instrument, an individual
shielded twisted pair cable is run.

3)

4)

The PAX system electrical cables are routed through separate
conduit, from the other communications systems, other than when
mixed with radio- page circuits in manholes/conduits as required.
Routing of more than two communications systems within one manhole
or raceway system is not permitted to assure that the loss of any.-
one raceway system. will not jeopardize total site communications.-

On loss of power, the PAX system will continue to operate from 'its
back-up

battery'ound

Powered Tele hone S stem has the following features:

The system consists of two individual circuits in a single cable;
should one, circuit fail, the other circuit vill be available.

4

430. 5

2) Thc sound povered phone system cables,'are routed thru separate
conduits from-the other communications system other than-when
mixing with PA cables in manholes. Routing of more than two
communications systems vithin one manhole or raceway system is
not permitted to assure that the loss of any one raceway system'illnot, jeopardize total site communications. If a line is
severed producing an, open circuit, the communication channel
is sectional ized, If the line is shorted service may be impaired
or totally

loathe

3) The individual instrument is connected into the system via a

telephone jack. Should an instrument fail it could be disconnected
"and another instrument connected'

The. sound powered system does not require external power and is
immuned to power loss,

9.5-3b Amendment No, 4, (6/81)
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e Two-Wa Radio S stem has the following features: ~

1) The Two-Wa Radio S stem has se arate transmity P and receive
frequencies with a power boost repeater.'he repeater has antennas
in various locations within, the plant, Loss of one antenna cable
could degrade the coverage in that location but not disrupt the
other radio communications or other communicationsi

2) Failure of a single radio instrument will not disrupt the radio
communications or other communications,

3) Battery power loss on an individual radio will make its radio
inoperable but will not disrupt the radio or other communications
systems. Loss of power to the repeater will make the two-way
radio system inoperable.

The Radio Pa er S stem has the, following features:

1) The radio pager system receives its input from the PAX System.
Priority telephones are located in the control room and the
Hot Shutdown room. Should the entire PAX System malfunction,
the priority telephones can be used to page and transmit a voice
message to an individual receiver.

— 2) To prevent a misplaced PAX telephone handset or a telephone
malfunction from disrupting the radio channel, an automatic timer
is employed to disconnect the circuit after a specific time period,

3) Various antennas are located throughout the plant for indoor and
outdoor coverage. Loss of one antenna or its antenna cable could
degrade the coverage in the specific area but not disrupt the radio
pager system or other communications system, If a transmission line
used for connecting the indoor antenna system is faulted, depending
upon the nature and location of the fault, the one section ahead of
.the fault will become

inoperative')

Battery power loss on an individual receiver will prevent the receiver
from operating but not disrupt other communications, Loss of vital
120VAC power to the pager transmitter system will.,make the system
inoperable,

5) The radio pager system cables are routed through separate conduits
from the other communications systems other than when mixed with
PAX circuits in manholes/conduits as required,

Routing of more than two communications systems within one manhole or
raceway system is not permitted to assure that the loss of any one
raceway system will not jeopardize total site

communications'orking

stations vital to attain a safe plant shutdown are listed in
Table 9.5-6, Also indicated in this table are the estimated maximum
sound levels at each working station, the communications facilities pro-

ided at or in the vicinity of each working station and the maximum

9.5-3c Amendment No. 4, (6/81)
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noise level. that could exist at each irking station and sti).l-maintain
effective communication with the contro). and Hot Shutdown

Rooms'uring

emergency plant operation, including transients, fire, accidents
and loss of offsite power conditions, the p)ant communications systems
provide effective two-way communication between all plant personnel
in al.l. vital working stations/areas in the plant.

4
430. 5

9 5,2 d ~Ins ection snd Testis

The systems assure re).iable onsite and offsite communications for normal
and emergency conditions, Routine use of the communication systems pro-
vides a check of their continued availabi).ity. Pre-operation procedures
wil). verify that there is adequate and understandable communications, fd

430. 5

9. 5-3d Amendment No. 4, (6/81)



9.5.2.2 INSERT

, ~

d) Emergency Notification System Auto ring down telephone (~I'c% gP gi~ P,.>,~)

e) Health Physics Network Dial up communications link. ( >~~ p~'p f" A 3.3)

9.5.2.2.2 INSERT 'I

- The Emergency Notification System Auto ringdown telephone is a„dedicated
'elephonesystem linking St Lucie Unit g with the NRC's regional office

and the NRC's operations center in Bethesda, Maryland. To operate this
phone the operator need only lift the receiver causing the phones at the
NRC to ring automaticly. Extensions on this phone line are located in the
critical areas which would be manned during emergencies; .These areas are-
the following:

l) Control Room
2) Shif t Supervisor's Oglcc
3) NRC Resident Inspector's Office
4) Remote Shutdwon Panel
5) Technical Support Center
6) Emergency Operations Facility

INSERT 2

The Health Physics Network is intended for use as the dedicated line between
the NRC Headquarters and the St Lucie Unit Q site for health physics data
transmission during site emergencies and other significant events. Exten-
sions of this dial-up communcations link are located in the following areas.

l

l) Health Physics Office .

2) Shift Supervisor's Office
3) NRC Resident Inspectors Office
4) Technical support Center
5) Emergency Operations Facility.

9.5.2.3 INSERT 3

The availability of the Emergency Notification System Auto ringdown, Health
Physic's Network Dial up communication link and the PBX system is assured
by the inherent back-up systems provided by Southern Bell.
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radioactive material 'during normal operations, including anticipated
operational occurrences:

n) Provide continuous representative sampling-, monitoring, storage of
information, indic'ation and if necessary, alarm of liquid and
gaseous radioactivity levels.

b) Provide the capability, during the batch release of radioactive
liquid and gaseous Mastes, to alarm and initiate automatic closure
of the appropriate waste discharge valves before Technical
Specifications limits are approached or exceeded.

e) Provide radiation level indication and alarm annunciation .to the,,
control room operators Mhenever Technical Specifications limits
for release of radioactivity are approached or exceeded.

The Sampling System provides gr'ab samples to supplement the continuous
Process and Effluent Radiological Honitoring -System, and in particular is
designed to provide specific information regarding specific rndionuclide
composition of process and effluent streams and to monitor tritium as
required in Regulatory Guide ].21 (Rl). Results of routine laboratory
analysis of pr'ocess samples are used to monitor the operational performance
of unit equipment and to provide additional information for making
operating decisions.

The basis for selecting. sampling locations for liquid and gaseous streams
. is to permit laboratory analysis for confirmation of readings from the

stream monitors, to 'p'rovide more precise information 'than may be obtained
from the continuous monitors, and to verify effectiveness of processes.

Jl.5.2 SYSTEH DESCRXPTION

El.5.2.l Process and Effluent Radiolo ical Monitorin

The requirements of the system design bases for continuous monitoring are
satisfied by a system of off-line-type monitoring channels for the .in-
plant liquid and gaseous process lines. The system includes single-stage
gaseous monitors, single-stage liquid monitors and three"stage particulate,
iodine 'and noble gas monitors. WQ y~~ ~W:s~e gaseous
G ~~ ~md@( ~riot'4 ~

Continuous monitoring means that the monitor operates uninterrupted for
extended periods during normal plant operation. The monitor may occa-
sionally be out of service for maintenance, repair, calibration, etc,
during, which time the frequency of sampling of the particular stream may
be increased, depending on the past history of the radioactivity level of
the stream.

Off-line radiation detection instrumentation is associated Mith liquid and ~

gaseous process and effluent streams, in order to monitor radionuclidc
concentrations in such'treams. Radiation measurements can be obtained
through measurements of gross beta(gamma activity and/or a select gamma

11.5-2





The post accident effluent release points are provided with filter
assemblies to collect samples of suspended xadioactive particulates
and gaseous iodine. The sampling system design is such that plant
personnel could remove samples, replace sampling media, and transport
the sample to an onsite analysis facility with radiation exposures
less than those of GDC criteria, 19.
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SL2-FSARt energy basis dependent upon the isotopic composition nf a particular
stream. The monitn'ring system operates in conjunction with regular and

special radiation surveys and with radiochemical information for
continued operation. Continual indication and recordings of radiation
levels for normal operation, for anticipated operational occurrences
and for a rsacaaeb4e range of accident conditions is maintained for each
channel associated with the monitoring system. Readout recording,

alarm'nnunciationand alarm set point adjustment are centralized within anf>+ g area of the control roc'omplex.

11.5.2 ~ 1 ~ 1 Radiation Honitoring System

The Process and Effluent Radiation Honitoring System is a digital crxaputer-
based system and consists nf various monitor channels located throughout the
plant. Each channel is equipped wi th a detector 'and its associated electro-
nics, a local control and display unit, a power supply, and a microprocessor
per monitor thich may consist of more than one channel as xu toe case of
airborne type monitors.

All channel information is processed through a dedicated local micro-
processor per monitor and then transmitted'o the computer system
for the purpose of data jogging, processing, editing and displaying'f information obtained fran the radiation sensors. Those channels
identified as safety related are first indicated and recorded on digital
ratemeters and strip-chart recorders located in the control room and
then transmitted through a'n isolation device to the computer system. A
schematic of the system 1s shown on Figure 11.5"l. A dual computer and
loop configuration allows any component to fail without affecting the
remainder of the system.

11.5 2.1.2 Continuous Sampler hsse'mbly

All cnntinuou's 'process and effluent radiation monitors are located in an
off-line sampler assembly.

Each sampling assembly consists of a sampler and the associated piping,
fittings, and other components as required to transport the sample
through the system. All samplers include radiation detection equipment
and a check source. The monitor cabinet is a skid mounted system" and
includes such i tems as the microprocessor, a sampling pump, valves,

. interconnecting piping, fittings, flow and pressure indicatora.

The sample chamber is sized and shielded in a 4~ geometry as required
tn achieve the speci fied minimum system sensitivities. Bach a~pier is
constructed of stainless steel and is Located'as close as practical to
the process stream, such that sample line interference or losses are
insigni fr cant .

Samplers are designed so that they have flush capability for decnntam-
anstion purposes where practicable.

Each continuous gaseous and liquid monitor is provided with a snlenoid-
operated check source that simulates a radioactive sample in the
detector sample chambe'r and may be used for operational and grnas

l1.5-3
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The radiation monitors required to operate during and after an accident
are qualified to operate 'in the accident environment that fky experience '.
Procedures are used to convert the instrument readings to release rates
per unit time.
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c) Three-Stage Particulate Iodine and Noble Gas (P-I-G) -lfonitor

Three-stage particulate, iodine and noble gas monitor consists of
three detectors, 'one each for noble gases, airborne particulates,

'nd iodine (refer to Figure 11.5-4). The gaseous nanitor is similar
to the SSG14 described 'kn 'b) above.

The particulate aonitor is a beta sensitive plastic scintillation
radiation detector, coupled to a photomultiplier tube which is
protected by an electromagnetic shield. The minimum detectable
lfnft of tha nonftor fog gr-90 Jn n 1 nr/he background at 95 percent
confidence level is 10 pCi/cm, based on a sample flow 0
r'ate of 2 scfm and a one-half minute counting time. The response of
the detector is at least 3 backgroun above background. The
movable filter increases the time to achieve the same count rate.

Filters for the particulate oonitor are at least 99 percent
efficient for particles 0.3 microns and larger: Both fixed and
moving filters are utilized on the airborne monitors. Effluent'-
type monitors use fixed filters (except the ECCS area effluent
monitors); inplant-type monitors .use, aaving filters. Both con-.
tinuous-advance and step-advance capability io provided on those

- monitors with moving filters mechanisms Control may be exercised
locally or remotely through the PAS computer system.

Sr~i C ~
11.5.2.1a4 Controls and Alarms

The iodine monitor is a gamma-sensitive HaX(TI) crystal, coupled to
a photomultiplier tube which is protected by an electromagnetic
shield The minimum detectable limit of the monitor for I9131 in a
1 mr/hg background at a 95 percent confidence level is 10
pCi/cm , based on a sample flow rate of 2 scfm and a 3 minute
countin 'time. The response of the detector is at least 3 x
background above background. The resolution of the detector does
not exceed 10 percent FMHM at 0.662 MeV (Cs-137)

e

A fixed filter cartridge assembly is used for the iodine channels.
It is easily accessible for replacement. It is at least 85 percent
efficient- for the collection of iodine.

All monitors are provided with either a local control and display unit
located near the monitor or, a portable indicator control box capable of
accessing the monitor control features and data base- Either of the two
units provide information relating to operational mode, alarm status
and data output. Purging, check source actuation, valve and pump controls
and various test mode actuations may be done locally and, with the
exception of valve control, within the cabinets at the various operator'o
terminals.

Thc digital informaton from all'channels is stored by the redundant
computers and displayed at the three operator consoles on cathode-ray
tube (CRT) displays. If an alarm condition is detected, a status change
,occurs at each of the three CRTs and logging of the alarm occurs

Amendment Ho. 0, (12/80)



Cl

0



XNSERT C

d) Multi-Stage Gaseous Monitor (MSGM)

The multi-stage gaseous monitor consists of three
detectors'ith overlapping ranges. The low range
detector is similar to the SSGM described in b) above.
The mid range detector uses a solid state detector and
has a range overlapping by more than one decade+he low
range detector. The high range detector also uses a
solid state detector and its range overlaps the mid range
detector and extends to .10 p Ci/c~3. (see Figure 11.5-5)

e) Externally Mounted Monitor (EXT)

The Atmospheric steam dump monitor consists of gamma
detecting GM tubes viewing the main steam lines and a-
background subtraction detector (see'igure 11.5-'6).
The minimum detectable limit for noble gas activity in
the main steam in a 5mR/hr gackgrcunB at a 95 percent
confidence. level is 6 x 10 p Ci/ce, based on a one
minute counting time.

A procedure is developed-to correct for the low energy
gammas the external monitors would n'ot detect,.
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based on sample analyses and gaseous activity discharge limits. If the
activity exceeds the 'set point, the discharge valve is automatically
closed.

11.5.2.2.7 Condenser Air Ejector Nonitor

The condenser air ejector monitor is a single-stage gaseous monitor as
described in Subsection 11.5.2.1.3b. The monitor measures noncondensable
fission product gases in the condenser air ejector discharge to detect any
primary-to-secondary leakage. The presence of radioactivity, in this line
indicates a primary-to-~oecondary leak in the steam generators, The predomi-
nant isotopes would be Kr-85 and Xe-133,.with presence of iodine. The
function of this monitor is to alarm in the event of a primary-to-secondary
steam generator tube leak.

The monitor is located on the common header downstream of the air ejector
after co'ndensers discharge. The alarm setpoint would be set slightly
higher than"'expected plant background.

11.5.2.2.8 Plant Vent Monitor

'Xhe safety 'related plant vent monitors are three stage particulate, iodine
and noble gas monitors as described in Subsection 11.5.2.1.3c. The primary
purpose of the plant vent monitors is to continuously'monitor and record
the radioactivity level of plant effluent gases being discharged from the
plant vent in= order to assure that the plant releases do not exceed Techni-'al Specifications limits.. Xsokinetic sample nozzles insure that a repre-
sentative sample is vithdraMn from the„vent. The alarm setpoint is based on
applicable discharge limits. These monitors are, seismically qualified and
relay information directly to the safety control panel.

11.5.2.2.9 Puel Handling Buidling (PHB) Stack Honitor

The FHB stack monitor is a three-stage particulate, idoine, and noble gas
monitor as'-:described in Subsection 11'5.2.1.3c. The primary purpose of
this monitor"is to continuously monitor and record the radioactivity level
of effluent gases being released via the PHB stack. The alarm set point

~ is set sli'ghtly higher than plant background conditions since this release
point is not ~considered a normal release mode. An ioskinetic sample nozzle
is provided.'

.f4=
aA
ygcif-

.2.2:1 ECCS Area Ventxlatxon System Exhaust Honxtors

Two safety related monitors are provided to measure the airborne effluent
from the ECCS area. A sample is vithdravn from the ECCS area ventilation
exhaust ducts to an off line gas, particulate, and iodine monitor as des-
cribed in Subsection 11.5.2.1.3c. These monitors measure airborne activity
originating from the ECCS area during accident conditions. These monitors
are seismically qualified and relay information directly to the safety con-
trol panel.

,
11.5-10





XNSERT D

Page 1 of I

11.5.2.2.10 ECCS Area Ventilation System Exhaust Monitors

Two safety related monitors are provided to measure
the airborne effluent from the ECCS area. A sample is
withdrawn from the.ECCS area ventilation exhaust ducts
to an off line monitor. Sample nozzles insure that a
representative sample is withdrawn. - These monitors
consist of the multistage gaseous monitors as described
in Subsection 11.5.2.1.3d. The alarm setpoint is based
on applicable discharge limits. These monitors are
seismically qualified and are indicated and recorded
in the safety control panel.

11.5.2.2.3.1 Plant Vent Accident Range Radiation Monitor .

The plant vent accident range radiation monitor is a„
multistage gaseous monitor as described in Subsection
11 ' '.1.3d. Upstream of the'etectors are iodine
and particulate prefilters. Sampling nozzles are
provided to insure that representative samples are
withdrawn for accident analysis. The alarm setpoint
is based on applicable discharge limits. These
monitors are seismically qualified and are indicated
and recorded in the non-safety portion of the auxiliary
panel.

11.5.2.2.12 Atmospheric Steam Dump Exhaust Monitor

The atmospheric steam dump monitor is described
in Subsection 11.5.2.1.3e. The primary purpose
of this monitor is to.continuously monitor and
record the radioactivity level in the main steam
that is discharged to the environment via the
atmospheric steam dump valves. The alarm set
point is Set at Me 3.owest range since this
release point is not.'onsidered a nq, .aP
release mode.
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all process and effluent radiation monitors and the particulate and iodine
filters in the gaseous monitors may be removed for laboratory analysis.
The location and other data for the specific sampling points are listed
in Table 11.5-2 for primary samples, Table 11.5-3 for secondary samples,
and Table 11.5-4 for local and gas, analyzer samples.

Sample point locations are based on one or more of the followin'g require-
ments:

a) to check the performance of process equipment,

b) to alert the operator to any abnormal condition such as leakage,
and/or

t

c) to insure effluent releases are below applicable limits.

To insure representative samples all liquid sample points are taken from
vertically run pipe or from the top of horizontal 'run pipe. The local
sample lines are as short as possible to limit the amount of purge water
required before,a representative sample is obtained. Vent samples are
taken from straight duct runs. Liquid tanks are recirculated prior to
sampling.

11.5.2.5 Review of- Requirements 'of PERHSS

A review of the monitoring and sampling provisions in the gaseous process andt effluent radiologic~1 monitoring and sampling'ystem with the systems described
in the Standard Review, Plan,'ection 11.5, Table 9A is tabulated in Table
11.5-5.
I

A review of the monitoring and sampling provisions in the liquid process and
effluent radiological monitoring and sampling system with the systems described
in the Standard Review Plan, Section 11.5, Table 1B is tabulated in Table
11.5-6.

C
11.5.3 EFFLUENT MONITORING'ND SAMPLING

For a discussion of implementation of General Design Criterion 64, Sub-
sections 11.5.1 and 11.5.2 contain a detailed description of the means
which are provided for monitoring effluent discharge paths for radio-
activity that may be released for normal opertions, including antici-
pated operational occurrences, and from postulated accidents.

11.5.4 - PROCESS MONITORING AND SAHPLING

For a discussion of"impl'ementation of General Design Criterion 60, Sub- .

sections 11.5.1 and 11.5.2 contain a detailed description of the means
which are provided for automatic closure of isolation valves in gaseous
and liquid effluent paths.

For a discussion of General Design Criterion 63, Subsections 11.5.1 andI 11.5.2 contain a detailed description of the means which are provided for
monitoring of radiation levels in radioactive waste process systems.

11 ~ 5-12 Amendment No, 3, (6/81)
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11.5.2.5„,Continuous'ampl'ing and Analysis of Plant Effluent

The post accident effluent release points are provided with
filter, assemblies for collection of 'suspended particulates
and gaseous iodine. The sampler assemblies are easily re-
movable;- selt supporting in nature and surrounded by a
radiation shield to protect t$e operator. The radiation
shield design assumes that 10 p. Ci/cm ot gaseous radio iod'na.
and particulates is deposited on the sampling medium for a
30 minute sampling time with an average gamma energy of
0.5 Neu. This design basis sample will be used to calculate
the occupational dose to personnel during sample handling
and transport, and analysis of sample. Representative
sampling per ANSI N13.1-1969 will be provided at the ECCS
exhaust and plant vent stack exhaust. Continuous and grab
samples will be provided at these points.

-The iodine adsorbing cartridge ges activated charcoal with
at least 90$ effective adsorption for all forms of gaseous
iodine, as -its active ingradient.. The particulate filter
is added upstream of the iodine cartridge inorder to prevent
the radioactive particulates from entering the iodine cartridge.

The sampling medium for particulates is at least 908 effective
for retention of 0.3 micron diameter particles.
Design of the analytical facilities and preparation of analytical
procedures will consider the design basis sample.
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PROCSSS AND KFFLDEHT RADIATICR 7CÃIITORS (c

a) Con poaent 2
Cooling Mater

b) Chcaieel cad 1
Yo luna Control
Letdcun

I-l"-CC-227
I-1"-CC-231

1"~%32

l!onitors Imbed TX~(I) Location(2)
Control
Functioa ~Poorer S I

Close surge Safety AC
th vent bus

Nonsetcty
AC bus

'Rendu
(hei/cc)

10 to 10

10 to 10

'CnCaun
Scnsitivit (3)

1.3x10

1 ~ 3x10

cpnlpCC/ccCs137

cpa/pCi/ccCo137 „

Typical Alamo 6

Control Set int

1.4x10 pCC/ec

lx10 pCC/cc

ht Detector

2,5 nr/hr

10 nrlhr

c) Steea Generator 2

Slowdown

d) Liquid Reste 1

Discharge

1"-B-107

S IL 3"AWA29

Close blov-
doma valves
I"FCY-23 '3 ~

S, -7) 6 -9

Closo
dischargo
valves
FCY"6627 X &

Nongcfety
AC bue

Rongatoty
AC bus

10 to 10

10 to 10

1.3x10 cpalpCC/ceCa1378

1.3xl0 cpm/pCC/ecCa137

1x10 g"i/ce

4xlO pCC/cc .

1 ccr/hr

o) Gaseous Reste 1
Discharge

f) Condenoor Air 1

4I Ejector

2"~D40

I"-AK47

Closo RoaSatety
discharge AC bus
Valve V6565

Noagafoty
AC bus

10 . to 10

10 to 10

4,3x10 cpnlpCi/ecXe133

4.3x10 cpn/pCC/ceXe133

500 pCi/cc

3x10 pCi/cc

2.5 cr/hr I
l

1 ccr/hr

O

0) Plant Voat 2 P IC

i) ECCS Area 2
Vent C 1st ioa
System Exhaust

j) boric Acid end 1
Reste Holdup
Condensate Tech

SSL 3"-CR-4

h) Fuel Handling 1 P IC
bldg, Staeh

Nona Safety
AC bus

Nongefety
AC bus

Nonsafcty
AC bus

Noae Safety AC
bus

10
7

to-10

10 to
10 to

10 ~to
1 to

to

10 to-8

105 P
10 'I
10 0

p

G

10'0

10
to 10 SP

10
7

to 10
2

I
10 to 10 C

8,&x)0 cpnlpCC/ceCs137
lx10

7
cpa/pCC/ee1131

2.1x10 cpn/pCC/ccXe133

8.6x/0 cpn/pCC/ceCo137
4

lx10 e pa/pCC/cc 1131
. lxlO epn/pCC/ecXe133

/0 ~ cy
7

1 ~ 3xlO cpa/pCC/ccCs1378

5x10
7

pCi/cc
Srl0

6
aCi/cc

Sx10 ~C/cc
"6lxlb

6
pci/ce

lx10 ) CC/ce
lx10 pci/cc

4x10 pCi/cc

1 m/hr

1 nr/hr

2.5 ar/hr

Notes

cs
P~

(1) SSL ~ Single Stage Liquid, SSC ~ Single Stego Gaseous, P"IW > PertCculate, iodine and noble gas (reter Subsection 11.5.2.1.3)
(2) All nonitors are otf-line type. Location indicates ac=pie line tska-oft.
(3) sensitivity listed io for counting tim cad bschgrouad states. In addition, all canitors neet the sensitivities indicated in Subscetbm 11.5.2.1.3.
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in accordance with ZEEE-323-1974 and XEEE 344-1975. Refer to Sections
3.10 and 3.11 for further discussion on qualification of Class 1E equipment.

Those monitors whose main function io to measure radiation following n de-
sign .basis accident meet the recommendations of Regulatory Guide 1.97,
"Instrumentation for Light Hater-Cooled Nuclear Power Plants to Assess
Plant Conditions During and Following and Accident", December, 1975 (RO).
The instrum nto are seismically qualified Class 1E.

'he containment isolation oignal (CIAS) monitors consist of four separate
gamma-oensitive ion chambers located within the containment at 90 degree
intervals along the containment vessel wall. These monitors initiate the
CIAS on high radiatioa. The monitors axe fed from four Class XE instrument
power supply oyotem buoeo (NA,1kB,HC and HD)- "

Six spent fuel pool'onitors are provided around the spent fuel pool to de-
tect radioactivity ia the event of a fuel handling accident in the Fuel
Handling Building. A high radiation"signal isolates the Fuel Handling
Ventilation System ond diverts the air to the Shield Building Ventilation.
System.

Two containment post .accident monitors are located outside the containment.
These gamma oenoitive ion chambers provide long term indication of radia-
tion conditions inside the containmeat following an accident.

&dc,
Qr g

g serf
0 t.

12.3.4.2 Airborne Radiation Honitorin S stem

12.3.4.2.1. '. Design Ob]ectiveo

The objectives of the Airborne Radiation Ifonitoriag System during normal
operating plant conditions and anticipated operational occurrences are:

'a) To inform operations personnel of oirborae particulate, gaseous and
iodine:.activity in the various buildiags and structures of the
plant,

b) To alarm any abnormal increaseo in the airborne activity levels,

c) To furnish records of gross airborne trends in the various plant
areas and of the amount of radioactive xeleaseo to the environ-
ment through thc plant buildings or structures during normal,

'r

ebnor'mal operational occurrcnceo,

To help'detect identified or unidentified leaks inside the reactor
coolant pressure boundary (as recommended in Regulatory Guide 1.45,
"Reactor Coolant Pressure Boundary Leakage Detection System", 14ay,
1973 (RO)) and other areas.of the plant,

e) To assist personnel in deciding whether, or not breathing apparatus's necessary when entering a high activity,area, and

12.3-19 Amendment No. 0, (12/80)
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Two high range post accident monitored with a maximum range of
107 R/hr (gamma) are located inside the containment. These
monitors are widely separated 'so as to provide reasonable assess-
me'.:t of area radiation conditions inside containment and powered
from independant Class lE power supply. Table 12.3-2 provides
a tabulation of the basic design description for these monitors.
Pr'gure 12.3-13a shows the location of the radiation monitors in-
side containment. These monitors are .gamma sensitive ionization
chambers capable of detecting photons with an energy range of
10 ke9 to 3QcV, with a linear energy response of + 208. The detectors
are seismic Category I and qualified to normal operating and post
accident environmental conditions inside containment and have a
total integrated life of 109 Rads'. A self testing radiation source
with a continuous reading of 1 R/hr is provided within the radiation
monitors for checking the operational availability of the monitors.
Also there are two additional safety related radiation monitors
(gamma sensitive GN detectors) located outside the containment
whi.ch could be referenced by the'lant operators incase the re-
dundant displays of the high range incontainment monitors disagree.
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SL2-PSAR

These monitors are designed to seismic Category I and Class lE requirements
and are qualified in aacbordance with IEEE 279-1971, IEEE 308-1971,
IEEE 323-1974 and IEEE 344-1975.

The monitors have a solenoid actuated Cs-137 check sour'ce. Ho local alarm
or indication is provided.

12.3.4.2.3.3 BCCS Area Vent Honitors

seismically qualified monitors are provided to measur
fluent fr om area.

me ef-

These monitors are des' seismic- a and Class lE requirements
and are qua

'
xn accordance with IEEE 279-1971, IKE

IEEE -l974 and IEEE 344-1975

A sample is withdrawn from the ECCS area emergency vents to an off line
gas~sasniassl ' monitor ns doscribad in. gnbsaction Il.3.2.1.3(
and as shown in Figure 11.5-4. The monitors measure airborne'ctivity nri-
ginating fran the ECCS area during accident conditions. sic 0'~~ r

P
12.3.4,2.3.4 Hobile Airborne monitors pvAI'Qhs W i'ok-'c-

Portable continuous airborne monitors are available for use in potential
airborne hazard areas during maintenance operations. These mobile moni-
tors consist of n sampLer assembly mounted nn a cart. The sampler afsembly
contains gas, particulate and iodine detectors as described in Subsection
11.5.2.1.3C. The monitor can act in conjunction with the Radiation Anni-
toring System via plug in junction boxes located throughout the plant, orit can operate independentl.y providing only LocaL indication and alarm.

In areas that are occupied on a routine basis, surveys are conducted by
patrolling personnel. A comprehensive air sampling program establishes a
basis for routine surveys and portable, continuous monitor Locations other
than maintenance coverage. This program consists of taking grap samples
for gaseous, particulate and iodine activity in all. areas with a probability
of airborne contamination near HPC. The program is implemented a few
months prior to initial operations. Based on the data collected from this
program, a routine airborne monitoring program is established. The effec-
tiveness of'thi's program is determined by routine data obtained, non-
routine samples on an as-needed basis, and a radioassay program. Portable.
continuous air monitors are displayed in areas where there is personnel
occupancy and a high potential for airborne activity near MPC Levelsn

l2) -23
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SL2-PSAR

TABLS 12o3-2 (Cant Sd)

Cbcnaol

25

26

27

Monitored Area

Ion ExchcnBor Valve Area A

Zon Bachelor Volvo hroa B

Purification Piltor As ca

Spent Rcain Tach Area

KCCS Equipcant Area

Docontaninatioa brea

GVAC Roon

32

33

34

35

31

38

Voluza Control Tosh Area

Do~ter Encicauro

Lou Pool StorcSo Area

Aaratod Monte StoraSo Area

Boric Acid Cocccatretor Aran'l

Pual Pool Piltor Area

OpcraticS Doch Aron

31 (hcnical Draia Pucp Area

Safety
Claaoi fication

Son-Safety

Kon-Safety

tion-Scfoty

Son-Safety

Non-Saf cty

Iten-Safety

Ron-Safety

Iten-Safoty

tbn-Safety

Non"Safoty

Hon-Safety

Son-Safety

loon-Safety

Son"Safety

Don"Safety

Range
~nt/n t
10 -10

10 -10

Senai tivity
~R/R t

10 -10

10 '-104

I 10

10 -10

10"1-104

10 -10

10 -10

10 -10

10 1-104

-10 1
10

10 10

10 '-104

10 10 - !

Accuracy
~R

+3

+3

+3

Typical Alarn
~Sot ~o/nt RR/l t

2o5

5

2o5

2o5

2.5

2o5

janitor
'ocation

RAB el
26'AB

ol
26'AB

ol
26'AB

ol
26'AB

o''AB

ol
5'AB

el
49'AB

ol
26'AB

el
26'AB'el

5'AB

el 26 ~

PHB ol 26l

Contai~nt
ol

39'etector

Location

We ol
26'AE

ol
26'AB

cl 3$ .$
'AB

ol 6.$ ~

LWB ol
10'AB

el
26'l

ol
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ol
12'AB

ol
26'AB

el
26'BB

ol
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al 5'
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ol
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8
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O
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12.3A TMI SHIELDING STUDY

12.3A.1 Introduction

Following the requirement. of NVREG 0737 item II.B.2 "Plant Shielding",
a design review of the St Lucie Unit 2 plant shielding was performed.
.This assures safe personnel access to the vital equipment or areas re-
quired for mitigation or monitoring of an accident. Equipment qual-
ification to radiation doses resulting from an accident is addressed
in Section 3.11.

In compliance with X4 ~ ZI.B.2 of NUREG 0737, radiation source terms
are specified, systems assumed to contain high levels of radioactivity
as a result of a postulated accident are listed, vital areas requiring
access are identified, and dose rates and doses in vital areas are pre-
sented. Dose rate zone maps were created to show dose rate images

throughout the Reactor Auxiliary Building (RAB) at 1,10,100 and 1000

hours following an accident; they are included as Figure 12.3A-1 to
12.3A-4.

12.3A.2 Source Terms

The source terms used in determining dose rates and doses presented in
Section 12.3A are consistent with the specifications of NUREG 0737. All
source -terms are based on the core inventory of nuclides derived for

I

St Lucie Unit No. 2 'from Table 4.3-1 of the Combustion Engineering System

80 Radiation Design 'Guide. The St Lucie core inventory, separated for
convenience into noble gases, halogens, and other nuclides, is shown in
Table 12.3A-1..

Four general sets -of multigroup source terms, suitable for input to
shielding. codes, ~~ere created from the core inventory data; two for
liquid sources, one for gaseous sources, and one for plateout. The

GPc.OP@ code was used to transform the isotopic sources into multi-
group, energy-dependent gamma sources as functions of time after release
from the core.
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The two sets of source terms for liquid systems are based on the
assumptions of instantaneous release into the reactor coolant of
the following percentage of the core inventory:

100%, of the noble gases
508 of the halogens
lb of the other nuclides

Nultigroup source terms calculated under these assumptions for
various times after an accident (considering radioactive decay)
'are presented in Table 12.3A-2. The unit of. the source terms is
~/sec, which can be converted to a specific source term unit of
0'/(cm -sec) by dividing by the reactor coolant volume of 2..05X10 cm

(from Table ll.l-l). The resulting set of gamma ray source terms
was used in dose rate calculations for systems postulated to contain
"undiluted" reactor coolant water such as the primary sampling system,
which would be required to function =in the event of a "small break"
LOCA, where the reactor coolant would experience little dilution
by nonradioactive water.

Other systems such as the Containment Spray and Safety Injection Systems,
would contain radioactive water only after exhausting the supply of

. nonradioactive water contained in the Refueling Water Tank, and then
being switched to the recirculation mode. In that mode, .commencing
no sooner than twenty minutes after the start of a "large break" LOCA,

these systems would draw water from th'e containment sump located in
the Reactor Building. Source terms for recirculated (containment sump)

water were created by first eliminating the noble gases from the water,
in accordance with the ~Hei'~as of NUREG 0737 for recirculated,
depressurized water, and then diluting the remaining 50% of the core
inventory of halogens and 1% of the other nuclides by the combined
volumes of the reactor coolant, the Safety Injection Tanks, and the
minimum volume of the Refueling Water Tank; the total water volume
being approximately 1.62 X 10 cm . The resulting source terms are
listed in Table 12.3A-3.

t The gaseous source terms were -created using the NUREG 0737 assumption
of instantaneous release to the containment atmosphere of the following
percentages of the core inventory:





~ ,, 100% of the noble gases
25K of the halogens .

't

Time dependent, source terms, shown in Table 12.3A-4, resulted from
application of appropriate radioactive decay factors, leakage factors,
and containment, spray removal factors. These source terms were used
primarily to obtain dose rates to personnel outside, but 3.n the

rvicinity of, the containment, and dose rates to personnel in the
vicinity of the Hydrogen Analyzers.

t

The final, gener'al set of source terms was created to model the
effect of plateout in the Containment. Accordingly, an instantaneous
plateout .of 25% of the core inventory of iodine was assumed. Time
dependent. source terms appear in Table 12.3A-5. These source terms
we'e used in determining dose rates to personnel outside the containment.

Several specialized sets of source terms were also created for ap-
plications such as determining dose rates from the charcoal adsorbers
of the Shield Building Ventilation System, and of the Control Room

Emergency
Filters.'2.3A.3

Radioactive S stems
II

The systems identified as potentially containing high levels of
radioactivity in a post accident situation and which were considered
in the shielding design review undertaken to assure access to vital
areas, are listed in Table 12.3A-6. All other systems, such as the
Chemical and Volume Control System, and the Waste Management System
are not necessary for post,-LOCA operation. Degassing of the Reactor
Coolant System will be done using the Reactor Head Vent System (see
Appendix 1.9A item XI.B.1) rather than the letdown portion of the Chemical
and Volume Control System, and the Waste Management System will be
isolated and, therefore, not employed since radioactive leakages and
drains will be routed back into the Containment via the ESF Leakage
Collection and Return System (see Subsection 9.3.5).
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t 12.3A.4 Vital Areas Reauirin Occu anc /Access

An extensive review was undertaken to identify vital areas of theimplant
to which personnel access following an accident must'be as-

sured. A list. of, these areas (with accompanying occupancy, dose
'rate, and dose information) appears as Table 12.3A-7. Access
routes from the, Control Room to the vital areas have been noted,
in Figure 12.3A-5 to 13.3A-7. No access outside the control room
is required for containment isolation reset and instrument panels.
The diesel generators are located outside the RAB in a separate
building with necessary control and indication provided in the
control room. No access is required to the motor control centers
and the Waste Management System post accident. As indicated in
Table 12.3A-7 in cases where the review revealed that high dose
rates or accumulated doses would preclude access, means for
remote operation, additional shielding or plant modifications were
provided'he

result of the review process was to assure that access tovital areas could be accomplished consistent with NUREG 0737
requirements of: (1) less than 15 mrem/hr (averaged over 30
days) for areas requiring continuous occupancy, and GDC-19
requirements of less than 5 rem for the duration of the ac-
cident for areas requiring irregular occupancy.



12.3A.S Dose Rate and Dose Calculations~ ~

Dose rate calculations were performed in areas identified as vital
areas, and along potential access routes. 'Time-dependent sources
were determined as stated in Subsection 12.3A. 2, and appropriate
geometry factors were applied to pipe and equipment of the systems
identified in Subsection 12.3A.3.'he shielding effect of the
equipment, fluid, and shield wall arrangement were considered. The
effect of rebar, embedded plates, or any structural steel was

neglected, which, when combined with the very conservative, "worst
case" source terms, resulted in very conservative calculated dose
rates.

Dose rates were calculated primarily by the lSOSHLD point-kernel(3)

integration code. Radiation dose maps were prepared from the dose
rate data, and show dose rate ranges throughout the RAB at 1,10,100
and 1000 hours following a postulated accident. These maps, super-
impOSU on general arrangement drawings are included as Figure
12.3A-l to 12.3A-4.
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(1) Combustion Engineering, Radiation Desi n Guide, Rev. 4,
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(3) B.L.'-Engel, et al, "ISOSHLD — A Computer Code for General Purpose
Isotope Shielding Analysis", BMNL-236 (1966). An Ebasco version
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Table 12.3A-G: Systems Potentiall~ Containin Hi h Levels of
Radioactive Material

Containment Spray System

Safety Injection System
Low -Pressure Safety Injection
High Pressure Safety Injection

Shutdown Cooling System

Post Accident Sampling Systems
Liquid Sampling
Hydrogen Analyzer

Ventilation Systems
Shield Building Ventilation System
Control Room Emergency Ventilation System
ECCS Area Ventilation System

Containment Building
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CHATTIER 13

13 eO CONDUCZ OF OPERATIONS

13 1 ORGANIZATIONAL STRUCTURE OF APPLICANT

13+i ~ 1 140VGEMENT AND TECHNICAL SUPPORT ORGANIZATION
0

FPL utilizes a Project Management Team approach to integrate the varied
activities required to successfully complete the St. Lucie Unit 2 project.

The Project Management Organization ia the responsibility of a Vice President
who reports to, an Executive. Vice. President. The Project General Manager

reports to the Director of Projects and is responsible for coordinating all
groups involved with the project both inside and outside the company, The

Project Team is composed of staff representatives from supporting FPL

'departments and the architect-engineer. FPL team members report to the

Project General Manager on a-line basis, Team members representing the

architect-engineer, for plant design and construction support, are responsible
to the Project General Manager through contractual obligation. Those Project
Team members are responsible for bringing to thc Project the expertise of
their resident departments. Respective department heads are responsible for

. the quality of technical services'provided by Froject Team Members.

After St ~ Lucie Unit 2 becomes operational, the Project Management

Organization has the responsibility for managing the implementation of certain
specific modifications to the operating unit.

A brief description of FPL Engineering, Quality Assurance, Licensing,
Construction and Operating (Power Resources) Departments is given below
These functions are the responsibility of an Executive Vice President, who

reports directly to the President. The reporting relationships are shown .on

Figure 13.1-1.

The organization of the Project Team is shown on Figure 13.1-2.
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Pro)ect design and,engineering support is the responsibility of the Chief

Engineer, Power Plant Engineering, who reports to the Vice President of
Engineering, Construction & Pro)ecto who reports to the Executive Vice

President. The Power Plant Engineering Departm nt, thxough the Engineering

Prospect Manager, and r~bers of the Project Team, provides independent

analyses and evaluations of key safety related aspects of architect-engineer,
and vendor designs and performance commensurate with licensing requirements,
assures integration of nuclear design and operating experience from the Power

Resources Department, evaluates problems and NRC action concerning other
utilities which could affect PPL plants, and assists in evaluating bids for
future nuclear plants,

Corporate quality assurance, nuclear plant licensing management, and

coordination of research and development are the responsibliity of the Vice
President-Advanced Systems & Technology, who reports directly to the Executive
Vice President. Corporate Quality Assurance and Licensing Management are

represented on the Pro)ect Team. Details of the Quality Assurance Department

organizapion are c ntained in Section —%7~2~ 6 I i- Qc'I- ~
. '

6'~- <x ". ~-pc. p

The Power Plant Construction Department is the responstbliity of the Director
of Construction, who reports to the Vice President of Engineering,
Construction and Pro)ects, who reports to the Executive Vice President. This
department provides construction methods, handles construction contracts, and

provides quality control and labor relations personnel.

Power plant operation and maintenance are the responsibility of the Vice
President-Power Resources who reports to the Executive Vice President. The

Manager of Power Resources-Nuclear is responsible for all matters concerning
the operation and maintenance of nuclear power plants. The Assistant Manager

Power Resources-Nuclear is responsible for those operation and maintenance
matters specifically xelated to the St. Lucie Plant. The Manager Power

Resources-Nuclear Services reports to the Manager of Power Resources-Nuclear
and is in charge of the nuclear support staff. The Nuclear Support Staff of
the Power Resources Department is established to furnish technical support in
those areas of technical expertise that are unique to nuclear power plants ~

The Manager of Power Resources-Services reports to the Vice President-Power
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Resources and is responsible for staff technical support in areas common to

both nuclear and fossil plants. The Services staff is composed of Operations,

Haintenaace, tQmiaistratioa, Instrument and Control, and Test and Performance

groups which provide ia-house technical support to operating plants in a broad

spectrum of engineering, tcchnical and scientific disciplines. Specific

technical support. areas assigned to various section superviooro are indicated

on Pigure 13,1-3 along with the authorized otaffing level for each section.

Actual staffing levels may vary dependent upon the oupport required.t8'/-/9'7/
Regulatory requirements for plant oupport specified in ANSI/ QfSM~&8,
Regulatory Guide 8.3, "Film Badge Performance Criteria" February 1973 (RO) and

ANSI 8.7 are fulfilled by the Power Resources staff sections. During

preliminary design, engineering aad construction activities that are the

responsibility of Pro)ect Hsnagement, Power Resources io represented by the

Power Resources Team Hember.

The Power Resources and Power pleat Eagineeriag Departments have been expanded /R

to support the design aad operation of Turkey Point Units 3 and 4 aad St.

Lucie Units 1 and 2 ~

13.1.1.1 S cific Des n and 0 ratin Activities

The following paragraphs summarize the degree to which certain design,.

construction and preoperational activities arc accomplished and describes the

specific responsibilities and activities for technical support to operation. /R
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Principal Site-Related Engineering cwork

a) meteorology

A meteorolog1cal monitoring program uas established at the site to

provide those meteorological factors that bear upon plant design,

operat1on and safety. The program has been conducted by Dames &

Hoore and is discussed 1n Section 2 '. Direction and supervision of

the program is provided by FPL.

Geology & Hydrology

Law Engineering of Atlanta, Georgia performed the geologic and

seismologic studies of the site.

During construction, Ebasco Services, Inc. soils engineers inspected

the excavation and mapped any significant geologic features

encountered. Geology, hydrology and seismology is discussed in
detail in Sections 2.4 and F 5

')

Demography

Ebasco Services, Inc., performed demographic studies relative to

population Mithin 50 miles of the plant as discussed in Subsect1on

2 ~ 1o3 ~

Environmental Effects

A preoperational monitoring program for St ~ Lucia Unit 2 vas

developed to enable the collection of hydrothermal, biological and

eater quality data necessary to determine possible impacts on the

environment due to construction activities and to establ1sh a

preoperational baseline from which to evaluate future environmental

monitoring data. This program is described in the Environmental .

Report and is performed by Applied Biology, Inc. and PPL.



0
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~ Design of Plant and Auxiliary Sys tems
I

An evaluation of engineering progress as of December 31, 1979

indicated overall completion of design and engineering of 95.2

percent."

Review and Approval of Plant Design Features

Design control for review is performed in accordance with the quality
assurance program in FPL Topical Quality Assurance Report {FPLTQAR)

1-76A~ /Peg 4

Site Layout with Respect to Environmental Effects and Securi.ty
Provisions.

A pxeoperational monitoring -program for St. Lucie Unit 2 was

developed to enable the collection of physical, chemical, and

ecological parameters necessary to determine possible impacts on the
envi~ronment due to construction activities and to establish a

preopcrational baseline from which to evaluate future environmental

monitoring. Applied Biology Inc. has carried out the biological and

water quality monitoring programs.

Security provisions in accordance with applicable NRC regulations are

incorporated into overall site development by developing security
criteria and incorporating these criteria into design drawings and

spe'cifications by FPL and Ebasco Services, Inc. Details of security
provisions are provided in the security program in Section 13.6.

Development of Safety Analysis Reports

Overall responsibiity for preparation of the FSAR rests with Power

Plant Engineering. Preparation of the individual sections was

assigned to the cognizant technical groups within FPL or to Ebasco

Services, Inc. for balance of plant systems, and Combustion

Engineering for Nuclear Steam Supply System (NSSS) systems.



I
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~

'eviewand Approval of l&terial and Component Specifications

All safety related project specifications are reviewed in accordance

with the q'uality assurance program in PPL Topical Quality Assurance

Report (PPLTQAR) 1-76A> R~ g

Procurement of Haterials and Equipment
)

As of December 31, 1979, approximately 84.6 percent of .the overall
total procurement effort, is completed.

lfanagement and Review of Construction Activities

Hanagement and review of construction activities are performed by the

PPL Constructi'on Department and Project General Hanagement.

13.1 ~ 1.1.2 Preoperational Activities

II gl

Development of Human Engineering Design Objectives and Design Phase

Review of Proposed Hain Control Room Layouts.

The human engineering design objectives were developed jointly
between PPL project team members and Ebasco Services, Ines

engineering design personnel and confoxm to NUREG-0770

The control room layouts are designed to include all the features and

components necessary for monitoring and controlling the operations of
the nuclear power plant with a high degree of reliability. The

control boards and panels act as a major tool in the operator's
interface with all the plant systems. They house control,
instrumentation, display and annunciation equipment and are arranged

within the control room to facilitate the operator's task of control
'and pxotection. In addition, the control room layouts include
advanced concepts such as video displays, computer based data
acquisition, logging and analysis.
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The basic humaq, engineering design ob)ectives ~re to improve the

operator's ability to maintain communication Mith all the systems in

the plant. The control boards utilize a nodular design concept Mith

compact miniaturized devices for more efficient functional display.

The operator, having the control board information on a smaller area,

vill have 'better=control of the plant operation.

Developm'ent and Xmplementation of Staff Recruiting and Training

Program.

The staffing plan and implementation schedule is presented in Table

13 F 1-1 ~ The training program is presented in Section 13 '.
c) Develo'pment of Plans for Xnitial Testing

The St. Lucio Unit 2 Startup Group has the responsibility for the

integrated operations of the Startup Program. The scope of the
'estingto be accomplished during the test program is defined in

Section )A.2

D velopment of Plant,Haintenance Programs

, Plant maintenance programs for St. Lucie Unit 2 are developed by the
'h

y

FPL Povar Resources Department by upgrading and expanding, as needed,

the existing programs for St. Lucie Unit 1.
*

e

13 ~ 1 ~ 1.1 3 ~ Technical Support for Operations

Technical services,and backup support for the operating organization are also

discussed in Subsection 13.1 ~ Backup and support for the operating

organization in the specific capabilities of operating experience assessment,

nuclear, mechanical, structural, electrical, thermal-hydraulic, meteorology

and materials, instrumentation and controls, plant chemistry, fueling and

refueling, operation engineering and analysis is available in FPL's Power

Plant Engineering Department in addition to the staff support available vithin
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the Power Resources General Office Group.

Maintenance and backfit construction support is available through FPL's Power

Plant Construction Department, providing management of contractor forces, in
addition to the staff support available within the Power Resources General

Office Group.

13 ~ I ~ 1.2 Or anizational Arra enent

The FPL General Office Management. and Support Department Organization is shown

on Figures 13 F 1-1 through 13.1-$ .7

As shown on Figure 13.1-1, all departments, with their respective Vice

Presidents, with responsiblity for the design, licensing, construction,

quality assurance and operations, report to an Executive Vice President, who

reports to the President of 1PL.

~lifications for key individuals within the organ'ization are provided in
Subsection 13.1 ~ lan

For specific activities, FPL may elect to enter into a continual arrangement

with a consulting organization in order to secure specific or specialized

expertise or to solicit a recommendation on a course of actions FPL may also

"'enter into contractural arrangement for construction services provided by a

contractor for specific improvement or modification work. Extended

organizations will bc responsible to cognizant personnel within
PPL'fter

St. Lucie Unit 2 begins operation, the Project Management Organization

may manage the implementation of specific major modifications of the plant or

may manage a modification program for the unit if the program is extensive.

The operations of the Project Management Group is discussed in Subsection

13 I lo
\

13 ~ I ~ 1.3 Head uarters Staffi

For personnel within the FPL General Office Management and Support Departments
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vho have duties and responsibilities-relevant to St. Lucie Unit 2, as

reflected in the organi"ation charta of Subsection 13 ~ 1 ~ 1.2, summaries of

function, expertise and education are presented below'.
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H.J. Dager, Jr.
Vice President '

Educational Back 'round:

1975, Stanford Executive Program, Stanford University

1949-1951, University of California, Berkeley, CA

M.S., Bioradiology (Major: Nuclear Physics)

1948"1949, U.S. Navy Postgraduate School, Annapolis, MD

(Major: Nuclear Engineering - No Degree)

1942-1945, Un'ed States Military Academy, West Point,
New York, B. S., Mi1itary Engineering

Ex erience:

Nuclear

H.J. Dager has participated in nuclear work sin're l948 with artive involve"
ment in planning, engineering, construction and operation of over twenty
nuclear rear tors. H. J. Dager was licensed to operate four di fferent
nuclear reactor power plants.

1945-l955 U. S. Army, Corps of Engineers, Platoon Leader,
Company Commander, Assistant Division Engineer,
Nur.lear Engineer - Far East Command, Chief
Sperial Studies Section Engineer Research and
Development Laboratories.

1955-1956

1956-1958

Westinghouse Electric Corp.; Bettis Laboratory,
Senior Engineer, Shippingport Project.

General Elertric Co. Project Engineer Lockheed.
Project (3 test reactors).

1958-1959 General Electric, Proj ect Engineer Humboldt Bay,
PG&E (50 Mev BWR).

1959-1962 General Electric, Manager Special Projects, Test
Reactors, Control System N.S. Savannah, Control
& Safety System Indian Point 1, High Temperature
He Loop.

1962-1 96 3 General Electric, Sh ift Supervisor, Big Rock
Po int, Consumers Power Co .

1963-1964 General Elertrir., Manager Shift Operations, Japan
Power Demonstration Rractor.

13. 1-7
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1964-1967 General Electric, Principal Project Engineer
(Project 'Manager) Southwest Experimental Test
Oxide Reactor.

1967-1972 General Electric, Project Manager, Cooper Project,
Nebraska Public Power District - Iowa Power and
Light.

1972»1973 Nebraska Public Power District, Assistant General
Manager for power supply, generation engineering,
and quality assurance.

1973-Jan, l976 FP&L; Manager of Power Resources - Nuclear; responsible
for startup preparations and operation of all nuclear
power plants in FP&L system .

Jan. - Sept. 1976 Asistant to Group Vice President.
1976 - Present Vice-President-Engineering, Projects and Construction.

Other

Mr ~ Dager is presently Vice President of Engineering, Projects and
Construction. ¹ is responsible for the design and construction of
major capital additions to the FP&L System.

Other responsible positions held include Manager, Power Resources-
Nuclear; Assistant General Manager, Nebraska Public Power District;
Project Manager, General Electric Company and Captain, U.S. Army Corps
of Engineers.

J.W. Williams, Jr.
Director of Pro'ects*

A. Function, Res onsihilitiss end Au~thorit

Primarily accountable for directing and coordinating the activities
of the assigned Project General Managers, the manager of New Pro-
jects and the Manager of Project Control Services to meet the ob-
jectives of the Project Management organization and FP&L Management.

Overal 1 responsibility for developing, establishing, implementing
and monitoring policies, guidelines, procedures and technical and
administrative aspects of all project related activities to insure
assigned projects meet Project Management and corporate goals and
objectives.

+A project, for the purpose of defining the role of the Director of
Projects, typical ly encompasses the planning, design, construction, start-
up and associated activities required for the completion and commercial
operation of any new power generation facility but may include any task
assigned by management.

13. 1-8
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Over'all responsibility for obtaining manag ment approval of project
strategies, plans and budgets, for reporting both progress and
status of assigned projects, for effecting timely management action
to ensure the continued progress of project activities and for ob-
taining completion of projects within approval budget, schedule and
technical specification constraints and in compliance with regula-
tions and agreements made with outside organizations and agencies.

Edu'cacional Bac~kround:

BChE University of Florida, Gainesville

FP&L Training Instructor on Steam
Generator & Turbine Technology 1955-63,

Nuclear Power Peactor - University
of Florida

1966

Nuclear Fuel Hanagement - NUS

Radiological Health - PHS

1966

1966

Reactor Safety & Hazards
Evaluation, PHS 1967

Advanced Nuclear Technology-
University of Florida 1967

Stanford Executive Program
Stanford University 1975

S ecific Nuclear Courses:

Nuclear Power Reactor — University
of Florida, 1966

Nuclear Fuel Hanagement - NUS, 1966

Radiological Health - PHS, 1966

Reactor Safety & Hazards Evaluation — PHS, 1967

Advanced Nuclear Technology - University of Florida, 1967

Ex erience:

Nuclear

J.W. Williams, Jr. has participated in FP&L s nuclear program since
1966, with active involvement in the preliminary planning and con-
struction phases of the nuclear plant Turkey Point Units 3 and 4,
and completed the above courses in nuclear technology which relate
to licensing.

13. 1-9
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Ex erience:

Other

Mr. Williams is presently Director of Projects, providing direction
for six projects and Project Control Services Department; directs
work of eight managers or assistant managers and is supported by 34
other personnel.

Other responsibilities and positions held include: Plant Betterment
Foreman, Plant Results Foreman and Assistant Plant Superintendent-
Operations and Plant Superintendent for Palatka Plant; Assistant
Plant Supervisor-Operations and Plant Superintendent at Cutler
Plant; Plant Superintendent for Turkey Point Plant Units 1 and 2
with responsibilities of a safe and successful start-up, and subse-
quent operation and maintenance of the plant, along with providing
supervision for plant personnel; Manager, Quality Assurance in-
cluding development and implementation of methods and systems to
collect, record, monitor and report data for quality assurance af«
fected items.

Project General Manager - St. Luci'e project, providing coordination
and control of activities necessary to complete the project within
schedule, budget arid technical specification

constraints'.B.

Derrickson
Pro'ect General Hang er (PGM)

Primarily accountable for directing and coordinating the timely
performance by all departments involved in the completion of a
nuclear power plant within a designated time span and within the
approved budget limitations and all technical specifications.

Coordinates and participates in decisions and activities relating
to design; permitting, purchasing, licensing, construction and
start-up of the nuclear plant project assigned to'im. Establishes
schedule «for, and monitors, each of the activities of the depart-
ments and groups so as to achieve the objectives relating to qual-
ity, cost "and operating date of the project.

Administ'ers the project planning and scheduling system through =which
all areas .relative to the construction of the nuclear plant and
startup is planned and scheduled from authorization to commercial
operation.

" The PGH must be cognizant of all deviations from established ob-
jectives in construction of the nuclear power plant, initiate action
to correct the deviation and the steps necessary to prevent the oc-
currence of subsequent devia'tions; resolve conflicts between'all

-parties at the construction site and the various departments of the
Company; secure or render timely decisions which will aid the Com-
pany and the Contractor to meet time schedules; maintain a close
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relationship with Division Managers and other Division and District
'personnel regarding the interface of construction plans and Division
activities; review actual and potential problem areas on a continu-
ing. basis so as to identify, isolate and arrive at the best method
of problem solution; keep interested parties advised of progress and
of deviations, from schedules and budgets; and coordinate activities
between construction forces and all other departments to insure a

smooth transition of the completed project to the commercial opera-
tion of the plant.

Education:

3SEE - Uni'versity of Delaware 1964

Nuclear.

Mr., Derrickson joined FP&L in 1970 as an electrical start-up
engineer at Turkey Point.. He then progressed to Electrical Start-up
Supervisor and in 1972 to Start-up Coordinator. In the latter posi"
tion he assumed responsibility for all start-up activities for
Turkey Point Unit 4. In 1973 he transferred to the Plant Construc-
tion Department and was appointed Project Construction Supervisor
for St.. Lur.ie Unit l. In '1974 Mr. Derrickson returned.to the Gene-
ral Of fice as Superintendent of Nuclear Plant Construction.

In 1975 he was appointed Assistant Projec't General Manager of the
St. Lucie Project, Units 1 and 2. 'I

In 1976 a need for management attention to work at Turkey Point
arose and Mr. Derrickson was appointed Project General Manager
for major facility modifications.

In 1976'a varancy arose on the St. Lucie Project and Mr. Derrirkson
was appointed to his rEurrent position as Project General Manager
of St. Lucie Unit 2 and Unit 1 modifications.

~Ex erleece:

Other

Prior to joining FP&L, Mr. Derrickson worked for four years as an
Elertrical Maintenance Engineer for Delmarva Power & Light Company.
In this caparity he spent one year at the Indian River Delaware
Plant and three years at the Vienna Maryland Plant. His chief
activities were planning, scheduling and supervising periodic
maintenance on plant equipment, suprrvising facility modifica-
tions and short term load forerasting and generation scheduling.

'Ihe two years at Herrules Inc. were spent in the design and startup
of chemiral p'lants. Activities crntered mainly in the instrumenta-
tion area. During the two years he worked on various projects at
five plants.
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At Sun Shipbuilding and Drydock- Company the responsibilities were in
the R&D area. The primary project was to develop a computer control
system for automati'c ship navigation.

G.B. Bradshaw
Asst. Pro ect General Mana er

1 '

Assists, the Project General Manager in directing and coordinating
the timely performance by all departments involved in the completion
of a nuclear pover plant vi thin a designated time span and within
the approved budget limitations and all technical specifications.

Aids in decisions and activities relating to design, permitting,
purchasing', licensing, construction and start-up of the nuclear
plant project assigned to him. As assigned, establishes schedules
for and monitors, each of the activities of the departments and
groups so as to achieve the objectives relating to quality, cost
and operating date of the project.

Also participates in administering the project planning system
through which all areas relative to the construction of the nuclear
plant is planned and scheduled from authorization to commercial
operation.

He must.'e cognizant of all deviations from established objectives
in const'ruction of the nuclear power plant, initiate action to
correct the deviation and the steps'ecessary to prevent the occur-
rence of subsequent deviations; resolve conflicts between all par-
ties at the. construction site and the various departments of the
Company; revi.ew actual and potential problem areas on a continuing
basis so as to identity, isolate and arrive at the best method of
problem, solution; keep the PGM advised of progress and of deviations
from schedules and budgets; and coordinate activities between con-
structi.on'orces and all other departments to insure a smooth tran-
sition of the completed project to the commercial operation of the
plant.,

Education:

Bachelor of Science, Mechanical Engineering 1964
Master of Science, Nuclear Engineering, University of
Cali forn'ia,"-'965
Management Certificate, University of California Extension, 1975

C. Ex erience:

Nuclear

Registered Professional Nuclear Engineer in the State of California,
Mr. Bradshaw was licensed to operate a research reactor and was
employed half time by the University of California at Los Angeles

13'. 1- 12
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kk a

as a licensed nuclear research reactor operator assisting xn numer-
ous sc'ientific. experiments. Since 1973 has been involved in the
Project".Management and Project Engineering of nuclear power genera-
tion'units.

k t

Presently, Assistant Project General Manager for the St. Lucie Unit
2 nuclear power plant. Responsible for management and project di-
rection of utility activities on 850 MVe nuclear plant. Activities
include "application of cost and schedule control techniques for the
entire project effort, coordination of the utility functional depart-
ment activities and interfaces with the architect-engineer and con-
struction organization. He assisted in the evolution, planning,
organizing, and implementation of new utility management concepts
for improving control of project costs and schedule on large pro-
jects. "

Other

General Atomic Com an San Diego, California Manager, Applied
Fuel Engineering. Responsible for design control, licensing
support, . fuel cycle environmental effects, presentation of testi-
mony at licensing hearings, project control systems and coordina-
tion of'll project support activities within the Fuel Engineering
Division for the large High Temperature Gas-Cooled Reactor (HTGR).

Fuel Project Fngineer-Assigned to the Philadelphia Electric
Fulto'n'enerating Station Project for twin 1160 MMe HTGRs and
the Delmarva Power and Light Summit Station Project for twin
770 MMe HTGRs, both with fuel contract values in excess of $ 100
million.'esponsibilities included coordination of all fuel
activities related to design, development, licensing, contract
provisio'ns and project control of the projects.

Staff 'nd Senior Engineer, Special Nuclear Systems Division.
Responsible a's a Task Leader and Principal Engineer for the
design, development and test of direct energy conversion space
nuclear power systems. Performed thermal design, electrical
performance predictions, reliability assessment and evaluation
of flight data.

~TRM B stems, Redondo Beach, California
Member of the Technical Staff. Responsible for the design
and development of high temperature radioisotope heat
sources; carrying out R&D programs; performing radiation
effects studies on satellite power systems; and, evaluating
mobile 'nuclear reactors. Obtained Air Force patent on heat
source.

\

Additi'onally, published 20 Technical Papers on Energy Conversion
~ Technology

1 - Technical Paper on Cost of. Nuclear Plant Delays
1 - Technical Paper on Licensing and Construction

of St. Lucie Nuclear Plant

13. 1-13
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G.R. Gram
Asst. Pro'ect General 'Sana er

Function, Responsibi*lities and Authority:

Assists the Project General Nanager in directing and coordinating
the timely performance by all departments involved in the completion
of a nuclear power plant within a designated time span and within
the approved budget limitations and all technical specifications.

Aids „in decisions and activities relating to design, permit t ing,
'purchasing, licensing, construction and start"up of the nuclear
plant project assigned to him. As assigned, establishes schedules
for and monitors, each of the activities of the departments and

groups so„ as to achieve the objectives relating to quality, cost
and operating date of the project.

Also participates in administering the project planning system
through which all areas relative to the construction o'f the nuclear
plant is planned and scheduled from authorization to commercial
operation.

He must be cognizant of all deviations from established objectives
in construction of the nuclear power plant, initiate action to
correct the deviation and the steps necessary to prevent the occur-
rence of subsequent deviations; resolve conflicts between all
parties at the construction site and the various departments of the
Company; review actual and potential problem areas on a continuing
basis so as to identify, isolate and arrive at the best method of
problem'olution; keep the PGN advised of progress and of devia-
tions from schedules and budgets; and coordinate activities between
construct'ion forces and all other departments to insure a smooth
transition of the completed project to the commercial operation of
the

plant.'ducation:

BS in"Aerospace Technology, 1969, Kent State University Vorked as
co-op for Ford 'Aotor Company as a Quality Control Engineer.

C.

Nuclear
l

February, 1979 to present, Assistant Project General Nanager on
St Lucie Unit 1 Backfit and Betterment. Joined FP5 L in 1973 as
Backfit Construction Supervisor for Turkey Point Backfit. Before
his present appointment held Area Construction Supervisor and
Project Construction Supervisor position at PTP. From 1971 to
1973, was an Installation Service Engineer for General Electric
in Turbine Generator Frection area for both fossil and nuclear
unit s ~
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W. B. Lee
Director of Construction

Education: B.S. General Engineering, and Physics, Univ. of Richmond, 1949.

Work Experience
'r.

Lee has more than 30 years experience in engineering and construction
for fossil and nuclear plants. He has spent the last 25 years in the
nuclear electric generation area, from engineering and design to project
and construction management; involved in over 30 nuclear fueled elec-
tric generation plants world wide. He served in the United States Navy
in World War II and the Korean conflict.

In 1953 he joined Bettis Atomic Power Laboratory where he worked on
the'rototypeof the USS NAUTILUS and the first commercial atomic plant at

Shippingport."

In 1966 he was assigned to the Commercial Atomic Po~er Divisions and
became Project Manager for the Carolina Power and Light 800 Megawatt
nuclear station turnkey project. From 1966 to 1969 he was assigned as
Fxecutive Vice-President and General Manager of WEDCO Corporation, a
wholly-owned subs'idiary of Westinghouse, established to perform all
engineering and construction of the Indian Point nuclear project. In
1972 he was named Vice President, Facilities Construction for Offshore
Power Systems (a joint venture of Westinghouse and Tenneco>. Since March,
1975, he has been with FPbL as Director of Constructions

B. J. Escue
Site Mana er,'t Lucie Unit 2 Construction

EDUCATION

Junior College —'One semester of Petroleum Engineering (1950> - N.E. Junior''of L.S.U., Monroe, Louisiana.
College - Graduated 1954 from U.S. Merchant Marine Academy, Kings Point,

N;Y ~ (B.S.).

MISCELLANEOUS

U.S. Coast Guard License as Third Asst. Engineer (Diesel 5 Steam), Active .
Class I Contractor License for Monroe County, Florida. 1966 — 1968.
Allowed to expire.

SUMMARY OR UAl'IFICATIONS

Mar. 1976 — Present — Site Manager, St. Lucie Plant — Unit 2

Responsible for construction.
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Oct. 1972 — Mar. 1976 Project 1fanager of Construction in Facilities
Construction Dept, responsible for all
Platens and Waterfront Construction. This
includes engineering, budgets and construction
and ascertaining that the Construction. Manager
was following- his contractual responsibilities.

Feb. 1971 - Oct. 1972 Site Manager for W NES of two 4-loop reactor
sites (2 plants on each site>. This work
consisted of maintaining a staffed office of
'experienced engineers to provide technical
assistance to the customer in all phases from
the receipt and warehousing of equipment through
installation and test.

June 1968 - Feb. 1971 Manager of Construction of the Carolina Power &

Light Co. Three-Loop Nuclear Plant (Robinson
Plant), responsible for a staff of engineering
specialists, Q.A. engineers, 'civil, cost and
scheduling personnel.

A r. 1967 - June 1968 —
, Construction Superintendent for W HTD to field
erect water distillation plant for V.S. Steel
at Clairton, Pa. Supervised all of the work
pertaining to assembling the Flash Evaporator
and setting all maj or equipment with mi 1 1-
wrights.

Ma 1966-A ril 1967 Construction Superintendent for W. HTD to field
erect world 's largest Desalt Plant (Single
Unit 2.62 MGD) at Key West, Florida for Florida
Keys Aqueduct Commission.

Jul 1965-Ma 1966 Bettis Atomic Power Laboratory, Pittsburgh, Pa.
Cognizant Engineer for PWR-2 omega seal welding
machine which is used to perform all omega seals
on reactor vessel head automatically.

Jul 1961-June 1965 Bettis Resident Engineer's Office
Shippingport Atomic Power Station
PWR Project (Pressurized Water Reactor>
Shippingport (Beaver County>, Pa.
Mechanical Engineer.

Dec. 1958-June 1961 Bettis Resident Engineer's Of fice for construc-
tion of V.S.S. Enterprise, Newport News Ship-
yard and Drydock Co., Newport News, Virginia.
Mechanical Engineer,.
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March 1957-Nov. '1958 - -1-W P o'ecA r J t, Naval Reactors Facility, Idaho
Falls, Idaho (Prototype of U.S.S. Enterprise>.
Hired as Chief Operator Trainee for'A-1-W and
underwent operational training at S-1-W
(Operational Prototype of U.S.S. Nautilus> for
a short time prior to entering plant construc-
tion group for A-1-W. Job consisted of follow-
ing construction, intallation of equipment, and
testing as per specifications and drawings.

Dec. 1954-Dec. 1956 U.S. Navy

J. E. Vessely
Director of ualit Assurance

A y Marine Engineering responsible for mann
power and all general maintenance work
General Electric Co. - Manufacturing Management Training
Program
General Electric Co. " Manager, Advanced Hanufacturing
Engineering — new electronic product design for Atomic
Energy Commission
General Electric Co. — Manager, Quality Programs-
development, implementation, and evaluation of reliability
and quality program activities for Apollo/NASA
General Electric Co. - Manager, Washington, D.C. Program
Office — program Manager for the following types of
programs: Quality and Reliability, Configuration Control,
Data Management, Information Systems
FP&L - Senior Quality Ass'urance Engineer — System Develop-
ment
FP&L — Assistant Manager of Quality Assurance - System
Development
FP&L - Manager of Quality Assurance
FP&L " Director of Quality Assurance

1953 " 1956

1956 " 1962

1962 - 1967

F

1967 — 1973

1973 - 1974

19 74 — 19 75

1975 " 1978
197S"Present

B.B.A. - Industrial Engineering & Management, University of Miami - 1952
U,S. Army — Marine Engineering - 1952-53
Hanufacturing Management Training Program - General Electric Co. - 1953-56
Statistical 'Quality Control — General Electric Co. — 1960
Plastics Engineering - General Electric Co. - 1960
Management Courses at University of Florida - 1966"67
Nuclear Power Reactors - Georgia Tech — 1975
Nuclear Power Reactor Safety - Massachusetts Institute of Technology - 1975
Stanford Executive Program-Grad. School of Business, Stanford University-

1978
Professional Engineer in Quality Engineering - State of California " 1979

1

1952 - 1953 U S rm

Member of:

American Society of Mechanical Engineers
Committee on Quality Assurance (Governing Body for ANSI Standards>

Chairman 1978 - 1981
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Subcommittee on Personnel Qualifications
N45.2.23 Quality Assurance Work Group

American Nuclear Society

American Society for Quality Control
Nuclear Division - Advisory Council
Nuclear Division - Area 15 Regional Councilor
Nuclear Division — 1979 Conference Chairman

Edison Electric Institute - 'Prime Movers

Southeastern Electric Exchange
Quality Assurance Committee

International Atomic Energy Agency (IAEA)
U.S. Representative for Standard on "Quality Assurance for Fuel Cladding
Design and Hanu facture"

Electric Pover Research Institute (EPRI)
Rotating Electrical Machinery Task Force

J. William Broom
Mana er Qualit Assurance, A lications

B.S., Industrial Management - Auburn University — 1954
Manufacturing Training Program — General Electric Co. — 19S9

Professional Business Management — 1966

19 50-19 52
1955-1957

1957-1974

1974-1975
1975-1979
1979-Present

U.S. Steel Co. - Co-op Student
United States Air Force - Research & Development Command,
1st Lt.
General Electric Co.

Manager, Inventory Control
Hanager, Purchasing
Reliability Engineer
Senior Quality Assurance Analyst

FPGL Senior Quality Assurance Engineer, Procurement Group
Assistant Hanager of Quality Assurance, Systems
Manager, Quality Assurance, Applications

Member of:

American Society for Quality Cont'rol (ASQC)

Qualifications:

Certified Principal Auditor - June, 1975
Professional Engineer, QA — 1978
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Theodore Fssinger
Assistant Mana er of ualit Assurance Desi n

H. E. Stevens Institute of Technology — 1953
H.B.A. Hanagement, Xavier University — 1962
Hanufacturing Training Program, General Electric Co. - 1959
Reliability Engineering, General Electric Co. - 1962

19 53-19 56
1957-1963
1963-1966

1966-1968
1968-1972

1972-1973
1973-1975
1975-Present

United States Air Force-Pilot and Ground Safety Officer
General Electric Co. — Manager, Large Jet Engine Test
westinghouse Electric Corp. — Manager, Quality Assurance,
Atomic Equipment Division (Commercial and Navy Nuclear
Program)
Toledo Scale Co. — Manager, Quality Control
Control Data Corp. - Manager Quality Assurance, Hilitary
Systems Division (Poseidon Submarine and F14 Phoenix
Progr ams)
Hazeltine Corp. - Director, Quality Assurance
FPGL Assistant Manager of Quality Assurance — Procurement
FP&L Assistant Manager of Quality Assurance — Design

Member of:

American Society for Quality Control
(Senior Member, Chairman of Local Chapter)

American Society of Mechanical Engineers

Edison Electric Institute
Chairman of Design Sub"Committee of Quality Assurance Task Force

Qualifications:

Professional Engineer, PQU2627
Certified Principal Auditor, June, 1975
Certified Quality Engineer, ',/1873-1969

Alan E. Siebe
,Assistant Mana er of Qualit Assurance — S stems

BS, U.S. Naval Academy, Annapolis, MD, 1965
HBA, University of Miami, 1978
U.S. Naval Nuclear Power School and Nuclear Prototype, 1966
U.S. Naval Submarine School, 1967

1965"1973 Commissioned Officer, U.S. Navy; USS Mariano G. Vallejo
SSBN658: Assigned as Reactor Control Officer, Electrical
Officer, Hain Propulsion Assistant, Radiological Controls
Officer and Communicator. Commander Submarine Flotilla
Seven: Assigned Assistant Operations Officer
VSS Lafayette SSBN616: Assigned as Engineer Officer.
Responsible for nuclear power plant operations, mainten-
ance and overhaul.
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19 75-1979

. 1979-Present

Member of:
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FP&L: Quality Assurance Department, Quality Assurance
Engineer'. Responsible for management audits of nuclear
power plants and supporting departments.

,
FP&L: . Licensing Department, Sr. Licensing Engineer.
Responsible for preparation and review of nuclear plant
licensing documents and for licensing hearing prepara-
tions.
FP&L: Quality Assurance Department, Assistant Manager
of Quality Assurance for Operating Plants.
FP&L: Quality,Assurance Department, Assistant Manager

„of Quality Assurance - Systems.
)

American Nuclear~ Society
Southeastern Electric Exchange QA Committee (Committee Chairman~
N45.2.6 vlork Group for ANSI Standard on Qualifications of Inspection,
Examination and Testing Personnel for Nuclear Facilities

American Society for Quality Control, Energy Division

Registration:

Registered Professional Engineer (State of California>

N. T. We ems

Assistant Hang er of ualit Assurance for Constrbction

O'. S. Electrical Engineering
Graduate study in Engineering Management

Vanderbilt University 1949
University of South Florida

1951-1957

1957-1968

19 68-19 71

19 72-19 73

19 73" 19 75

19 75-1975

1975-Present

'estern Electric/Bell Telephone Labs
Test Planning Engineer
General Electric Co. Neutron Devices Department Manager

"Test Equipment Engineering
General Electric Co., Nuclear Instrumentation Department
Manager of Quality Assurance

.J. A. Jones Construction Co. Corporate Manager of Quality
Assurance
Motorola, Communications Division — Manager of Quality

'ssurance
'Project Management Corp. Manager Quality Engineering &

" Improvement
FP&L Assistant Manager of Quality Assurance for Construc-
tion

Member of:

National Society of Professional Engineers
Florida Engineering Society

=American Society for Quality Control
Institute of Electrical and Electronics Engineers
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American Nuclear Society

Qualification:

Registered Engineer -'lorida 88751

Rober t F. Eng lme ier
Assistant Mana er of ualit Assurance Procurement

BSHE Virginia Polytechnic Institute - 1955
Manufacturing Training Program, General Electric Company - 1962
Manufacturing Problems Analysis Course, General Electric Company - 1966
Business Administration, Internati:onal Correspondence School - 1972
Nuclear Power Reactor Safety, Georgia Tech - 1977

1955-1958
1958-1960
1960-1962
1962-1966
1966-1971
1971-1974
1974-1975
1975-Present

United States Air Force - Pilot and Communications Officer
General Electric Company - Manufacturing Engineer
General Electric Company - Manufacturing Training Program
General Electric Company - Producibility Engineer
General Electric Company - Unit Manager, Shop Operations
General Electric Company — Manager Shop Operations
FP&L Senior Quality Assurance Engineer
FP&L Assistant Manager of Quality Assurance Procurement

Member of:

American Society of
American Society of
American Society of
American Society of

1978-79)
Coordinating Agency

Atomic Industrial

Qualifications:

Quality Control
Quality Control (Energy
Quality Control (Energy
Quality Control (Energy

Division Secretary 1976-77>
Division Secretary 1978-79)
Division Vice"Chairman

for Supplier Evaluation (Chairman Nuclear Section>
Forum

Lead Audi tor June 12, 1975
Certified Professional Engineer of California QU 3653
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M. H. Rogers, Jr.
ChiefEn inaar - Paaar Planta

~ n

Function, Responsibilities and Authority

Responsible for directing Power Plant Engineering Department to
ensure design of efficient, economical and reliable po~er plants
meet 'Company's requirements for power generation. 'Ihia includes
changes to existing units as .well as installation of new units a

Pesponsibilities include establishing and implementing design
criteria, meeting codes and regulations, formulating and implement-
ing engineering policies, practices and problems, resolving
engineering problems, establishing equipment, technical specifica-
tions and equipment acceptance, and all similar engineering
functions. Also responsible for the Nuclear Analysis Department
involved in areas of Heutronics, Nuclear Fuel,, Hanagement Safety
Analysis and the Nuclear Fuel Cycle.

We (hief Engineer-Power Plants has authority for administration
and technical guidance of the Power Plant Engineering and'uclear
Analysis Departments. He is a Registered Professional Engineer.

Educational'ackground

BQfE Rensselaer Polytechnic Inotitete
Craduate courses, Beat Transfer, Brooklyn Polytechnic institute
Westinghouse, Nuclear Power Seminar
Nuclear Fuel Management, NUS
Nuclear Power Reactor, University of Florida
Radiological Health,

PHS'eactorSafety &, Rszards Evaluation, PHS

Advanced Nuclear Technology, University of Florida
Nuclear Power Reactor Safety, Hassachusetto institute
of Technology.

C. Experience

(l) Nuclear

Design and construction of Turkey Point Nuclear Units 3 and 4
and St. Lucie Nuclear Units 1 and 2.

(2) Other - For five years worked for Foster Wheeler Research and
Development in steam generation equipment ~ For 27 years worked
for FP&L on design and construction of nuclear and oil fired
power plants and gas turbine units.

Total of .32 years in engineering areas, related to the electric
utility.
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E. H. O'Neal

A. Function, Responsibilities and Authority

Responsib)e for directing and coordinating Power Plant Engineering
Department efforts in project related areas. Handles the depart-
mental functions and affairs in the absence of the Chief Engineer.
Directs engineering Project Managers to ensure the design of ef-
ficient,'economical and reliable power plants to meet the Company's
requirements for power generation. Other functions parallel those
of the Chief Engineer. He is a Registered Professional Engineer.

Educational Background

BSME University of Florida
Graduate courses conducted by University of Florida in Elements
of Yibration, Nuclear Engineering, Advanced Nuclear Technology and
Nuclear Power Reactors.

C. Experience

(1) Nuclear - Engineering Project Management for St. Lucie
Units 1 and 2 for seven years prior to being promoted to
Assis tant Ch ie f Engineer.

(2) Other - Worked for General Electric Co. for 1 l/2 years on jet
engines and steam turbines. For 29 years worked for FP&L
on design and construction of nuclear and oil fired power
plants.

Total of 30 years in engineering areas related to the electric
utility.

L. F. Pabs t
Manager Plant " Mechanical & N lneareEn~ineerin

A. Funct'on, Responsibilities and Authority

Responsible to direct and coordinate Mechanical/Nuclear power Plant
Engineering design to optimize cost, availability, maintainability,
efficiency and operability. 'Ihe principle accountabilities are
as follows:

(1) Organize and manage Plant Mechanical/Nuclear Engineering and
select, develop and evaluate the mechanical/nuclear personnel
to ensure that technical and project competence meet the
mechanical/nuclear engineering design objectives.

(2) Coordinate and direct Plant Mechanical/Nuclear Engineering
in establishing design criteria and in providing the
expertise for decision making, in the areas of plant syst'm;
for new power plants to ensure the design optimizes cost,
availability, maintainability, efficiency and operability.
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B.

1) yla a Ql

(3)'y"Train, coordinate and direct Plant Mechanical/Nuclear
~, "Engineering personnel in the efficient technical performance

' of'"procurfwent activities such as vendor technical qualifica-
> . ti'on, specifications, bid reviews, change control, acceptance
,'',activities,—etc.

(4) 'irect mechanical/nuclear engineering personnel in ensuring
' 'mechanical/nuclear. designs comply with local, state and

'feder'al codes, rules and regulations.
k a'„'»" X

(5)l Coordinate"and direct personnel in the evaluation and
"nauthorization of architect"engineer activities; provide FP&L

""'"di'r'ectio'n.o'f courses of action and evaluation of the technical
"'.'a'nd'ost aspects of scope changes; and evaluate and implement

~'k '."as'required inputs from Power Resources, Nuclear and General
Engineering, Construction and others within FP&L.

kk ~ k

(6)* Dir'ect the preparation of FP&L Power Plant Standards'or the
, purpose of standardizing documentation, design, construction
practices, storage of equipment and testing.

P,

(7) D'irect mechanical/nuclear personnel in providing technical
"assistance to operating power plants for design modifications,
tests, or problem solving.

k

Educational Background

BSME Un'iversity of Florida
Graduate courses conducted by the University of Florida in
Indoctrination to Nuclear Engineering, Nuclear Engineering
Laboratory, and Advanced Nuclear Technology.
Completed Westinghouse Reactor Training Program and qualified
on thefSaxton Reactor. Trained at Turkey Point as student and
instr'uctor and qualified for Senior Reactor Operator License
on Turkey Point Nuclear Units.

C. Experience-Nuclear
I

Worked'in nuclear related work at FP&L for 13 years in the operating
and, engilneering departments. Worked for eight years for FP&L in
start-u'p, testing and special projects on modern fossil fuel
generat'ing units. Total of 21 years in engineering areas related
to the electric utility.

'k

D. M. Yan Tas'sell, Jr.
~Mana ar - Plant Elaatriaal En inaarin

A., Function', Responsibilities, and Authority

The basic function of the Manager Electrical Engineering
is to direct and coordinate electrical power plant engineering
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design,to optimize cost, availability, maintainability, efficiency
and operability.

'I

The principle responsibilities of this position are:

(1) Organize .and manage Plant Electrical Engineering and select,
develop and evaluate the electrical personnel to ensure that
technical and-'project competence meet the electrical
engineering design objectives.
II

(2), Coordinate and direct Plant Electrical Engineering in
establishing d'esign criteria and in providing the expertise
for='electrical decision making in the areas of auxiliary powe'r
syst'ems, controls and instrumentation for new power plants to
en'su're the design optimizes cost, availability, maintain-
ability, efficiency, and oper ab ility.

'

~ p~

II'3)

Train, coordinate and direct Plant Electrical Engineering
personnel in the efficient technical -performance of procurement
activities such as vendor technical qualification, specifica-
tions, bid reviews, change control, acceptance activities, etc.

(4) Direct electrical engineering personnel in ensuring electrical
designs comply with local, state and federal codes, rules and
regulations.

(5) Coordinates and direct personnel in the evaluation and author-
ization of architect-engineer, activities." Provide FP&L
direction and courses of action and evaluation of the technical
and cost aspects of scope changes, and evaluate and implement
as required inputs from Power Resources, Nuclear and General
Engineering, Construction and others within FP&L.

(6) Direc't the preparation of FP&L Power Plant Standards for the
purpose of standardizing documentation design, construction
practices, storage of equipment and testing.

(7) Direct electrical personnel in providing technical assistance
to operating power plants for design modifications, tests or

"problem solving.

Educational Background

Received a Bachelor of Science in the Power Option of Electrical
Engineering from Drexel University in 1962. Continued education
by completing successfully a Rectifier Circuit Theory Course, an
Electronic Course, a Review Mathematics Course for Engineers, a
Material Applications Course for Engineers and a High Voltage
Dielectric Behavior Course while with the General Electric Company.
Also completed successfully the Power System Analysis Course at
FP&L.
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C. 'xper ience,

(1) Nuclear
H

(a).-. Directly related
F

Upon joining FP&L in April, 1971, until November, 1973
was directly responsible for the electrical design

„, review of FP&L Nuclear Generating facilities under
construction.

From November, 1973 to the present has been .responsible
'<for the supervision of all electrical work and design

review performed on all FP&L power plants both nuclear
and fossil.

(b') "Other

During the time he was with General Electric's relay
department worked on several jobs associated with
nuclear power.

(2) Other

From 1950 through a portion of 1967 was employed, by the
General Electric Company; during this period a series
-of;positions of increasing responsibil'ity were held.
Served as a tester oi AK circuit breakers; requisition
engineer for control switches, indicating lamps and
wiring devices; requisition enginner for protective
irelays; requisition engineer for power rectifier
equipment; design engineer for type AKD load
center equipment; and magnetic design engineer for
the relay department.

From .l967 through a por'tion of 1969, was employed by the
Electromagnetic Compatibility Branch of ITT - Federal

' Electric Company at NASA - Kennedy Space Center. Was
, employed as an engineer and served for one year as Branch

Chief.

From 1969 to early 1971 was employed by the Electric
Utilities Branch of Trans World Airlines at NASA-
Kennedy Space Center. Was first employed as a System
Engineer on the NASA Power System and served the last
year as supervisor of engineering responsible for
auxiliary systems consisting of standby diesel generators,
protective relays, the supervisory control'ystem and fault
and transient recorders.

Total of 25 years in engineering.
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H. H. Jab a li
Su ervisor - Plant Civil En ineerin

Function, Res'ponsibilities and Authority

Supervise and manage the Civil engineering section within Power
Plant Engineering Dept. Direct civil engineering personnel in
preparing design modifications and additions at operating power
plants and in providing technical assistance in the civil areas
to other FphL departments. Establish scope and design criteria of
power plants in the civil, structural and architectural areas and
directs the engineering activities of the architects engineers
and consultants to ensure implementation thereof.

Educational Background

BSCE, 1968, University of Miami
MSCE, 1970, University of Miami

Major: Structures
Minor: Applied Mathematics

MS Theoretical & Applied Mechanics,,1971, Northwestern University
Major: Sol id Mechanics

C. Ex per ienc e

(1) Nuc fear

Worked for Sargent 6 Lundy Engineers in structural design
work for nuclear plants for five years. Worked for FP6L
in civil design areas and Supervisor, Civil Engineering for
three years.

(2) Worked in structural research and development areas for three
years in Academic - Teaching 6 Research area.

Total of eight years in engineering areas related to the
electric utility.

F. G. Flugger

A. Function, Responsibility and Authority:

Responsible for ensuring that nuclear plant designs are in
compliance with NRC regulations. Responsible for regulatory
design features in new plant design and for modifications to
existing nuclear plants.

Responsible for development and implementation of the Power
, Plant Engineering Department's QA Program. Approval of design

in areas involving NRC jurisdiction.
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B. ~ Educational Background

Bache 1 or of Marine Engineering
MS in Engineering Science (AEC Fellow)
Graduate work beyond MS, 42 credits
HIT Reactor Safety Course
NUS Advance Nuclear Fuel Hanagement Course

C. Experience-Nuclear

(a) Directly related

.Morked for six years with Consolidated Edison Company in
nuclear engineering and management areas. Vorked for two
years on nuclear projects for Long Island Lighting. Vorked
for NUS Corporation for l-l/2 years in nuclear areas. Morked
on nuclear plants in engineering and design for FP&L for six
years. This is a total of 16 years in nuclear related work.

(b) Other

Worked for two years in other work related to utilities.
Total 10 years utility experience.

J. R. Tomonto
Mana er - Nuclear Anal sis

. A. Function, .Responsibility and Authority:

Responsible in providing direction of the Nuclear Analysis
Department in the followihg areas: Technical assessments of
nuclear fuel designs, nuclear plant safety systems and
preparation of reload licensing reports. Functional reviews
of vendor supplied nuclear physics, thermal, hydraulic and
safety designs of nuclear cores to ensure that they meet
operational, regulatory and. quality assurance requirements.
Perform safety, analyses to support plant operation and
recommend procedures to meet established criteria. Perform
analy'ses of reload nuclear fuel designs to ensure that all
parameters are within established limits. Devel'.procedures
and methods used to verify that nuclear plant power dis-
tributions are within technical specification limits. Assist
and augment nuclear plant Reactor Engineering staffs during
refueling, start-ups and special test evaluations. Authority
is in the administration and technical guidance of the Nuclear
Analysis Department.

Educational Background

BS in physics, Villanova University, 1954 MS in Reactor Physics,
Rensselaer Polytechnic Institute, )959.
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Advanced Reactor Engineering Program conducted by the Knol ls Atomic
Power Laboratory, 1960-62. Engineering Management Ski 1 1 s Course,
1969. Doctoral Student, in Nuclear Engineering, N.Y. University,
1967 to 1970.

Gul f Corporation Management Training Program, 1973.

Experience

(1) Nuclear

Hanager, Nuclear Analysis Department, FP&L, Hiami, Florida,
Harch, 1974 to present. Manager, Nuclear Engineering
Department Gul f United Nuclear Fuels Corporation,
Research and Engineering Division, Elms ford, N.Y., January,
1970 to Harch, 1974. Manager, Nuclear Development'ection,
United Nuclear Corporation, Elms ford, N. Y., March, 1964 to
January, 1970. Nuclear'hysicist, Knol ls Atomic Power
Laboratory, Schenectady, N.Y., November 1959 to Harch, 1964.
Nuclear Engineer, Alco Products, Inc., Nuclear Power
Engineering Division, Schenectady, N.Y., June, 1958 to
November, 1959.

(2) Other

Electrical Engineer, Airborne Instrument Laboratory, Hodoe
Division, Thornwood, N.Y., June, 1957 to September, 1957.
Chief Engineer, DD775, V. S. Navy, Norfolk, Va., June, 1954
to June, 1957.
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C. S. Kent
~En ineerin Pro ect Mana er — St Lucie Nuclear Units 1 and 2

a) Function, Responsibilities, and Authority

Responsibilities for coordinating Power Plant Engineer design/
review activities. Responsible for engineering budgets

and'chedules.Responsible for directing the architect" engineer and
NSSS vendors.

I

~ b) '-Educational Background

')

BS Chemistry - Florida'Southern College
HSE Nuclear Engineering, University of Florida

Expeiience

1) Nuclear

Worked in design and project engineering related areas for
FP&L in nuclear plant related assignments for 10 years.

2) Other

Two ye ars

Total of 12 years'utility experience.

Dr. Robert E. Uhrig
Vice President - Advanced S stems and Technolo

B.S. (with honors) Mechanical Engineering, University of Illinois 1948
~ '.S. Theo. and Applied Mechanics, Iowa State University 1950

Ph.D. Theo. and Applied Mechanics, Iowa State University 1954
C

1948 - 1951 Iowa State University Teaching Staff
1951 " 1952 Institute for Atomic Research, 'Iowa State University, Research

Asst.
1952 - 1954 Institute for Atomic Research, Iowa State University, Graduate

Asst.
1954 - 1956 Department of Mechanics, U. S. Military Academy, West Point

'',(on active duty with U. S. Air Force)
1956 - 1960 Institute for Atomic Research, Iowa State University

Associate Professor of Theoretical and Applied Mechanics
and Nuclear Engineering, Nuclear Reactor Supervisor,'roup

'eader of Nuclear Engineering, Group III
1960 - 1967 University of Florida, Professor and Chairman, Department of

Nuclear Engineering Sciences
1967 - )968 Department of Defense - Deputy Assistant Director for Research

(on leave of absence from University of, Florida>
1968 " 1973 Univers'ity of Florida, Dean, College of Engineering and

Director, Engi'neering and Industrial Experiments Station
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1973 - Present FP&L - Vice President — Advanced Systems and Technology

Registered Professional Engineer — Florida and Iowa States

Member of:

American Society for Engineering Education
American Nuclear Society
American Society of Mechanical Engineers
National Society of Professional Engineers
American Association for Advancement of Sciences
American Institute for Aeronautics and Astronautics
Florida Engineering Society

0. F. Pearson,- III
Director Licensin and Environmental Plannin
De artment

Education: Georgetown University Law Center - Juris Doctor
Cornell University - Master of Engineering (Nuclear)
Cornell University - Bachelor of Engineering Physics
Harvard University — Completed a program for Management

Development

Experience: 1966-1972: Reactor'Engineering Branch Head in the
Division of'Naval Reactors.

1972-1973: Executive Assist'ant to Vice President
Power Plant Engineering and Construction.

1973-1975: Executive Assistant to Vice President
Strategic Planning, FP&L.

1976' Present: Director of Lic'ensing and Environ-
mental Planning, FP&L.

Member of: Ameri'can Bar Association
District of Columbia Bar
The 'Florida Bar
AIF Steering Committee on Licensing and Sa fety
AIF Environmental Committee
American Nuclear Energy Council

J. A. DeMastry
,,Assistant Mana er, Nuclear Licensin

Education: Ohio State University - Graduate School
Metallurgical Engineering — One Year
Ohio State University - B.Sc. 1953

Experience: 1974 — Present: Assistant Manager, Nuclear Licensing

To plan, coordinate and direct overall company licensing
program in order to obtain and maintain the various nuclear
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regulatory licenses and approvals necessary for nuclear-
power plant siting, construction and operation.

General
Experience:

'

Twenty-three years experience in nuclear licensing, engineer-
ing management, reactor plant design, nuclear fuel develop-
ment, nuclear marketing, nuclear safety, general nuclear
technology and quality assurance. Experience in preparing
plant licensing. documents. Last 10 years experience has been
at various levels of engineering management such as nuclear
applications. Specific experience in design of reactor con-
tainment. Experienced in developing materials and components
for use in,nuclear reactors. Active in studying liquid metals
and their interactions with materials and components. Exper-
ience in fracture mechanics studies of metals and ceramics,
welding and effect of welds on materials properties. Adminis-
tered mechanical properties laboratories concerned with study-
ing the effects of environmental such as temperature, radia-
tion, vacuum, etc. on materials and components. Author and/or
coauthor of more than 30 technical papers and in access of 50
technical'eports. Active in professional societies.

August L. Heil
Assi'stant Manager for Neutronics and Fuel riana ement

BS, Metallurgy and Materials Science, Carnegie Mellon University
I ~

1950 - 1968 Supervisor, Core Manufacturing, .Westinghou sp
Bettis Laboratory; fabrication of reactor fuel
and core components for the Naval Nuclear Program
including Shippingport. Development of new
fabrication processes and preparation of in-pile
fuel test samples.

1968 — 1970 '

I

Supervisory Engineer, Nuclear Materials and Equipment
Corporation; process engineering responsibility for
the fabrication of the portable military type

reactor'ores

and qualification fuel assemblies for commer-
ci'al reactors.

1970 - 1974 Project Manager, Westinghouse Nuclear Fuel Division;
project management and administration of the commer-
cial nuclear fuel contracts in the southeast.

19 74 - Pr e sent FP&L, Nuclear Analysis Department
Assistant Manager for Neutronics and
Fuel Management

Member of: ANS and ASME

13.1-32
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Mana er of Fuel Su 1

BSEE, Duke University, 1949
University of Florida Extension Nuclear Engineering, 1966
HUS Nuclear Fuel Hanagemerit, 1969

1949 - 1955 City of Danville, Virginia, Power Engineer;
engineering electrical power transmission and
distribution

1955 - 1957 FP&L; Senior Field Engineer; distribution
engineering and commercial service

1957 - 1964 FP&L; Assistant Supervisor; transmission and
distribution construction supervision, metering,
overhead, underground, trouble

1964 - )968 FP&L; Industrial Relations Supervisor; labor
contract administration and negotiations

196B — Present FP&L; Manager of Fuel Supply; oil, gas and nuclear
fuel procurement and contract administration

Member of: ANS, IEEE, Federal Power Commission Technical
Advisory Committee on Fuels

13. 1-33
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'3 ~ 1.2 OPERATING ORGANIZATION

13,1.2 ' Plant, Or anization

8
Figure 13.1-$ provides a-chart showing the title of each position, the

number'f

operating shift crews, and the positions for which reactor operator and

senior reactor operator licenses are required. Table 13.1-1 displays plant
staffing changes to the existing St. Lucie Unit 1 organisation to accommodate

operation, administration and maintenance of St. Lucie Unit 2 ~ These changes

follow manpow r requirem nts to support St. Lucie Unit' and may vary slightly
dependent upon prospect progress and schedule.

13,1.2.2 Plant Personnel Res nsibilities and Authorities

The function, responsibilities~ and authorities of plant positions are
described below. These positions are indicated on the organizational chart of
Figure 13.1-$ .

~'lant

Manager

The Plant Manager reports to the Assistant Manager Power Resources«
9tloclear (refer to yifcra 33.1-P) scd bas dtrect respoasfbility for

o~rating and maintaining the plant in a safe, reliable and efficient.
manner. He is responsible for protection of the plant staff and the
general public from avoidable radiation exposure and/or any other
consequences of an accident at the plant. He "bears the
responsibility for compliance with Che fa'cility operating license.

. He has the authority to Cake any action necessary, without
consultaCion, to prevent or mitigate the consequences of an accident.

Operations Superintendent

The Operations Superintendent reports to the Plant Manager and acts
in his behalf during his absence. He is responsible to the Plant

'Manager for operating and maintaining the plant in a safe, reliable,
and efficient manner He will assume the duties and responsibilities
of the Plant Manager as the primary alternate to that position.
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Operations Supervisor

The Operations Supervisor has the responsibility for directing the

actual day-to-day operation of Che unit and holds a Senior Operator

License. He reports directly to the Operations Superintendent and

directs the plant operating sCaff. He coordinates operations related

activities with all departmental supervisors. He assumes all of the
~ Operations SuperintendenC'a responsibilities and authority in his

absence. He is responsible for overall supervision 'of fuel handling

operations. He has the authority to shut down the unit, initiate the

Emergency 'Plans, 'and issue standing orders on a day-to-day basis.

'Plant Supervisor

The Plant Supervisor is responsible for the actual operation of the

plant on his assigned shift. He reports to the Operations Supervisor

and directs the activities of the operators on his shift. He must be

cognizant of all maintenance activities being performed while he is
on duty'he Plant Supervisor on duty has the authority to shut down

the unit if, in his opinion, conditions warrant this action. He has

the authority and responsibility to initiate the Emergency Plans and

to issue standing orders for operation in con)unction" with the

Operations Supervisor. The Plant Supervisor is the Emergency

Coordinator when, the Emergency plan is in effect'uring fuel
handling operations he may direct the operation or operate fuel
handling equipment. Responsibilities are specified by an

administrative procedure.
r

Watch Engineer

The Watch Engineer is the working operating foreman and is
responsible for plant operations on his shift. He reports to the
Plant Sup rvisor. Upon assignment he may assume the responsibilities
of Plant Supervisor. During fuel handling operations he shall direct
or operate fuel handling equipment. He is also the fire team leader
and maintains proper qualifications for this position. The Watch
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Engineer on duty has the authority to shut down the unit if in his

opinion conditions warrant this action. He has the authority to

initiate the Emergency Plans. Responsibilities are 'specified by an

administrative procedure. /A

Control Center Operator

The Control Center Operator operates controls and monitors

instruments located in the control room containing reactor, turbine-

generator -and transmission line control boards, and under .direct or

general supervision directs the operation'f all plant equipment as

.required to maintain proper 'operating conditions. He executes or

directs the execution of orders received from the Plant Supervisor,

Hatch Engineer, and Dispatcher. He has the authority to shut down

the unit'if in his'pinion conditions warrant this action. During.

fuel handling operations, he may operate fuel handling equipment

under general supervision. He may operate radiation survey

instruments. Responsibilities are specified by an administrative

procedure. /A

Shift Technical Advisor

The Shift Technical Advt,sor .provides an independent, dedicated

concern for the safety of the St. Lucie Plant. This is accomplished

by providing diagnostic support in an advisory capacity only to

Operations personnel during off-normal events and by advising the

Plant Supervisor on actions to terminate or mitigate the consequences

of such events. The Shift Technical Advisor is responsible to the

Technical Supervisor. Responsibilities are specified by an

administrative procedure The Shift Technical Advisor position may

be eliminated if the Plant Supervisor meets the Shift Technical

Advisor education, training and qualification guidelines. /A
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Nuclear Operator

The Nuclear Op ratoi operates nuclear reactor auxiliary equipment and

turbine-generator auxiliary equipment under the direction of a

licensed Operator or Senior Operator. He performs inspections of

operating equipment and systems including but not limited to the

Reactor Coolant System, Chemical and Volume Control System, Component

Cooling Water, Shutdown Cooling and Spent Fuel Pool Cooling Systems,

Waste Management System, engineering safety features systems and

components, radiation detection equipment, containment and

radioactive area ventilation and purge systems, Primary Water Makeup

System, refueling water tank, gas supply systems, liquid and gas

sampling and analysis equipment, and chemical feed addition

equipmcnt. He performs operating adjustments and services, records

operating data, and operates radiation survey. instruments. During

fuel handling operations he may operate fuel handling equipment under

the supervision of a licensed operator, He may operate other plant

auxiliary equipment under the direction of a Plant Supervisor, Watch

Engineer, or Control Center Operator. Responsibilities are specified

by an administrative procedure.

t

Nuclear Turbine Operator /R

The Nuclear Turbine Operator operates turbine controls .and serves as

turbine-generator attendant.. He acts under the direction of a

licensed operator or senior operator, may be assigned additional

duties, can assist the Nuclear Operator, performs operating

ad5ustments and services, and records operating data. He is a member

of the fire team and is properly qualified for this position.
Responsibilities'are specified by an administrative procedure.

Auxiliary Equipment Operator /R

The Auxiliary Equipment Operator operates plant auxiliary equipment,

such as the Water Treatment plant and the Intake Cooling Water System

equipment. He may operate other plant auxiliary equipment under the



0
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direction of a Plant Supervisor, Nu'clear Hatch Engineer, or a Control

Center Operator.He is a member of the fire team and is properly

qualified. for this position. Responsibilities arc specified by an

administrative procedure.

Technical Supervisor /R

The Technical Supervisor reports to the Plant Manager and is
responsible for supervision of the staff engineers and directs

activities concerning technical analysis and advisory services. The

Technical Supervisor is responsible,for the operating experience

feedback function.

Reactor Supervisor /R

The Reactor Supervisor conducts or supervises tests, accumulates and

cvaluates data and maintains records of the performance of ~ plant

~~uipmeat including core performance and fidel records. He .reports to

the Operations Superintendent. He has the responsibility to

recommend that the unit be shut down if in his opinion conditions

warrant this action. He has the authority to initiate the Emergency

Plans.

Health Physics Supervisor 'R

Thc Health Physics Supervisor conducts or supervises surveys and

monitoring programs to detect, measure, and,assess radiation levels

within the facility and maintains records'nd reports of all
radiation surveys and monitoring programs. He instructs or assists

.in the instruction of all personnel in the basic principles of
radiation protection. He assists or supervises decontamination

operations.

He has the responsibility to r'ecommend that the, unit be shut down if
in his opinion conditions warrant this action, and he has the

authority to initiate the Emergency Plans. The Health Physics
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Supervisor reports to the Operations Superintendent. He also has an

authorised direct line of communication to the Power Resources Staff
Health Physics Section Supervisor and to the Plant Manager. These

lines of communication give him access to upper management'to assure

that exposures are as Iow as reasonably achievable.

Xnstrument and Control Supervisor /R

The,Xnstrument and Control Supervisor reports to the Maintenance

Superintendent and is responsible for supervision of maintenance,

calibration and installation of all instrument and control equipment

and for maintenance of instrument and control records. He has the
authority to shut down the unit if in his opinion conditions warrant
this action, and he has the authority to initiate the Emergency

Planso

Chemistry Supervisor /R

The Chemistry Supervisor conducts or supervises the chemical and

4'adiochemicalanalyses of watery g,gas ~nd-sM&I samples. He

evaluates test results and directs corrective measures incident to
the analyses. He has the authority to initiate the Emergency Plans

Maintenance Superintendent

The, Maintenance Superintendent reports to the P1ant Manager and is
responsible for supervison of the maintenance of all equipment and

facilities and for maintaining all required maintenance records.

Assistant Superintendent-Mechanical Maintenance /R

The Assistant Superintendent-Mechanical Maintenance reports to the
Maintenance Superintendent and is responsible, for supervision of the
mechanical maintenance of all equipment and facilities and for
maintaining all. mechanical maintenance records.
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Assistant Superintendent-Electrical Maintenance /R

The Assistant Superintendent-Electrical Haintenance reports to the

Haintenance Superintendent and is responsible for supervision of the

electrical maintenance of all equipment and facilities and for
maintaining all electrical maintenance records.

Quail ty Control Supervisor /R

The Quality Control Supervisor reports to the Plant Manager and is
responsible for the coordination of th overall quality control (QC)

effort within the St. Lucie Plant organ&ation. Refer to FPL Topical
y fits g

Quality Assurance Report (PPLTQAR) 1-76A>for a more detailed
description of the Quality Control Supervisor's responsibilities,

The following describes the line of succession of authority and responsibility
for the overall station operation in the event of unexpected contingencies of

a temporary nature:
ll

c)

Plant Hanager

1) Operations Superintendent

2) Operations Supervisor
Operations Superintendent

1) Operations Supervisor

2) Plant'Supervisor
3) 'atch Engineer

Operations Supervisor

1) Plant Supervisor
2) Patch Engineer
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13.1.2.3 ~0 eratinp Shfft Greet

he normal operations shift for two units consists of a Plant Su~~or,
Watch En ear~,~oControl Center Operators~~hi'ft Technical Advisor,

Nuclear Operator and Turbine-Ofeiatox The Plant Supervisor is directly
responsible..to tlie Operations Supervisor for all -operagions on his shift.
gers'onnel vill hold NRC licenses as shovn in Figure 13.1-9,.

During and folloving initial core loading, a licensed Senior Operator vill be

on site at any time fuel is being handled in the refueling facilities and/or

in the reactor, or when fuel is in either reactor.

During fuel handling operations on either unit, one senior reactor operator is
assigned the responsibility of fuel handling with no other concurrent

duties. A licensed operator operates the refueling machine and another

licensed operator monitors fuel handling operations from the control room of

the affected unit. The other refueling stations are manned by licensed and

non-licensed operators as required to perform the evaluation.

The minimum shift crew has five me bers dedicated to fight fires during a

control room inaccessibility situation. The minimum shift crew, composition is
given in %'able-13.1-2 -for-St.-Lucie.%nits-b-and"S 5<Ii(~ 'L ~ "'" . "" ' -'"" ~'

af 5<.<. TC«..tt ~ (r ( r ~ (rt(-(e~ Cgtr ~ P'<.CAN<A( p(v>t e \ ( . t- $ I ~ Qi ) ~ 2 rr

St. Lucie Unit 1 presently schedules qualified radiation protection men (RPM)

on shift 24 hours per day, seven days per week. This schedule will be

'expanded to include Unit 2 vhen necessary.

13 ~ 1 ~ 3 QUALIFICATIONS OF NUCLEAR PLANT PERSONNEL

PPL complies with Regulatory Guide 1.8, "Personnel Selection and Training"

September 197S which generally endorses ANSI N18.1-1971 'his Regulatory

Guide is a'ddressed by PPL TQAR 1'-76A, Rev. 4.
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13.1.3.1 ualifications'Re uirements

ANSI H18.1-1971 describes the minimum qualifications for several of the

management, operating, .technical and maintenance position categories. specified
in Subsection'3.1.2. In addition to these qualifications, senior reactor

., operator license candidates will have one year of experience as a reactor
operator or equivalent experience. Table 13.1 g provides the correlation~ — I-
between the position titles specified in ANSI N18.1-1971and the actual St.
Lucie Plant Staff positions.

/97/
Qualifications for personnel not specifically addressed in ANSI N18.1-~ are

specified below: /R

The Shift Technical Advisor shall have a bachelor's degree or equivalent in a.

scientific or engineering discipline. Specific training is provided in
response and analysis of the plant for transients and accidents; details of
the design, function, arrangement and operation of plant systems; and response

of instrumentation and controls in the Control R'oom. /A

13 1.3.2 ualifications of Plant Personnel

The qualifications of incumbents in key plant supervisory positions and all
licensed personnel are summari'zed in resume format below. The

qualifications of the Startup Superintendent whose responsibilities are
discussed in Section 14.2 are also included.
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Alfred D. Schmidt
Vice President.- Power Resources

BME, Univers'ity of Florida, 1942
Nuclear Engineering cour'se, University of Florida
Management of Radiation Accidents course, EPA, 1972
FP&L Management Development courses, 1972 - Present
Car negi e - He 1 I on Progr am for Executives, 1973

.1937'- 1942
1942,- 1945
1946 - 1948

1949 - 1951

1951 - 1954

1954 - 1957

1957 - 1970

1970 - 1972
1972 - Present

FP&L; Co-op student
FP&L; Junior Engineer, Operation Department
FP&L; Betterment Engineer; Sarasota, Lauderdale

'nd Miami Plants
FP&L; Assistant Plant Superintendent; Miami
Plant
FP&L; Plant Superintendent; responsible for
operating and maintaining the fossil fuel
unit s, Pal at ka Plant
FP&L; Superintendent of Operations, Power
Plants; responsible for safe, efficient
operation of all power generating plants
in FP&L system
FP&L; Regional Superintendent of Power Plants;
responsible for operation and maintenance of
all units in his region
FP&L; Superintendent of Generating Stations
FP&L; Vice President - Power Resources;
responsible for the safe and efficient
operation and maintenance of all power plants,
including staff support. Since 1978 also
responsible for the System Operations, System
Protection and Power Supply Technical Services
groups.

Registered professional engineers

Member of: ASHE, NSPE, EEI, EPRI

J. Russell Bensen
Assistant to the Vice President —,Power Resources

BHE, Tulane Un'iversity, 1946
Nuclear Engineering and Nuclear Engineering Laboratory courses, University
of Florida, 1966
Nuclear Fuel Hanagement course, NUS, 1966
Advanced Nuclear Technology courses, University of Florida, 1967
Westinghouse Reactor Operation Training Program and Design Lecture Series,
Waltz Mill and Saxton, Pa. 1968-1969
Management of Radiation Arcidents Course and Environmental Radiation
Laboratory, EPA 1972
FP&L Management Development courses, 1973 - Present

13. 1-40
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1947 — 1948
1948 — 1949
1949 — 1951

1951 — 1954

1954 — 1.955

1955 — 1957

1957 — 1967

1967 - 1972

1972 — 1973

1974 — 1976

1976 — 1978
1978 - present

FP&L; Mater. Tester; Miami Beach Plant
FP&L; Instrument Mechanic, Hiami Plant
FP&L; Betterment Engineer, Results Department;
Hiami Plant
FP&L Assistant Plant Superintendent—
Operation and Maintenance; Miami Plant
FP6L; Assistant Plant Superintendent—
Maintenance; Cutler Plant
FP&L; Superintendent of Haintenance; Power
Plants; responsible for maintenance of all
steam generating power equipment in FP&L system
FP&L; Regional Superintendent of Power Plants',
responsible for operation and maintenance of
five po~er plants in his region
FP&L; Regional Superintendent of Power Plants—
Nuclear
FP&L; Manager of Power Resources — Nuclear;
responsible for startup preparation and
operation of all nuclear power plants in
FP6L system
FP&L; Assistant to the Vice President of Power
Resources
1'P&L; Manager Power Resources — Nuclear
FP&L; Assistant to the Vice President — Power
Resources

Registered Professional Engineer

Member of: ASME, ANS, NSPE

wis E'ooke,* Jr.
Man er Power Resources — Service

BME, Univ - . ity of Florida, 1942

194 - 1945
1945 — 48

1948 — 1950
1950 — 1964
1964 — 1973

1973 — 1974

1 — Present

U. S. Navy (LCDR RCT)
FP&L; Operations and Betterment Engineer,
Sarasota Plant
FP&L; Betterme Engineer, Lauderdale Plant

P6L; Assi nt Supt., Lauderdale Plant
F ; nt Supt., Cape Canaveral Plant,
re ible for all operations and mainte-

ance ~

FP&L; Plan Manager, Cape Canaveral Plant,
responsible all operations and mainte-
nance at that pla
FP6L; Manager of Pow Resources — Services

Regist ed Professional Engineer - State of Florida

ber of: ASME, NSPE

13. 1-41 Amendment No. 0> (12/80)





Joseph Lt. Dickey
flana er - Power Resources - Services

BSCl)E - t)assachusetts Institute of Technology - 1966
11SCE - Massachusetts Institute of Technology - 1967
U 'ty of Yirginia - Colgate Oarden Graduate School o usinessnl vers i

- "i978Administration - The Executive Program - 1

1967 - 1968

1968 - 1971
1971 - 1972

1972 - 1973

~ 1973 - 1976

1976 - 1980

1980 - present

FP&L; Assistant Plant Engineer, Port Everolades
Plant
FP&L; Plant Engineer, Port Everglades Plant
FP&L; Assistant Suoerintendent - Operations,
Port Everglades Plant
FP&L; Assistant Superintendent, Temporary
assignment to Industrial Relations Department
FP&L; Plant ftanager, Lauderdale Plant, respon-
sible for all plant operations, maintenance
and administration

FossilFP&L; Assistant Manager - Power Resources Fossi
responsible for all plant operations, maintenance
and administration for Port Everglades,
Lauderdale, Ft. tiers, Manatee and Cutler plants
FP&L; Nanager - Power. Resources - Services .

Registered Professional Engineer - Florida
Member of:

ASCE, t<SPE, FES
EEI Prime tlovers Committee
EEI Steam & Combustion Turbine Subcommittee
EEI Gas Turbine Operations Task Force
EPRI Advance Power Systems Task Force
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M Grosswald
Power Resources Section Su ervisor - Maintenance Mana ement Section

Management Development Courses 1973 - 1978

1957 — 1958
1958 — 1966
1966 -,1973
1973 - Present

FP&L; Helper, Miami Plant
FP&L; Mechanic, Miami Beach Plant
FP&L; Maintenance Foreman, Cut ler Plant
FP&L; Power Resources Section Supervisor;
Maintenance Management

C. E. Br arming
Power 'Resources Su ervisor— 0 eratin Section

BSME, University of Florida, Gainesville, Florida, 1954
USAF, Primary and Basic Multi-Engine Flying School - Reese AFB, Texas, 1955
Academic Instructor's Course - Lackland AFB, Texas, 1956
Management and Development Program, FP&L TOP Courses, 1955 - Present

1951

1953

1954

1954 - 1955
1955 - 1957

1957 - 1960

1960 - 1966

1966 -, 1970

1970 - 1972

1972 - 1974
l974 - Present

FP&L; Helper at the Miami Plant (Summer
Employment)
General Motors Plant Layout, Chevrolet Gear
and Axle Co., Detroit, Michigan
FP&L; Student Engineer, Field Service
Representative, Coral Gables Office
FP&L; Field Engine'er, Riviera Plant
U.S.A.F;, Rated Pilot, Candidate School
Instructor, Advanced to rank of 1st Lieutenant
FP&L; Plant Test Engineer, Riviera Plant;
Conducted plant equipment performance tests,
supervised installation and operation of
systems added to existing plant
FP&L; Plant Engineer', Riviera Plant .

Supervised Results Department for water
testing and treatment, plant instrumentation
and control, performance testing and
evaluation.
FP&L; Assistant Plant Superintendent, Riviera
Plant. Responsible for Plant Operations and
Results Departments.
FP&L; Start-Up Coordinator at Turkey Point
Plant. Responsible for coordination of
Mechanihal, Electrical and Instrument Control
Start-Up Groups in the flushing, cleaning,
pre"operational testing, and other activities
necessary to make the plant ready to receive.
fuel.
FP&L; Plant Manager, Turkey Point Plant
FP&L; Power Resources, Section Supervisor-
Oper a t ions

13. 1-42
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t E. D. Scrogin
Power Resources Section Su ervisor - Administration

Associate of Arts, University of Florida, 1938
Bachelor of Mechanical Engineering, University of Michigan, 1941
FP&L Management Development courses, 1973 " Present

1941 - 1945

1945 — 1947

1947 — 1948

1948 - 1949

1949 - 1969

1969 " 1972

1972 - Presen

U. S. Navy (Commander-Ret.); ship repair
Supervisor
Blalock Machinery & Equipment Co.; Sales
Engineer
FP&L; Special Employee, Sarasota Plant,
training

, FP&L; Special Employee,. Cutler Plant,
training
FP&L; Plant Superintendent; experience in
the operation, maintenance and supervision
of modern oil and gas fueled steam power
plants; participated in startup of six
high pressure boiler and turbine generator
units.
FP&L; Power Resources Department Supervising
Engineer; Supervised Procedures writing
Group', Turkey Point Plant

t „ FP&L; Power Resources Section Supervisor-
Administration

Registered Professional Engineer

Member of: ASHE, FES, HSPE

13. 1«43
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R. A. watson
Power Resources Section Su ervisor - Tests and Performance

Mashington Comptometer School, 1936
B. S. Chemistry, University of Maryland, 1942
Navy Communications and Radio, 1943
Radiological Monitoring, U.S. Department of Interior, 1961

Meteorological Aspects of 'Air Pollution, U. S. Public Health Service, 1965

Nuclear Engineering and Nuclear Engineering Laboratory courses, University
of Florida, 1966
Basic Radiological Health, U. S. Public Health Service, 1966

.Radionuclide Analysis by Gamma Spectroscopy, USPHS, 1966
Advanced Nuclear technology, University of Florida, 1967
FP&L Management Development Courses, 1972 - 1973

1942 - 1946
1945 - 1948

1948 — 1949
1949 - 1952

1952 - 1972

'. S. Navy; (Lt.) Communications Department
National Bureau of Standards, Analytical
Chemist
V. S. Navy; (Lt.) Communications Department
Armed Forces Security Agency, Research and
Analytical Chemist in Organic and inorganic
Chemistry
.FP&L; Production Test Group, Power Supply
Department, Assistant Engineer, Engineer,
Senior Engineer, Production Test Supervisor.
Established analyt ic al chemistry laboratory
for fuel analysis. Consult with Plant
Resources Department on water for treatment
and control procedures. Set up programs
for evaluating fuel additives. Design
sampling and analytical programs for
environmental analysis of 'air and water.
Nork with Environmental Engineering
Department in setting up long range sampling
and test programs for surface and ground
water. Design, construct, purchase, calibrate
and operate varied instrumentation used for .

equipment acceptance and performance tests.
Set up computer programs for calculation and
reporting of results. Coordinate. activities
of power plant personnel and consultants
in obtaining climatological and meteorological
data.

1972 - Present FP&L; Power Resources Section Supervisor-
Tests and Performance

Member of: Health Physics Society

13. 1-44
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M. S. Gonzales
Power Resources Section Su ervisor — Instrument & Control and
Electrical Maintenance

"

BEE, University of Havana, 1953
Advanced Nuclear Technology course, University of Florida, 1967
FP&L Management Development courses, 1973 - Present

1956 - 1961

1961 - 1966

1966 - 1967

,1967 - 1973

1973 — Present

Cuban Electric Company; Junior Engineer to
Results Engineer
Bailey Meter Company; Foreign Service
Engineer; control systems design and electric
power plants startup
FP&L; Plant Engineer, Results Department;
Turkey Point Plant; Calibration checks and
startup of instruments and controls, Turkey
Point Uhits 1 and 2
FP&L; Assistant Plant Superintendent; Turkey
Point Plant; checkout and documentation of all
instrumentation and controls, Turkey Point
Units 3 and 4
Power Resources Section Supervisor; Supervises
Power Resources I & C and Electrical Staff

Registered Professional Engineer

Member of: ASME, ISA

Clarence 0. Moody
Mana er Power Resources — Nuclear

U. S. Army, Corp of Engineers Electrician, 1956
ICS Electrical'Engineering/Plant Electrician, 1957 — 1960
Electronic Technology, MCC, 1964
FP&L Electrical Apprenticeship, 1961
University of Miami, MBA, 1977
Massachusetts Institute of Technology» Reactor Safety, 1978
FP&L Management Development course, 1972 — present

1956 - 1960

1956 - 1957

1957 — 1960

U. S. Army: Staff Sergeant (E5) Active and
Reserve status; U. S. Corps of Engineers
Electrician Instructor, Ft. Leonardwood, MO;
U. S. Sig. Corps Active Reserve responsible
for signal equipment on company level as
Supply Sgt.
FP&L; entrance level position through Auxi-
liary Equipment Operator in two fossil
fuel plants — Miami Beach and Miami
FP&L; Plant Apprentice Electrician under the
standard apprentice training program—
completed April, 1961. Instructor in program
1965 — 1969

13. 1-45
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1960 - 1964

1965 - 1969

1969 - 1972

1972 - 1973

1974 - 1976

1976 — 1978

1978 - present

FP&L;, Journeyman Electrician, Cutler Plant
performing all types electrical maintenance.
Approximately 30 percent of this time spent at
other plants on major overhaul work.
FP&L Chief Electrician; Cape Canaveral Plant:
primary responsibility for check out, startup
and maintenance of all electrical devices and
controls on two 400 MH'fossil fuel units;
maintained all.equipment and administered
department personnel.
FP&L; Assistant Superintendent, Cape Canaveral,
Plant: .Responsible forkball mechanical and
electrical equipment and personnel adminis-
tration of said department.
FP&L Superintendent of Maintenance, Port
Everglades Plant: . Duties involved all
mechanical-electrical and instrument
responsibilities ..
FP&L; Assistant Manager of Power Resources
Fossil: Responsible for the operation and
administration of four fossil fuel plants.
FP&L; Assistant Manager Of Power Resources
Nuclear:. Responsible for operation, mainte-
nance and administration of one nuclear plant.
FP&l.; Manager of Power Resources Nuclear:
Responsible for operations, maintenance and
administration of all nuclear generation.

K. N. Harris
Assistant Mana er Power Resources — Nuclear

Graduate — Academy of Aeronautics, Long Island, N.Y. 1959
Industrial Electronics course, Central Technical Institute 1963
Awarded SR0-912, 1967, SR0-1612, 1972
Management Development courses, 1972 — Pres'ent
Stanford Executive program August )977
gyre .pg /4 g

'p j- I... ~ .,~~ I, ~< pail Pl,ly cj f It&~d' (>

1961 — 1966 Combustion Engineering, Naval Reactor
Division; Assistant Shift Supervisor;
qualified as Engineering Officer of the
Watch, trained naval personnel on SIC,
nuclear prototype plant; supervisor of
off-hull operations. Responsible for
operation & maintenance of all SIC
prototype support systems.

1966 — 1970 Connecticut Yankee Atomic Power Company;
Shift Supervisor and Refueling Supervisor;
participated in plant construction, initial
startup and full commercial power operation;
held AEC Senior Operator license.
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1970 - 1972

I

1972 — 1978

1978 - Present

. FP&L; Power Resources Department: Assistant
Plant Superintendent - Operations, Turkey
Point Plant; attended Nuclear Operators
Training Program and received AEC SRO

Turkey Point 3 and 4.
Responsible for Plant Operations.
FP&L; Power Resources Department; Plant
Manager. Responsible for operations,
maintenance and administration of the
St. Lucie Plant.
FP&L; Assistant Manager Power Resources—
Nuclear.

Ceorg~~~b+er-
na er Power-.Resources - Nuclear Services Three Mile Island Task

For Coordinator

BSEE, Re sselaer Polytechnic Institute, 1938
Management evelopment courses 1953, 1954
Nuclear Engi ering and Advanced Nuclear Technology courses, U iversity of
Florida 1966, 67
Nuclear Power Rea or Safety course, MIT, 1967
Mestinghouse Reacto Operation Training Program and Des' Lecture Series,
Malta Mill and Saxton, a., 1968 - 1969

1939

1946

- 1943

" 1954

1954
1

1960

- 1960

- 1967

1967 - 1972

1 3 - 1979

.- 1979

Regi ered 'profe

— present

ssional engineer

FP&L; Fireman and Ma h Engineer, Bradenton
ant

FP Betterment ngineer, Plant Engineer,
Assis nt Plan Superintendent, Miami Beach
Plant
FP&L; Plan Superintendent, Palatka Plant,
supervis d s rtup
FP&L; ant Su rintendent, Port Everglades
Pla, supervise startup, responsible for
o ration and main nance of fossil fuel
nits

FP&L; Coordinating'Engr eer, Production
Department, nuclear train' program and
participated in hot functio al tests and
startup of Ginna Nuclear Plan Acting Plant
Superintendent, responsible for startup of
Turkey Point Unit 3
FP&L; Manager Power Resources - Nuc ear
Serv'ices
FP&L; Three Mile Island Task Force Coor nator

P ember of:, ASME, IEEE, ANS,
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H. N. Paduano, Jr.
H~aoa er of poser Resources - Nuclear Services

SCHE, University of Virginia, 1964
U. S. Navy Nuclear Power School, 1965
Env'ironmental Management of Nuclear Power Plant, 1972
FP&L Management Development, 1973 — Present

a1964 - 1969

1969 - 1972

1972 — 1973

,1973 - 1977
'f. f ";

'977 — 1979

'1979 - present

U. S. Navy, Nuclear Power School, Nuclear
Plant Match Officer, Electrical Division
Officer, Nuclear Ship Superintendent,
construction and testing of reactor plant
Westinghouse Electric Corporation, Fluid
Systems Engineer, PMR Systems Division.
Systems design, multi»project systems field
follow-up during plant construction, startup
and hot functional testing; member of team
that established modifications to ECCS to
meet AEC interim criteria
Potomac Electric Power Company, Senior Fluid
Systems Engineer, Nuclear Engineering Manage-
ment Croup responsible for directing activi-
ties incident to Nuclear Steam Supply System
licensability, radwaste systems, Emergency
Core Cooling System, steam generators and
miscellaneous reactor auxiliary systems
FP&L; Power Resources Specialist, Nuclear

'rojects

FP&L; Power Resources Section Supervisor-
Plant Support; Provides technical assist-
ance to operating nuclear power plants in
the areas of trouble shooting maintenance,
safety evaluations, responses to NRC

questions, and special project coordination.
FP&L; Manager of Power Resources - Nuclear
Services; responsible for the overall direc-
tion of the Power Resources General Office
Nuclear Staf f .

Harvey F. Story
Power Resources Su ervisor — Health Ph sics

BCHE Georgia Institute of Technology, 1967
Summer'ourse, Radiochemistry, University of Missouri at Rolla, 1968
Summer Course, Radioisotope Methodology,,Texas 'A & M Universit'y, 1969
MNE, Texas A '&<M University, 1970
Advanced Health Physics Course, Atomics International, 1975
FP&L Management Development courses, 1973, 1975

.1967 — 1969
1970 - 1971

Columbus College; Chemistry Instructor
FP&L; Plant Test Engineer, Procedures,
preparation and review of preoperational
and operating procedures
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1971' 1973

1973 - 1974
f

1974 - Present

FP&L; Plant Supervisor, Health Physics,
Turkey Point Plant, Assistant to Plant
Health Physicist; wrote health physics
procedures, assumed Health Physicist's
responsibilities during his absence
FP&L; Health Physics Supervisor, St. Lucie
Plant, initial planning of St. Lucie Plant
Health Physics Department
FP&L; Power Resources Section Supervisor-
He,alth Physics

Member of: Health Physics Society and Power Reactor
Health Physicist's Group American. Board of Health Physics — He'alth Physic

'ertification

Gregory A. Patrissi
Power Resources Fire Protection Administrator

A.S. Fire Science Technology, Springfield Technical College, 1972
B.S. Fire Protection Administration, University of New Haven, 1976
Industrial Fire Protection Equipment Operation Course, Industrial Risk
Insures Institute, 1977
Nuclear Power Facilities Loss Prevention Course, NELPIA, 1977

1964 — 1968
1969 — 1978

1977 — 1978
(part time)
1978 — Present

U. S. Army; Aviation Electronics Specialist
Hartford Fire Department,'artford, Conn.,
Fire Fighter
Nuclear Energy Liability — Property Insurance
Association; Fire Protection Engineer
FP&L; Power Resources Fire Protection
Administrator

Member" of: National Association of Fire Science and Administration,
National Fire Protection Association, Fire Protection Engineers
Association -'Southeastern Chapter, Dade County Chief Fire Officers
Association, South Florida Fire Safety Association, International
Association of Fire Service Instructors, Society of Fire Protection

Engineers'3.

1-49
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C. M. Wethy

BME, University of Miami, 1952
Nuclear Engineering Course, University of Florida, 1966
Westinghouse Reactor Operator Training Program, 1968

Turkey Point Operator Training Program, 1970
MBA, University of Miami, 1975
Business Law, Miami-Dade Community College, 1975

1943 — 1945
1950 " „1954
V

1954 - 1968
1968 - 1975

1975 " 1976

1976 "'978

1978 - Present

United States Navy; Aircraft Carrier
FP&L; Cutler Plant, Helper, Water Tender and

Instrument Mechanic
FP&L; Production Test Group
FP&L; Turkey Point Plant, Reactor Engineer,
Assistant Plant Superintendent -'echnical,
and Operating Superintendent

'P&L; Power Resource Operations and Mainte-
nance consultant for South Dade Nuclear Pro-
ject and member of evaluation team for nuclear
plant to be built in De Soto County
FP&L; St Lucie Unit 2 Power Resources Team
Member
Plant Manager — St Lucie Plant.

Registered Professional Mechanical Engineer, State of Florida, 1967
NRC Senior Operator License — Turkey Point Units 3 and 4, 1972
Registered Professional Nuclear Engineer, Stage of California, 1977

Member of: ASME, American Nuclear Society, Florida Engineering.
, Society, National Society of Professional Engineers,
'nd Air Pollution and Control Association.

„,
J,E,-Bowers
Maintenance Su erintendent

Advanced Engineering course, U. S. Maritime School, 1946
Management Training and Mathematics courses', Appalachia Power Co., 1958,
1959, 1967
Applied Electronics course, Indiana & Michigan Electric Corp., 1963
Business Management Motels, Inc., 1966
Electronics Course, RCA, 1969
Management Seminar course, FP&L, 1972

1955 - 1958

1958 - 1959

1959 - 1967

Indiana & Kentucky Electric Corp., Asst.
Control Room Operator; Auxiliary Equipment
Operator
Appalachia Power Co.; Control Room Operator/
Unit Foreman
Indiana & Michigan Electric Co.; Unit Foreman;
Assistant Shift Engineer
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1967 - 1969

1967 - 1970

1970 " 1972

1972" - 1973

1973 - Present

Pan American World Airways; Load Dispatcher,
Supervisor, Coordinator and Scheduling
United Engineers and Constructors; Nuclear
Start"up Engineer, Construction and design
standards veri fication, Dresden Units 2 and

3; preoperational"testing & start-up, nuclear
and steam systems
FP&L; Mechanical Start-up Group; Plant Super-
visor; Turkey Point Unit 3.
FP&L; Asst. Plant Superintendent — Haintenance,
Turkey Point; Maintenance Supervisor of Units
No. 3 and 4
FP&L; Power Resources Department; Maintenance
Superintendent, St. Lucie Plant

A. J. Collier''
Instrumentation and Control Su ervisor

Army Electronics School, 1949
Army Nuclear Power Plant Operator & Instrumentation Course, 1957 — 1953

Forboro Process Instruments, 1959
Rensselaer Polytechnic Institute, Nuclear Power Plant Operators Training
Program, 1967
GE, Boiling .Water Technology, 1968
GE, Nuclear & Process Instruments, 1968

1945 " 1957

1957 - 1966

1966 — 1967
1967 — 1971

1971 - 1972

1972 — 1973

1973 — Present

U. S. Army; Communications, Electronics;
Instructor
U. S. Army; Nuclear Power Program, Sen'ior
Instructor Instruments & Control; Shift
Supervisor & NCOIC PWR Simulators
Martin Marietta Corp.; Shift Supervisor, PWR

Millstone Point Co.; Instrument & Control
Supervisor
FP&L; Plant Supervisor, Instrument & Control;
Turkey Point Plant
Millstone Point Co.; Instrument & Control
Supervisor
FP&L; Instrument & Control Supervisor,
St. Lucie Plant

H. B. Vincent
"-'ssistantSu erintendent - Electrical Maintenance

B. S Electrical Engineering, University of Florida, 1971
Various vendor technical schools
FP&L - Nuclear Power Engineering Program, 1976
FP&L — Management Development Cources, 1974 — present

1971 — 19 76 FP&L; Overhead and underground distribution
engineer. Responsible for designing elec-
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„1976 -,

Nu

1978„«

1978

Present

trical service facilities for new and exist-
ing residential and commercial customers.
FP&L; Electrical Startup and Maintenance St.
Lucie Plant
FP&L; Assistant Superintendent - Electrical
Maintenance

T. A. Dillard
Assistant Su erintendent - Mechanical Maintenance

'SME, Letourneau College, 1969
I 4t

1969 - 1973

,c~

19.73 — 19 74

1974 — Present

Westinghouse. Power Generation Service, Field
Engineer, Service Specialist, Start"up
Engineer Turkey Point Units 3 and 4
FP&L; Plant Supervisor, Maintenance Department;
Sanford Plant
FPL; Assistant Superintendent — Mechanical
Maintenance, St. Lucie Plant

R. R. Jennings
Technical Su ervisor

BSHE, Vanderbilt University, 1969
General Electric Co., Operations Management Course, 1972

1969 — 1973
p,"0 '

~

1973 - 1976,

. 1976 - 1977
'V

1977 - Present

Knolls Atomic Power Laboratory; Shift Super-
visor; qualified as Engineering Officer of the
Watch and Plant Engineer. Trained naval and
civilian personnel in operation, maintenance
and testing of S3G, nuclear submarine proto-
type plant. Senior Training Assistant; pre-
pared various training materials and proce-
dures for safely conducting emergency-drills
for student and staff training; responsible
for man loading and work priorities.
FP&L; Start-up Engineer, St Lucie Plant
Mechanical Start"up. Responsible for startup
testing of various emergency core cooling
safety related systems and containment/Shield
Building Ventilation Systems.
FP&L; Staff Engineer, St Lucie Plant Technical
Staf f Department
FP&L; Supervisor, St Lucie Plant Technical Staff
Department

Member ASME
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John Cordon West
Securit Su ervisor

B. A. Political Science, St. Mary's College, 1973.
Various military courses including: Area Intelligence Specialist, Defense
Against Methods Entry, Investigative Photography, Counterintelligence Agent

1955 - 1975

1975 — 1979

1979 - Present

U. S. Army; CW3 retired, Personnel Speci:alist,
Area Intelligence Agent - Japan and Vietnam,
Instructor — U. S. Army Intelligence School,
Defense Against Methods Entry and Photo Tech-
nician, Senior Counterintelligence Agent
FP&L; Senior Security Supervisor — Construction
for the Martin County and St. Lucie Unit 2
units.
FP&L; Security Supervisor St. Lucie Plant.

. M. Vaux, Jr.
ua 't Control Su~ervieor

BS, Physic University of New Mexico, 1969
Nuc)ear Power Electrician's Hate courses, U. S. Navy

1956 — 196

'1965 - 1966

1966 - 1970
'1970' 1972

1972 — 1

19 — 1974
974 — Present

U. S. Navy; Electric's Hate First Class,
Instructor at S3G clear plant, certified as

rator, S5W S3G nuclear plants
Eber ' I rument Corp.; Electronic Tech-
nician
Schl erger ell Serv'ices; Field Engineer
G eral Electri o., Idaho Falls; Plant
Engineer at S5G nuc ar plant, certi fied as
Senior Reactor Operato
FP&L; Plant Supervisor, M anical Start-up
Group, Turkey Point Units No. & 4
FP&L; Staff En'gineer; St. Lucie nt
FP&L; Quality Control Supervisor, St cie
Plant

ber of ANS, ASQC

J. H. Barrow
0 erations Su erintendent

Bachelor of Mechanical Engineering, Alabama Polytechnic Institute, Auburn,
Alabama, 1957
Introduction to Nuclear Engineering and Nuclear Engineering Laboratory,
University of'Florida, Gainesville, Fl., 1966
Management Development Course, Basics of Supervision, 1967
Westinghouse Reactor Operator Training Program, Waltz Mill and Saxton, Pa.,
196S
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Westinghouse Design Lecture Series, Monroeville, Pa., 1969
Completed the„ on"site training program, Turkey Point Unit 2, Westinghouse,
Senior Review Se'ries, and passed the Westinghouse examination for Senior
Operator. Combustion Engin'eering Co., Nuclear Steam Supply System Lectures,
86 hours, 1974

195.7 - 1958

1958 - 1959

1962 - 1966

1966 - 1967

1967 - 1968

1968

1972

" 1973

1973 - Present

FP&L; Engineer on Rotation, Results Department,
Miami Plant
FP&L; Plant Test Engineer, Results Department,
Cutler Plant
FP&L; Plant Test Engineer - Maintenance,
Lauderdale Plant
FP&L; Assistant Plant Engineer " Maintenance,
Lauderdale Plant
FP&L; Assistant Plant Superintendent -

Main-'enance

and Operation, Lauderdale Plant
Operator training. for the Saxton Nuclear
Experimental Corporation, Saxton, Pa.
FP&L; Rece'ived Senior Reactor Operator's
License for Turkey Point Unit 3

FP&L; Received Senior Reactor Operator's
License for Turkey Point Unit 4
FP&L; Operations Superintendent, St Lucie
Plant; Holds SRO License, St ~ Lucie Unit 1

U. S. Navy; Nuclear Plant Mechanical Operator,
Engineering Laboratory Technician on SIC
prototype — S5W (SSN - 625) nuclear plants.
Staff instructor (1971 — 1974) at SIC Pro-
totype.

''R. J. Frechette~i".
Chemistr Su ervisor

Hachinist Hate, 'Submarine; Nuclear Power and Engineering Laboratory
Technician courses, U.S. Navy (1965 - 1974> IRCC 60 Credits in various
math and science courses

1965 " 1974

1974 — 1979 FP&L; Plant Coordinator chemistry department
during Start-up of St Lucie Unit 1 and operat-
ing since 1976. Assistant plant technician,

II Plant technician, Results technician, and
Senior technician.

1979 — Present FP&L; Chemistry Department Supervisor, St
Lucie Plant
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H. F. Buchanan

BS, Adelphi University, 1968

1962 - 1968

1968 - 1971

1971 - 1977

1977 - Present

Brookhaven National Laboratory, Brookhaven,
New York Health Physics Training, Technician
and Senior Staff Health Physicist Technician
United Nuclear Corp., Health Physicist
Nuclear Materials Management
Yankee Atomic Electric Company, Nuclear Ser-
vices Division, Senior Engineer — Radiation
Protection Group. Supported seven plants in
areas of licensing, FSAR preparation, auditing,
computerized record keeping, OSHA, Title 10-
Code of Federal Regulations and overseeing all
Health Physics Training. Responsible for es-
tablishing and implementing policy for the
"ALARA" program, all Emergency Planning and
the entire TLD personnel exposure monitoring
program.
FP&L; St. Iucie Plant, Health Physics Supervi-
sor.

Member f Health physics Society, power Reactor Health phy'sics Croup,
Working Group N343, American National Standard Internal Dosimetry Standards
for Mixed Fission and Activation Products, Atomic Industrial Forum Vorking
Group on Occupational Exposure.

R. Rya 1 1

Reacto u e'rvisor

BS - Physics, " orida Institute of Technology, 1972
MBA Program, Flo ' Institute of Technology, pre ly enrolled

1973 " 1974

1974 - 1975

- Present

FP&L; Engin Trainee, Reactor Engineering
epartm , assist Reactor Engineer in initial

co oading and physics testing, Turkey Point
ant

FP&L; Pla Test Engineer, Assistant Plant
Engineer, Re tor Engineering Department;
St. Lucie Plant
FP&L; Reactor Supe visor, St. Lucie Plant

Sen Operator License, St. Lucie Unit 1, 1979
mber of ANS
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Combustion Engineering Co., Nuclear Steam Supply System lectures, 86 hours,
1974 sl

1961 - 1962
1962,.i'„,," <,

1962..—,;-1.969
1969. '-,, 'il973

1973%- 1975
1975p =,.'Pres ent

Aerode, Inc., Miami; Inspector
Fansteel Metallur'gical Corp., No. Chicago;
Hydraulic Press Operator
U. S. Navy; Machinist Mate First Class
FP&L; Plant Results Technician, Nuclear
Control Center Operator; Turkey Point Plant
Units 3 and 4 — SRO License
FP&L; Nuclear Plant Supervisor, St. Lucie Plant
FP&L; Training Supervisor, St- Lucie Plant,
Holds SRO License, St. Lucie Unit 1-

~ A. Wells
~0 ~tions Su ervisor

Westinghouse nior Operator Review Series, 1971
Combustion Engin ing Co., Nuclear Steam Supply System turcs, 86 hours,
1974 ''

1954 - 1966

1966 -'-'' 1970

1970~"'73

1973 - Present

H r, Auxiliary Equipment Operator,
P its Technician; Palatka Plant
FP&L; Turbin erator, Control Center Opera-
tor, Turkey Point nt
FP&L; Watch Engineer; L d Senior Peactor
Operator, Turkey Point Units No. nd 4
FP&L; Operations Supervisor; St. Lucie nt

G. J. Boissy
Startu Su erintendent

University of Orlando, one year, 1964
U. S. Navy, IC "A" School, Nuclear Power School, Nuclear Power Training
Unit, Noise and -Vibration Analysis School, 1964 - 1969 ' ~ ,S. Navy Sub-
marine School Grantham School of Engineering, Electronics Engineering
course, 1973 Diploma Electrical Engineering (Power Option), ICS School of
Engineering, 1976 Leader Development Institute — Kepner Tregoe,

1977'achelorof Industrial Technology, Florida International University, 1980
y$

1960 '-- '1965
1965 - 1967

1967 - 1970

U. S. Navy; IC Technician 1st Class
U. S. Navy; Motor Room Engineering Supervior;
USS Moctobi
U. S. Navy; Electrical Operator and Electrical
Instructor, S5G facility; Electrical Operator
and Control Panel Operator, U. S. S. George W.
Carver SSBN 656; Reactor Plant Shutdown Man-
uevering brea Watch, S5G and SSW, Plants Cer-
tified Operator on S5G and S5W

13.1-56 Amendment. No. 0, (12/80)
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'1970 — 1973

1973 — Present

FP6L; Plant Test Engineer, Turkey Point Plant
Electrical Startup
FPSL; Electrical Department, Assistant
Superintendent, Electrical Maintenance; St.
Lucie Unit .2, Startup Supervisor,
Startup Superintendent

Member of IEEE, Power Engineering Society, and ASME Subcommittee on Equip-
ment Performance Testing.

13.1-57 . Amendment No. 0, (12/80)
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'
DAVID A. SAGER —Operations Supervisor

SL2-PSAR

PDUCATION:

Bachelor of Science Naval Engineering U.S. Naval Academy 1968
Master of Science Mechanical Engineering V.S.N. Post Graduate School 1969
Master of Business Administration Florida Institute of Technology 1979

EXPERIENCE:

1970-197S
U.S. Nary
Engineering Officer of the Watch Damage Control Assistant, Reactor Control Officer,
Operations Officer, Sonar Officer, Submarine School Officer Instructor.

1975-1977
PPL Quality Assurance, St. Lucie Plant

1977-1981
FPL Senior Engineer, St. Lucie Plant Technical Staff, licensed senior reactor
operator.

1981-Present
FPL Operations Supervisor

~ ~N. G. ROOS — Quality Control Supervisor

EDUCATION:

U. S, Navy Submarine,, Nuclear Power and Prototype Schools

EXPERIENCE:

1954-'1957
U.S. Navy
Diesel Submarines Eng. Dept.

1957-196S
U.S. Navy
(Enlisted) Nuclear Submarines-Qualified Engi,neering Officer of the Watch.

1966-1974
U.S. Navy
(Officer)-Haval Reactors Representative Office:
Engineer

Technical Assistant; ProJect

1975-1981
FPL
Quality Control Engineer, St. Lucie Plant, Senior Reactor Operator License, St.
Lucie Unit 1.

1981-Present
Quality Control Supervisor, St. Lucie Plant
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)GCHAEL CARRY ALTERHATT - Nuclear Match Engineer

EDUCATION:

1965-1967
Liberal Arts D gree Program — Completed eouivalent 40 semester credits

1967-1973
.U.S. Navy Nuclear Machinist Hate and Pomr training

.1973-1981
Hathematics Degree Program - Completed equivalent 40 semester credits

1973-1975
FPL St. Lucie Unit Pl Cold License Program

EXPERIENCE:

1957-1973
U. S. Navy Nucleax'rogram

1973-1981
St. Lucie Reactor'ontrol Operatox, Nuclear Hatch Engineer

t''1'LLIAHJ. BLOESER - Reactor Control
Operatox'DUCATION:

3 years college - Electronics technology, Aerospace technology.

Factory schools from Bendix Corp , and FZng Radio Dealing +1th Electronics
Eouipment.

EXPERIENCE:

Rorked in Navy and civilian avionics field, in navigation, communication,
radar, autopilot repair and calibration and installation.

6/76 to Present
FPL-Electrician, Instrument and Control Specialist, Senior Plant Technician,
Reactor Control Operator.

Go~eati7 In training for reactor operator license.





J. R. B01KN —Reactor Control Operator

EDUCATION:

High School Graduate

Bachelor of Scie'ace in Marine Engineering

Hassachusetts Nsritime Academy — 1978

Third Asst. Engineer License (USCG)

EXPERIENCE:

1978-1979
One Year sea experience on steam powered ships as a watch engineer. 600 PSI
Boilers driving steam propulsion turbines and auxiliaries. „

1979-1980
Auxiliary Equipment Operator at FPL Pt. Hyers Plant

1980-1981
Reactor Control Operator at PPL St. Lucie Plant.

In training for Reactor Operator License. Expected-X4ce

AN'i4 V. BEFALL .;, Reactor Control Operator
f

„EDUCATION:

,High School Graduate

AA,Degree Edison. Cotnmunity College - 1971
f" '

BA.Mathematics - Plorida Atlantic University - 1973

Post Grad. Courses - Florida Atlantic University - 1974
'I

EXPERIENCE:

)975-l.980
FPL Power Plant Laboratory Technician

1980-Present
Reactor Control Operator at FPL St. Lucie Plant.

In training for Reactor Operator License. ExpeetMMC





C. L. BURTON - Nuclear Plant Supervisor

EDUCATION:

High School Graduate- t Hi ~Mhsm-County ~entnnkg ~

College: University of Kentucky - 40 semester hours

U.ST Navy - El'ectronics Technical and Nuclear Power Training

FPL St. Lucie Plant "Cold Licensed Operator Training Program"

Combustion Engineering - One week "PHR Simulator Training Course" covering
accident analysis

EQ?ERIENCE:

1969-1975
U. S. Navy Reactor Operator

1975-Present
FPL St. Lucia Nuclear Control Center Operator, Patch Engineer, Shift
Supervisor .

CPdQGZS F. CALLP~ - Reactor Control Operator

EDUCATION:

High School Graduate

Southeastern Community College 39 Credit Hours — 1978 to 1980

U. S. Navy Nuclear. Power Training
4

EXPERIENCE:

1973-1977
U.S Navy Reactor Operntor

1

1977-1980
Carolina Power & Light, Brunswick Units Pl 6 2 Auxiliary Operator.

1980-Present
FPL. St. Lucie Plant Reactor Contxol Operator

In training for Reactor Operator License; empeet~~~aW



CHARLES RUSSELL GRXFFXTH - Reactor Control Operator

rDUCATXO

Attended western Kentucky U. for 2 semesters (Aug'71-May '72)

Attended tuo XRCC night classes (Aug. '80-Dec. '80)

USN Nuclear Power Program

FZZERXENCE:

1976 to 1980
U. S. Navy Reactor Operator

1900 to Present
PPL St. Lucie&nic ee-(%ay —%0&fay~-Kxpacted~ceaaing~

P(~ gg, fP~ Cq ~IYn /

g<< gr <yr g ~ ~

ROMRT HAMILTON CLEMEFL'S - Reactor Control Operator

EDUCATXON:

1971-1972
27 hours Central Florida Community College, Radiological Health

1981
6 hours Xndian River Community College, Communications, Algebra

1.973-1974
Navy Machinist Mate Nuclear Power Training

EXPERIENCE:

1972-1979
U.ST Navy Machinist mate, engineering watch supervisor

1979
Ingalls Shipbuilding; submarine test engineer (Nuclear & Non-nuclear)

1979-1980
FPL Power Plant Mechanic

1980-Present
FPL Reactor-ep /C,6

0/Q~ /g



CARL G. CRIDEP.'- Reactor Control Operator

EDUCATION:

3 years College (Ohio State, IRCC, Florida Institute of Technology)

1974-1979
Pursuing Industrial Engineering —B.S.I.E.

= 16 months Hot License Training - FPL
If

KPERIENCE:

1971-1974
Four Years - Hydraulics Specialist apprentice-(Ford Hotor Co.)

1975-1980
Power PLant Nechanic (FPL St. Lucie Nuclear Plant)

1980-Present
FPL Reactor Operator

J. QMUZS COUTURE - Reactor Control Operator

EDUCATION:

Sradua4e4. High, School 1975 G-~~ ~ l
General Engineering at Florida Community Colleges PBJC 6 BCC—

completed 1/2 years.

Ertra curricular, training during high school in television production
electronics

I

EXPERIENCE:
'I

Television .production technical support, (electronic) for 1 CATV and 2 Cable
TV stations

FPL - 2 years 1&chanical Maintenance Dept.
3 years Operating experience in operating positions: Auxiliary Operator

Boiler Attendant
Turbine Operator
Fossil Control Center Operator (1
year)

g„r~ I,~
1980«Present
Reactor Control Operator PL St. Lucie Plan 4 training for Reactor





~ FFW,

lt

w

PAUL MICHAEL CURRY„-„ Reactor Control Operator
t

lw

Fl

EDUCATION:

1973-1977
University of California at Irvine - B.S. Physics

1975-1976
Fullerton College - Statistics, Business Math Courses,

I

|w

1978"1979
Southern California Edison Reactor Operator Training Program

1978
Atomics International-1 week reactor training program (L-85 Reactor)
Certificate received. Included 4 start-ups.

F
w ~

EXPERIENCE:
'

1978-1979
Southern California Edison Co. San Onofre Nuclear Generating Station. Reactor
Operator trainee. Approx. 4 start-'ups performed.

/ P<v lJ~
1981 to Present
FPL'o. Reactor 'Control Operator. In training for Reactor Operator License.

w tl in Sept. 1981.
p )" c

yw

JOSEPH BURNUl4 DELRUE — Reactor Control Operator

EDUCATION:

J~" F

Hichigan Technological University-BSEE 1980
. lw

, Ua;W~'eie~&Toiedla=Soimnaw~79-

Mo~eMounty~<~llag
„EXPERIENCE:

'l

er 1978

1978
Consumer's Pow r Plant Company-J ~ R. Whiting Plant 14aintenance

1979 l

Detroit Edison Company » Monroe Power Plant Student Engineer

1980-1981
FPL-Ft. Myers Plant

1981-Present
FPL St. Lucie Plant
Operator License.

Assistant Plant Engineer
l,~

Reactor Control Operator. In training for Reactornf,~4~a-r~2.
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..RICHARD S. GOLDSTEIN - Reactor Control Operator

'EDUCATION:

28 credits State University of Hex
E

,,
„EXPERIENCE:

: 1979-1980
.. PPL Itinerant~Electrician

1980-Present„„', *

St. Lucie Reactor Control Operator
1982— A A~ ~y~Mv 4> r~~

on Unit 81 in ~h~

York - Stony Brook Jan. '75-Sept. '75

'ENNIS

D. DRYDEN - Reactor Control Operator

EDUCATION:

/f y 4, Ac~ ~ ~~74 JLI
oc ton, Kansas, Graduate

'Ohlone Jr. College, Fremont Ca, 9/73 to 2/74, English,'sychology, Philosophy

Basic Electricity Electronics School, San Diego, CA - USN 5/74-7/74

Interior Coaununications "h" School, San Diego, CA — USN 7/74-10/74
I,

Naval Academy Prep School, Newport, R.I., USN 10/74-6/75

U.S.N.A. Annapolis, HD, 7/75-10/75

"}nuclear PoMr School, Hare Island, CA - 10/75-5/76

- SSG Prototype, HRF Idaho 6/76-5/77

EXPERIENCE:

1974-1977
U.ST Navy-Nuclear Power Program

, 1981
St. Lucie Unit 1 Licensed Reactor Operator
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GREGORY A. EVANS - Reactor Control Operator

EDUCATION:

Basi ect y
an s, e

Completed the following Navy Schools:
Navy Nuclear Power Sctro~rnduaced-4n-th~pp~X

"t N 4-
ups%
Interior Communication K. Or
upp~$ I
SOG Trident design course.
Com et ther scell ous cou such
an ect sy a d r an 0

Completed the following Utility Schools:
PPL Licensed Operator Training Program )980
Combustion Engineering PMR Simulator Training Program: 5 weeLs of

~ operations practice including, normal and emergency/off-normal
operations and startup certification.
PPL Senior Reactor Operator Training 1981.

EXPERIENCE:

1975-1980
United States Navy
Nuclear Power'rogram Electrician

)980-Present

r~,re+ rZ cc ( few 4y<~ 6 Pr-r< c c

HICHAEL BRUCE GIL~d)RE —Reactor Control Operator

EDUCATION:

High School Graduate-RA+era-Beati

Related Technical Training:
Hot'icense Operator Training at PPL St. Lucie Plant-1978
Combustion Engineering "PMR Simulator Training Course," including
Reactor Startup Certification-1979.

EXPERIENCE:

1971»1972
Apprentice ElectricianMilmore Electric Co.

1972-1975'echanic's
Helper, Auxiliary Equipment Operator, Boiler Attendant, Turbine

Operator

)975-1978
PPL St. Lucie Plant Nuclear Turbine Operator, Nuclear Control Center Operator



ROBERT S. GLAZE - Plant Coordinator

EDUCATION:

High School Graduat ngwoo

College-Seminole Junior College 1969-1971 A.A. Liberal Arts

FPL Co. St. Lucie Plant "Cold License Operator Training Program" 1975

Combustion Engineering "Nuclear Steam Supply System" lecture series 1974
Combustion Engineering 8-rock "PWR Simulator Training Course" covering general
plant technology and operation
Combustion Engineering l~eek "PHR Simulator Training Course" covering
accident analysis

Hr. Glare has participated as required in the St. Lucie Plant "Licensed
Operator Requalification Program.

EXPERIENCE:

1971
U.S. NAVY

1971-1972
Halt Disney world-Host

1972
Central Exterminating Co., Haitland, PL-Termite Pretreatment

1972-1973
Helper Sanford Plant»PPL

1973-1976
PPL Co. St. Lucie Plant, Nuclear Control Center Operator at St. Lucie Plant

1976-1980
Licensed Nuclear Control Center Operator involved in the power operation of
St. Lucie Unit dl. SBO-%ceca~ +~rp~ ~. cM w~~v ~ ~=r~

1980-1981
PPL St. Lucie.Plant Training Instructor. Conducting training for licerised
operator requalification training program and initial hot license operator
training.
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THOMAS A. GONZALEZ - Reactor Control Operator

EDUCATION:

High School Graduate-Veequahic High School, Newark, NJ 1957

College-Santa aria Jr. College AA Degree 1963

FPL Co Turkey Point Plant "Cold License Operator Training Program"

FPL Co. St. Lucia Plant "Cold License Operator Training Program"

Combustion Engineering 8-veek "PWR Simulator Training Course" covering Plant
Technology and Operation

Combustion Engineering one-veek "PQR Simulatox Training Course" covering
Accident Analysis

EXPERIENCE:
19S8-1966
USAF, teletype operator, supply specialist and ground controlled approach
radar technician

1968-1970
Instrument Technician at Pratt 6 Whitney Aircraft.

1971-1972
FPL Plant Results Technician, Aux. Equipment Operator, Boiler Attendant

1972-1974
FPL Co. Turkey Point Plant Nuclear Operator

1974-Present
nuclear Control Centex Operator at St Lucie Plant
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WILLIAML. HACAR - Reactor Control Operator

EDUCATION:

High School Graduate
n

Correopondence Course (Navy):

as

s

E

Hath Part I 1976
Hath Part IIA 1977
Hath Part IIB 1977
Diesel Engines 1976
Ship'o Store Afloat 1977

U.S. Navy Hachinisto 1fate .and Nuclear Power
Training'XPERIENCE:

1973-1981
U. S. Navy Nuclear Power Program Machinist Hate

1981-Present
FPL Co eactor Control Operator+a Training for Reactor Operator Licenoe.

~ ~~ l~

WILLIAMBRADFORD HALL - Reactor Control Operator

EDUCATION:

BQK-University,of Florida 1968

Airframe 6 Power Plant Hechanic 1975

EXPERIENCE

FPL
5 years Fossil Plant Experience
2,years performance testing
2 years plant retrofit
1 year maintenance planner

Caertnrtkygn tratntng for Reactor Operators Ltcense
E e ed licen n in ~82 ~



0



O'RIEN D. HAYES - Nuclear Plant Supervisor

EDUCATION-

High School Graduate

fe Lincoln College (Northeastern University) 1 year-no degree obtained

U.So Navy Nuclear Power School-1967

FPL Co. St. Lucie Plant "Cold License Operator Training Program" 1975

Combustion Engineering 1-week "PWR Simulator Training Course" covering
Accident Analysis

FPL Co. St. Lucie Plant "Licensed Operator Requalification Program"

EXFERIENCE:

1964-1966
Chatam Mfg. Co.-Lab Technician Textile Chemistry

1966-1974
U.S. Navy Nuclear Power Program Hachinist Hste.: Qualified Engineering. Officer
of the 'Patch.

'I

1974-1975
Stone 6 Qebster Eng. Corp., Engineering Associate

IF r

1975-Present
FPL Co. St. Lucie Plant Control Center Operator, Shift Supervisor
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R L. HAVES - Plant Engineer I
EDUCATION:

Florida Atlantic University, Boca Raton, FL, B.S.M.E.
1974'XPERIENCE:

I

1974
Rogers 6 Associates, Inc., Engineers and Surveyors, Palm City, Fl Business and
Operations Manager

1973-1974
Various landscape architects in Palm Beach and Broward Counties. Free Lance
D sign Engineer

1973
American Irrigation, Inc., Boynton Beach, FL Design Engineer

1975-1977
FPL St. Lucie 1 Technical Staff Mechanical Engineer SRO License No. SOP-2957

1977-1980
KOHa P Inc., President, Ft . Piercc, Fl .- Owner of Sporting Goods and Marine
business

1980-Present
FPL Co., St. Lucie Plant (CE-PMR) Shift Technical Advisor/Staff
Engineer/License Training Instructor SOP 3771

PROFESSIONAL,ACTIVITIES:
American Society For Mechanical Engineers
Registered E I.T., Florida Certificate No. 199ET76

GERALD J. IMBRIALE - Reactor Control Operator

EDUCATION:

U.ST Navy Electrician and Hate School Nuclear Power Training

FPL Co. St. Lucie Plant Reactor Operator Hot License Training Program

Combustion Engineering PRR Simulator Training course: 5 weeks of operations
practice including normal/emergency operations.

EXPERIENCE:

1976-1980
U.S. Navy: Nuclear Power Electrical Operator

1980-Present
PPL Co. Rt. locfe Plant Reactor Control Operator fn trafnfng for Reactor
Operator License.
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HUGH H JOHNSON JR. Reactor Control Operator

EDUCATION:

High School Graduate

U. S. Navy Electronics and Nuclear Powar Training

EPERIENCE:

.1977-1980
Ui S. Navy Reactor Operator

<~ ~ z-i y'~
1980-Pres 4-
FPL Co. eactor Controly'perator Q training for Reactor Operator License pa
ESL~~J.~~zp~<licensing.~ ~zch~982.

GEORGE R. BE F~SA - Reactor Control Operator

EDUCATION:

High School Graduate

Clinical Laboratory Course-U.S. Army 1970

EXPERIENCE:

1978-1980
Duke Power Co.-Power Plant Technician Nuclear 6 Fossil

1980-1981
Turkey Point Plant Nuclear 6 Fossil Maintenance Nachnnic.
(Rg/ / <kC~ &
St. Lucie Plant Reactor Control Operator~ g training for Reactor Operator
License 'on-Ue~k in —,1982.



DENNIS J. FRING - Plant Coordinator

EDUCATION:

. c.-!-!
I ll.l'

United Electronic Institute —Louisville, Kentucky gree

Uo S ~ Army Basic Electronics Training Course-1967
Advanced Intercept Equipment Course-1967
Instructor Training Course-1969

Auxiliary Equipment'perator Training at PPL Turkey: Point Plant-1971

Nuclear Operator Training at PPL Turkey Point Plant 1972

'Patch Engineer Training at PPL -St. Lucie Plant 1974

Hot License Operator Training at FPL St. Lucie Plant 1978;1979

C.E. "PMR Simulator Training Course," including Startup Certifi'cation-1979

EXPERIENCE:

1966-1970
U.S " Army Intercept Equipment Repairman

1970-1978
FPL Mechanics Helper, Aux.,Equipment Operator, Nuclear Operator, Hatch
Engineer

1978-Present
Sr. Plant Technician responsible for developing and conducting training
programs for all non-licensed and licensed operator positions. NRC Operator
Licensed on Uni 0'



1

3 lf
q

CHARLES D HARPLE -'~Nuclear Patch Engineer

EDUCATION:

High School Graduat~arf~W+~~t —,~~
College-Brevard County College-61 credit hours in Elect. Eng. Tech.

PPL'Co;Introduc'tion to Steam Power

PPL Co. St. Lucie PLant "Hot License Operator Training Program"

C.E. one week ."pMR. Simulator Training Course", including Startup Certification

EXPERIENCE:

1973
'FPL Apprentice mechanic, boiler attendant

1974-Present
PPL St. Lucie Nuclear Operator, Nuclear Control Center Operator, Nuclear Match
Engineer.

RICHARD L. McELROY —Reactor Control Operator
14

E DUCATION

High School Graduate
f

U S~ Navy and Nuclear Power Training

4i~MBt. indian River Comm. College 1980"Present
Associate of Science (Mohegan Comm.College)1980

EXPERIENCE:

1976-1981
U~ S, Navy Reactor Operator

1900-Present
PPL Co. Inst. 6 Cont, Spec.
Reactor control operator, in training for Reactor Operator License on Unit 8'
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3. U.KKELL - Nuclear plant Supervisor

EDUCATION

High School P34v —Qn.~ +"~+

Electrical School-U.S. Navy 1949

International Correspondence School-Mech. Eagineer Course 1956

Vestinghouse Reactor Operator Training Program
Vestiaghouse Senior Reactor Operator Training Program

II

C.E. Co. Nuclear Steam Supply Lectures 86 hours 1974
'neweek training ia Reactor Theory at University of Florida

Three weeks t'raining at C.E. Simulator ia Viadsor, CT.

EXPERIENCE:

1947-1948
FPL Co.-Auxiliary Operator-Lauderdal'e plant

1948-1950
U S.N, Electrician's Mate

1950-1951
Hikell Plumbing,Co ~ -Hollywood, Fl: Plumbers Helper

1951-1972
ppL Co.-Auxiliary Operator, Fireman AA, Turbiae Operator, Control Center
Operator, Vetch Engineer

1972-1973
Turkey Point Plant Nuclear Match Engineer during much of the low power physics
testing and initial operation

1974-1977
Participated in,,writing operatiag procedures for St. Lucie Plant Unit fl.
Operated Unit Pl through initial startup and operetion.
op rm e~
1978-preseat
St Lucie Plant Outage Coordinator, Responsible for scheduling aad
coordination of all outage'ctivities for St. Lucie Plaat.



HILTON H. M)SLEY - Reactor Control Operator

EDUCATION:

~ Rock~~ High School- ~ ro

Sacramento State University

N.ami Dade Jr. College

'ndian River Comm. College

Riscellaneous U.S. Air'orce Tech. Schools

PPL Reactor Theory Course

Observation Training at Turkey Point Plant

University of Florida Reactor Theory Review

C.E. Nuclear Steam Supply Lecture Series

C.E. Simulator Training Program

FPL 21 week series-Systems Training

12 mek supervised self-study program covering the folloving:
Principles of Reactor Operation, General Operating Characteristics,
Control Station Instrumentation, Safety and Emergency Systems,
Standard and Emergency Operating Procedures, Plant Operation and
Transient Response, Reading and Interpreting Control Instrumentation;

EXPERIENCE:

2 months helper„at Turkey Point Plant. Involved in Rx preparation and initial
cold load.

«

8 months Aux. Equip'perator at Turkey Point. Operating Aux. equipment
«I «

7 months Turbine Operator, Hiami Fossil Plant. Operating turbine generator and
secondary equipment.

6 years St. Lucie Nuclear plant. Cold license, NCCO Class and NCCO for cold
hydro and hot Ops Senior Reactor Operator Licensed on Unit 01.



0



R

-JhHES EDVARD O'NEIL - Reactor Control Operator

EDUCATION:

University of Hartford-1967-1968 Hath Ha)or

Hartford State Technical College 1969-1971-AS-Nuclear Engiaeering Technology

FPL Co. Reactor,Operator Hot License Training Program 1980-1981

EXPERIENCE:

1972-1975
Kaolin Atomic Po~wr Lab Vindsor, CT. Radiatioa Controls Tech.(H.P.)

1975-1980
FPL Health Physics Tech.

1980-Present
Reactor Control Operator St. Lucie Unit dl.

L. V. PEARCE - Nuclear Plant Supervisor

EDUCATION:

High School &&i ~Zv+ ~
5 II

St. John's River Junior College 1967
g1

Vestinghouse Operators Training Program 1970
Qestinghouse Senior Operators Trainiag Program 1972

C.E. Nuclear Steam Supply System Lectures 86 hours 1974
C.E. Simulator .Training 60 hours 1974

FPL Co. on-site training program 1975

EXPERIENCE:

1968-1970
FPL Helper, Aux. Equip. Operator, Boiler Attendant

1970-1973
FPL Turkey Point Plant Nuclear Control Center Operator, Vetch Engineer

1973-Present
FPL St. Lucie Plant Nuclear Vetch Engineer, Plant Supervisor





MICHAEL ALLEN PERRY

EDUCATION:

2 Years Of College (EE Ha)or) 1970-1972 Ho-Begree-

U. S. Navy Electronics and Nuclear Power training

'XPERIENCE'972-1978

U. S. Navy Reactor Operator

1978-1980
Operator (non-license) at CPSL Brunswick Plant

1980
2/3 of Hot License 'Class at CP&L

1981-Present
~~acto~perEZor Rot

P/C Sr l. ~c ~
Qi ~~tQ $Y

cense Candidate/f~ gag hs

g

c ~/
/~4 j

ALDO LOUIS RAHIREZ —Reactor Control Operator

EDUCATION:

U. S. Navy Machinist Mate and Nuclear Power training

EXPERIENCE:

1977-1979
U S. Navy Nuclear Pov r Prograa

1980-Present
PPL Co. Haintenance Mechanic. Reactor Control Operator,g Training for Reactor



LAMPZNCE.H. RICH - Nuclear Vetch Engineer

EDUCATION'igh

School Graduate-Ru~~'a-%48—
FPL Co. St. Lucie Plant "Hot Licensed Operator Training Program" 1976-1977

'C.E. one week "PRR Simulator Training Course", including startup
certification.

EXPERIENCE:

1968-1972
Use No
Hachinist Hate Second Class-operated and maintained steam power components and
auxiliaries.

1972-1977
FPL Apprentice Mechanic, Nuclear Operator, Nuclear Control Center Operator
(unlicensed)

1977-Present
St,. Lucie 81 Licensed Reactor Oper'ator, Nuclear Vetch Engineer

JAMES J. SHANNON JR.

. EDUCATION:

U. S. Navy Machinist Mate and Nuclear Power Training

Broward Community College '(Assoc. in Business Administration) 1977

Johnson Pneumatic Controls School 1979

EXPERIENCE

1965
USS Destroyer Forrest Sherman DD931 Steam Plant Operator

1967-1971
USS Submarine Nathan Hale SSBN 623(g), Steam Plant 6 Primary systems operator.

1981
FPL Boiler Attendant

1981-Present
Sti Lucie Nuclear Plantp Reactor Control Operator Trainee-.
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MARK D. SHEPHERD - Plant Coordinator

EDUCATION:
C

High School GraduatmEarm ~ ~ ~

1981-Bachelor of Professional Studies in Training Management in Nuclear
Technology, Memphis State University

Seminole Community College, Sanford PL, Earned Associate of Arts degree 1978

Northeastern University, Boston, MA, earned 65 hours College of Engineering.
Z4a~verag

U.S, Navy Electronics and Nuclear Power Training

FPL Co. Senior Reactor Operator Training Program.

C.E PWR Simulator training program: Four weeks of operations practice
including normal, off-normal and emgergency operations and reactor startup
certification.

EXPERIENCE:

1974-1978
U.S. Navy Reactor Operator. alified as Engineering Watch Supervisor

1979-1980
Instructor, Center for Nuclear Studies, Memphis State University, Memphis
Tennessee. Responsible for the development, delivery and administration of
various programs, of, study related to the Nuclear Industry.

1980-Present
Instructor PPL,Co. St. Lucio Plant.
Senior Reactor Operator License





LAWRENCE Ae SPALDXNG-DXNG - Nuclear Match E

EDUCATION:

ng neer

High School Grad ua te ~mf;8eeL

College-University ofers ty of Florida 1963-1966, 72 cr

George T. Eater Aviation

, 72 credit hours

f1551561 and Prin rivate Pilot's
, Fl, Airframe a

ITL Co. St. Luci

s License 41548856s , 1962
and Pomr Plant License

t. Lucie Plant "Cold Liicense Operator Tra

C.E. Nuclear St earn Su I " c ur

r raining Program"

C.E. 8 reek " pp y System" lectur

975

and
CeE

operation,

eries 1974
raining Coururse covering e

t
ng g plant techn

ator Training C

ec ology

0 e
Hr. Spalding ha

ng Course" cover

s particioat

ng C
" ting accident analan ysis,

ed as requir d ine n the St. Lucie plant "

EZPERXENCE

e n . e ant "Licensed

1966-1972
U.S'oast Guard Rescrves

1967"1973
Pan American World Airays»airframe and

19?3

e and pomr plant mchanic

FPL Co> Tu, Turkey Point Plant aux. ui

1973- n-Present

ant aux. equip. operator.

PPL Co. St. Luciec e Plant Nuclear Coontrol Operator Nuc ng neerr, uclear Watch Engi



~ppREY A. SPODICK - Plant Supervisor II
gP tJCATION:

IIA 4.~chanl-+%6

g~tegF! ala Beach Jr. Colleg - AA in Liberal. Arts 1968
I

Fgf, Co. St. Lucie Plant "Cold License Operator Training Program"

.'Hr, Spodick has participated as required in the "Licensed Operator
/@qualification Program" at St. Lucie Plant.

g,g, Navy Electronics and Nuclear Pover Training
P

~PERI ENCE:

$ 97/.-1974
Q>Q,Navy Reactor Operator

3975-1977
FPg-Nuclear Control Center Operator. 4 ,g<

gg/7-Present
Fpp Co. St., Lucie Plant training staff instructor. Responsible for
preparation and conduct of licensed operator training programs.

4) C< a

QA'gWMD

K. SPURGIN - Reactor Control Operator

gQUCATION:

5'. / c-~~ M

Paytona Beach Community College-No Degree

geary Riddle Aeronautical. Inst. Aircraft Airframe/Pox r Plant Certification
$ 90'P

gsminolc Community College-completed requirements for AA in Education-

Ref.ated Technical Training:
Licensed Reactor Operator training at St. Lucie Plant 1978-1979
C.ED "PMR Simulator Training Course," including Reactor Startup

. Certification-1979

PQPERIENCE:

$ 977.-1978
FP4 Mechanic's Helper, Aux. Equipment Operator, Apprentice Electrician

)f78-Present
Ngqgear Con'trol Center Operator at FPL St. Lucie Plant.

8108100005





)NBPDLT h. STOPZE - Nuclear Patch Engineer

EDUCATION:

Mgh School Graduate - learwater

PPL Co.St. Lucie Plant "Hot License Operator Training Program" 1976-1977

AC.E. one week "PMR Simulator Training Course" including Reactor Startup
Certification, 1976.

EXPERIEtiCE:

1960-1968
U.S. Air Force
Jet Engine Bechanic and Jet Engine Technician. Test run various types of
aircraft, operated engine test cells and ground equipment, included trouble
shooting, repair and overhaul of various types of get engines.

1972-1977
PPL Auxiliary Equipment Operator, Boiler Attendant, Nuclear Turbine Operator,
Nuclear Control Center Operator (unlicensed)

1977-Present
St. Lucie Unit fl Licensed Reactor Operator, Nuclear Patch Engineer

KEVXN HALL THONAS - Reactor Control Operator

EDUCATION:

Palm Beach Jr. College 1969-1971 Business Courses approx. 50 semester hours.

U S.Navy Electrician and Nuclear Power Training
Jj

Palm Beach County Journeyman Electrician Licensed 1978

hir Conditioning/Refrigeration/Heating Correspondence Course Certificate 1980

KPERZENCE
'I

1972
U.S. Navy
Served aboard USS Alamogordo ARDH2 as a power plant electrician.

1974-1977
U S Navy Nuclear Power Program Electrician

1978-1980
PPL Electrician

1981-Present
st- c-wc ~ Reactor Control Operator ~U~l WhcpectodMM

~~ /~
In training for Reactor Operator License a





KATHLEEN DOLORES PARD - Reactor Control Operator

EDUCATION:

Certificate Lowell Tech. Institute Health Physics Training, 1971

Degree Lotmll Tech. Institute B.S. in Health Physics 1975.

~ License (pending) Reactor Operator St. Lucie Unit I 1981.

Degree presently in progress, Florida Institute of Technology, M.B.A.

EKPERIENCE:

1975-1978
Dosimetry Engineer, Yankee Atomic Electric Co., Nuclear Services Div.,
Radiation Protection Group.

1978-1979
Radiation Physicist Yankee Atomic Electric Co., Nuclear'ervices Div.,
Environmental Laboratory Group.

1979-1980
Health Physics Senior Tach. St. Lucie Unit l.
1980-Present
Reactor Opo~~ining JAN/ 0+~~ ~

ROGER D. DWELLER - Reactor Control Operator

EDUCATION:

HcCluer High School, Ploriooant, PO 1973.

Related Technical Training:

Ui S, Navy. Machinioto )hte and Nuclear Power Training

Utility: PPL Licensed Operator Training Program-1980
C.E. HER Simulator Training Program: 5 weeks operations practice
including normal and emergency/off-normal operations, and otartup
certification.

EXPERIENCE:

1973-1980
U.S. Navy Nuclear Power Program Machinist Mate qualified as engine room
supervisor

~ 1980-Present
Reactor Control 'Operator at PPL St.'Lucie Plant



JEFF A. HEST - Reactor Control Operator

EDUCATION:

1967-1972-B.S.E.E.'niv. of Tenn. (Control Systems 6 Computers)
4

1972»1974-30 hours graduate work on MSEE 8 Univ. of Tenn. Space Institut'e.
Topic: Network Theory. Joined Navy prior to completing, degree

1980-Present-15 hours completed on MBA at Florida Institute of Technology.
Estimated degree date December 1982

'972Engineer Xn Training Certificate

FPL St. Lucie Unit Pl Shift Technical Advisor Training Program.

EXPERIENCE:

~ 1975-1979
Navy Nuclear Power Program, qualified Engineering Officer of the Patch

1980
FPL St. Lucie Unit f'1 „Shift

1980-Present
FPL St. Lucie Plant Reactor
License on Unit

81'echnical Advisor
gg i~ /rX

Control Operator. n Training for Reactor Operator





NORRIS D. HEST - Huclear Plant Supervisor

EDUCATION:

/udrew Junior College 1 year 1960

U.S. Navy Electrician and Nuclear Power Training, 1960-1962

Bettis Atomic Power Laboratory, 1962

C.E. Nuclear Steam Supply System Lectures, 86 hours, 1974.

C.E. Simulator Training, 60 hours, 1974

Participated in the St. Lucie Plant On-Site Training Program

FPL Reactor Operator Training program PTP-1970-71

FPL Senior Reactor Operator Training Program PSL-1973-74

%PERI ENCE:

1960-1967
Q.ST Navy Nuclear Power program Electrician

1968-1974
PPL Helper, Auxiliary Equipment Operator, Reactor Operator, Nuclear Hatch
Engineer

1974-Present
FPL Huclear Hatch Engineer, Nuclear plant Supervisor; St. Lucie Plant.



i KENNETH J. VIECZK' Nuclear Match Engineer

EDUCATION

High School Graduate-

Pittsburgh Institute of Aeronautics AA Degree 1970

FPL Co. St. Lucie Plant "Cold License Operator Training Program"

C.E. "Nuclear Steam Supply System" Lecture series
C.E. 8 veek "PWR Simulator Training Course" covering plant technology and
operation
C.E. one vaek "PVR Simulator Training Course", covering Accident Analysis.

University of FLorida 3 seek course in Reactor, Operation and Reactor Theory

Rr. Miecek has participated as required in the St. Lucie Plant "Licensed
Operator Requalification Program" ~

EXPERIENCE

1962-1967
U.S.Navy Aircraft Hydraulics Mechanic Second Class Air Crew member on HU-46D
Helicopter

1967-1968
U.S. Naval Printing Office, printers apprentice

1970-1973
Pratt & Mhitney Aircraft'et Engine Test Cell Mechanic

1973
FPL Co. Riviera Plant, Hechanics helper

1973-Present
St Lucie Plant Nuclear Control Center Operator, Nuclear Match Engineer



Q. S. QXNDECKER,.- Supervisor Planning 6 Scheduling

EDUCATION:

High School 4949—~v~ ~ ~
FPL Co. Training Opportunities Pz'ogram courses in mathematics, physics,
chemistry, steam generators and auxiliaries, steam turbine and auxiliaries,
simplified electricity.
Westinghouse Reactor Training Program, Turkey Point Plant

C.E. Nuclear Steam Supply Systems Lectures, 66 hours, 1974

'eactorTheory Reviev, University oZ Florida, 40 hours

Participated in the St. Lucie Plant on-site 'training program FPL Co. Reactor
Theory Course, 3 veeks.

EXPERIENCE:

1957-1970
FPL Co. Helper, Auxiliary Equipment Operator, Fireman, Turbine Operator,
Control Center Operator, Watch Engineer

1970-1973
FPL Co. Control Center Operator and Watch Engineer, Turkey Point Plant

1973-1979
FPL Co. Watch Engineer and Nuclear Plant Supervisor,'t. Lucie Plant

1979-Present
PSL Unit f2 Planning 6 Scheduling Supervisor



SL2-FSAR

TABLE ]3.]-1

ST. 1UCIE OPERATING ORGANIZATION
STAFFING PLAN

Maintenance Dept. (Inc]ude itinerant
and special crew personnel)

I & C Maintenance
Engineers. & Tech
I & C Spec.

30 18 6 0

8
]8

8 8 8
2] 28 28

Months to Fuel Load Commercia1
~aeration

14
28

Electrical Maintenance
Engineers & Techs.
Chief Elec.
Elec. Journeymen
Appr. Elec.

Mechanical Maintenance

7 7 7
3 4 4

]2 )5 AD ]9

1 2

10
4

2]
2

]0
4

2]
2

Engineers & Techs
Maintenance Foreman
Mackinist
Mechanic
Appr. Mech.
Helpers

Technical De artment

ll
4
2

25
9

14

12 14
5 6
2 2

25 35
9 12

14 ']5-

14
6
2

47
l7
20

]4
6
2

53
]9
26

Engineers & Techs.

Securit De artment
Asst. Security Supervisor

Administrative De artment

10 1] 12 12

Asst., Admin. Supervisor
Clerks

)
6

]
6 6

1-

6

Qualit Control De t.
Engineers & Techs.

0 erations De artment
Chemistry

Engineers & Techs.

Health Physics
Engineers & Techs.
Radi at ion Protect Men

]2 ]5 16

7
7

8 8
7 7

]4 '15 ]5 ]5

16

]2
]4

]7

]6

]2
]4

Reactor Engineer
Engineers & Techs.

Training Department
Instructors
Draf tsman

4

3 3

4 '

1

4
'

] I

13. 1- 58
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TASLE l3. l-l (Cont 'd)

30
Months to Fuel Load

18 6 0
Commercial
Operation

Plant Supervisor
Match Engineer
Control Cent'er Operator
Nuclear Operat'or
Turbine Op rator
Auxiliary Equip. Operator

6 6 6
6 6 6

29 29 34
9 9 l2
6 ll l)
5 5 5

6
6

34
l5
)l

5

6
6

34
15
ll

5

Technicians

~Se ari -.U

Engineers & Techs. 39 53 56

13„1-59
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TABLE 13 ~ 1-2

Page 19

r

>HNIHUM SHIPT CREM COMPOSITION

ST LUCIE UNITS 1 AND 2

LICENS APPLICABLE NODES**

r'ATEGORY

Plant Supervisor N lear
Nuclear Match Enginee

Nuclear Control Center

Shift Technical Advisor

Nuclear Operator
Turbine Operator

ls2s3 < 4

8RO -'
SRO 1

~ RO 2r e

1

566

2

0

1

1

/A

+Does not inc ude the licensed Senior Rea tor Operator or Senior

Reactor Operator Limited to Fuel Handling, qpervising CORE

ALTERATIONS after the initial fuel loading.
I

* As defined in the Technical Specifications
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TABLE 13 ~ 1-

'CORRELATION OF ST+ LUCIE PLANT STAFF POSITIONS
MITH ANSI N18.1-1971 TITLES

ANSI N18.1-1971
Position Title

ANSI N18.1-1971
Section No.

ST LUCIE PLANT STAFF
Position Title

Plant. Manager 4 2.1 Plant Manager
Operations Superintendent

Operations Manager

Maintenance Manager „

4 ' '
4.4.3

Operations 'Supervisor

Maintenance Superintendent
Assistant Superintendent
'ech. Maint. Assistant

Superintendent Elec. Maint.

Technical Manager

Reactor Engineering and Physics

Instrumentation & Control

t Radiochemistry

Radiation Protection

Supervisor Requiring NRC License

4.2.4

4.4.1

4.4.2

~ 4 '.3
4.4.4

4.3.1

Technical Supervisor

Reactor Supervisor

Inst. & Control Supervisor

Chemistry Supervisor

Health Physics Supervisor

Plant Supervisor
Vatch Engineer

Supervisor not Requiring
NRC License

Operators

4.3.2

4 5 ~ 1

Training Supervisor
ality Control Supervisor

Security Supervisor-

Reactor Control Operator
Unlicensed Operator

Technicians
I

Repairmen

4 5.2

4.5.3

Technician

Mechanic
Instrument & Control Spec.

ectr cx



CTOCXHOLOE44

COAAO
OII

OIRECTOT(S

CHAT(IS(AftOF THE
DOARO 4

CHI'EF EXECUTIVE
OF SIC(f(

5(NIDN I(ANAO(sl(Nf
t(ANNINOCOVfADL

ttNIOAVKtM(LNNT
ltlROIIVICI tRISID(NT

~ (NrOR VllttAtllDtNT
StNIOA VICC tA(SIDINT

tRECIOEHT 4
CHIEF OTERATIHQ

OFFICE(l

St N f01'KIM(SIDtNT
VKS M(40(NT
~VSLIC Alt AI15

Atfll'fMTItlfll(ARY
1 DIAICTDR

MAIIAOIVt11CONTIIOL

5tNIOA
VKttrltfD(lff

tk(CO(IV(
VI(ItRt40(NI'X(CUTIVtVIC( tl(40(NT

ttNIOR
VIC( trtlIDINT

YKttt(SIO(NT
STAATIOIC
~LANfrlNO ~

5(NIORr
VKIHI(40(NT

~ Atl'5, l(CA(TANY

OIA (CION
COAt. CORI A ACTI

~VSIIC AITAIAS
1(t. STAT(

~VS(ID AflAIRS
Alt.IIOIAAL

AftlITANT 'IO
VKt t1(MDIV(
Iye(IC ATTAINS

MANAS(1Ot
(AT(ANAL
AttAIAS

VICI M(IIO(llf
INOINI(1INO

tAOIICT
IMPIAOIM(NT~
CCN5fAVCTIDN

OI At CfOR Ot
C(III'IRVCTICÃl

ON(l (NCINt(A
~DNt1 TLAN'I
(NOIR(tSINO

RAIC(oflOt
tflOltCTS

Oil(5 (NCfN((R
O(1( RAL

tNCfNIIAINO

VICt t1('HOINT
ADVANCI0
STST(MS 1

T(tfrNOLOOT

VIC( Mf40(Nt
~ON(A 1(IOV1Ctl

DIII(C'f01
~ON(A SlfftLV

VIC( t1(40tNT
tVSIIMtlANNINO

OIRICTOA
~01tll Sfftt(Y

t(ANNINO

VI(IM(40(NT
50(L 1(SOVAC(t

1'OAFORATS

0(V(LCtrtNT

DIRtCIOR Ot
FO(LS

tVtlAftOVRC(5
INIKL(AAI

VKITA(40(NT
C(SIFOAAT( S(AVKfl

RA(cfoN
COMIIIf( 1

Otf1AllONS

DNI(C(01
tIIRCNA4Nrf 4

tlV(NTCRVAI

AI5N
MANAO(1

TA(ASM1IJI

A55ISTANT
TA(AQI1t II

COMt(10(Et 1

(NA(C(01 Ot
COAtORAII
AC(00IITlNO.

VIC( Mt(f0(rf
CORt01AIC

CDVANINKATNÃI

OIA(CTOR
ttA IONA IL

VICItfl(IID(Nf
ICONONS C

0(V(LOIN(NT

OIR(CTOR
RA(tl~

A(5(ARCH

ASSI5TANT
St(R(MAT1
DIRICTOA Ot
STOCRNOLD(R
INIOIIVATION

VK(tRISIOtNT
OIVIMONS

DNI(Cllll
COMMt AC I A L

Ot(RATIONS

Df 1 (CTDN
LAlf0

IIANAOtINNT

DlfltCTD!I
I(ID(IS(RIAL
R(LATKMS

OfR(CTDR
TRAN5. 1 Oltf,

OIAICTOA
DIVISION

~IAIINlffO

RA(CTOA
rATIARt«(rav

CONS(RVATION

DIA(CTOR
DIIIR ISO IION
tNOIN(tRIIIO

YK(tAIPDINT
SOSITIN AN
OIVIHRI

VIC!
tRISIDINl'A(TIAN

RVINON

VICt Mt40INT
NORTH(ASTIRN

RYIIIDN

VIC( tAtHD(NT
SRITINASIIAN

RYISION

VICt M(CD(NT
Rill(RN
RYIMON

MANAS(1
MANAOtr(Nf

5(AVICtt

MANAO(R
LtOAI.AllAIRS

MANAO(R
CLAIMS

(11( CTOII LK(NSINO
~ INVIRONM(1TAL

t(ANNINO

(11(CTOR
RIALITY

ASSVRANCf

A5(lfTANT
COMtlROLL(R ~
MANAC(1 ACIC

COST 4
MOC(RIR(5

MANAOtROf
ACID

AIODIAIORY
0(CI0

ASS'T. tfCACTART

COAtOIIATI
5(CA(TART

FLORIDA POWER 4 LlGHT COMPANY
ST. LUCIE PLANT UNIT 2

ORGANIZATIONCHART
GENERAL ORGANIZATION

FIGURE 13.1-l



tPOSC CT
OQIC RAL
SKANAOKR

COST ANO
SCttKDVLK

STATS

Cat~St
55 AVICCS

Salt MONCT
STAT1 SVttOIIT

SttANI
SIANADKR

TIICVKCTattfflal ~ aISKCTNNI
fO&W

5

OJALITY
AaVAANCC
KNODttCA

KNCINTCAINO
tllaltCT

IIANAOCR

~afKR RCSOVltCKS
TKAN

NKNSCII

TVIICNA Vta
TfAll

INCIISCN

CVALITY
ASS VIIANCC

KNCINCKR

ASSI5TANT
MOIKCT

SIANAOKR

SDSNT ANT
tSIKLNCf

IIANAafA

1IIORCT
tttaDIKCR

~VIICNANNO
D

CttfDISINO
COIÃtaNATtNO KNaNCtDtla

aSCNLINKS

NTC
SIANAOKR

~IIOICCTOlNCCTION
fS T

I5
I

CONSTltVCTION
TASK

SVttllTNT t NatNT

AtlltTANf
NANADCN

QTK aIALITY
ASSVAANCC

DUALITY
CON IIIOL

SVtfIlVIIVII
MOXCT

SVIKAINTtlCltNT
CONST IIVCTION

COVtllOL
5Vlt AINT KNDCNT

St IIVtCt5
OlttltlNTKNOCNT

SfCVIlITV
SVIK5VISOR

StNCR
Rt SIDtNT
KNOINCKN

FLORIDA POWER 6 LIGHT COMPANY
ST, LUCIE PLANT UNIT 2

ORGANIZATIONCHART
ST. LUCIE UNIT 2 PROJECT TEAM

FIGURE 13.1-2



vKS sst)sot>st

Cst)ov«CCS

A)eotkst
TO I>K

TKI>atsotef

L>AAACI ~ »>
~Oet ~ ~ > LovetlI

~ 011K

skskcla 0>
~0kI~ ~ I>a«act I

as»KI ~

va»>as ot I
10 Iaallov cls

~AKIIIa

0>AIC toe Oe
~Oat I
~Le»It

~ >«

LIVI>kef
sae>CI ~

~0>KA ~ ILO«eel)
~ > OIVL

~elk)I~
~)Lef

~Tfta>»>ISOIII I

I
Casket IAL

elect
~ Qa»aaa

~llalke1
tsk»>OI ~

~Os I~ ~ IIovatf)
»>KLtks

~saskct ~ 0>~e ~ ~ft 'oeta ~ 1>os>acti
SS I svcllka«k»a>la

~Oats al>OVLCIS ~

IVCLIAAIts»KI~
I~ > ~ I ~ »et >11 aAO

~ >11 ~ 0 CI
Lcoo o oa

oasaots 00
I>Itis

OtlIII>0>K

~taakota 00
~ >Stf«

~>>0n C f>OO

Qa>>kola 01

11 Ce«KAL
aa»KII

f I
~Oat «tfet

L

af I I
ITIe LIaot I

~Ia»1 ~

Ok»kola f

~vtsk>e
>Iaaf

vk»LCII

~>TtleA
~\ae ~

saseol ~

tf IVCK
~Iaaf

Ieqkiy
Psmo

')L)r~fs e>

~>sea «e ye
+

1

'"
I

CV>II0l eLasf
~>)I~ sea «a St

lAvofLOAII
sk>>kola

1

~as>OAO
~IWI

ok s LolI
sk If>0
~Iaaf I

P)vrf'(y

P„L g

r.))k'ss>

~ ~ ~ f/es

t ~

~O>l ~ ~ I IOVACI) .
aCT>O» IV>v I
~>f Csa»KAI

r-
e 0>n I ~ Ilovsct ~

ffcfe)« fv>v
O>f akf SO>>I

~Oet I SIIOVACtl
a c>K« fv>v

Loses«Steat>ca

Tost a ~I los>ac II
act K« lv>v

~ III ~

)la�>OL««ett

~oats stlovacll
act>O» Iv>v

~etf IV>sa S I ~ Coe TAOL
~ ItC «A>et

~osta etio>>acct
act>0»

tv>V'IA»tfv»oa f
, fcttfI st too>>cts

a tTsoe Iv>v.
WLLT>>t>tt)sc)

~Oaf ~ I I
1>IL« fvaf>etl

«>IC k»KLI Wf>1>AS II ~

~ ~ IICI~ CLL Wsa>kasll
~ tave>veal L ss>IVL ~

«Ie 1 OSS Ot I I tIII«
«a»tf»L'Kl
~ ~ a»O La 0I
«at I a TOOL
~ t>»OL>01

IL~ I lr ~ IL «A»kolacaf
1>IC'LI 'teo>l C ~ I

~Osl ~ ~ I~~CIA1
~>I C'Ll>11~ ~

~ (C«CII~
~ >)> I

I 0>tskf>o>ss faksesso
~Oll I ala»i
O>lest>O»I

It

l�>I«
ICO»0>>e

~sans Csf»»Iree
ol IK« coos os«a>os
~o«I ~ ~ I lovecf ~ IfLO
SI«el'

foeta ~ I ~cts
~>IC>A\sltl ~
tfC«cits

>I)s

'Nsotf n
'nsIO»st\
I~ As»s»C
Ios«e >eoct oval I

CIILKAI
~>lc>AI >eo>ICI)

~0AII ~I IOVLC II
tnC»Isis ~ ~

~ IC»Clla
1 ~ I>

vt)>owe>KI aft>so
~ 111 Laloeatos>

>f»tssose>1'>1>\ fIII>soLee>i ~ k»>1 >I I FI~ I ~ t«I S 1

~nc>AI >eo>ICn

~Os>I ~ ~ ICIVICII
alc>AI>I>I~

ttcs>KII~

~OIIK >Last stftav
I watt ~ cosreotf

I.
s>KIILLTIL»f>»IIIV
ee» 1 ~ ~ co» 1 col ~

( IIC «k«s n» L»CI
teal sa S OIS>Salts
CO»>1esll
Osattal I>In>K

L "~
~Ost ~ af)OVLCI~

1>IC>kl>11 ~ ~
TIC«KII~

>1>

~osf ~ II)ovsct t Itas
ta«LI'I
>>VIIIA» I'tltl>tl~
~»OCI III)
t»O«K I ass>O
oso»a»A>oa
aft>LI«OKCTS

~Oaf I ~ IIOvscl I
af C>AI>)fl~
nC»KIII

>4

ttsfattscf >st>>s>0
Walt« >«>IKI
seal o vofat
~ LOKK< «It~at

~osl ~ s Ia>>acts
S>l as 0 IIII

nc«CIIL

I ~ 1 ICT>os>I
SI III>KL «I IINVSCT
~ ILVIL>oetCta»L>ksct
1st ~ A~ >eo elk»1
LKI»I"»C
>sat >LO>>C>K>~
otl ~ a>el«l A»LIT)>S
oval>t ~ co»isla,

I teo ~ L«l
Lt>tc>AI >»OKC>)

e

f1''SS)

'Set>LOTS avt>tek fkCK>fsffS>k>f SIPTOAT
FLORIDA PO)TER 8 LIGHT COMPA)I'f

ST. LUCIE PLAIIT VIIIT 2

ORGAIrIZATIOMCHART

!

PC'<ER RESOURCES

F IGURE 13.1-3



t,~



EXECUTIVE
VICE

PRESIDENT

VICE PRESIDENT
FUEL RESOURCES 5

CORPORATE
DEVELOPiViENT

VICE PRESIDENT
ENGINEERING, PROJECT

MANAGEMENTS
CONSTRUCTION

VICE PRESIDENT
SYSTEM PLANNING

VICE PRESIDENT
ADVANCEDSYSTEMS

&
TECHNOLOGY

VICE PRESIDENT
POWER RESOURCES

DIRECTOR
OF

FUELS

DIRECTOR
POWER
SUPPLY

DIRECTOR
OF

CONSTRUCTION

CHIEF ENGINEER
.GENERAL

ENGINEERING

DIRECTOR
OF

PROJECTS

CHIEF ENGINEER
POWER PLANT
ENGINEERING FLORIDA POWER 5 LIGHT COMPANY

ST. LUCIE PLANT UNIT 2

ORGANIZATIONCHART
OPERATIONS

FIGURE 13.1-4



VICE PRESIDENT
POWER

RESOURCES

ASSISTANT
TO VICE PRESIDENT

POi'WER

RESOURCES'ANAGER

PWR RES —FOSSIL
MANAGER

PWR RES —NUCLEAR
MANAGER

PWR RES —SERVICES
DIRECTOR

POWER SUPPLY

ASST MANAG'ER
PR —FOSSIL

ASST MANAGER
PR —NUCLEAR

MANAGER
PR —NUC SERV

SECT
SUP V —ADM

MANAGER
SYST OPER

PLANT MANAGERS
FOSSIL PLANTS

PLANT MANAGER
NUCLEAR PLANT

SECT
SUPV —HP

SECT
SUPV —l5C

MANAGER
SYST PROT

PLANT MANAGERS
FOSSIL PLANTS

PLANT MANAGER
NUCLEAR PLANT

SECT
SUPV —PLT SUPV

SECT
SUPV —MAINT

MGR PCsY SUPPLY
TECH SERV'S

SECT
SUPV —OPNS

'ECT

SUPV —TEST

FLORIDA POWER 8 LIGHT COMPANY

ST. LUCIE PLANT UNIT 2

ORGANIZATION CHART
POWER RESOURCES DEPT.

FIGURE I3.1-5



VICE PRESIDENT
ENGINEERING,

PROJECT
h'lANAGEhlENT6
CONSTRUCTION

DIRECTOR
OF

CONSTRUCTION

ADMINISTRATIVE
ASSISTANT

IPiANAGER
CONTRACTOR

LABOR RELATIONS

SUPEIUNTENDENT
GENERAL

CONSTRUCTION

PROJECT
CONSTRUCTION

SUPERVISOR PUTNAM

PROJECT
CONSTRUCTION

SUPERVISOR
TURKEY POINT

SUPERINTENDENT
PLANT

CONSTRUCTION
hfANATEE

SUPERINTENDENT
PLANT

CONSTRUCTION
ST. LUCIE

SUPERLNTENDENT
PLANT

CONSTRUCTION
MARTIN

SUPERINTENDENT
CONSTRUCTION

QUALITYCOiITROL

PROJECT
CONST. SUPV.

GENERAL CONST.

AREA CONST.
SUPV. hlARTIN.
FUEL SUPPLY

CONSTRUCTION
COORDINATOR

CONST. METHODS

AREA CONST.
SUPV. CONTRACT
COORDINATION

AREA CONST.
SUPV. EQUIP.

MATERIALS5 TOOLS

AREA CONST.
SUPV. BUDGETS 5
FUTURE PROJECTS

FLORIDA POWER 4 LIGHT COMPANY

ST. LUCIE PLANT UNIT 2

ORGANIZATIONCHART
PLANT CONSTRUCTION

FIGURE 13.1~, '~



VICE PRESIDENT
ENGINEERING,

PROJE CT
MANAGEVIENT

a CONSTRUCTION

CHIEF ENGINEER
PO'cYER PLANT
ENGINEERING

ASSISTANT
CHIEF ENGINEER

PROJECTS

Q
O
~Om~

—~2
C) CZC pN

~ IllO

zn
m~

n
I

O

~ 'Q

C gC O
ITl

'0
9o

g I

x
I

n0
hJ

a

PROJECT MANAGER
ST, LUCIE
PROJECT

PROJECT MANAGER
TURKEY POINT

PROJECT

PROJECT MANAGER
SPECIAL
PROJECTS

PROJECT MANAGER
-MARTIN
PROJECT

PROJECT MANAGER
PUTNAM
PROJECT

SUPERVISOR
PLANT

ENGINEERING
LICENSING

'UPERViSOR
PLANT
CIVIL

ENGINEERING

ADMINISTRATIVE
ASSISTANT

MANAGER
PLANT NUCLEAR/

MECHANICAL
ENGINEERING

MANAGER
PLANT

ELECTRICAL
ENGINEERING

MANA'GER
NUCLEAR ANALYSIS



0



t

I
~ ~ ~ ~

~ ~ 0 ' ~

~ '
l

~ I. ''~



SLA'If
TIAIIAotrt

Ieaeaf Ikaktf
~vrf~ 111lkfllk

Tt(eekkat
svetpvrlok

ttcvrlrTT
oret p frvkl

AOeevrr TfalfrVt
Ivelavrsok

e ee

OVANfVCORTAOL
SOP S IVIIOA

Oef A1fr(wl
ItrtArketkotrrf

AII II
A

tvftk

rr
C'rakfvp~VelatkrlROJkf

~ win )A/i
71PAM o 4()

ASSI II1 kf
PI 1 R I

Tvetarkrtkolkr
t(SCIPKAL

AISIITAkf
PIAIII

IVet1 I R
' eeOT kf

v((laical
SROrktl ~ I ~
Tt(cere(eall

All1 11 Akf
lr(Vaeff

OklAVIIOO

AllIlfArrf-
A(W>T.

Orel1 vlTok

lkfek1 I1 I ~
TlteekeNAAS

Cekeeetfkf 'katrrr AIACIOA faaer1114 Oef Aa TIOeet
tvet pvr lok MTSe(S Ieely T I II Orfte VIIOA ~vrl1 vrToa

SVPI AVVOO TVPIAVISOA

IRSlktt !S ~
IISeek e(e a R T

tktekt I ~ I 1
TlCree g Iaek

teekekl Ill~
ft(eekCIAAS

tktekt IlllttCeeke(1 AAS

Sh'5 I

Treltlf ran'VAAOS Ctt all tkOIRT IP ~ O
ltteeke(eakt

SROekrtal 1
ITCepeecIAIPI

f1 Oek IIIII 1
IIC1 el e( IARI

IIVNTAA
~(ART

TVPIPVISOS

Ckkf
lIS C t1 e(IAJI

taaekf IAa Act
IORIeavl

AAOIATIOR
~ROISCIKAI

~e(I~

Oar(er
Oaa Iloeao lVS IhIt 1I

SltCTSICIAAS e SIACeeeealff
COVIAOL
Clkrla

ortaAIolt

OVCISAA
Oelalr

TOPS%

111 LettektO (Otka TOO

LICSRTIO Sterok optkafoo
Slrtl fotttfeORIPAPOA
Otraelf CORN pkeks feet
STAPIVPDreaerekRT

e oecaRIIAreck feet potrfIov
AIIVITAVIIAS 1 flak
Skekta

Oetllf

1VtI'ISA1f
IOreeet kI
OPI 1 1 IOUS

ARK'(ISMATITIIO.O IItl90l

FLORIOA POTSER 8 LIGHT COMPAIIY
ST. LUCIE PLAHT UHIT 2

ORGANIZATIOHCHART
PLANT ORGAIIIZA~IOH

FIGURE 13.l-g" ~





Page 1

SL2-FSAR

13 2 TRAINING

Plant p rsonnel have 'a.combination of education, training, experience, health and
skills so that their 'decisions and actions that affect the plant are such that the
plant is operated in a safe and efficient manner. The training program supplements
the individual's background to give him the required knowledge and ability.
13.F 1 PLANT STAFF TRAINING PROGRAM

I'he

overall obgective of the training program is to provide technical development,
specialized training and operating experience to FPL operating and maintenance
personnel. The Plant'anager is responsible for the conduct and administration of
the initial onsite training program and for the training of replacement plant
personnel'lant training programs are conducted under th'e direction of the plant
training staff. Those programs conducted for licensed operator candidates will be
supervised by personnel with Senior Operator Licenses on Unit 81 ~ Where special
knowledge or expertise,is available, non-licensed instructor personnel may be used
for teaching portions of license training programs. The Plant Training Supervisor
provides /A direction and assistance to departmental personnel
where needed to insure implementation of training plans.

FPL has over 10 years of nuclear unit startup and operating experience with
Turkey Point Units 3 and 4 and St. Lucie Unit 1. Functional and ongoing
training programs, primarily conducted onsite, are developed'or the St. Luciet Plant and are based on the guidance of Regulatory Guide '1 8 "Personnel
Selection and Training" May 1977 (Rl-R) which generally endorses ANSI N18.1-
1971,4 Si~~mQf

~ It
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13.2.1.1 Pro ram Descri tion

13.2.1.1.1 Licensed Personnel Training Objective

It is planned that cold license personnel .for St. Lucie Unit 2 will be drawn

from personnel licensed on St. Lucie Unit 1 and that all licensed personnel at

the St. Lucie Plant will be licensed on both units. To this end, all=of the

initial group of cold license candidates will have obtained an NRC reactor

operator or senior reactor operator license on St; Lucie Unit 1. Cold license

candidates will be drawn from the following list of personnel who currently
hold NRC operator licenses on Unit fl or are in training for licensing on Unit

I

f1 ~ , See section 13.1.3 for experience summaries of these personnel.
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J. H. Barrov

D. A. Sager

Operations Superintendent (SRO)

Operations 'Supervisor (SRO)

C. L. Burton

P. G. Davis

O. D. Hayes

L. V. Pearce

N. D. Vest

Nucleax Plant Supervisor (SRO)

Nucleax Plant Supervisor (SRO)

Nuclear Plant Supervisor (SRO)

Nuclear Plant'Supervisor (SRO)

Nuclear Plant- Supervisor (SRO)

H. G. Altermatt
C. D. Marple

L. H. Rich

L. A'palding
R. A. Storke

K. J ~ Miecek

Nuclear Watch Engineer (SRO)

Nuclear Watch Engineer (SRO)

Nuclear 'Watch Engineer (SRO)

Nuclear Watch Engineer (SRO)

Nuclear Watch Engineer (SRO)

Nuclear Watch Engineer (SRO)

V. J. Bloeser

J R. Boven

A. V. Bramhall

CD E. Callahan

R. H. Clements

C J Couture

C. G. Crider
P. H. Curry
J. B. Delrue

D. D. Dryden

G. A. Evans

M. B. Gilmore

R. ST Goldstein
T. A. Gonzalez

C, Griffith
W. L. Hagar

M. B. Hall
G. J. Imbriale
PE B. Isaacs
H. H. Johnson

Reactor Control Operator
Reactor Control Opeiator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactox Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
Reactor Control Operator
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G. R. B. Kassa

R. L~ HcElroy

H. H. Hosley

J. E. O'eil
H. A. Perry
A. L. Rsmirez

J. J. Shannon

Di K. Spurgin
K. H. Thomas

K. D Ward

R. D. Weller
J. A. West

Reactor

Reactor

Control Operator
Control Operator

Reactor Control Operator

Reactor Control Operator

Reactox Control Operator

Reactor Control Operator
Reactor Control Operator

Reactor Control Operator

Reactor Control Operator

Reactor Control Operator

Reactor Control „Operator

Reactor Control Operator

P L. Pincher
B. W. Nikell
Ni Gi Roos

R. L. Hayes

J, A. Spodick

R. S. Glaze

D.J. Kring
H, D. Shepherd

W. S. Windecker

Training Supervisor
/

Outage Coordinator
Quality Control Supervisor

Plant Engineer

Plant Supervisor
Plant Coordinator
Plant Coordinator
Plant Coordinator

Planning 6 Scheduling Supervisor

Following licensing on St. Lucie Unit 1, a minimum of three months operating
time will be provided, if possible, for these personnel to gain operating
experience prior to cold licensing on St. Lucie Unit 2. Subsequent hot
.license candidates will be trained for St. Qucie Units 1 and 2 concurrently

Initial Training

a)I'he training program for license candidates follows the format for
hot license training used for St. Lucie Unit 1 but also includes
information pertinent to Unit 2 licensing. Special classes
emphasizing differences between the two units axe held for those
'personnel already licensed on St. Lucie Unit 1. Refer to Subsection

13.1.2 for a description of position titles and license status'
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The licensed operator training program encompasses the following
C

outline for Cold License Candidates:

Phase I: Hot license training on Unit Pl in accordance with St.
ll Lucie Plant Administrative Procedure "Hot License

Phase II:
Operator Training Program" ~

Three months of Unit dl operation, where possible, to
gain operation experience prior to cold licensing on

Unit f2.
Phase III: Unit 4'1/82 differences training program. A training

Phase IU:

Phase V:

program describing design differences between units 1

and 2 will be prepared and presented to each candidate

covering the following areas:

(a) Core Mechanical Design

(b) Core Thermal and Hydraulic Design

(c) Reactor Physics

(d) Instrument and Control Systems Design

(e) Mechanical Systems De'sign

(f) Electrical Systems Design

(g) NSSS Response

(h) Safety Analysis and Technical Specifications
(i) Operating and Emergency Procedures

()) Startup Test Program

Time will be available during this phase for
candidates to accomplish appropriate field study and

equipment familiarization.
Simulator training: Since all cold license candidates

will have been licensed on Unit dl, no special
simulator training will be given for Unit j'2 cold
license training. Normal annual simulator
requalification sessions will serve this purpose.
Simulator examinations may be conducted by the NRC at
the end of these sessions. Sequencing of simulator
sessions will be dependent upon availability of the

simulator and may occur out of sequence with the

program phases.

Screening and NRC licensing examinations: An

examination similar in type and content to an NRC



0-



Page 6

SL2-FSAR

examination will be. given at the completion of the

program to determine each candidates readiness to take

the NRC examination.

The schedule for the above training is indicated by Fig. 13.2.1

The scheduled start dates and activity durations may change if the

core load date changes.

Prior Experience Credit
Some license candidates may have received training in military
service, other reactor locations, college, or other specialized

training.. For these individuals some of the training program may be

eliminated based upon review of credentials, transcripts, or testing
at the plant site. This will be done on a case by case basis and

must be approved by the Training Supervisor and Plant Manager. The

following list represents those areas of training which may be

eliminated:
1) Reactor Theory

2) Principles of Reactor Operation

3) Thermodynamics

4) Heat Transfer
S) Fluid Mechanics

Training Program Evaluation
Periodic examinations are given throughout the program to gauge the

candidate's progress and overall performance. The Training
Supervisor determines the frequency of these examinations. A final
comprehensive exam is given to each candidate to determine his
readiness for the NRC examination. This examination is comparable to
an NRC examination, both in scope and content. Grade criteria for

. the final comprehensive examination shall be an overall score of >80X

and>70X on each examination category. License candidates are

certified as ready by NRC examination by the Vice President — Power .

7/. ' /.(, " '- 6 4,Q, .j 3' > ~ ~' T.A')J:G t o > L ~" ~ <

Resources.

r

TMI action plan,(NUREG 0737) items have been integrated into Unit Pl

training activities.(/ Since cold license candidates will have been

licensed on Unit Pl these requirements will have been met. As

additional requirements are established, they will be factored into
Unit 81/2 training activities concurrently.
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13.2.1.1.2 „Non-Licensed Personnel Training
Non-licensed 'operators are trained for their positions through a combination

of classroom le'ctures, on-the-gob training and participation in the system
Ig), ~ .r'('-

e ~(i y~ jeer ~cg
checkout and plant'tartup effort, 7-':e- '<>'J

i"'/'>

pC4Xc ~ ~:3 >

Shift Technical Advisor training is described in Administrative Procedures

"Shift Technical Advisor Training Program" and "Shift Technical Advisor

Requalification Program" ~ The Shift Technical Advisors vill participate in
the classroom portion of the licensed operator differences training program.

-The Mechnical and- Electrical Maintenance Supervisors and supporting staff
receive txaining in appropriate maintenance procedures vhen assigned to the
St. Lucie Plant. They participate in maintenance functions during the startup
and checkout of St. Lucie Unit 2 systems and equipment. They participate in a

lecture series conducted by FPL pertaining to appropx iate mechnical and

electrical maintenance functions.

actor~gineer has rece

Luc nit l.,
ncluding the NSSS 1

xtensive ex er ~

opriate sect

ies.
o erator train

St.

Instrumentation -and control, radiochemistry and health physics technicians are
assigned several. months prior to initial fuel loading and are trained as ~

required in their respective responsibilities. For radiochemistry and health
physics personnel the training includes mitigation of accidents involving a

degraded core.

4'cens& opy+~ D.~~ T~.i i~ gp~"'""' WV "'"
PPL/XBEW Joint Apprentice Training Pxogram.

1 meet the requirements of the

Selected su ervisor and maintenance ersonnel attend applicable portions of

p~ ling +op'ar
handouts of the-NSSS-1eeture~e~w are used by St. Lucie Plant departments as

deemed applicable to gob functions in~on-going departmental training
program~~for the St. Lucie staff.

1 personn

pxoce u

eive trai ng

r tofu ad
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Personnel who are not required to hold an NRC operator's .license, including
supervisors, engineers, technicians, operators, maintenance personnel and

others, whose duties require-them to work within the radiation controlled area

or on systems associated with the nuclear plant, receive training in Radiation

Protection.. Upon completion of this training the individuals concerned are

required to pass an examination signifying that they have basic understanding

of the principles involved. Personnel with previous training are required to

pass this examination but may not participate in the formal training
program. All plant personnel are required to either have read the plant
Radiation Protection Manual or attend the Radiation Protection course. The

Radiation Protection course covers the following subject material:

a)

b)
- c)

d)
e)

f)

Radiation and Radioactive Materials
Biological Effects of Radiation and Exposure Limits
Radiation Detection and Personnel Monitoring
Principles of Protection
Site Emergency Plan and Radiation Protection
Radiation Control Area cwork Guidelines

)
'I

Personnel assigned to the St. Lucie Plant, in an administrative capacity and

whose duties, would preclude their presence within the Radiation Control Area,
receive training in Radiation Protection. The Radiation Protection Training
Program provided for these individuals covers the same material as the

non-'icensed

personnel training program although not as detailed and generally"on
a,more basic level. Emphasis is placed on. the site emergency plan and the St.
Lucie Plant Radiation Protection manual.

Xndustrial safety and first aid training is provided as part of the general
employee training program. Each employee is issued a copy of the FPL Safety
Rule Book which covers first aid practices and safe work .practices related

to'he

utility industry. Included in this book are the latest first aid
techniques and industrial emergency procedures. Employees may also attend
first aid classes. These standards and procedures are developed and

administered by the Joint Advisory Safety Committee. This program is
augmented by the Plant Safety Program which will include regular monthly
meetings with emphasis placed on the nuclear plant aspects as well as the

latest industrial safety practices.
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All new plant'ersonnel assigned to the St. Lucie Plant are given an

orientation to general plant facilities, Health Physics policies, quality
assurance, and the emergency and security plans. This orientation is usually

conducted during the first week of employment at the St. Lucie Plant and

provides thm with the minimum practical training they need until they can

attend the Radiation Protection class or complete the Radiation Protection

Program examination.

13.2.1.1 3 Fire Protection Training

Pire protection 'training is described in Subsection 9.5.1 ~

13 ~ 2 ~ 1.2 Coordination Vith Preo erational Tests and Fuel Loadin

Table 13.2»1 shows the schedule of each part of the Training Program in
relation to the schedule for preoperational testing and expected fuel ' /D

loading. This schedule also shows expected time frames for examinations and

any vendor supplied training. Should fuel loading'e delayed from the date

indicated, the licensees will supplement the St. Lucie Unit 1 operating staff
as well as support St. Lucia Unit 2 startup and preoperational testing
activities. Section 14.2 describes the pre operational and startup test
program. Section 14.2.12.4.I specifically addresses natural circulation training. /A

13 ~ 2 ~ 2 REPLACEMENT AND RETRATNING

13.2.2 ' Licensed 0 erators — Re uglification Training

The requalification training program for licensed operators complies with
IS I-I97I

Section 5.5 of ANSUAN~~+9-, "American National Standards for Selection
and Training of, Nuclear Power Plant Personnel," to implement the requirements

of Appendix A of 10CFR55. This program is described in Administrative
Procedure, "Lic'ensed Operator Requalification Program" ~ /A
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13.2 '.2 Non-Licensed Personnel Retraining - Refresher Training

Plant personneel not included in the Licensed Personnel Training Program

receive refresher training in radiation protection and occupational safety as

a part of the FPL ongoing safety program. Training programs are established
for each department to ensure that its personnel maintain familiarity with
their )ob specifics and keep abreast of changes in the plant equipment,

policies and procedures which could affect their )ob function. This training
is conducted periodically at a frequency specified by the respective
department heads.

13.2.2 ' Re lacement Traini

13.2 ' '.1 Replacement Training —Licensed Personnel

A continuing training program during the life of the plant assures that each

replacement employee who requires an NRC operator license receives the same

general material; follows the same fundamental program used for the initially
licensed personnel and knows his specific duties and responsibilities for
normal and emergency operations. Personnel from other FPL plants are

considered for these replacement positions on a selective basis. The

supervisory and technical staff are the primary source of instructors for the,

continuing training program, but outside assistance may be obtained as

necessary to assure competent replacement personnel.

13.2 '.3 2 . Replacement Training —Non-Licensed Personnel /R

Training programs are established by each department to insure that new

personnel are trained sufficiently to meet the minimum requirements for their
gob. These programs provide new personnel with the required familiarity with
the 5ob specifics, such as plant equipment, procedures, and policies affecting
their gob function.

13.2 2.. Plant Drills

Drills are conducted periodically to provide training in plant evolutions such

as site evacuation, response to fires, breaches of security, and emergency

medical response.
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13 ~ 2,3 APPLXCABLE NRC DOCUHENTS

The following NRC regulations, regulatory guides and reports are discussed in
,the referenced sections:

Section

10 CFR Part 50

10 CFR Part 55

10 CFR Part )9

Regulatory Guide

Regulatory Guide

Regulatory Guide

Regulatory Guide

Regulatory Guide

Regulatory Guide

1 ~ 8

I ~ 101

8.2
8.8
8 10

8 '3

3.)
)3 '
12.5

13.1, 13.2

13 ~ 3

12 '
12.1

12 ~ 5

12 '
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TABLE 13.2-1

ST LUCIE PIANT EMPLOYEE TRAININC SCNEDULE

Preoperational Testing
51 Meeks

Hot
Functional
Testing
7 Meeks

Preparation for
Fuel Loading
22 Meeks

2 Basic Nuclear
Concepts Training

- 20 Meeks

St Lucia Plant
. System Training . ;

21 Meeks-

*N On ShiEt
S Training
S Unit fl
S 9 Meeks

*S *R
I E
M V

01 Operat ional - 02
Exam Experience: Exam

on Unit
fl'2

Weeks

St Lucie Plant
System Training
21 Weeks

Unit f2 Systems &

Plant Differences
Training as Part nf
Requal. Program

*N ~ On Shift
S Treininp
s Unit al
S 9 Weeks

*N Unit f2 Systems 6 Plant
S Di fEerences Training as
S Part of Requal. Program
S

*S *R 01 Operational f2
I E Eram Experience Exam
M V on Unit Pl

12 Weeks

t2
Exam

6 Ongoing Departmental Training
and Retraining Programs

Unit P2 System Lectures - Participation in Prcoperational Test
Program Mill Provide the Necessary Training of Unlicensed Operators.

*N Ongoing Departmental
S Training and Retraining Programs
S

S

80 70 60 50 40
Meeks to Core Load

27 22 10

Functional Crau s

1

2

3
4
5
6

Plant Schedule
License Candidates vith nn Prior Exp.
License Candidate vith Prior Exp.
Personnel Currently Licensed on St Lucia Unit
Non-Licensed Operators
Non-Licensed Support Personnel

* Requires tvo veeks
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ST+ LUCIE PLANT TRAINING SCHEDULE

1982 1983

6/1 7/1 8/1 - 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/:

COLD
HYDRO

HOT CORE

OPS LOAD

REVIEW
1/2 DIFF+

0—0

DESIGN
1/2 DIFF,

PROGRAM

UNIT 81 HOT LICENSE TRAINING OPERATING
EXPERIENCE

PREP 1/2 DIFF. TRAINING MATERIALS SIMULATOR TRAIN

UNIT 1/2 DIFFERENCES/UNIT 1 REQUAL. TRAINING

GROUP - 1 GROUP - 2 GROUP — 3

NRC

O
EXAMO

NRC

~EKAMO

ONGOING DEPARTMENT

TRAINING & RETRAINING
1/2 DIFF+ TRAIN. 1/2 DIFF. TRAIN. 1/2 DIFF. TRAIN.

UNIT 81/2 HOT LICENSE TRAINING PROGRAM

FIG 13 2-1
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EMERGENCY PLtQlNXNG

The St Lucie Radiological Emergency Plan is a separate document which
has been previously submitted for St Lucie Unit 1., Docket No.,50-335.
This extant Plant Emergency Plan will be applicable to both St Lucie
Units 1 and 2 since it vill be revised prior to Unit 2 fuel load to
incorporate St Lucie Un't 2 design information as appropriate, utilizing
the guidelines of NUREG-0654, Rev. 1 (November, 1980) "Criteria for
Preparation and Evaluation of Radiological Engvg<~~'j ResP~« PA

5'repardnessin Support of Nuclear Power Plants". The revised St Lucie
Radiological Emergency Plan will be provided in a separate volume
entitled "St Lucie Plant Radiological Sme~yencu

I



13.4 REVIEW AND AUDIT

FfQ gaj i C t.( ~;A".A~; gggVCth 4C kPOVL

(I"fL i"tel.) /-7~1, at c

Conduct of reviews and audits of operating phase activities is described
in Section 6.0, Admini..trative Controls, of the Technical Specifications ~
as specified below. Se~~n~2 ~ual~~esuran~A~uriwg~
operate~~ provides general objectives and character of the review
and audit program.

13.4.1 , ONSITE REVIEW

Onsite review is addressed in Section 6.5.1 of the Technical Specifica-
tions.

13.4.2 INDEPENDENT REVIEW

Independent review of operating activities is described in Section 6.5.2
of the Technical Specifications. S

13.4.3 AUDIT PROGRAH

The audit program used to verify compliance with the administrative con"
trois and quality assurance program is described in Sections 6.5.2.8 and
6.5.10 of the Technical Specifications.

13.4-1
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13 ~ 5 PLANT PROCEDURES

This section describes administrative, operating and maintenance procedures

that are used by the operating organization to ensure that routine operating,
off-normal and emergency activities are conducted in a safe manner. This

section is based on the Procedures Program utilired for FPL's St, Lucie Unit

1, an operating unit.

The following is a list of-categories of procedures to be utilized for St.
Lucie Unit 2:

a)

b)

c)

d)

e)

f)
g)
h)

i)
0)
k)
1)
m)

n)

Administrative Procedures

Chemistry Procedures

Emergency Plan Implementation Procedures

Environmental Test Procedures

General Maintenance Procedures

Health Physics Procedures

Instrume'nt and Controls Department Procedures

Letters of Instruction
Maintenance Procedures
Off-normal and Emergency Procedures

Operating Procedures

Pre-operational Procedures

Security Procedures

Quality Instructions "

In order to simplify procedures writing and to increase operators familiarity,
basic formats are chosen for the procedure writing effort, as described below.

General Administrative and Security Procedures:

1.0
2 0

3.0

4.0
5.0

Title
Review and Approvals

Scope

Precautions-
Responsibilities
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. 6.0
7+0

8.0

References

Records and Notifications
Instructions

Operational Procedures

1.0 'Title
2.0 ' Review and Approvals
3.0 - Purpose

4.0 " Precautions and Limits
5.0 ' Related Systems Status
6.0 References

7.0 Records Required

8.0 Instructions

Off-Normal and Emergency Procedures;

lo0
2.0
3.0
4.0
5.0
6.0
7.0

Title
Review and Approvals
Purpose and Discussion
Symptoms

. Znstructions
References

Records Required

Letters of Instruction:

1.0
2.0
3 0

4.0

Title
Approvals
Purpose and Discussion
Instructions

Quality Instructions:

1.0
2.0

Approvals

Purpose
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3.0
4.0
5.0

Scope

Responsibilities
'Instructions

*.-'"'-' Because of the, nature of plant operations, any specific task may involve

selected procedures from t'e categories {a) through {n), as listed above.

This ov'erlap is necessary to successfully integrate the required work activity
with necessary controls and provide adequate documentation. Where required
these procedures will cross-reference administrative, operation, maintenance

. or other procedures.

13.5 ~ 1 ADMINISTRATIVE PROCEDURES

13.5 ~ 1 ~ 1 Conformance with Re ulato Guide I ~ 33

The St. Lucie Plant procedure program described in this section complies with
Regulatory Guide 1;33, "Quality Assurance Program Requirements (Operations)"

Rev
November 3, 1972, as described in FPL TQAR 1-76A, ~~> 4 .

13.5.1.2 Pre aration of Procedures

The plant staff prepares, within approximately six months prior to core load;
the procedures necessary for plant startup, operation and emergencies.

Section 14.2 describes the startup and preoperational test procedure
'rogram. 'The cognizant plant supervisor ensures that these procedures are

properly reviewed, by the Facility Review Group (FRG) and approved by the Plant
Manager.

Procedures shall be adhered to and any changes necessary, are handled as

follows:

Routine changes must be submitted on Change Form for FRG review and

Plant Manager approval.

b) Temporary changes approved by two members of the Plant Staff, one of
which holds a senior operating license. Temporary changes may not be



0

l~



Page 4

SL2-FSAR

made whi'ch change the intent'f the procedure. Temporary changes

must be reviewed, within 14 days (or as specified in the license) by

the FRG and approved by the Plant Manager.

Changes to procedures which conflict with the operating license are not made

without NRC approval.

13.F 1.3 Procedures

"Duties and Responsibilities of Operators on Shift" prescribes the minimum

number of licens'ed operators per shift, control room access and access

limitation criteria, shift and relief turnover procedures and operator's
authority and responsibilities, e.g., SRO directing return to power, shutting
down the plant when~ safety of the reactor is in Jeopardy, adherence to license
requirements, review of routine data, etc. This procedure will contain the

II

"'requirements of 10CFR.50.54 (i),'g), (k), (e) and (m) ~ Guidance concerning

shift supervisor administrative duties contained in a Corporate directive
issued by the Vice President-Power Resources has been incorporated into this
procedure. Figure~ 13.5-1 shows those areas specified as "at the controls".
"Overtime Limitations fo" Licensed Operators" defines the overtime

policy. /A

Normally there, shall be no Administrative Procedures providing for special
orders of a transient or self-cancelling character.

C

Administr'ative procedures, as a minimum, shall be provided which address the
administrative control of valves, locks and switches and for the control and

use of pumper's and disconnected loads in safety related systems.

To control work, as*a minimum, procedures are provided which cover: Removal

of safety related equipment from service and restoration; verification of
performance of operating activities; plant work orders; the preventive
maintenance 'program; maintenance of seismic category I system; control of
backfit work; preliminary and conditional acceptance of system .by FPL Power

Resources, and the Facility Review Group.
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Administrative procedures are provided covering the ASHE code testing of pumps

and valves; the schedule of periodic tests, checks and calibration; the

reactor engineering schedule of periodic tests and reports; and the schedule

of maintenance surveillance requirements.

References to logbook usage and control are provided for procedures in other

categories.

Normally there are no Temporary Procedures in the Administrative Procedures

Category.o

13o5 ~ 2 OPERATING AND MAINTENANCE PROCEDURES

13 '.2.1 0 eratin Procedures

Operating procedures describing control room activities will be prepared for

all areas for pressurized water reactors specified .by Appendix A of Reg. Guide

ls33 ~

Operating procedures cover the normal operation of all systems and components

and off-normal operation of safety related systems and are classified into
these two categories. The Operations Supervisor is responsible for the

generation of operating
procedures'perational

procedures cover the normal operation of a unit from a cold

shutdown condition to power and return to cold shutdown. Additional

procedures cover startup, operation, testing, and shutdown of individual

systems and components. These include check lists for establishing the

necessary condition of system components to perform the specific procedure,

and precautions to be followed during the procedure.

Off-normal/emergency operating procedures cover the range of equipment and

system troubles. These are procedures that describe actions to be taken when

equipment malfunctions or to prevent a perturbation from resulting in a

situation of more serious consequence. Typical conditions included are

excessive system leakage, pump failure, loss of off-site power, instrument air
failure, and a stuck or faulty control element assembly. The Combustion

Engineering Operating guidelines will be incorporated where applicable.
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The operating procedures describing control room activities address all areas

specified by Appendix A,of Reg. Guide 1.33 for pressurized water reactors. /R

Alarm Response Procedures are in the form of an annunciator verification list
indicating 'the actions to be performed should off-normal conditions occur in
the operation of systems or equipment. This list provides the guidelines for
a preplanned course of response to alarms under certain conditions; however,

the particular situation governs the extent„to which each action is carried
out. These guidelines include (a) the possible cause of the alarm; (b) alarm

1

set points and signal source; (c) immediate action to be taken by the

operator; and (d) subsequent action based on off-normal procedure. /R

Temporary control room operating procedures are used only to a limited
extent. These are in the form of letters of instruction. Letters of
instruction are issued depending upon specific plant operating conditions.
Example of such procedures may'nclude personnel authorized to hold
clearances, Jurisdiction of systems during startup, or pump base line data
collection.

13 '.2.2 .Other Procedures

Other procedures are included with the categories listed in Subsection
13 ' 1.3

The responsibility for the initiation, development and implementation of these

procedures are as indicated below.

The Operations Department is responsible for:

a) Health Physics Procedures

The general obgective and character of'hese procedures is described
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in Section l2.5 ~ These procedures describe radiation protection and .

the Health Physics Department Supervisor is responsible for ensuring

these procedures are followed.
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Emergency Plan Implementation Procedures

The general objective and character of these procedures support the

St. Lucie Site Emergency Plan and are described therein. The

Emergency Plan is contained in a separate volume. These procedures

describe emergency preparedness and are the responsiblity of the

Operation Superintendent.

c) Chemistry Procedures

Chemistry procedures are provided for chemical and radiochemical

control activities. They include, for example,'he nature and

frequency of sampling and analyses; instructions .for maintaining
coolant quality within prescribed limits; and limitations on

concentrations of'gents that could cause corrosive, attack, foul heat

transfer surfaces, or 'become sources of radiation hazards due to
activation.

.Procedures shall also'e provided for the control, treatment, and

management of radioactive wastes and control of radioactive
calibration sources. The Chemistry Supervisor is responsible for
ensuring these procedures are followed.

The Haintenance Department is responsible for:

Maintenance Procedures

Maintenance"procedures are written for maintenance of equipment

expected to require frequent attention and do not have sufficient
details in the instruction manuals'xamples of such equipment are
control rod drives, pump seals, important filters and strainers,
diesel generator sets, major valves and steam generators. As

experience is gained in operation of the plant, routine maintenance

is altered to improve equipment performance, and procedures written
for repair of equipment are improved, if required. Since the
probability of failure is usually unknown and the time and mode of
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failure are usually unpredictable for most equipment, specific
procedures cannot be wri,tten for. repair of most equipment before
failures'. /R

1Radiation'rotection measures are prescribed before the task begins

as necessary.

Permission to release equipment or systems for maintenance is granted

. by responsible operating personnel. Prior to granting permission,
such operating personnel verify that the equipment or'system can be

released, 'and, if so, how long it may be out of service.

After permission is granted, equipment is made safe for work.

Measures provide for protection of equipment and workers. Equipment

and systems in a controlled status are clearly identified. Strict
control measures for such equipment is enforced.

Conditions, consideied in preparing equipment for maintenance include,
for example, shutdown margin; method of emergency coie cooling;
establishment of a path for decay heat removal; temperature and

pressure of the system; valves between work and hazardous materials;
electrical, hazards; and physical barriers, as required.

The procedures contain enough detail to permit the maintenance work

. to be performed safely and expeditiously.

instructions are included for returning the equipment to its normal

operating status. Operating personnel place the equipment in
operation and verify its functional acceptability. Special attention
is given to restoration of normal, conditions, such as removal of
signals used in maintenance or testing, and to systems that can be

defeated by leaving valves or breakers mispositioned or by leaving
switches in "Test" or "Manual" positions. All Jumpers are
controlled. When placed into service, the equipment receive special
surveillance until a run-in period has ended.
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~ The Instrument and Control Department Supervisor, the Assistant
Superintendent Electrical Maintenance, and the Assistant
Superintendent Nechanical 1faintenance are responsible for ensuring
their respective procedures are followed.

General Haint'enance Procedures
*/pe)

General Maintenance Procedures are provided to cover welding,
~ inspection, personnel training and other concerns generic to the

implementation of' comprehensive maintenance program. The

Haintenance Superintendent is responsible for 'ensuring these

procedures are followed.

Instrument and Control Department Procedures

Instrument and Control Department Procedures are provided for testing
and periodic calibration of plant instrumentation such as interlocks,
alarm devicesq sensors, signal conditioners, and protective
circuits.;„„ The procedures have provisions for meeting surveillance
schedulesqand for assuring measurement accuracies adequate to keep

safety. parameters within operational and safety limits. The

Instrument and Control Department Supervisor is responsible for
ensuring;these procedures are followed. The general ob)ective and

character of these procedures are described in Section 17.2 ~

Other Plant Staff;Departments are responsible for:

a) Quality*„Instructions

Quality'nstructions are provided to cover plant quality related
matters including material controls The Quality Control Supervisor
is responsible for ensuring these procedures are followed. The

general obgectives and character of these procedures are described in
Section 17,2.
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Security Procedures

Plant Security Procedures describe specific plant related security
matters. The Security Supervisor is responsible for ensuring these

procedures are followed. The general ob5ectives and chars'cter of
these procedures are described in Section 13 ' and in the St. Lucie
Plant Security Plan.





-'3'). 3.
(8. 2)

Describe in detail how the requirements of GDC 5, "Sharing of Strictures
Svstems and Components," are satisfied wher. the startul transformers
for St l.u'cie Units 1 and 2 are paralleled, specifical1y when one start-
up transformer is out of service and the remaining startup transf "rm":.'.
are para1leled to facilitate continued operation. Demonstrate that t»e
remaining startup'transformers have the capacity and capability of
performing all required safety functions ir. the event of an accident
in one unit, with simultan nus orderLy shutdown of t»e other unit.

Response

GDC 5, "Sharing of structures, Systems and Components" concerns compo-
nents important to safety and that must perform a safetv function.
The startup transformers for St Lucie 1 and 2 do not perform a safetv
function and are not safety related. Each unit is supplied wit» twn
(2) separat» start-up transformers each sized with sufficient capacity
for an orderly shutdown and cool down or the mitigation of a DBA in its
respect've. unit. During normal plant operation each start-up transformer
is in standby and two (2) are availah1» for each unit. In the unlikely
eJ8$ )f that one (1) startup transformer is taken out of service provisions
are provided to allow one startup transformer to be avai1able for both
uni ts. Should it be nece'ssary for one unit to claim that startup trans-
former, administrative and operator procedure will prevent that tran~-
former f rom h(ing overloaded.

Furthermor», s»ould a]1 preferr d pnwer be inst, both St l.uciu Unit. 1

and 2,»ave„ their owr 100 percent capacity redundant diesel generator
sets which are available for s ~fe shut.do~~.

~p1
'

0 ~
V (





REQUESTS FOR ADDITIONAL INFORl&TION FOR ST LVCIE UNIT 2

430.66
(8.2)

Provide physical layout drawings of the circuits that connect the onsite
distribution system to the preferred power supply, and plant layout drawings
depicting the physical separation between redundant portions of the onsite
distrubution system.

~Res onse

430.66

Utilizing the main one line wiring diagram (FSAR Figure 8.3-1) we have color
coded both Figure 8.3-1 and the associated physical design drawings. The draw-
ings indicate the"physical path between both the low voltage side of the
start up transformer and of the unit auxiliary transformer to the respective
4.16 kV switchgears (2A2, 2A3/2B2,'B3) and on to the onsite emergency power
source, the diesel generator.

These marked drawings indicate not only the preferred power source and its
connection to the emergency buses, but also indicate the separation between
the redundant portions of the onsite electric distribution system which meets
R.G. 1.75 as discussed in section 8.3.1.2.

The attached list provides the drawings by title that are being presented.

or purposes of presentation> colors were chosen to indicate
the /de(erred power connection and not on the basis of FSAR Section 8.3.1.3.
For the safety related portion the color scheme presented in Section 8.3.1.3
is applicable.



DRAVING LIST

2998-G-272

2998-G-340

2998-G-342 "

2998-G-352

2998-G-356

2998-G-358

2998-G-374

2998-G-377

2998-G-388

2998-G-408
Sh 1

2998-G-408
Sh 2A

2998-G-409
Sh 2x

I

Hain One Line h'iring Diagram

Turbine Building Ground Floor, Conduit Trays & Grounding — Sh 2

Turbine Building Ground Floor Conduits, Trays & Grounding

Arrangement-Switchgear Room Reactor Auxiliary Building
Turbine Areas Underground — Conduits and Grounding Sh 2

Trubine Areas Underground Conduits & Grounding Sh 4

Reactor Aux Bldg Penetration Area Conduit Trays & Grounding Sh 1

Reactor Auxiliary Building -'iUnderground Conduit & Grounding Sh 1

Diesel Generator Building Conduit, Grounding & Lighting
Yard Duct Runs and Lighting Plan — Scetions & Details Sh 1

Yard Duct Runs and Grounding — Plans Sections and Details Sh 2A

Transformer Yard — Plan Transformer Fire Protection & 5KV & 6.9KV
non seg Bus Dust
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430.67 Describe the instrumentation and controls provided to the operator
(8.2) to determine the status of the preferred power system.

Response:

Preferred (offsite) power from the start-up transformers, or from
the unit auxiliary transformers is distributed to the non-safety
related loads by two, 6e9 kV buses (2Al and 2B1) and by two 4.16kV
buses (2A2 and 2B2). Power is also distributed from the two 4.16
kV buses 2A2 and 282 to the safety related 4.16kV buses 2A3 and 2B3,
which supply all safety related loads. Upon a loss of the preferred
power sources, the tie breakers between the non-safety and safety buses
automatically open, and the emergency diesel generator automatically
start, are brought to speed and begin supplying power to the safety
buses (2A3, 2B3). The fjt'a bo3.-( (main one-line miring diagram)depints
the preferred power system arrangemnt.

I

s

Adequate Instrumentation and controls are provided on Reactor Turbine
Generator Control Board 201 to assure the operators are fully aware
the status of the power system (see attach table) ~ ~terconnect-
ing breakers, tie breakers status (open or close) is clearly displayed
by red or green lights, located right above the related breaker control
switch. A mimic bus display is used to interconnect all major buses,
generator and diesel generators so that the operators have a complete
overall view about the system status.

Synchronization between incoming power and'unning power is achieved
through an automatic synchronizer to assure'frequency and voltage are
compatible before initiating transfer of power.

Current and voltage information of each bus is metered and displayed
on the RTG,201 board as determined. from potential and current transformers
at the respective switchgears. Refer to the attached )~))~for a des-
cription. Frequency, voltage, current and MW output of the main genera-
tor, emergency diesel generators are also closely monitored and displayed.
Interlocks and announication alarms are used to the practical extent
to prevent any abnormal power system lineup.
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RTSB 201

DISPLAY INSTRUMENTATION & CONTROLS PREFERRED POWER

~Ta No.

VM-888I

VH-888R

SYN-888

AM-918

VM-918

AM-916 .

VM-916

AN-917

R(-917

F1-919

Vl1-919

Parameter-

Incoming Volts
Running Volts
Synchroscope

6.9 kV Bus 2Al Amp

6.9 kV Bus 2Al Volts
4.16 kV Bus 2A2 Amp

4.16 kV Bus 2A2 Volts
4.16 kV Bus 2B2 Amps

4.16 kV Bus 2B2 Volts
6.9 kV Bus 2B1 Amp

6.9 kV Bus 2B1 Volts

Function

Indication
g ~

~ t

~ )

Instrument Ran e

0-150

0-150

0-2000

0-9000

0-3000

0-5250

0-3000

0-5250

0-2000

0-9000



cc'~n Pc.WS

~Ta No.

CS-904

CS-905

CS-906

CS-907

CS-912

CS-913

CS-914

CS-915

CS-934

CS-935

CS-936

CS-937

Item Descri tion

-,6.9 kV Start-up Tranaf 2A

- 6;9 kV Start-up Transf 2B

4.16 kV Start-up Transf 2A

4.16 kV Start-up Transf 2B

6.9 kV Aux Transf 2A

6.9 kV Aux Transf 2B

4.16 kV Aux Transf 2A

4.16 kV Aux Transf 2B

4.16 kV Bus Tie 2A2-2A3

4.16 kV Bus Tie 2B2-2B3

4.16 kV Bus Tie 2A3-2A2

4.16 kV Bus Tie 2B3-2B2

Lamps for each
Switch Color

G>R

G,R

G,R

G,R

G,R

G,R

G,R

G,R

'G,R

G,R

G,R

G,R



430.68 . Provide the capacity of each of the three 240 kilovolt transmission
(8.2) circuits „that terminate at Hidway Station from the St. Lucie switch-

yard and demonstrate that each circuit has the capacity and capability
of performing all required safety functions in event of an accident
in one unit, with simultaneous orderly shutdown of the other unit.

Response

Each 240 Kilovolt transmission circuit connecting the St Lucie Unit 2 switch-
yard and the Hi'dway station consists of 1-3400 Kcmil ACSR/AM 120/37 conductor
per phase and is rated 952 HVA. The estimated load in the event that one (1)
unit is at the initial point of orderly shutdown While the second is mitigating
a design basis event/approximately 68 MVA or 71% of one (1) transmission line
capacity. Therefore>one (1) transmission is mozathan adequately sized to handle
the combin4safe shutdown and accident mi igation loads of the St Lucie Site.





430.69
(8.2) Provide load'low diagrams and voltage and frequency curves associated

with the results of the grid stability analysis presented in Section
8.2.2 of the FSAR.

Response

Refer to attached figures.
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430s70 It is not apparent from the information presented in Section 8.2.2 of
(8.2) the FSAR that the design of the switchyard components meet-the require-

ments of GDC-18, "Inspection and Testing of Electric Power Systems."
Describe "in more detail this aspect of the design. In particular,
describe the capability for testing transfer of power from the unit

.,auxiliary transformers to the starrup transformers (and vice versa)
durinp operatiop.

QdgohmE': 7&.~Xi Q~~~t sv nvm ~ d Ut~ VQ&c u-
'fqtE. S+™ ~P ts p ovided

$
inplant equipment rather than at

~ . 'he switchyard.

Power transfer from the unit auxiliary transformer to the startup
transformers (and vice versa) is demons>rated and exercised periodically
when the plant is'tarted up and shutdown.ug. This serves as an adequate
basis to verify the proper operation of the transfer breakers and
associated equipment. 'owever, a testing switch .is also provided to
facilitate the testing of the transfer of power from the unit auxiliary
transformers to the startup transformers (and vice versa) without
disturbing the normal plant operation. Testing is done in the following
manner.

1) Turn the applicable testing switches to "isolate" position except
for the one which is associated with the feeder breaker that requires
testing (e.g. 4160V switchgear bus 2A2 feeder breaker, 6900 V Start-up
transformer 2A1 breaker etc). By turning the test switches to isolate
position, a simulated generator lockout ~clay signal will be isolated.
from the rest of the power system, except that feeder breaker that is
undergoing testing.

N

2) Manually actuate generator lockout relay (86/GP). This will close
the feeder breaker that is under testing, but result in no distur-
bance on the rest of the power system. During the test period,
the generator is still fully protected by the backup lockout relay
(86/GB).

3) By systemically going through steps (1) and (2) above, all circuit
breakers that are required for transfer of power can be tested one
by 'one, without distrubing normal plant operation or compromising
equipment protection.
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430.71
(8.2)

~o vL 5

It has been established by the Atomic Safety and Licensing Appeal
Board that the total loss of alternating current (AC) power shall be
considered a design basis event for St Lucie Unit 2 design. Provide
an analysis demonstrating the ability of the plant to operate through
such an event. In addition, provide your training programs and pro-
cedures for station operation during a blackout transient and for the
restoration of AC power.

The decision reached by the Atomic*Safety and Licensing Appeal Board-
that th''otal loss of alternating current (AC) power shall be con-
sidered a''design basis event'for St Lucie 2 has been reviewed by the
commission and a subsequent memorandum and order (CLI-81-12) was

issued 'con'eluding that:

"For the reasons discussed above, the Commission finds that ALAB-603
does not establish any generic guidelines for determining the design
basis events to be used for plant design and operation and does not
establish"station blackout as a design basis event as that term is
used by the staff".

However, in consideration of the Commissions concern that there is a
"need for protective measures against loss of all AC power for some
reason'able time" (Memorandum and Order CLI-81-12 Paragraph B item (2)).
FPL is presently'analyzing the affect of a total loss of ac power on
the St Lucie Plant.

In the unlikely event of a complete loss of ac power (onsite and offsite)
for St Lucie 2 and, for the benefit of a conservative anlysis, the
simulataneous loss of offsite power and one (1) diesel generator at
St Lucie '1, the remaining diesel generator in St Lucie 1 will be able
to operate the minimum ESP loads such that both uni.ts are maintained in
a safe,hot standby condition. The present St Lucie design does have
the capability of electrically connecting the two (2) units offsite
4.16 KV buses lA2 and 2A2 (1B2 and 2B2) through 4.16 KV bus 2A4(2B4).
This'tie can only be done manually by racking and reracking a 4.16
KV break'er at 4.16 KV switchgear 2A4(2B4) under strict administrative
control's." This transfer takes approximately g hour. During this time,
operator action in both Unit 1 and Unit 2, in accordance, with procedure,
load shed all loads on the Unit 1 operating diesel generator not required

" for this event; verifies that all non safety loads on the 4.16 KV 1A2

(1B2) and '4.16 KV 2A2 (2B2) are'n operative; and prepares for the
manual initiation of the required Unit 2 loads on the onsite safety
related 4.16 KV 2A2 (2B3) bus. Upon completion of the manual loading,
both plants remain in the safe hot standby condition until the conclusion
of the event or approximately four (4) hours.
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430.72 +) Describe the procedures and/or desi3n provisions which protect Class IE
DC loads from over voltage conditions during eoualizing charges.

Response:

The battery charger maintains a regulated float voltage of 2.17 to 2.20 Volts
per cell so that no recharging/equalizing charge at 2.33 volts per cell is
required, under normal plant operation.

An investigation of the vol<age range of class gE equipment iy presentl~
being conducted4trvtk Yah~I uoc'lk bg. sumac(a-joI< bg su.fg El~ I ID [ ~

'v

b. Provide the results of an analysis which demonstrates the adequacy
of the Clas's-1E battery systems.to sustain the tabulated safety related
loads for the time needed. Discuss the 'design margin provided in the
Class lE battery systems.

RE5Wntsf
'Q

Two re undant safety related batteries each rated 1800 Ampere hours are
provided.,

The worst case loading is that of DC bus 2B and DC bus 2AB together. This
load tabulation is denoted in table 8.3-3.

The batteries are required to supply power during the interval from loss
of offsite power till loading its respective battery charger onto the
diesel generator. The one mi te rat' n a eres that the bat er u~
supply is 924 amperes. ~ << ~c wqo„f~~ <~gy 4- pci. [ 8 '

Q

Des i m n is pro t e guaranteed one minute rating of the battery'is 1980 ampere This provides a margin greater than 2.0 as the required
'3.oading is. less than 50K of the guaranteed rating.

c Identify all non-Class lE circuits that are connected to the emergency
batteries and describe how these loads meet the requirements of Regula-
tory Guide 1.75. Are these loads shed on safety injection signal?

Response;
RK 17881

I

t ~

t,
~pi t4
'I

t
''I

It

Q. Non Class IE 1'oads are
connection to safet r

'%aceprovided with qualified isolation de pz'ior to
y elated dc panels. This design approach utilizes fault

current interrupting devices (circuit breakers, fuses) which have previously been
accepted by the NRC in the Safety Evaluation Report.

r

125V DC buses,. 2A', 2B and,2AB and 125V DC power panels 238, 239, 240 are
shown in figures g./go/j~ These figures list tha non class IE loads con-
nection via isolation devices to the appropriate DC bus/panel.

These loads connected to DC buses 2A, 2B and 2AB have the ability to be manually
disconnected should it be so required. No loads are shed on receipt of a safety
injection signal.

All non IE loads on all buses, panels are separated by a steel barrier to provide
separation.



d. Provide the time period required for the battery charger to charge
the battery, from the design minimum charge condition Po its fully
charged condition, while supplying its steady state loads under any
plant conditions.

Response

The battery chargeri is capable of recharging a fully discharged battery in
a period of 12 hours while maintaining minimum design load. The minimum
charge condition, is that of a discharged battery having a voltage per. cell
of 1.75 Volts.

The battery charger is automatically loaded onto its respective diesel genera-
tor@'~gg +/<~ ~I~<~<~+~, after a loss of offsite power. At this time the
DC system is returned to normal operation, whereby the charger provides power
to the necessary'oads while recharging the battery to a fully charged con-
dition. As the battery has provided the necessary stored energy to its
connected loads it has discharged or lost some of its capacity during the

duration prior to reconnection of the battery charger. This process
of discharging ampere hours will stop and will be reversed in order to replace
the lost ampere hours by operation of the battery charger. The safety related
hettery charger will recharge the hattery in a time duration of /c» &i~ /iota

e Describe the charger overcurrent protection provided in your design.
h

Response:

The battery charger is current limited to a value of 115% of its rated
output. It is equipped with an automatic load limiting feature baich prevents
the output from exceeding 115K of rated output amperes regardless of the total
dc battery load or the state of charge of the battery.

The current sensing circuit (located internal to the charger) receives a
-signal from six current transformers. When the output current increases
beyond the current limit setting, the signal from the current sensing circuit
overrides'a voltage sens'ing circuit and causes the phase control boards to

,turn on the SCR's at the time necessary to limit the output current to the
set level of 115.0X.

,In the event of failure of the load limiting feature, backup protection is
provided by means of output circuit breakers which will trip the unit off
the line~





I
430.73 In addition to the alarms and indication provided for the DC system,
(8.3.2) provide the following alarms:
RSP

l) Battery high discharge rate alarm in the control room.
2) Battery charger output current meter in the control room.

3) Battery breaker(s) open alarm in the control room.

430.73 Response

Additional alarms and indication will be provided in the control
. room for the dc system as follows:

a) Battery high discharge rate alarm
b) Battery charger output current meter
c) Battery breaker in open alarm

The circuits will be routed as Class IE circuits in accordance with
the provisions of chapters 7 & 8 of the FSAR.



430.74 'rovide a detailed discussion in the FSAR as to how the St Lucie Unit.
2 DC systems design meets the recommendations of IEEE-Standard 450
1972.n

f ~sC,'EEE Standard 450 entitled Recommended Practice for Maintenance, Testing,
and Replacement of Large Load Storage Batteries for Generating Stations
and substations provides recommendations for maintenance, test schedules
and testing procedures.

An acceptance test was performed at the gegdor's factory during which
a continuous load of 225 amperes was applied for 8 hours and 16 minutes.

Circuits breakers are provided in dc buses 2A and .2B to facilitate
connections to load banks for test purposes. For further information
with respect to testing of batteries refer to FSAR Section 8.3.2.1.6.

f .—,.pl~ 4~<4.L (iQ g I ~s ~«~ ~
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Question 410.32 ".

(3.6.1)

Provide the information and verification requested for thb followi
Appendix 3.6.C items:

n. Provide an isometric drawing of th'e turbine driven auxiliar
feedwater pump steam lines.

b. Show the steam lines from the main steam lines shown on drawings
1.7 and 1.8 and include this connection in your analysis.

c. Verify'he following information on drawing 1.5.

(1) Nodes 275 and 276 should be valves X-HCV-09-2B and -2A
instead of I-V-09-258 and I-MV-09-8, respectively.

(2) Erodes 2761 and 277 are the connections for the auxiliary
feedwater pumps 2B (motor) and 2C '(Turbine), respectively.

d. Verify the following information on drawing 1.6.

(1) Erodes 22 and 21 should be valves I-HCV-09-1B and 1A instead
of I-'-09-258 and I-HV-09-7, respectively.

(2) Nodes 1201 and 20 are the connections for the auxiliary
feedwater pumps 2A (motor) and 2C (turbine), respectively.

(3) Line 14-BF-29'should be I-4-BF-28 (see drawing 6.3).

e. On drawing 6.1, where does the line containing valve I-V-14-625
(Nodes 760~504~505) go to'? This connection is not shown anywhere

'lse. po'es this linc tie into node 503 (I-V-14-625) on drawing
6.32 If"so, the elevations and directions do not m'atch, i.e.,
drawing 6.1 has the line going down below elevation 20.75'nd
drawing 6.3 has the line going up from elevation 42.75'.

f. Verify that valve I-V-09-310A on drawing 6.2 should be I-SE-09-3.

g. Verify the following information on drawing 6.3.
»I

(1) llode'9 should be I-SE-09-2 instead of 'X-V-09-310A.

(2) Th'ls'ine is I-4-BF-28 not -29 as indicated on drawing 6.1.

h. Verify the following information on drawing 6.4.
V

(1) Inde 107 should be'I-SE-09-4 instead of I-V-09-310A.

(2) Line 4 "-BF-35 continues on Figure 3.6.C-6.5 instead of
3.6.C-8 5.

i. Verify that Node 171 should be I-SE-09-5 instead of I-V-09-310A.





Response 410.32

The isometric drawing of the 'turbine driven Auxiliary Feedwater
Pump steam lines are provided on FSAR Figures 3.6 C-1.9, 10, .11.

co

The connections for the steam lines (I-4-NS-10 and -11) from
the main steam lines to the Auxiliary Feedwster Pump are shown
on Figures 3.6 C-1.7 and 3.6 C-1.8, respectively. These lines
are contained wholly within the trestle area. These lines
vere considered in the get impingement analysis of the trestle
azeae

(1) FSAR figure 3.6 C-1.5 provides the piping arrangement for
the original Hain Feedwater Isolation Valves (I-V-09-258
and I-, MV-09-8). Figures 3.6 C-l.5 (nodes 275 and 276) have
been zevised to incorporate the final design which utilizes
fast closing HFIV's {I-HCV-09-.2A, 2B).

(2) Figure 3.6 C-1.5 hss been revised to reflect the Auxiliary
Feedwster Pump 2B tie (node 2761) and the Auxiliary Feed-
water Pump 2C tie (node 277) ~

(1) Figure 3.6.C-1.6 (nodes 21 and 22) have been revised to in-
cozpozate the final feedwstez design which utilizes two fast
closing HFIV's (I-HCV-09-1A, 1B).

(2) Figure 3.6 C-1.6 has been revised to reflect the AFP Pump 2A
tie (node 1201) and the AFH Pump 2C tie (node 20).

I'3)

Figure 3.6 C-l.6 shows the correct tie for the Auxiliary
Feedwster Pump 2A (line 14-BF-29). The line I-4-BF-28 shown
on figure 3.6 C-6.3 is upstream of line I-4-BF-29.

The lin'e ~ on Figure 3.6 C-6.1 which contains valve I-V-14-625 is a
local dr'sin line snd is not routed'to'any other line in the
Auxiliary Feedwater System.

Figures 3.6C-6.1, 3, 4, 5 present the Manual Auxiliary Feedwater
System'nd have been revised to incorporate the Automatic ASS.
These f'igures have been revised to incorporate the addition of the
four solenoid valves which'were required for the Automatic AFW
System".'"

(1) Refer to Response to Question 410.32 (f).
~ i

(2) Refer to Response to Question 410.32 (d) (3).

h. (1) Refer to Response to Question 410.32 (f).
(2) Figure 3.6 C-6.4 has been revised to indicate tha Zine 4-BF-35

continues on Figure 3.6 C-6.5.

i. Refer to Response to Question 410.32 (f)-
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@>estion 410.33
(3.6. 1)

Are the hold-up tank compartments in the reactor auxiliary building
steel lined'l If there is no seismic Category I steel liner, then
provide the results of an analysis of the seismic failure of all
four 40,000 gallon tanks concurrent with the failure of all other
non-seismic Category I components, including all sump pumps, volume
control tank, associated piping, and with the worst single active
failure, and the resulting flooding of safety related equipment.

Response 410.33

The hold-up tank compartments in the Reactor Auxiliary Building are
not steel lined. However, persuant to the staff's requirement in
section 9.4.1 of the SER dated November 8, 1974 the adequacy of the

„ ECCS pump room flood protection against a 1250 gpm fire main rupture
has been evaluated and presented in the St Lucie 1 FSAR and SL 2
PSAR section 9.5.

The storage capability of all non seismic tanks in the RAB
has been considered. If it were assumed that every non seismic
tank ruptured during a seismic event; water from such a rupture could
eventually drain toward the ECCS pump room sumps located at elevation
-,10 ft. Each'sump is 4 ft x 4 ft x 10 ft deep with a caps'city of
1',100 gallons. The pump room is divided into two subcompartments by
a flood wall which extends a minimum of 9.5 ft high. Each ECCS com-
partment houses the minimum -complement of the required engineered
safety feature'pumps.

The fluid from, the ruptured tanks would drain into the "A" ECCS pump
room via a sing'le 4 inch and a single 3 inch line with a total capacity
of about 130 gpm, whereas drainage into the "B" ECCS pump room is via
two 4 inch Iines'and a single 3 inch line with a total capacity of
about 210 gpm., Any substantial release of water inventory to
EL -0.5 ft will drain into both ECCS pump rooms (EL -10.0 ft) and into
the Reactor Drain Pump Room (EL -3.5 ft) and flood the 0.5 ft level
of the RAB.

The analysis„ of 'the ECCL Flooding Protection and the associated se-
quence of events are presented in table 410.33-1. The most limiting
component'ithin'he ECCS pump room has been found to be the HPSI Pump
conduit boxes which is located 18 3/4 inches above the floor elevation.
The analysis 'reveals that the fluid level will not reach HPSI Pump B
conduit box within 102 minutes and HPSI Pump A within 145 minutes ofter
the accident which is enple time for the operator to isolate the ECCS

pump room are~s. Upon isolating the ECCS pump room cubicle, the water'will accumulate in the 0.5 ft level. However, no safety-related
equipment on"this'evel will be affected. The following design modi-
fications were incorporated into the ECCS cubicle design and are
available to the operator:





Response 410.33 (Cont'd)

(1) Each ECCS pump room contains a seismic Category I,, class
1E,level switch which provides both high and hi-hi sump
level "alazxos in the control room.

The level switches are physically separated and electrically
independent from each other. A backup seismic Category I
level switch with control room alarms is also provided in
each sump in order to provide greater reliability. The
analysis shows that, within eight minutes the operator re-
ceives four. signals from four independent sources notifying
him of the accident.

(2) All floor drain lines entering the ECCS pump room compart-
ments are provided with redundant seismic Category I
isola'tion valves. These isolation valves. have the capability
of remotemanual operation from the control room. The analy-
sis shows that the flood level will not reach the Isolation
Valves (EL -7.5 ft) in ECCS cubicle B until 142 minutes
after the accident.

(3) Each entrance to the ECCS cubicle'is provided with watertight
doors thereby assuring that gross water volumes will not flood
the ECCS pump room.

From the above analysis it is concluded that a potential flooding
incident in the Reactor Auxiliary Building cannot impair the ability
of redundant equipment to achieve a safe shutdown condition.





Table 410.33-1
RAB Floodin An~al sis

Time (Min) Event

0 Flood is initiated by rupture of all
tanlcs in the RAB

4.1 High level alarm in ECCS Room "B" sump
actuated in Control Room

5.0 High-high level alarm in ECCS Room '-'B"

sump actuated in Control Room

7.1 High level alarm in ECCS Room "A" sump
actuated in Control Room

8.0 High-high alarm in ECCS Room "A" sump
actuated in Control Room

102

142

Flood level reaches bottom HPSI Pump
gB Conduit Box

Flood level reaches lovest of ECCS
Room B redundant Isolation VaLves

145 Flood level reaches bottom. of HPSI Pump
2A Conduit Box

Flood level reaches bottom of ECCS Room A
redundant Isolation Valves
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Question 410.34
(3.G. 1)

Specify the elevation of. the lowest penetration between ECCS com-
partment A and compartment B. If the elevation is less than -7.0
feet HSL, verify that the seals are environmentally qualified for
212oF water and are seismic. Category 'I.

Response 410.34

Each HCCS compartment houses a LPSI Pump, a HPSI Pump and a
Containment Spray Pump. ECCS compartment A is physically separated
from ECCS compartment B by a reinforced concrete wall which extends
a minimum of nine feet above the base floor level {EL -10.0 ft).
Piping penetrations between ECCS compartments A and B are minimized
whenever possible. However, where penetrations between compartments

'were deemed necessary, the piping was .provided with a water tight
seal.

The ECCS cubicle design presently incorporates six piping penetrations
'etween ECCS cubicles A and B. The lowest ECCS compartment pene-
tration is presently located at EL -6.33 ft, which is 3.67 ft above
the base floor level. Although these penetrations are provided with

. water tight boot seals which have a design temperature of 400oF.

»
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Question 410.35
(3.6.1)

Discuss what a1arms and signals are available to the operator in
the control room to uniquely define each pipe break or crack spec-
ified in the appendices to Section 3.6 of the FSAR.

Response 410.35

The alarms, signals or control indications that are available to
the operator in the control room to uniquely identify each pipe break
or crack is provided in the revised FSAR Appendix 3.6F.
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APPENDIX 3,6P

HODERATE ENERGY PIPING PAIUJRE A?%LYSIS

3 i'-s. Amendment Bo, 3~ {6/Gl)



't



SL2-FSAR

3 ~ 6F HODERATE ENERGY PIPING FAILURE ANALYSIS

3oGFo1 "
HODERATE ENERGY PIPING FAILURE INSIDE COSTA™~r

Systems consfdered for moderate energy analysis inside containment +re
identified fn Subsection 3«6.1.2.2 ~ Design basis environmental conditions
Jnsfde containment are established by high energy pipe breaks Therefore, the
effects of moderate energy piping failures inside containment are.not
cvaluntcd.

3o6Fo2 HODERATE ENERGY PIPING FAILURES - OUTSIDE CONTAINMENT

This section presents results of the analysis performed for moderate energy
piping failures outside containment ~ The flooding resulting from moderate
energy piping failures nre considered fn evaluating the availability of
essential systems and components to mitigate the consequences of the piping
failure

3.6F.2.1 Crf terf s and Assum tions

Xn addition to the criteria given in Subsection 3.6.1.3 the follovfng
assumptions are used for moderate energy analysis:

n) Floor drainage system, sump pumps, etc, are considered available to
mftfgnte the flooding consequences of the piping failure.

Rate of floe from cracks is assumed to be constant until operator
isolates the crack or source volume is depletcdo

The locations of postulated cracks fn the moderate energy piping
systems are not based on stress crfterfn. - The crack is assumed to
be locited nnyvhere along the run of pfpe for the flooding analysis.

L

Paderate'nergy fluid system pipe fnflures are considered separately
as n single postulated independent event occurring during normal
plant operation.

Ho operator action such ns closing or opening n valve, stopping or
starting n 'pump fs assumed for 30 minutes fo1lovfng the first alarm
fndfcntion'fn the'control room.

2.6P2.2 ~Pl«add «~Anal ala

3 6P.2 ',1 Evnluatfon Techni ue
~ «

The Reactor Auxflfary Building (RAB)~ Fuel Handlfng Building (FHB),'iesel
C nerntor Building (DGB), Component Cooling Rater Building (CCWB), Trestle
korea nnd Yard vere rcvfeved to identify nll compartments nnd areas containing
snfety-related equipment.vhfch may be affected by floodins

«

3.6F-l Amendment Ho. ST (6/81)
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sed on this revicv, the foIIowfng are considered for tbe flooding analysis:

a) ECCS compartments A 6 5 in RAB

b) Sbutdovn Coolfrg Heat Exchanger Rooms A 6 9 in RAB

c) Boric Acid ?Qke~p Tank Room in RAB

d) Chnrg fng .Pump Room in RAB

e) ~ Diesel Generator Building

f) Diesel Oil Tank Enclosure

g) Intake Cooling Hater Pump Area

h) Component Cooling Vater Building

') Letdown Heat Exchanger Room in RAB

$ ) Boric Acfd Concentrator Room in RAB

k) Pipe Tunnel 'in RAB

1) Fuel Pool Heat Exchanger Room in Fuel Handling Building (FHB)
~ ~

') 'ual Poo1 Pumps Itoom fa PHB

" n) Fuel Pool puriffcation Pump Room in FHB

Some of these compartments nnd areao contain safety related equipment- required
for safe plant shutdown vbfle others communfcate through the floor drain
oystem and corridors vith the rooms containing safety related equipment.

The volu~e of the compartments and areas are taken from-the general
'rrangementdrawingo, Figures 1.2-12 through 1.2-22.

a) ECCS Room in'RAB

The ECCS room io located in tbe RAB.nt elevation -,10.0 feet. Thfo . ~ .

room io divided into two compartmento, A & 3, by n partial height
valI Each compartment contains n high pressure safety injection pump,
a low pressure safety injection pump and a containment opray pump. Two

reactor drain pumps are located in ECCS Compartment h. There are three
vatertight dooro, vith bottom El 0.00 ft, between ECCS compartment 9
and the main corrfdor vbich io nt El ~ W.5 ft There, io one vatertight
IfoorJ vith bot tom El . W. 5,ft ~ betveen ECCS compo rtme nt A and the naia
corridor. 'Re aafn corridor fo located betveen the shutdown cooling
heat exchanger room and ECCS rooms

3.6F-2 Amendment Ho. 3, (6/81)
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Each ECCS.compartment has a sump, bottom El -19.0 ft, and each sump io
provided with duplex full cspscfty sump pumps, 50 gpm eacha Lcv I
switches and level operated mechsnfcsl alternstoro are provided in each
sump for controlling. the pump operation. The level control io
delineated f.n the following steps.

J

X) Shen water rescheo the "high water level", at El -Xl'25 ft the
alternator.starts the selected pump and actuates an alarm in the
fmsfD control room ~

2) If the level contfnueo to rise and rescheo "hfgh-high ~ster
level", at El -10.25 ft, the second pump will otart and actuate a
second a1arm in the main control room- Pumps discharge is routed
to the equipment drain tank.

g AISEIE9

j/+gN

< W+gy ~
+<~ ~ccS r~
"~PP g~

ei'dc'o

>rr d.XWZ

Kegzar 8.

>or'flooding anslyoio, the lazgest flow crack io assumed to occur,
during'no'rmsl cold shutdown mode, in ouctfon Ifne of the LPSI pump
1-14"SI&24 located in ECCS compartment A. The pipe io 14 in.
nominal diameter and. the operating fluid conditions are 300 pofg
and 300'P. The shutdown cooling system fo categorized as a dual
purpose moderate energy oystem since it io operating in the high
energy pressure/tern ersture region leoo than two percent of the
system norma~operas at ttme The.rnsulttnt pion from the crack
ia 330 gpm. As a conservative assumption, 2 sump pumps in
compartment are coCn~ der~cC to Ee out of opera on. the analysta
assumes that the operator io alerted by the alarm in control room
which indicates a "high water level" in the sump and the operator
«>eo-corrective actions 30 minutes after'the aIazm. The flood
level in the room at 30 minutes following the first alarm will be
I 6 ft above ECCS room floor level and +f11 reach bottom of HPSI
pump conduit box.

a If the'leakage crack hsd occurred fn the portion of line between
the LPSI pump and valve V-3444 in BCCS compartment A, operator
action io'o i'oolste the affected shutdown cooling train.by
cIosing valve V-3664 (valve V3444 io fn the closed pooitfon prior
to inftfstion of the. shutdown mode) See Figure 6.3-las '.

A fIoodi'ng anslyof o wao also perfozmed f'r BCCS compartment 8,
assuming a piping failure in LPSI pump, 28 suctfon line during
normal plant shutdown aodeo The area for HCCS 'compartment E io
larger than compartment A, therefore the flood level &llbe lover

As shown above, the flood Xevel fn the compartment does not affect
any safety related equipment Xn addition, ofnce the flooding io
contained within the compartment, the redundant train io not
affected." The unaffected train io used to bring the plant to cold
shutdown condf tionns

3.6P-3 Amendment Ho. 3, (6/81)
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Noderate energy cracks are postulated to occur only when the
fluid conditions are equal to or less than 275 psig and 200 F.
However, for the flooding analysis, the crack was conservatively
postulated to occur at 300 psig since this pressure resulted in
the largest flow through the piping failure and thereby maxi-
mized the flooding of the ECCS cubicles.

w)sf'dP

The leakage crack in the suction line of LPSI pump'reduces Reactor
Coolant. loop inventory and causes the pressurizer level to drop.
Pressurizer low level indicator LI-1103 in the control room along
with the ECCS sump high level alarm will alert the operator that
the crack has occured in the LPSI pump suction line. The operator
will isol'ate the affected shutdown cooling loop and continue p1ant
shutdown by means of the redundant shutdown cooling loop.
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Shutdovn Cooling" Heat Exchanger (SDCHX) Room
I

The tvo Shutdovn,Cooling Heat Exchangero arc located in thc RAB et El
5 ft. A seven ft high wall divides the room into two separate

compartments." Both compartments cornmunfcate with ECCS compartment A
through the floor drainage system. A door, with bottom El 2 0 ft,
separates each SDCHX compartment froa the main corridor.

For floodfng analysis of SDCHX compartment B, the largest flow crack
would be in a 12 'inch nominal diameter shutdown cooling line
(12-SI-164) Pf pure 9.2-2. The operating conditions of this line is~ psig and OOF. The flow rntc from the crack io 620 gpm of which
38 4 gpm of this fluid drains through a 3 fnch diameter floor drain
Ifne to the. sump in ECCS compartment h The remafnfng portion of.flufd
accumulates fn the SDCHX compartment B

Mhen the fluid level in ECCS Compartment A sump reacheo "high level" p

thc level svitch starts a sump pump and actuates nn alarm in the
control room The vorst flooding condition for ECCS compartment A io
postuIated to occur vhen the sump pumpd faf1 to operate. The vater
level continues to rise and reaches "high veter level" in the sump. A
second alarm is actuated in the control room by the level switch.

The time required to reach "high water-level" fn the sump, assuming the
sump is fnitfally 10 percent full, fo 21.2 minutes. It is assumed that
30 minutes after the first alarm in the control room operator isolntco
thc crack. Du'ring thfs period vater level in the BCCS compartment Avill reach O.l ft. above floor level. This flood level vill not effect
any safety related equipment in ECCS Compartment A, The flood level fn
the ohutdovn co'olf ng heat exchan, er corn artment B wfll'each /i2 ft.
above floor level'f no fluid leaks through the door.

~~~@el'oric

Acfd Hak'e-up Tank Room

The Boric Acid Nake-up Tank room fo located in the RAB at El. &.5 ft.
Vhio room contains tvo Doric Acid Nake-up Pumps. The room io open to a
corridor vhich in turn io connected to an area containing the

.condensate recovery pumps. The floor drain in theoc areas are
connected to ECCS compartment 8 sump+

I'or flooding nnalysf o, a crack fo postulated in a 4 inch df ocharge line
of Boric hcfd Hake-up Tonk 29 ~ Tank 20 io considered to be 92.5
percent full~ Thio represents normal operating conditfono, The capacfty
of each tank i:o 9755 gal The operating fluid conditions for the four
inch Ifne are 0,0 poig and 170P, The flow from the crack io 17,0 gpm.

3 6FW Amendment Iw. S, (6/8l)



Hoderate energy cracks are to be postulated to occur only when the
fluid conditions are equal to or less than 275 psig and 200oF.
However, for'he flooding analysis, the crack was conservatively
postulated to occur at 450 psig since this pressure resulted in the
largest flow through the piping failure.

gj
P/S

The operator isolates the crack by closing the valves in the
suction line of LPSI pump and stopping the pump. If the accum-
ulated fluid in the SDC heat exchanger -is allowed to drain to
the ECCS room, the water level in the room will reach 3.1 ft.
The operator may close the valves I-HCV-25-5 and I-HCV-25-SA to
permit draining of the water from the shutdown cooling heat ex-
changer room. These isolation valves can be'closed from the
control,.room;~ The unaffected SDC train can be used to shutdown
the plant.

The leakage crack in the discharge line of LPSI pump reduces flow
rate in the system. Flow element FI-3306 or FI-3301 in the LPSI

pump discharge line will show a reduction in the flow rate. The
temperature elements in the LPSI pump discharge lines downstream
of shutdown cooling heat exchangers will read temperatures lower

. than normal. Based on this data, the operator can identify the
location of piping failure.
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The .vorot flooding condition for HCCS compartment B vill exist vhen the
entire flou from the crack is drained to thc ECCS sump- The sump is
assumed to be initially 10 percent of full. The "high vatcr'level" in
the sump io reached after 67.6 minutes from the beginning of pipe
failure. Th'e high level svitch in the sump actuates an alarm in the
control room. Zt is conservatively assumed that the sump pumps fail to
operate a'nd that operator vill isolate thc crack 30 minutes after the
first alarm in the control room.

'

. ~ring the 30 minutes the flood level in ECCS compartment B vill be 0.4.
inch high'his vater level vill not affect the operation of any
safety related equipment in ECCS compartment Be

Xf the piping failure is located in the upstream side of Valve-V2142,
the operator cannot isolate the crack, The entire content of the tank
is considered to be drained to ECCS compartment B, The resulting vatez

evel in t%~c "V~compartme~nt tFCQ~~Q This flood level vill not
affect the operation of safety related equipment.

The three charging pumps are located in RES.ot El W.5 ft. The
charging pump room is divided into three separate compartments by 6.5
ft high valls. Each charging pump is located in a separate
compartment. "Doors are provided betveen the charging pump room and. the.
pipe tunnel at El +0.5 ft and RAB main corridor. Each compartment has
a 6 inch high "curb at the entrance.

Por flooding analysis, the largest flov crack vould be in the four inch
charging pump 2C suction line 4~&67 vith operating conditions 27
psig and 120P (sce Pigurc 9.3-5c) ~ The flov rate from the crack io

'31.1 gpme 'The entire spillage vill drain to ECCS compartment B sump.
The o erator %s alerted b the sump B "high vater level" alarm in thc
control rooomor 5.Om minutes n rcr te p.ipe ts ure. It is assumed that
30 minutes after the alarm, corrective action is taken. The flood
level in ECCS compartment B after the 30 minutes vill be 0.06 ft, if
the sump pumps are assumed to be out of operation. Thin flood level in
ECCS compartment B vill not affect operation of any equipment in thc
<corn. The operator isolates the piping failure by closing valve V-2501
on the discharge line of the volum'e control tank.

s

Thc flooding analysis for charging pump compartments 2h and 2B produces
exactly thc same result as that of charging pump compartment 2C.

<~ epFewrdp/e c ri/'</g~ /dlerwca Ad 0'<>~~
CO~r red'~Wk Lard/a 8 ZCrCrr> rr~g y /sS
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Diesel Cenerator Building

There arc-tvo diesel generators installed in oeparatc rooms at el 22 ''I
ft fn the diesel generator building. For flooding analysfo, the
la<cot flov crack vould br. in the Servfce Pater Syotem line'-SB"108
(See Figurc 9 2-6) ~ The pipe io 2 in. nominal diameter and operating
Conditions are 75 pofg and 95F. The'ervice Mater System serve no
safety function since it io not requfred to achieve safe plant sbutdovn
nor to mitfgate the consequences of a design basis accident ~ The flov
rate from the crack fo 18 gpm. The entire flov from the crack drains
through the drain'age system t'o the existing 36 in. diameter pipe vhich
is directed to tbe existing grade.

I

Since there fo no accumulation of fluid in the diesel generator room,
the operation of the diesel generator io not affected by this
accidents For flooding analysis, there is no crf;tical time for thc
operator to isolate'he pipe failure.

Diesel Of 1 Tank Encl'ooure

There are tvo diesel oil storage tanks vith their pumps located in tvo
separate compartments in tbe diesel oil tank enclosure. Tanks and

pumps are installed at El 19.0 feet. For flooding analysis the highest
flov crack vould be in the 3 in. nominal diameter diesel oil pump
suction line 3-E'0&7 (See Figure 9.5-6) ~ The operating fluid
conditions are 25 psfg and 100F. The drain line in each compartment io
normally closed'ach of the compartmento io designed to bold the
entire capacity'of fto respective 'tank should a leak.occur.

Xntake Cooling Hater Pump Area

There are three Xntake Coolfng Tfater Pumps located in the ICMP area at
El 16.5 feet For flooding analyoio tbe largest flov crack vould be in
a 30 in 'iameter'XCQP discharge line X-30-tÃ-11 (See Figure 9 ~ 2-1) ~

The operating conditions are 90 psig and 95F. The resulting flov from
the crack is 604 gpm. The entire flov from the crack io drained
through the annular area betveen the discharge pipe,and the 42 inch
diameter pipe sleeve to the ouction veil fn the intake otructurei No
safety-related equipment io affected by tbio floodfng.

The Xntake Cooling" Pater Pump io designed for 14500 gpm at 130 ft
head. Loss of 604 'gpm through the crack vill not affect the system
operation Normal plant operation and safe plant ohutdovn io not
compromisedi

S.6F»6 Amendment Ho. 3, (6/81.)
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Component Cooling Intake Area
t'he Component Cooling Vater Area contains three CC4 pumps and two heat

exchangero. Thc floor elevation of the compartment io 12.0 ft The

pumps and heat cxchangero are mounted on pedestals at about El 24.0
ft» There are tvo sumps in this area» 0ne sump io located inside the
compartment with iti bottom El at 9.67 ft. The other sump io located
at the pipe tunnel area vith bottom elevation at 1.0 ft» The pipe

. tunnel sump io provided vith a sump pump with capacity of 25 gpm. This
um transfers the fluid from the pipe tunnel sump to the sump n the

CCV compartment. The fluid from the CCQ compartment sump drains to the
existing 36 inch drain pipe via a 3 inch drain line. The 36 inch line
discharges to existing grade ct El 0.0 ft.
For flooding analysis, the largest flow crack vould be in thc 30 ia.
CCM heat exchanger circulation vater inlet linc I-30-CM-78 operating at
60 poig and 95F'(See Figurc 9.2-1)»

-XIII~
IIgd n JZll9S

The flov rate from the crack io 490 gpm- The entire flow spills on the
floor and fills up the pipe tunnel oump to "high&igh water level" in
seven minutes. The level switch in the sump starts the sump pump and
actuates an alarm ia the control room. Thc sump pump delivers 25 gpm
to the CCM compartment sump. All the water vill be drained from the
CCR compartment because drain capacity io more than 25 gpm.

Xt io assumed that 30 minutes after pipe failure, correctiv action is
taken by'he operator. I@ring this 30 minutes the fluid level in the
pipe tunnel area vill reach El 8»0 ft'» Ão safety related equipment io

designed for 14500 gpm at 130 ft head. Koso of 490 gpm through the
crack vill aot affect the operation of the oystem. Therefore plant
ohutdovn io not compromised by thio piping failure. Even if the piping
failure io isolated, the unaffected component cooling water loop 5 is
available aad capable of supplying the minimum safety feature
requirements for oafe pleat ohutdovn.

letdown Beat Bcchanger Hoon

The letdown heat exchanger room io located in thc RAB at El 19.5 feet
and contains the lctdovn heat exchanger and associated piping and
valves. "A door connects this room vith the corridor. This room
contains no equipment needed for safe plant shutdown but the room io
connected vith ECCS compartment A, through the floor drainage oyotcm.

For floodiag analysis, the largest crack io in the Ietdovn heat
exchanger component cooling voter outlet line 8-CC-134 (Scc Figurc
9.2 2)» The pipe is eight inch nominal diameter and the operating

3.6F-7 Amendment Ho. 3, (6/81)



0



SL2-FSAR

fluid conditions are 100 poig and 150F. The resulting flov from the
crack i.o 160 gpm of which 38.4 gpm drains through n three inch diameter.
floor drain to the equipment drain tank. The remaining 121.6 gpm
accumulateo in the, letdown heat exchanger room.E4f

within 7.6 minutes after the pipe failure, the voter level ia the
Xctdovn heat exchanger room reaches the curb level nnd otnrto opilliag
'into the corridors Qithin 11.4 minutes after the pipe failure> the
fluid level in the'equipment drain tank rencheo "high voter level ~

The ™high vnter level" switch in the equipment drain tank actuates an
alarm in the control room ~ It io assumed that 30 minutes after the
alarm the operator'isolates the line by closing valve 2"SB-14241 ~

Boring this 30 minutes, the equipment drain tank and the chemicnl drain
$'urrp

~ nre filled'he operator also closes valves I-HCV-25-5 and
I-H~CV"25-5A fn ECCS temp'srtment A sump drefn 1fne, se that the f1ufd~vill not reach ECC" compartment A. The fluid villopill into the

fdic C/z corridor at El 19.5 ft. Part of the fluid %XX drain to the equipment
drain tank, nnd p'art of the fluid spillo to the corridor'at El -0.5 ft
through the stair veil. No safety related equipment io affected by
Chic flooding condition.

Boric Acid Concentrator Room

Two boric acid concentrator rooms nnd one vaste concentrator room nre
Xocnted in RAB nt El. 19.5 ft. Each room io connected vith the
corridor at El 19.5 ft via a door. The boric acid concentrator and
waste concentrator nre not safety related. Hovever, these rooms are
connected through the'rainage system with ECCS compartment As

\ I'',\

Thc flooding annly'oitsp vas performed for a postulated crnck ia the boric
acid concentrator component cooling vnter line. Typical line io six
incheo ia diameter &th operating conditions of 100 poig nnd 120F The
flov from the crack"io 106 gpm. The result of the analysis indicatco
Chat the operator has sufficient time (ie 30 minutes from the first
alarm in the con'trol room) to,isolate the crack before the fluid
reacheo ECCS compartment A. However, if the operator fails to close
the EC% sump A isolation valves I-HCV-25»5 and I-HCV-25-5A, thc
accumulated fluid in con"entrator room eventunlly vill drain to ECCS

compartment A and the"water will reach 0.07 ft high. The flood level
io insufficient to affect the operation of safety related equipment.

Pipe Tunnelo in RAD

The upper tunnel io located at El 19.5 ft and the lover tunnel hao
bilevel floors at El -0.5 ft and at eX 0.5 ft. An opening in the floor
+f the upper tunnel cofnnecto the lover tunnel. Tvo nir tight doors
separate upper tunnel from the svitchgenr room and the 82,recombiaar
aupply panel XA ILRT panel, room. A door io provided betveea the Xover

3.6P-S Amendment 14. 3, (6/81)



The alarm in,the Control Room due to "high-high water level" in
.the pipe tunnel sump alerts the operator that there may be piping
failure in the pipe tunnel area. The Circulating Mater System
and Component Cooling Water System piping are located in this area.If the crack occurs in the CUT System, the low level in th surge
tank will initiate an alarm in the Control Room. If the alarm is
not due'o the surge tank low level then the operator could identify
the piping failure to be in the CCM System.

~ ~ aI/us's XNsF<<

'he temperature indicator TI-04-5 and flow transmitter FT-14-6 in
the Component Cooling Water line will allow the operator to identify
the piping failure in the system. In addition there will be an
alarm in the Control Room,due to low level in CQ< Surge tank after
5.3 minutes after the piping failure.
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tunnel and thc.,charging pump room. Another door is provided between
the lower tunnel and thc corridor which is between the ECCS room and
shutdown cooIing heat exchanger room. The lower tunnel communicatcs
through the drainage system with ECCS compartment h6B ~

r Pu7'd.dSC
circa rndtS ~S"
JAr 2&~gCf g0'f'fry alen~
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The leakage with the greatest crack in the lower pipe tunnel io a
postuIated crack in containment spray line I-24-CS-41 (see Figurc
6e2 41) ~ Thc pipe line ia 24 inch nominal diameter with operating
fluid conditions at 30 psig and 120P.

The flow from thc crack is 180 gpm. There are two 3 inch diameter
drain lines Jn the lover tunnel. One drain line delivers fluid to ECCS

compartment A sump and the other drain line drains the fluid to ECCS

compartment B sump. Plow rate through each drain line is 38.4 gpm. Xt
is conservatively assumed that all 4 sump pumps are not available.

The operator is alerted by the sump "high w ter level" alarm'ia the
control room 21 minutes after pipe failure.p Xt is assumed that the
operator takes corrective action 30 minutes after pipe failure. During
this 30 minute period, the fluid level in ECCS compartment A will reach
0,1 ft. This fluid level will not affect the operation of safety
related equipment in the compartment. The operator can isolate the
break by closing valve I-HV-07-lh. The operator could also close

rcpt ~u'alves I-HCV»25"5, X-HCV-25-5A, I-HCV-25-3 and X-HCV-25-3A in the drain
ui cl Pvvw . 11nedto prevent further floodl nd due to drelnfed of fluid eccunuleted

in the pipe tunnel. However, the worst condition io to let all fluid
in the pipe tunnel to drain to the ECCS sumps. ". Xn this case; the watert level in both the ECCS compartments will reach 0.374 ft' This f1uid
level wiII not affect operations of any safety related equipment.

The largest flow crack in the tunnel at El. 19.5 ft would be in
Component Cooling Pater linc 20&C"27 (See Figurc 9.2-2) ~ The pipe is
20 inch nominal diameter and the operating conditions arc 100 psig and
180P. The flow from the crack in 433 gpm of which 82 gpm of this flow
is directly drained to the equipment draia tank. The remainder drains
to the lower pipe tunnel. Prom thc lower pipe tunnel, the fluid is
drained to the s'umps ia ECCS compartments A 6 9.

The operator is aIerted by CCH Surge tank "Iow levelee alarm one minute
after beginning of leakage from thc crack. The CCW makeup system which
delivers 100 gpm to surge tank io taken into account to determine thc
time for level alarm. Xt is assumed that the operator requires 30
minutes after the alara ia thc control room prior to initiating th"-
cor«ctive action. 'She operator may isolates the crack by closing
va ves I~H-16-10 I-NV-16 4 2I-SB-14487, 2X"SB-14133, 2X-SB-1412I ~

S B 14531 ~ 21~-14-19 and 2X-V-14301 o Thc, fIood level in the ECCS

compartments at this time (i.c., 31 minutes) will be 0'1 ft and safety
related cquipmcnts is not affected. Xf thc fIuid accumuIatcd ia thc

Amendment Ho. 3, (6/81)
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The CCV Syste'm surge tank low level aIarms LS-14-IA & 1B, flow
element PE-1410A and 1410B indicating higher flow and temperature
indicator Tl-09-5 registering lower temperature than normal will
assist the operator to identify the, piping'ailure 1ocatioa.
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pipe tunnel EZW.5 ft is allowed to drafn to the ECCS compartmento
t4thout operator isolating them, the fluid level ufll reach 0.49 ft.
The flood level does aot affect any safety.reIated equipment ~ The
height from the floor to neareot safety related- item, conduit: box for
BPSX pump, io 1.6 ft~

Pu 1 Pool Heat Exchanger Room

'Ehe Fuel Pool Heat Exchanger room fo located in the Fuel Handling
Building at El ~ 19.5 ft and contains the fuel pool heat exchanger and
associated pfping and valves. A door connects this room with the Fuel
Pool Purification Filter room. A oix inch high curb separates Fuel
Pool Heat Exchanger room from Fuel Pool Pump room.

5/~
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For flooding analysis, the largest floe crack would be in CCW linc,
12-CC-130 from fuel pool heat exchanger to return header B (See Figure
9.2-2) ~ The pipe io 12 in. nominal diameter and its operating
conditions are 100 psfg and 150'he resu1tfng floe from the crack io
2I5 gpm. A 4 in. diameter drafn line delivers 82 gpm of the fluid from
this room to the equipment drain tank. The equipment drain tank room
io connected through the drainage system with the ECCS compartment A.

The operator io alerted by CCM surge tank "Xov level" alarm tvo minutes
after beginning of leakage. The CCV make-up system which delivero 100

gpm to surge tank io taken into account to determine the tfme for alarn
level in the ourge tank. Operator ioolateo the crack by closing valves *

2-X~-14-17 and 2-1 .%-14-19.

7/p glair Jrw,~>g< + d'nS P~gwi r~~~
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Fuel Pool Pump Rorm

Thc fuel pool pump room io located in Fuel Handling Eufldfng at El.
19.5 ft and contains tvo fuel pool pumps. One door with a oix inch
curb connects thin room Mfth fuel pool purification filter room. There
io a oix inch hf gh curb bets>ea thf o room and the corrfdor. This
corridor also hao a oiz inch.high curb to oeparatc thc fuel pool heat
exchanger room.

The flooding analysis'indicates that during this 30 mfnute period, thc
equipment drain tank, chemical drain oump, chemical drain tank are
filled and overflow to the room containing the equfpmeat drain tank and
chemical drain tank From this room the overflov drains to thc ECCS

compartment A oump. Ao the accumuIated fluid contiaueo to drain from.
thc fuel pool heat exchanger room, the oump vtll overflou into ECCS

compartment A to a depth of 1.29 ft Mhich does not affect safety
related equipment.

For flooding analysis, the largeot flov. crack mould be in fuel poo1
pump suction line 12-FS-501 between fuel pool and valves V&203 or
V~202 (see Figure 9.1-6). The pipe io 12 in. nominal diameter and %to

3 6F 10 Amendmcnt Bo. 3, (6/Ol)
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operating conditions are 11 psig and 120F. The resulting flov 1a 43.6
'pm.This break cannot, be isolated by shutting off the valves in the

broken Xinc. Flooding mill atop Mhcn level of fluid in fuel pool drops
below the fuel pool pump suction line. at El. 56 feet =This villoccur
925 minutes aEter leak initiation. Although normal surveillance mould

„ detect the, leakage before the fluid level drops below suction level,
this analysis assumes the fluid level"drops below suction Xevel'luid

.from leak fills fuel pool pumps room, overfloMs to the corridor and
fuel pool heat exchanger room. Thereafter, all floM runs through a
four in. diameter drain line to the equipment drain tank. The operator

equipment drain tank room Mhich runs to HCCS sump A. Pith these valves
the chemical drain sump overflows on to El&.5 ft, flooding the

floor to a depth of 0.2 ft before the eater level in the fuel pool
falls belo~ fuel pool pump suction line. Therefore, flooding villnot
affect any safety related equipment ~

Mhen the enter level falls beloM the fuel pool pump suction line,'he
accident is similar Co Xoss of all external cooling. The analysis for
this accident has been oerformed and the results are presented in PSAR

Subsection 9.Xi3~

Fuel Pool Purification Pump Roen

.:Fuel pooX purification pump room is located in. the Fuel "Handling
Building, at L~I 19.5 ft and contains fuel pool purification pump. One

door connects this room vitb fuel pool purification filter room. A

~all, top BI 26.27 ft, provides separation from the fuel pool pumps
room. For fIooding analysio, the largest floe crack io.the fuel pool
ion exchanger outlet line 3-PS-524 (See Figurc 9.1-6) ~ The pipe in
three in- nominal diameter and operating conditions are Z5 psig and
120Fo Lne resulting flov io 21 gpm. All flov from the crack runs
through a three in. diametei drain line to the equipment drain tank.
The operator ia alerted by equipment drain tank "high level" alarm 23
minutes after beginning oE leakage and has 30 minutes to isolate the
leakage by closing valve V&220 if failure has occurr'ed downstream of
this valve. The oper'ator cannot isolate leakage if crack is located
inside of fuel pool purification pump room upstream of valve V&220
The crack Millbe isolated 595 minutes after beginning of leakage when
Xevel of Eluid in fuel pool villdrop below fuel pool purification pump
suction at El'59.0 ft Al'though normal surveillance would detect the
leakage before the fIuid level drops belov suction level, this analysis
assumes the fluid Xevcl drops below auction level. At this time fluid
has filled equipment drain tank and chemical drain sump. The Eluid
Mllnot reach chemical drain tank or HCCS compartment ouap A.
Therefore, flooding villnot affect safety related equipmento

5. 6P-X|. A endment N. 3, (6/81)
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This is addressed in CESAR Section 3.11.

3 ~ 6F 2i6 Summa and Co'nclusion

The consequences of flooding 'due from the pipe crack werc evaluated. The
effects of flooding on'syste'ms and components required to shutdown the reactor
and mitigate the cons'equences of o postulated piping failure were analyzed.
As indicated in the analysis, moderate energy pipe failure does not affect
essential equipment and components required for safe plant shutdown.

t
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Question 410.36
(3.6.'1)

Verify that the volume and area of the compartments for moderate
energy pipe crack analysis does not include the volume and area
of equipment, foundations, six inch and larger pipes, and water
tight cabinets. Xf the analysis in the PSAR Appendix 3.6.P does
not account for the volume and area of these items, provide the
results of a revised analysis which does take these items into
consideration.

Response 410.36

'he net free volume of the compartments for the moderate energy
crack analysis do not include the volume and area occupied by
the equipment or„equipment. foundations.

The moderate energy analysis has shown that in all cases, the
flooding is contained within one ECCS compartment and therefore,
the redundant train is not affected. The volumes of the'iping
system were not considered since the an'alysis has shown that in
all cases analyzed the flood level was well below the barrier
walls between the cubicles. The unaffected train is available
and is utilized to bring the plant to a safe shutdown condition.





Question 410.37
- (3,6.1)

Assuming a high energy pipe break or critical crack of the main
feedwater (HFM) pipe located above the'motor driven auxiliary feed-
water (PZP) pumps in combination with failure of the turbine driven
APP pump, demonstrate that safe shutdown and cooldown can be achieved
by operation of at least one motor driven AFV pump. Show that the
operability of the motor driven AFW pumps will not be affected by the
potential get impingement, flooding and environmental effects-caused
by the NFP pipe failure.

Response 410.37

The feedwater lines upstream of the Valves I-HCV-09-lA and I-HCV-09-1B
are classified as non-seismic category piping. However these lines
are seismically analyzed as part of the same stress calculation that
includes the ASME XII Class 2 Seismic Category I piping from valves
I-HCV-09-1B and -2B ko the flued head anchors on the trestle structure.
Based on the stress analysis and as outlined in SRP 3.6.2 high energy
line breaks were assumed at high stress points and terminal ends of
feedwater lines in the vicinity of the Auxiliary Feedwater Pumps {AFP).
In no case can the AFPs 'be directly impacted by the resultant gets
(see SK 2998-M-764). The weatherproof enclosure of the motors pro-
tects them from indirect effects such as spraying. The open nature of
the trestle and the storm drainage system precludes flooding.

The environmental effects of a high energy line break in this area
will be addressed as part of the Environmental Qualification program
to be submitted in November of this year.



Question 410.38t (10.4.9)

Xn ac'cordance with Pos$ tion C.2 of Regulatory Guide 1.29, verify
that any failure of the turbine building,, including complete collapse
of the building or damage to its foundation, basemat, piping, and
condenser, due to an earthquake will not result in flooding of safety-
related equipment or damage the two lines from the condensate storage
tank to the auxiliary feedwater pumps.

Response 410.38

=The basemat and steel superstructure of the tux'bine building has
been designed to withstand the effects of a Safe Shutdown Earthquake
(SSE). This insures the safety of all essential components in the
vicinity of the turbine building by eliminating the possibility of
catastrophic failure. The local failure of non-seismic components-
located in the turbine building cannot adversely affect plant safety
since no essential equipment is located there.

The, open nature of the turbine building precludes the possibility of
flooding. leakages resulting from the failure of non-seismic piping
would be prevented from affecting essential equipment by the storm
drainage system and site grading.

The suction lines for the Auxiliaxy Feedwater Pumps are protected over
theix'ntire length from, the Condensate Storage Tank (CST) to the
trestle. From the CST to the turbine building and from the turbine
building to the trestle the lines are totally enclosed in a pipe trench.
The pipe trench is designed to withstand the effects of seismic events
and tornados. . Mthin the turbine building the suction lines are buried
<~ class 1 fill.
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Ief reactor controls and vital instrunants derive power from comon
eTectrical distribution sys ms, the failure o. se o. suc e ec rical-.

on sys ems may result in an event requiring operator act-
conc!.'ent with failure of important instru;,zntation upo
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p or actions should be based. This conc . n was addr ssed in
lK Bulletin 79- 7. Cn.Noverr."er 30, 1979; IE Bulletin 79-27 was sent
to op'crating license (OL) holders, the near tern OL applicants
(North dna 2, Oiablo Canyon, McQuir, Salem 2, Sequcyah, ard 2ir,—... r),
and 0th r hold rs of cons-ruction "e~its (CP) incl d St L

hese recipients, he CP holders were not given explicit
direction or making a submi tal as part oi he lic nsing review.

'eaver,they ~sr informd that the issue would be addr ssed later.

You are requested o address th se issues by tak'n lE B 11
~hru 3 under Act',ons to be. Taken by Lic nsaes" (a.

copy of 79-27 is provided in .he attachk-ant to th I )
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y, .8 . c mo1et .he r view and evalua ion required b 'iy ~c ons

and actions. 7ni
~;- . g p ovide a wr..tten.response cescribing your reviews
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lb) The buses 'identifsed in Table lbwere reviewed and the buses presented
in the second half of this response were determined to be the limitingt -items fn their inpact on achieving"cold shutdown. Safety related
instrumentation and controls are designed, as described in the first
half of the response so that the impact of losing a bus or

safety'elatedinstrumentation will not impact the ability to achieve cold
shutdown.

1

Safety related instrumentation and systems conform to the critieria
of IEEE-279-1971, "Criteria for Protection Systems for Nuclear
Generating Stations". This means that the safety systems and instrumenta-
tion are designed for high functional reliability such that no singlefailure results,in loss of the safety function and does not result in loss
of the .required minimum redundancy unless'cceptable operation. can be

. '.demonstrated.-:;=The.sifety sy'stems are designed to assure that the
= . effects of natural phenomena, rformal ojerating maintenance, testing

..--,~-- ..and postulated ace)dent.conditions on redundaht channels do not result
in loss of:"the safety function.': 'The Safety=systems are separated .from
contr ol.systems to- the:-extent that..failure:—.of„-any-single control:system

:component', power., supply', -or"channel*which is carman to the control and
safety system leaves intact a system satisfying the reliability
redundancy, and independence. requirements. of a safety system.-„-"..c=

The following identifies- the non-safety related instrumentation "
and control systems and corresponding power 'supplies whose loss could
affect the ability, ta achieve a cold. shutdown condition. An evaluation
of the effect of the loss of power .supply on 'the ability to achieve a
cold shutdown condition is also provided:'--= .: -.'

'gower. Panel- 220 120NC -„'- -~- ='-- '-'<:.-~;..-'. -"--.'-~,"-.~%-,. ' '."=-"= ==
Systems,affected are:. - pressurizer yre~sur 'ontrol system (PPCS).:=-

'„;- -~ - "- -.-.':-:.—.';;reactor regulating system (RRS)
.'---.— "..„-,+ -. ~'-'-'..=~-.;.-- ..baron:.cantrol . sys te;s .-(BCS) -. -".< =.

--„,.~. ~=- ~";:-.===':=-'-.;.:-; =='steam bypass. contra'i.. system (SBCS)~"..=.:, >~-.-.'~ -:„-=-:.'-',~~,=,"',;=,':-"-='= 'pressurizer,.'levy> control: system fPLCS) '--".=".--~~".

—- ~'--- Evaliiation,for -achieving cold shutdown::-
Du'e to the.'lossof power. the RRS cannot move the CEAs unless the;operator

.==.-.-.-'=-. >witches,-t1Ie selector -to"-the other cha~nel ~iijch;is=,'still powered.,-.-
-w-'"-:„,-. +aniial c'ontrol -of the.'gods $i"also availab>e.„',:-On'e'he 'reactor-is =.

-:tr ipped;= the." RRS'ill jiot= )mpa'ct. achievemen~ of- cold-'sh>down. -One"
~. =~ ~ 'channel. of the.-PLCS.gi.l.l-.lose, power,;however'. the'operator can switch =-

-..-'=. -=-to the'other channel-for 1eyel-contr'ol .. f,",~ charjinj pumps do not =lose- —.--- -~--~.-.-. yowed(manual conti,o1".'ave lab1e)"and'letdc i'-'ss isolated"(control;=;,,''
:=-- "-"--'„"'v'alyes closj) should;the. - operator'ot swirl channels.-, The operator "

==.+ can,'cond'uct'.a p'ianna".coo1down .and'chieve'..t,:e shutdown boron concen.~- =

.=. p —.--"--.; %ration.'-in:the9CS:without- letdown by balancijtg-cljarging: flow with;----=
„'=-.-:~--'"R -'volum'e shri'nkage of the-'reactor coolant . The PPCS i(ill also lose-.=-.-"-'„ power„ but can..be r e-energjzed by-switching the charm'el.- Should the.,-

'
, : '-'-:„- operytor, not',switch'channels,-'the'- pressurizer=,Heaters can be manuaj.3y,','.—.':-~ '~: operated. and;a'uxiliary.s'prays" can'.-be ope'r .ted'„-fn'place of the pres-'.='„--"..

-„..=-: su'rizer sprays-.',,Tuse- systems can 'be us~ 0;-to=achieve-a cold shut-::-'-
s

~,.-';-down. condition-.= 'The-.iiiipac'0"'-to"the BCS.a~d -SBCS-.will'ot impact "
".- =<

'C.-'1
~





achievement of cold shutdown. Reactor makeup water flow control will
not be available, but boric acid flow control is'available for achiev-
ing a cold shutdown boron concentration. Additionally, emergency
borat'ion can be implemented. Hanual operation of the SBCS is avail-
able, or the opera'tor could choose to use the atmospheric dump valves
to relieve secondary system pressure to shutdown cooling conditions.

Power Panel 221 120VAC)
Systems a ecte are t e same as those of power panel 220 (120VAC)

Evaluation for achieving cold shutdown:
The evaluation for power panel 220 (120VAC) applies with the following
exceptions:

The boric acid flow controller and volume control tank level
(VCT) indication will not be available therefore the, operator,
by procedure, will emergency borate by going directly to the
charging pumps with the boric acid flow to achieve the cold
shutdown boron concentration.

480V HCC 2A6 non-essential ortion)

Systems affected are the same as those. of power pannel 220 (120VAC).

Evaluation for achieving cold shutdown:
The evaluation for power panel 220 (120VAC) applies.

480V tiCC 2B6 non-essential ortion
Systems affected are the same as those of power panel 221 (120VAC).

Evaluation for achieving cold shutdown:
The evaluation for power, panel 221 (120VAC) applies.

Vital Panel 2A 120YAC

The systems affected are: feedwater regulating system (FWRS)

steam bypass control system (SBCS)

turbine generator control system (TGCS)

Evaluationfor achieving cold shutdown:
Due to the loss of power, control power to one-half of the FWRS will be

lost (one feedwater regulating valve and one bypass valve), the SBCS will not





operate-,. but the turbine will runback in response to the reduced feedwater
flow. A backup mechanism on vital panel 28 (120VAC) controls the runback.

Should it not runback a reactor trip on low steam generator pressure
would result. Manual operation of the main or. auxiliary feedwater and

turbine bypass or atmospheric dump valves is available to control RCS

heat removal during cooldown to cold shutdown conditions.

Vital Panel 2B 120VAC

The systems affected are the same as those of vital panel 2A (120VAC).

'valuation for achieving cold shutdown:

As in the evaluation of. vital panel 2A (120VAC) one half of the FHRS

will be disabled (c cntrol power lost to one regulating and bypass

valve). Control power to the SBCS will be lost and the turbine
runback backup mechanism will.be without power. Nanual operation of
the main or auxiliary feedwater and atmospheric dump valves (SBCS

control power completely lost) to control RCS heat removaT during cool-
~ down to cold shutdown conditions.

\

Vital Panel 2A and Vital Panel 2B 120VAC

The systems affected are: feedwater regulating systems (FMRS)

steam bypass control system (SBCS)

turbine generator control system (TGCS)

Evaluation for achieving cold shutdown:

Control power will be lost to the BlRS and SBCS. The TGCS will lose
power to the turbine runback mechanism. A reactor trip on low steam

generator level will result. Automatic actuation of auxiliary
feedwater and opening of the main steam safety valves will relieve
secondary system pressure. The atmospheric dump valves and auxiliary
feedwater will be used to control RCS heat removal to cold shutdown.

Bus 2AB 125VDC)

The systems affected are: reactor regulating system (RRS)

pressurizer pressure control system (PPCS)

turbine generator control system (TGCS)





0
Evaluation on achieving cold shutdo'wn:

The RRS would not control the CEAs. They would remain in the position
they were in before the power loss and could be controlled through the
CEGGS by the operator or automatically tripped by the RPS isa trip
signal occurs to shutdown reactor. The loss of power to the TGCS

would not permit tripping 'of the turbine electronically. However the
turbine could ti ip on a mechanical trip (e.g. overspeed) or could be

isolated on a main steam isolation signal to close the main steam

isolation valves. RCS pressure control would be maintained by the
manual control of charging and letdown auxiliary spray. RCS heat
removal to shutdown cooling could be controlled by auxiliary or main

feedwater and SBCS or atmospheric dump valves.
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The non-safety Vital A-C Power Supplies are fed from two Static Uninterruptible
power supplies (SUPS). These are used to power non-safety instrument ti dl circuits, communication, security, fire detection and radiation moni-

20 KVA and 30 KVA.
toring systems. They are both rated 120V + two percent ic 60HZ sin le hg p Qsei

y,5'v Jc.
The 20 KVA SUPS fs powered from MC 2AB for the main feed 6 MCC 2AB for the by

from MC

'pass source. The dc is supplied from bus 2AB. The 30,KVA SUPS is ds powere
om C 2AB for the main feed and MCG 2C for the bypass supply. The dc is

supplied from bus 2C. The bypasses for these SUPS are provided through a ste »
downfregulatfng transformer.

The SUPS are so designed to provide power to its loads normally fr th iom, ema n
e rough the rectifier/inverter. Failure of this main AC power feed will

cause the SUPS to be powered from the battery.
'he

safety related instruments for the Reactor Protective System and the Engineered
Safety Features Actuation System is powered from four safety related inverters.
'Zhe fnverters are powered directly from the DC bus. Xnverters 2A 6 2C are powered
from battery 2A and Xnverters 2B & 2D are powered from battery 2B. Each inverter
is provided with a maintenance bypass transformer. This must be manually switched
usually during maintenance.

A

transfer
Circuitry is provided in the non-safety SUPS to shut own the inverter ti d

to the alternate source, on one of the Eol1 wing conditions 1) L f
er por on an

age ou pu , 2) High converter voltage output 3) Xnverter output off fre-
ons ow nver-

condition
quency. The inverter vill also transfer to the alternate sourcesource on an over current"
con on. Two timing relays are. provided in this protective cir itcu ry to prevent

iela dela s
pp ng e unit on spurious transients of the kind listed above. 0 ti iove. ne t m ng

The other con
y lays the tripping of the. unit and is set at approximatel a 60 s d d 1y a secon e ay.

10 second
ntrols the transferrin E the unit to the bypass source a d iu ce an s set

at'tarseconds. If one of the above t ouble conditions is sensed th ti i I
t to time out and at 10 seconds the unit vill transfer to the alternate source.

The other relay continues running for 60 seconds and then will shut the inverter
down. This scheme is employed to allow transferring to the alternate source before
the unit shut/down. All these malfunctions are larmed.

automati sh
The safet related fnverters are fed directl from the DC Bus Th im e us. e nverters will

u orna y s utdown on the following condi fons 1) Low DC voltage in ut 2) Hi h
DC in ut op v ltage, Low AC voltage inverter utput. The inverter is designed to
operate within the DC system voltage swin A timing 'relay is provided to prevent
shutdown of the inverter on s'purious transients of the dind lis ed b

m ng re ay fs set at 10 seconds. There is no automatic transfer to a bypass
source on the safety inverters.

~ /

volta e to va n
The AC SUPS input fs fed through a regulated rectifier. This all th AC ia ows e nput

g o vary and not affect the DC output. The regulator will allow the input
AC voltage,to vary -15X + 10X and not effect SUPS operation.

6
The same type units are employed on Unit 1 with suc ssful operation.

1
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Question No.

420. 2 Engineered Safety Features (ESF) Reset Controls (IE Bulletin 80-06)

If safety equipment does not remain in its emergency mode upon
reset of an engineered safeguards actuation signal, system
modification, design change or other corrective action should be
planned to assure that protective action of the affected equipment
xs not compromised once the associated actuation signal is reset.
This issue was addressed in IE Bulletin 80&6.

For facilities with a construction permit including OL applicants,
Bulletin 80-06 was issued for information only. The NRC staff has
determined'hat all CP holders, as a part of the OL review process
are to be requested to address this issue Accordingly, you are
requested to take actions called for in Bulletin 80-06 Actions 1

through.4 under "Actions to be Taken by Licensees" (a copy of
806 is provided in the attachment to this enclosure) ~ By
July 6, 1981, complete the review verifications and descriptions
of corrective actions taken or planned as stated in Action 1
through 3 and submit the report called for in Action Item 4. The
report should be submitted to the NRC Office of Nuclear Reactor
Regulation as a licensing submittal in the form of an FSAR
amendment.

~Res onse

Me have reviewed the drawings (i.e., CMD's) as required in the
Bulletin 80-06 and have identified the following systems that
return to their normal position after an ESFAS reset.

P

a. SI Tank Check Valve Leakoff Valves HCV-3618, HCV-3628,
HCV-3638 and HCV-3648 (CMD's 280, 281, 282, and 283)

b. D.G. Lockout Relay trip block by ESFAS (CMD's 956 and 966)
c. VCT Discharge Valve V-2501 (CMD 161)
d. Start inhibit RCP Oil Lift Pumps (CMD's 103, 107, ill, 115)

Control Miring Diagrams (CMD's) are provided in FSAR Section 1.7.

CORRECTIVE ACTIONS & RESOLUTIONS

1. The control circuits for the items a, c and d currently ere
undergoing modification for the conformance with the Bulletin
80-06. Completion of this modification is anticipated
August 31, 1981.



0812 W-2

2. Item b - During an emergency mode of operations all Diesel
Generators (DG) trips, except differential current and
overspeed, are bypassed by an ESFAS. ESFAS reset will restore
tne DG trip circuits provided the emergency bus tie brea(vers
are closed manually upon restoration of oifsite power. Since
tne ESFAS reset restores all DG trips only if the emergency
bus tie breakers are closed (offsite power availaole), no
changes are planned for these circuits.

3. All circuitry for reset will be testea and veritieo per IE
Bulletin 80"06 Etem 2 prior to power operation during plant
start-up.





420.3 gualification of Contro~lS stems IE Information Notice 79-22

Operating reactor licensees were informed by IE Information Notice
79-22, issued September 19, 1979, that certain non-safety grade or
control equipment, if subjected to the adverse environment of a
high energy line break, could impact the safety analyses and the
adequacy of the protection functions performed by the safety grade
equipment. In the attachment to this Enclosure there is a copy of
IE Information Notice 79-22, and reprinted copies of an August 30,
1979 Westinghouse letter and a September 10, 1979 Public Service
Electric and Gas Company letter which addresses this matter. Operating
Reactor licensees conducted reviews to determine whether such problems
could exist at operating facilities.
We are concerned that a similai potential may exist at light water
facilities now under construction. You are, therefore, requested
to perform a -review to determine what, if any, design chhnges or
operator actions would be necessary to assure that high energy line
breaks will not cause control system failures to complicate the
event beyond your FSAR analysis. Provide the results of your
reviews including all identified problems and the manner in which
you have resolved them to NRP„ by July 6, 1981.

The specific "scenarios" discussed in the above referenced Westinqhouse
letter are to be considered as examples of the kinds of interactions
which might occur. Your review should include those scenarios,
where applicable, but should not necessarily be limited to then.
Applicants with other LWR designs should consider analogous inter-
actions as relevant to their designs.

Re~s onse:
~ '

review of potential control system interactions during high energy .

~ pipe breaks has been conducted'for St. Lucie Unit 2. The review is
based on the Combustion Engineering (C-E) generic review effort.

The review considered both the specific systems listed in IE Informa-
tion Notice 79-22 and other non-safety systems which could possibly
interact with safety grade systems.

n
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St. Lucie Unit 2
(Instrumentation and Control Systems Branch guestions)

Despite the low probability of a high energy line break a generic review has
been performed of thirteen control systems involving'four accidents
scenarios which encompass the spectrum of postulated high energy

=line breaks. A matrix was established of the high energy line breaks
and control functions (Attachment 1). In the time available, the

'atrixwas reduced to include only those systems and events which
require further evaluation. A general description of the procedure
used to reduce this matrix is listed below:

I. An initial review of each postulated Control Function
failure for each pipe break was completed and served as the
basis for consideration. Where a postulated failure could
potentially increase the severity of a high energy pipe
break, the following criteria were employed to resolve the
concern:

l. Is the postulated Control Function failure mode credible?

2. Is the Control Function Equipment (Sensor, Cable, etc.)
qualified to operate properly in the postulated environ-
ment?

3. Where the postulated Control Function failure is credible,
could its impact potentially affect the conclusions pre-
sented in the SAR? Considerations such as Maximum Control
Function capabilities, and delayed, but proper operator
action were employed in this effort.

In several cases, most notibly the PORV failure in the open position,
no specific failure mechanism has been identified. The only manner
for such a failure to occur would be for power to be inadvertently
applied to the valve solenoid and not be removed. Partof the short
term recomnendations is to evaluate whether or not a failure mechanism
of this type is credible.

The potential adverse impact of high energy pipe 'breaks on reactor
coolant pumps was considered. Both the seized shaft and the
simultanteous three or four pump 'loss of flow were eliminated from
considerat>on based on judgement that these failures are not con-
sidered credible within the time frame limited by operator action
(30 minutes) due to environmental impact alone. The impact of
other potential loss of flow events (e.g., one or two pump loss of
flow) during high energy pipe breaks was reviewed and it was judged
that the resulting rapid reactor trip was sufficient to ensure that
the conclusions of the SAR would not change.
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St. Lucie Unit 2
(Instrumentation and Control Systems Branch questions)

Attachment 2. details specific event/interactions scenarios. and defines
specific short term .recoranendations which have been established, on a
generic basis, to minimize the probability and impact of the postulated
events. This attachment also discusses potential long term alternatives
which have been identified on a generic basis.

The results of a review of the C-E generic evaluation applied to
the St. Lucie Unit 2,design are also provided in Attachment 2.
These results are discussed after the generic short and long
term recommendations for each postulated event addressed. Based
on these results the items shown on the generic-matrix (Attachment 1)
have been eliminated. Therefore no design changes are necessary
to assure that high energy line breaks do not cause control system
failures to complicate events beyond the FSAR analysis for St. Lucie
Unit 2.

0
J0L 24%81



CONTROL FUNCTIONS AND EVENTS

Control Functions Considered

Pressurizer Level

Pressurizer Pressure
Power Operated Relief Valves & Block Valves; Relief and Closure
Reactor Coolant Flow (RCPs)

Rod Position (RRS, CEDMCS)

Boron Concentration (Boron Control System)
Feedwater Flow (FHRS)

Steam Flow to Turbine (TGCS)

Steam By-Pass to Condenser (SBCS)

Steam Dumps to Atmosphere Upstream of MSIVs

Steam Dumps to Atmosphere Downstream of HSIVs

Steam Generator Blowdown (SGBS)

Safety Injection Tank Depressurization/Isolation

The listed functions were evaluated in conjunction with the following
events:

Small Steamline Rupture Inside Containment
Small Steamline Rupture Outside Containment
Large Steamline Rupture Inside Containment
Large Steamline Rupture Outside Containment
Small Feedline Rupture Inside Containment
Small Feedline Rupture Outside Containment
Large Feedline Rupture Inside Containment
Large Feedline Rupture Outside

Containment'mall

LOCA Inside Containment
Small LOCA Outside Containment
Large LOCA

Rod Ejection

c)



Jennie HcKenzie (202) 363-9289

2800 Quebec Street, N.W.
Washington, D AC. 20008

EXPERIENCE

Communications

Creating and producing public affairs programming in discussion and audience
participation formats.
Initiating and implementing programming ideas in the areas of public affairs,

'the arts, and community involvement.
Producing an Emmy award-winning public affairs special program.
Securing and interviewing participants for on-air discussions.
Creating film and still montage openings and wrap-arounds for programs.

Public Relations

Developing contact and maintaining liaison with print and broadcasting media
concerning station and programming 'publicity.
Ascertaining programming needs and funding allocations of member stations.
Initiating and implementing ideas for publicity campaigns.
Researching and securing promotional materials.
Coordinating and writing press releases and newsletters.
Responding to inquiries received by telephone and by mail.

Administrative/Hang ement

Directing production office staff of three assi'stants and four student interns
and volunteers.
Analyzing office procedures and communication materials during reorganization.
Creating new methods and restructuring existing procedures to facilitate
communication during reorganization.
Evaluating and updating previous corporation literature to facilitate communication
with membership.
Supervising the acquisition and preparation of films for broadcast.

EMPLOYMENT

Public Broadcasting Service,
National Public Radio,
and other production companies

Consul tant in'rogramming, Pub 1 ic Relat ions
May 1977 - October 1979

'I

National Public Radio
Washington, D.C.

Assistant-to the Vice President for
Corporate Relations

October 1976 - Hay 1977

Public Broadcasting Service
Washington, D.C.

Consultant in Programming, Public Relations
January 1976 - October 1976

WTTG, Hetromedia
Washington, D.C.

Producer of Panorama and other production
staff positions

'February 1973 — October 1975

Promotion Assistant
January 1971 - February 1973

EDUCATION - B.A., Catholic University of America, Washington, D.C.



ATTACHMENT 1

MATRIX OF EVENTS/CONTROL FUNCTIONS

dUl. 24 >g8)

Pipe Break

Control Function

Pressurizer
Level

Pressurizer
Pressure

Pilot Operated
Relief Valves

CEA
Position

Feedwater
Flow

Boron
Concentration

Turbine
Control

Steam
Bypass

Steam Dump
Upstream of
MSIY

SLB

X

X

X

X

X

FWLB

X

X

X,.

CEA
Ejection SBLOCA

X

LBLOCA

Steam Dump
Downstream of
MSIV X

Steam Gen.
Blowdown

Safety Injection
Tank Isolation

Reactor
Coolant Flow

X



ATTACHMENT 2

fJ»

DESCRIPTIONS OF RENINING EVENTS AND CONTROL FUNCTIONS

I. Assessment of Control System Failures on Steam Line Break'Event

A. Sequence of Events for Generic SAR Steam Line Break at Full Power,
Inside or Outside Containment

1. Double-ended steam line break occurs

2. Reactor trip on low steam generator pressure
3. HSIS initiates to isolate the steam generators
,4. RCS temperature decreases due to excessive steam removal

5. Total reactivity increases due to moderator cooldown effect
6. MSIVs close
7. Pressurizer empties
8. Low pressurizer pressure initiates SIAS

9. NFIVs close
10. Safety injection boron reaches core

, ll. Affected steam .generator empties, terminating cooldown effect,
the transient reactivity reaches peak and decreases gradually
due to boron injection

12. Limited or no post-trip return-to-power
13. No fuel in DNB

B. Steam Line Break Hith PORV Control S stem Failure

l. Significant Interaction Effects:
a. Increased Containment Pressure

b. A stuck open PORV in combination with a steam line break
has not been analyzed.

2. Assumptions

a. Steam line break (large break inside containment for Item 1.A
above, any size or location for Item 1.B above).

b. Inadvertently PORVs open and remain open

c. PORV Block valve also fails to close when required
d. Initial condition: full power

3. It must be emphasized that no mechanism has been identified for
the PORV to inadvertently open and remain open since its signal
to open comes from safety grade equipment and the Garrett
valves and solenoids are qualified for an environment in excess
of 400 F.



4. Sequence of Events

pf
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a. Large steam line break occurs inside containment.

b. Reactor tl;ip occurs on steam generator low pressure within ~ < >98>

5 seconds.

c. Should the adverse enviroanent cause the PORV to inadvertently
open and then remain open, the following steps may also occur.
It should be noted that no meachnism has been identified
which would cause this 'to occur.

d. Steam from PORV fills quench tank and bursts rupture disk
releasing steam to the containment and cuasing additional
containment pressurization.

e. Nass removal via PORV causes. additional void formation within
the reactor coolant system.

5. Actions

a. Short term:

2.

Utilities continue to investigate qualification levels
and location of power cables to PORVs and PORV block
valves to assess credibility of this failure mode.

Ensure operators take action to shut PORV and PORY block
valve if PORV fails open.

b. Long term:

1. Complete assessment of PORVs and block valves. Dependent
on the results of that assessment

a. upgrade environmental qualification level of PORVs and
block valves; or

b. perform detailed analysis of event if required.

6. Evaluation for St. Lucie Unit 2

C-E has not identified a failure mechanism relative to this concern.
Furthermore, this system provides input to the Reactor Protective
System and, as such; is safety-grade and post-LOCA, qualified. We

do not believe this item is applicable to St. Lucie Unit 2.

C. Steam Line Break With Feedwater Flow Control S stem Failure

1. Significant Interaction Effects

a. Steam generator filling - causing potential piping structural
problems

2. Assumptions

a. Small steam line break inside containment that does not cause
an iranediate reactor trip





4. Sequence of Events

a. Large steam line break occurs inside containment.
gg~ ~

b. Reactor trip occurs on steam generator low pressure within— ~4 1S8

5 seconds.

c. Should the adverse environment cause the PORY to inadvertently
open and then remain open, the following steps may also occur.
It should be noted that no meachnism has been identified
which would cause this to occur.

d. Steam from PORV fills quench tank and bursts rupture disk
releasing steam to the containment and cuasing additional
containment pressurization.

e. Mass removal via PORV causes additional void formation within
the reactor coolant system.

5. Actions

a. Short term:

1. Utilities continue to investigate qualification levels
and location of power cables to PORVs and PORV block
valves to assess credibility of this failure mode.

2. Ensure operators take action to shut PORV and PORV block
valve if PORV fails open.

1

b. Long term:

1. Complete assessment of PORVs and block valves. Dependent
on the results of that assessment

a. upgrade environmental qualification level of PORVs and-
block valves; or

b. perform detailed analysis of event -if required.

6. Evaluation for St. Lucie Unit 2

C-E has not identified a failure mechanism relative to this concern.
Furthermore, this system provides input to the Reactor Protective
System and, as such, is safety-grade and post-LOCA qualified. He .

do not believethis item is applicable to St. Lucie Unit 2.

C. Steam Line Break Mith Feedwater Flow Control S stem Failure

1. Significant Interaction Effects

'a. Steam generator filling -, causing potential piping structural
problems

2. Assumptions

a. Small steam line break inside containment that does not cause
an iamediate reactor trip



b. Feedwater flow exceeds steam flow due to failure of steam
generator level instrument, indicating flow

c. SAR conservatism

no operator action within 30 minutes

3. Sequence of Events

oes: not cause anSmall steam line break occurs which d

p

b.

imnediate reactor trip
JUL g

Steam generator level instrument fails, causing an increase
of feedwater flow in excess of steam flow

c. Steam generator begins to fill causing increased moisture
content of steam

d. If no operator action occurs undefined piping structural
problems could result .

. e. It should be emphasized that this event can be prevented
by prompt operator action. Safety grade steam generator
level instrumentation exists, enabling comparison with control
grade level instruments of the feed system.

4. Action

a. Short term

5'.

i. Ensure the operator is aware of this potential interaction
so that he may take promptcorrective action shoud it occur

b. Long term

i. Assess the need of upgrading steam generator level indi-
cation to the feedwater control system

ii. Assess the need to install a safety grade high steam
generator level alarm

Evaluation for St. Lucie Unit 2

The concern in this area assumes a failure in a steam generator
level instrumentcausing the FHRS to supply feedwater in excess
of steam demand, thereby filling the affected steam generator
potentially leading to excessive moisture carryover. The St. Lucie
Unit 2 design incorporates a desiqn feature that automatically
closes the feedwater regulating valves at thehigh steam generator
level and trips the turbine and main feedwater pumps at the high-high
level. The instrumentation transmitting the signal is a four channel
system with portions qualified to withstand the adverse environment.
Those portions not qualified will not be exposed to the adverse
environment. Me therefore conclude that this concern is not applicable

-to St. Lucie Unit 2.





D. Steam Line Break With Failure of Main Steam Paths Downstream of MSIV's

1. Significant Int'eraction Effects

a. Increase post-trip return-to-power

2. Assumptions

a. Large steam 1-ine break inside containment

b. HSIV on unaffected steam generator fails to close. This
sequence of events is pertinent only if this assumption
is made.

c. Downstream of MSIV's main steam paths fail open

d. Initial condition: full power

e. SAR conservatisms

i. end of cycle core

ii. the most reactive CEA stuck out

iii. steam blowdown through steam line break J8L 2 c <gs<

3. The number of failures which must occur during this event are
significant. First there must be the large break. Then the MSIV
on the opposite steam generator must fai 1 to close. There is a
stuck rod on reactor trip.. Then steam paths downstream 'of
the HSIV's must be affected. These include turbine control valves
and steam dump and bypass valves. The probability of this event
occurring is much less than 10-6 per reactor year.

4. Sequence of Events
I

a. Large 'steam line break inside containment

b. Reactor trip on low steam generator pressure trip signal

c. HSIV on unaffected steam generator fails to close on MSIS

d. Main steam paths downstream of HSIV open or fail to close due
to control system malfunction caused by adverse environemnt
following large steam line break.

e. Open main steam paths increase the steam blowdown and
increase moderator cooldown effect which adds positive
reactivity to core. A post-trip return-to-power is more
severe under these conditions.





5. Actions

a. Short term

~S8should a steam line break occur, ensure operator takes 8 f
action to isolate all alternate steam flow paths

determine whether this event warrants further consideration,
in light of low probability of all consequential failures
which must occur for the event,to be significant

b. Long term

utilities investigate environmental qualificationlevel of
the systems involved

ii. upgrade qualification level of affected equipment if this
is determined to be necessary

6. Evaluation for St. Lucie Unit 2

The systems which must fail in order to open the main steam
path downstream of the 1<SIV are the turbine generator control
system (TGCS) and'team bypass control system (SBCS)'; Review
of the St. Lucie Unit 2 design shows that the TGCS and SBCS
would not be exposed to the adverse environment. However, the
Tave input to the SBCS generated by the RRS could be exposed
to the accident environment. The Tave input though, is used
only to block initiation of a quick opening signal and cannot
cause the SBCS valves to open. A quick opening signal would
not be generated due to the low steam flow and pressure inputs
to the SBCS so the valves would remain closed. We therefore
conclude that this is not applicable to St. Lucie Unit 2.

E. Ste'am Line Break withAtmos heric Dum Valve Control S stem Failure

1. Significant Interaction

a. Post-accident controlled cooldown

2. Assumptions

a. Steam line break outside containment and upstream of llSIV

b. Atmospheric dump valves on opposite steam line open and remain
open*

c. SAR conservatism

i. no operator action within 30 minutes

3. Sequence of Events

a. A steam line b'reak outside of containment but upstream of the
HSIV occurs

*The failure mechanism identified is a failure of the input signals that would
'ausethe valve to open if operating in the automatic mode. Although no

operator action is assumed for 30 minutes prompt operator action to shut the
open valve would mitigate any effects'f this event.





b. Reactor trip on low steam generator pressure

c. Atmospheric dump valves upstream of HSIV's open and remain
open due to control system failure

d. If no operator action-takes place there would be the potential
for dry-out and depressurization of both steam generators

e. Failure to shut atmospheric dump valves could inhibit a
controlled plant cooldown by limiting the ability of the
auxiliary feed pumps to deliver to the steam generator(s)

4. Actions

a'. Short term

i. operate atmospheric dump valves in manual." Ude, or

ii. ensure operator shuts atmospheric dump valves on steam
line until control is assured JUl. 2 q ga58>

b. Long term

i. Continue investigation . to determine if this failure
mechanism is plausible

ii. upgrade atmospheric dump valve control system to with-
stand the adverse environment, if required

5. Evaluation for St. Lucie Unit 2

The atmospheric dump valves are located upstream of the main
steam isolation valves at St. Lucie Unit 2, and the postulated
failure in this area would be a valid:concern were the system to
be in the automatic mode during power operations. However,
consistent with the anlayses in the FSAR, this system is maintained
in the manual mode during normal operations. Me believe this
method of'peration adequately addresses any concern in this area.

II. Assessment of Im act of Control S stem Failures on Feed Line Break Event and
CEA Ejection

A. SAR Feed Line Break

1.. Sequence of Events

a. Hain feed line break occurs downstream of reverse flow check
valve, discharging main feed and steam generator fluid

b. RCS heatup due to loss of subcooled feed flow

c. Reactor trip occurs on steam generator low water level or
high pressurizer pressure. Turbine trip occurs on reactor
trip.





d. Rapid RCS heatup and pressurization due to loss of heat
transfer as the ruptured steam generator empties

e. Depressurization of the ruptured steam generator initiates
HSIS and isolates the intact generator

f. RCS pressurization terminates with opening of primary relief/
safety valves and decreasing core heat flux

g. RCS cooldown begins, controlled by the main steam safety
valves

h. Auxiliary feed is initiated automatically or by operator
action

B. Feed Line Break Mith RCS Inventor Control Failure

1. Significant Interaction Effect

a. Increased RCS pressurization due to liquid filled pressurizer

2. Assumptions

a. Small feed line break inside containment

b. Adverse environment impacts pressurizer level instrument
causing indication to fail low which causes the control
system to increase inventory (and pressurizer level)

c. Initial conditions

102K power
'i.

steam bypass control system in manual mode

iii. beginning-of-cycle core parameters

d. Analysis conservatisms

i. no operator action for at least 30 minutes

no credit for steam generator low .water level trip in
ruptured unit until empty

heat transfer in ruptured steam generator instantaneously
terminated on emptying

iv. failure of the feed line reverse flow check valve, ifJgpthe break occurs upstream of the valve 34@8<





3. Sequence of Events

a. Feed line break in containment

b. Main feed spills from break

3'iv
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c. Adverse containment environment causes pressurizer level
indication to fail low causing RCS inventory to increase

d. Reactor trip occurs on steam generator low water level on
high pressurizer pressure. Turbine trips on reactor trip

e. RCS heatup results from rapid decrease in SG heat transfer
due to loss of fluid from the ruptured steam generator

f. Pressurizer relief and/or safety valves open

g. Potential for pressurizer to fillwith liquid exists due
to high level in pressurizer prior to heatup. Relief/
safety valve relief capacity reduced by liquid discharge

h. Extent of increased RCS pressurization is dependent on
time of pressurizer filling relative to the rapid heatup

4. Actions

a. Short term

alert operator to this potential failure mode, so that
prompt corrective action can be taken

b. Long term

i. Perform plant specific analyses to determine upper
limit allowable for pressurizer level which is
consistent with the maximum rate of level increase
and the maximum RCS expansion during the potentially
rapid heatup associated with feed line breaks

ii. upgrade pressurizer level instrumentation

5. Evaluation for St. Lucie Unit 2

The C-E concern postulates the failure of a pressurizer level
instrument in the control system, which, in the absence of
operator action, causes the pressurizer to fill, thereby

'llowing the reactor coolant system to go solid. As discussed
in our response to IE Bulletin 79-01, the level instruments
are post-LOCA qualified. He therefore do not believe there
is a concern in this area.





C. Feed Line Break With PORV Control Failure

1. Significant Interaction Effect's
JUL p ~24881

a. A failed open PORin combination with a feed line break
has not been analyzed

2. Assumptions

a. Feed line break inside containment

b, PORV's inadvertently open and remain open

c. PORV block valve also fails to close when required

d. No operator action until 20 minutes

3. PORV would not be expected to remain open due to actuation
malfunction since Garrett valves and solenoids are qualified
for temperatures in excess of 400'F

4. Sequence of Events

a. Feed line break occurs inside containment

b. Steam generator fluid and/or, main feed spill from break

c. RCS heatup and pressurization results from loss of feed flow

d. PORV opens on high pressure and fails to reclose due to
adverse environment

e. Reactor trip occurs on high pressurizer 'pressure.
Turbine trips on reactor trip

f. RCS depressurization occurs if PORV's fail to reclose

g. toss removal via PORV causes void formation within RCS

h. Feed line break in combination with a failed open PORV
has not been analyzed

5. Actions

a. Short term

i. utilities investigate. qualification level and
location of power cables to PORV's and PORY block
valves to assess credibility of this. failure mode

ii. ensure operators take actions to shut'ORV's and
PORV block valves, should this failure occur
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b. Long
term'.

Complete assessment of PORV's and block valves.
Dependent on results of that assessment

r

A. upgrade environmental qualification level of
PORV ' and block valves, or

c~

j'.

perform detailed analysis of event, if required

6. Evaluation for St. Lucie Unit 2

C-E has not identified a failure mechanism relative to this
concern. Furthermore, this system provides input to the
Reactor Protective System and, as such, is safety-grade and

- post-LOCA qualified. Me do not believe this item is applicable
to St. Lucie Unit 2.

D. Feed Line Break With Feedwater Control Failure

1. Significant Interaction Effects

a. Overfilling of the steam generator(s) causing potential
structural problems

2. Assumptions

a.'mall feed line break inside containment

b. Feed control in automatic mode

c. Adverse environment causes steam generator level indica-
tion to fail low which causes the feed control system to
increase feed flow above the steam flow

d. No operator action for 30 minutes

3. Sequence of Events

a. A small feed line break occurs inside containment

b. Hain feed spills from break

c. Steam generator level instrument fails indicating low
and causes increased feed flow in excess of steam flow

d. Steam generator begins to fill causing increased moisture
content of steam

e. If no operator action occurs undefined structural problems
could result
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en ef. It should be emphasized that. this even ="c n
by prompt operator action. Safety grade level instru-.
mentation exists to compare to control grade instruments.
The feed system can then be controlled manually

4. Actions

a. Short term

+~ >4 I>~

i. ensure- the'perator is aware of the potential failure
mode so the he may take prompt corrective action,
should it occur

ii. assess the need to install safety grade high steam
generator level alarm

5. Evaluation for St. Lucie Unit 2

The concern in this area assumes a failure in a steam generator
level instrument causing the FWRS to supply feedwater in excess
of steam demand, thereby filling the affected steam generator
potentially leading to excessive moisture carryover. The
St. Lucie Unit 2 design incorporates a safety grade design
feature that automatically closes the feedwater regulating
valves at thehigh steam generator level and trips the turbine
and main feedwater pumps at the high-high level. The instrumenta-
tion transmitting the signal is a four channel system with portions
qualified to withstand the adverse evnironment. Those portions
not qualified will not be exposed to the adverse environment. We
therefore conclude that this concern is not applicable to St.
Lucie Unit 2.

E. Feed line Break Hith Atmospheric Steam Dump Control Failure

1. Significant Interaction Effects

a. Controlled plant cooldown

2. Assumptions

a. Feed line break outside containment and downstream of
reverse flow check valve

b. Adverse environment impacts the atmospheric steam dump
control on unaffected steam .-generator causing an un-
controlled steam release upstream of the HSIY's

c. No operator action until 30 minutes*

*The failure mechanism identified is a failure of the input signals
that would cause the valve to open if operating in the automatic
mode. Although no operator action is assumed for 30 minutes, prompt
operator action to shut the open valve would mitigate any effects
of this event.





3. Sequence of Events

a. Feed line break occurs outside containment downstream
of check valve.

b. Steam generator fluid and/or main feed spill from break

c. Reactor trip occurs on steam generator low water level
or high pressurizer pressure. Turbine trip occurs on
reactor trip

J0$ g 4 $98)

d. Steam generator pressure'increases following turbine trip
e. Environment could cause atmospheric dump valves upstream

of HSIV in unaffected steam generator to open and remain
open

f. If no operator action takes place there vrould be a
potential for dry out and depressruization of both steam
generators

g. Depressurization of both steam generators may limit the
ability of the auxilairy feed pumps to deliver to the
steam generator(s)

4. Actions

a. Short term

operate atmospheric steam dump valves in the manual
mode, or

ensure that the operator is aware of this potential
interaction so that prompt corrective action can
be taken

b. Lonq term

i. continue investigation to determine if this failure
mechanism is plausible

ii. upgrade atmospheric dump valve control system environ-
.mental qualification if required

5. Evaluation for St. Lucie Unit 2

The atmospheric dump valves are located upstream of the main
steam isolation valves at St..Lucie Unit 2, and the postulated
failure in this area would be a valid concern were the system
to be in the automatic mode during power operations. However,
consistent with the analyses in the FSAR, this system is
maintained in the manual mode during normal operations. , Me
believe this method of operation adequately addresses any
concern in this area.
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III. Potential Effect of Reactor Re ulatin S stem Burin Hi h Enero~Pi es
Break Events

A. CEA position malfunctions due to steam and feedline breaks and
CEA ejection

dtJL 24 i98fl. Significant interaction effect:

a. Potentially higher reactor power levels prior to reactor
trip than presently analyzed

2. Assumptions

a. Small high energy pipe break inside containment

b. Reactor regulating system in automatic mode

c. 'dverse environment results in a low indicated power level
from the ex-core sensor input to the Reactor Regulating

. System causing CEAs to be withdrawn

3. Sequence of events

a. High energy pipe break inside containment of a small
enough size where iranediate reactor trip does not occur

b. Control grade ex-core sensor indication fails low due to
adverse environmental .impact

c. Reactor regulating system causes CEAs to be withdrawn

d. Reactor power exceeds the power previously assumed during
the transient

e. Reactor trip occurs due to high energy pipe break at
conditions not considered in present analyses

4. Actions

a. Short term

i. place the control element drive system in manual

ii. Modify emergency procedures to state that the operator
should not take any control action based upon reactor
power as measured by the control grade ex-core detectors
during high energy pipe breaks

b. Long term

i. evaluate the consequences of small high energy pipe
breaks in containment with CEA withdrawl, if required

ii. if required, upgrade the environmerital qualification level
of the control grade excore detector system



5. Evaluation for St. Lucie Unit 2

The C-E concern regardi n'g control rod withdrawal with the
Reactor Regulating System (RRS) in automatic control is
considered valid. However, consistent with the analyses
in the FSAR, this system is maintained in the manual mode
during normal operations. We believe this method of opera-
tion adequately addresses any concern in this area.
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B. Small Break LOCA With CEA Control System Mal functio

Significant interaction effects '
J»~

a. Potential exists for increasing power. This would cause
pressure to remain above low pressurizer pressure trip for
a longer period than previously assumed

2. Assumptions

a. Small break LOCA inside containment

b. CEA control system in automatic mode

'. Adverse environment impacts CEA control system or related
sensors resulting in consequential failure

d. Control system causes CEA to withdraw

e. Standard LOCA licensing assumptions

3. Sequence of events

a. Small break LOCA occurs inside containment

b. CEA control system in automatic mode

c. Adverse environment caused by rupture potentially causes
excore power indication to'indicate low power level

d. Should CEAs begin to withdraw, the magnitude of the over-
power excursion prior to scram would be increased. This
could produce a higher primary system pressure which could
then delay reactor trip and SIAS and result in higher
peak clad temperature

4. Action

a. Short term
Ii. Place the control element drive system in manual

. ii. Modify emergency procedures to state that the operator
should not take any control action based upon reactor
power as measured by the control grade excore detectors
during a LOCA.

b. Long term

i. Evaluate the consequences of a small break LOCA with
-CEA withdrawal, and

if required upgrade the environmental qualification
level of the control grade excore.instrumentation





5. Evaluation for St. Lucie Unit 2

The C-E concern regarding control rod withdrawal with the ~ 24 fg ~Reactor Regulating System (RRS) in automatic control is 8f
considered valid. However, consistent with the analyses in
the FSAR, this system is maintained in the manual mode during
normal operations. He believe this method of operation
adequately addresses any concern in this area.

C. Small Break LOCA with SIT Isolation Malfunction

1. Significant interaction effects

a. Potential exists for injection of non-condensible gas
into the RCS. This could cause problems with natural
circulation and heat transfer in the steam generators
should the gas collect there.

2. Assumptions

a. Small break LOCA inside containment

b. Adverse environment impacts safety injection tank(s)
isolation resulting in consequential failure,

- c., Operator cannot isolate the safety injection tank(s)

d. Standard LOCA licensing assumptions

3. Sequence of events

a. Small break LOCA occurs inside containment

b. Adverse environment caused by rupture disables SIT
isolation mechanism

c. Operator is unable to isolate the SIT(s) and non-condensible
gas (nitrogen cover gas) enters the RCS.

d. Possibility exists for degraded natural circulation flow
and/or buildup of gases in the steam generators causing
heatup of RCS.

4. Action,

a. Short term

i. Instruct operator that the possibility of gas formation
existsif SITs are.not isolated.

'ii. Identify drain lines that could be used to drain the
SITs and their qualification levels



0



b. Long term

i. Evaluate options for providing another means of
'isolating the SITs and revise the design as necessarpPL Q 4 g@

Evaluation for St. Lucie 2

The valves and instrumentation and control systems are
environmentally qualified to withstand the adverse
environment. Backup means are also available to de-
pressurize the SITs and thereby prevent non-condensible
gases from entering the RCS.



0
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uestion No.

420.4 Control S stem Failures
~C

The analyses reported in Chapter 15 of the FSAR are intended to
demonstrate the adequacy of safety systems in mitigating Jgganticipated operational occurrences and accident's. Both Congress ~ 4 f/']and ACRS have raised an issue in this area. Commissioner Ahearne
has responded to Congress regarding this issue (refer to I

attachment to this enclosure) and part of his response referred to
control system reviews to be performed in connections with OL
licensing.

Based on the conservative assumptions made in defining these
Chapter 15 design-basis events and the detailed review of the
analyses by the staff, it is likely that they adequately bound the
consequences of single control system failures.

To provide assurance that the design 'basis event analyses
adequately bound other more fundamental credible failures you are
requested to provide the following information:

(1) Identify those control systems whose failure or malfunction
could seriously impact plant safety.

(2) Indicate which, if any, of the control systems identified in
(1) receive power from common power sources. The power
sources considered should include all power sources whose
failure or malfunction could lead to failure or malfunction -of
more than one control system and should extend to the effects
of cascading power losses due to the fai:lure of higher level
distribution panels and load centers.

(3) Indicate which, if any, of the control systems identified in
(1) receive input signals from common sensors. The sensors
considered should include, but should not necessarily be
limited to, common hydraulic headers or impulse lines feeding
pressure, temperature, level or other signals to two or more
control systems.

(4) Provide justification that any simultaneous malfunctions o'

the control systems unidentified in (2) and (3) resulting from
failures or malfunctions of the applicable common power source
or sensor are bounded by the analyses in Chapter 15 and would
not require action or response beyond the capability of

~ operators or safety systems.

420.4-1
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~Res ense:

The control systems whose failures or malfunctions may impact
, plant safety are shovn below:

Feedwater Regulating System
r

Turbine-Generator .Control System

Steam Bypass Control System

ADV Control System

Boron Control System

Reactor Regulating System

Control Element Drive Mechanism Control

Pressurizer Pressure Control System
~ s

Pressuriper Level Control System

Reactor Control Pumps.

Power Operated Relief Valves

Steam Generator Blowdown System

~~ >< fS8i

(2)a(4) The control systems identified in (1) that receive power from
common power sources are identified below. The effect of losing
the power sources and an evaluation of plant response are also
provided. The results of this evaluation provide justification
that any simultaneous malfunctions of'control systems identified
herein, resulting from common pover supply malfunctions are
bounded by the analysis of Chapter 15 and would not rejuire action
or response beyond the capability of operators or safety systems.

Im act of Loss of Common Power Sources

Loss of 120V AC from Power Panel 220

This power loss will impact the Pressurizer Level Control System
(PLCS), the Pressurizer Pressure Control System (PPCS), tne
Reactor Regulating System (RRS), the Boron Control System (BCS),
and the Steam Bypass Control System (SBCS). Specifically, the
PLCS will lose control pover, assuming the selector switch is on
that'channel (it will be unaffected if on the other channel). The
letdown control valve vill go to its fail closed position and the

420.4-2



charging pumps will remain powered, and available for manual
'ontrol. The PPCS will lose control power, assuming the selector

switch is on that channel. The pressurizer spray valve will go to
its fail closed position and the pressurizer heaters will remain
powered and available for manual control. Additionally the
low-low level automatic cut-off of the pressurizer heaters will
lose control power. The RRS will lose. power assuming the selector
switch is on that channel (it will be unaffected if on the other
channel). The control element assemblies will remain in their
positi'on prior to the power loss. The BCS will not,completely be
lost. The reactor makeup water flow controller will lose 'power
with the boric acid flow controller unaffected. The letdown line
will be affected with the temperature elements for the
regenerative and letdown heat exchangers losing power, however,
the. letdown line will be isolated by the letdown control valves
mentioned previously. The SBCS will not receive a Ta„e input
from the RRS which may cause the turbine bypass valves to remain
closed. Secondary pressure relief and RCS heat removal control
can be accomplished through the main steam safety valves and
atmospheric dump valves.

Evaluation of Plant Response:

The loss of the PLCS, PPCS, RRS, BCS, and SBCS due to loss of 120V
AC from power panel 220 will not seriously impact plant safety.
The reactor could function for a time without operator action
before a reactor trip would result (most likely on high
pressurizer pressure). The .operator can choose to select the
other channel for correct operation of the PLCS, PPCS, and RRS.
However, manual control of the charging .pumps, pressurizer
heaters, auxiliary sprays, and turbine bypass valves is
available. The operator will still have control of the boric acid
flow to the charging pumps and he can choose to align the
refueling water tank to charging if necessary.

Loss of 120V AC from Power Panel 221

This power loss will impact the Pressurizer Level Control System
'(PLCS), the Pressurizer Pressure Control System (PPCS) and the
Reactor Regulating System (RRS), the Boron Control System (BCS),
and the Steam Bypass Control System (SBCS).'pecifically, the
same impact as with the loss of 120V AC from power panel 220 will
occur with the following exceptions:

The reactor makeup water flow control will remain powered,
however,'he boric acid flow controller will lose power.

420. 4-3





0804 W-4

Additionally the temperature element on the letdow'n heat
exchanger controlling the component cooling water control
valve will lose power. The volume control tank level inputs
to the BCS will lose power. Also the station alarms
(annunciators) will transfer to 125V DC power.

Evaluation of Plant Response

There will be no serious impact to plant safety for the event
presented above. In the absence of operator action the reactor
would eventually trip (on high pressurizer pressure). However,
the operator would be alerted to such an event due to incorrect
pressurizer pressure level indications in the control room. He
may choose to switch the redundant channel for correct operation
of the PLCS, PPCS, and RRS. However, manual control of the
charging pumps, pressurizer heaters, and auxiliary sprays is
available. The operator can also bypass the boric acid flow
controller and provide borated water directly to the charging
pumps or align the refueling water tank.

Loss of 480V ACC 2A6 (non-essential ortion)

The impact of losing this motor control center (MCC) is similar to
the loss of 120V AC from power panel 220, since power panel 220
receives power from this MCC.

Evaluation of Plant Response:

The plant response for loss of power panel 220 (120V AC)
applies.'oss

of 480V MCC 2B6 (non-essential ortion)

,The impact of losing this MCC is similar to the loss of 120V AC
from power panel 221, since power panel 221 receives its power
from this MCC.

Evaluation of Plant Response:

The plant response for loss of power panel 221 (120V AC) applies.

Loss of 120V AC VITAL PANEL 2A

This loss of power will impact the Feedwater Regulating System
(FWRS), Steam Bypass Control System (SBCS) and the Turbine
Generator Control System (TGCS) ~ Specifically, in the FWRS
control'power to one regulating valve and bypass valve will belost. Additionally, main steam flow input to the SBCS from the
FWRS is not transmitted from one channel. The turbine runback
mechanism will be without power.

420.4&
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Evaluation of Plant Response:

The feedwater regulating system will still control one regulating
~ and bypass valve. The loss of the turbine runback function is
backed up by instrumentation on 120V AC vital Panel 2B which will
runback the turbine in response to the decreased feedwater flow.
Should the runback not op'crate properly, a reactor trip may result
on low steam generator pressure. Manual operation of the
atmospheric dump valves and auxiliary feedwater is available.
Should the SBCS operate properly or reactor trip not occur tne
plant would stabilize at a decreased power condition.

120V AC Vital Panel 2B

This loss of power will impact the Feedwater Regulating System
(FWRS), Steam Bypass Control System (SBCS), and the Turbine
Generator Control System (TGCS). Specifically, in the FWRS

control power to one regulating valve and one bypass valve will be
lost. Additionally, control of the SBCS would be lost. The TGCS

'ould remain functional, but would suffer a loss of the backup to
the turbine runback function.

Evaluation of Plant Response:

The FWRS will still control one regulating and one bypass valve.
The SBCS will be without control power and the turbine would
runback in response to decreased feedwater flow. Should it not
runback a reactor trip may result on 'low steam generator
pressure. The auxiliary feedwater and atmospheric dump valves are
available .for RCS heat removal. Should a reactor trip not be
-generated a new steady state at a decreased power level would
occur.

Loss .of 120V AC Vital Panels 2A and 2B

This power loss will impact the FWRS, SBCS, and TGCS.
Specifically, feedwater and steam bypass control would be lost and
the, turbine runback mechanism would lose power.

Evaluation of Plant Response:

A reactor trip on low steam generator level will result.
Automatic actuation of auxiliary feedwater and opening of the main
steam safety valves will relieve secondary system pressure. The
atmospheric dump valves and auxiliary feedwater will be used to
control RCS heat removal.

4!

C
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Loss of 125V DC Bus 2AB

This power loss will impact the RRS, the PPCS and the TGCS.
Specifically, control of the RRS and PPCS, both channels would be
disabled. The turbine trip solenoids and generator under
frequency lockout relays would be disabled. The turbine trip
solenoids and generator under frequency lockout relays would be
without power.

Evaluation of Plant Response:

The CEAs would remain in the position they were in before the
power loss and could be controlled through the CEDMCS by the
operator. Mithout the PPCS, pressure control would be maintained
by manual control of the charging pumps and letdown and auxiliary
sp'ray. Should a reactor trip result, the turbine would not trip
electrically but would be tripped automatically on a mechanical
overspeed trip. If required the main steam isolation valves would
close isolating the turbine and maintaining RCS heat removal
functions.

420.4-6
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Question No.

420. 4
3. a 4.

~lm act of Failure in Common Sensors

The control systems identified in (1) that receive input signals
from common sensors are identified below. Descriptions of the
effect of the malfunctions on the control systems and an
evaluation of plant response and backup system availability are
also provided. Prudent engineering judgement based on knowledge
of system design and transient analysis was used to develop these
descriptions. The results of this evaluation provide
justification that any simultaneous malfunctions of control
systems identified herein, resulting from common sensor
malfunctions are bounded by the analyses of Chapter 15 and would
not require action or response beyond the capability of operators
or safety systems.

Malfunction of Pressurizer Pressure Si nal (falls low to the RRS
and PPCS

If malfunction causes a low pressurizer pressure signal to be
transmitted, the pressurizer sprays would shutoff and the RRS
would adjust the CEAs to accommodate a low pressure input, thereby
increasing power.

Evaluation of Plant Response:
The reactor would trip on high pressurizer pressure or high power
due to control system actions. The operator could de-energize the
heaters manually and control pressure with the charging and
letdown systems and auxiliary sprays. Should the reactor not
trip, because the appropriate trip setpoints were not reached by
the affected parameters (pressure and power), a new steady state
should be reached. Operator action could maintain power operation
until the sensor could be repaired.

Evaluation of Plant Response:
The increased heat output from the RCS due to raising the
regulating CEAs increases the steam flow to the turbine. The SBCS
receives a high Tave signal from the RRS. A mismatch between
Tave and pressure in the steam header as measured by the SBCS
opens the turbine bypass valves. The opening of these valves
sends an automatic withdrawal prohibit to the control element
drive mechanism control system stopping CEA withdrawal. The
operator can manually lower the rods or switch to the other RRS
channel to resume a stable condition. '" K%3

420. 4-7
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Malfunction of Main Steam Flow Si nal (falls low) to the FWRS and
SBCS

If the malfunction causes a low steam flow signal to be
transmitted, the FWRS will reduce feedwater flow and the SBCS will
not open the turbine bypass valves.

Evaluation of Plant Response:
The mismatch between feedwater flow and turbine demand would
produce a reactor trip on low steam generator level. The
auxiliary feedwater system and manual control of the SBCS or
atmospheric dump valves is available to achieve a stabilized plant

condition.'alfunction

of Main Steam Flow Si nal (falls hi h) to the FWRS and
SBCS

If the malfunction causes a high steam flow signal to be
transmitted, the FWRS will increase feedwater flow and the SBCS

may open the turbine bypass valves to relieve steam flow based on
the Tave input from the RRS.

Evaluation of Plant Response:
The steam generator level will increase and there may be a steam
generator pressure decrease if the turbine bypass valves open.
The operator could manually control the FWRS and SBCS based on

'team generator level and pressure indications in the control
room. Should the operator not take action a high steam generator
level signal would close the feedwater regulating valves and trip
the turbine. A reactor trip or turbine trip would follow with
actuation of auxiliary feedwater on steam generator low level
signal. Auxiliary feedwater and manual operation of the SBCS or
atmospheric dump valves provide a mechanism for RCS heat removal
to stabilize the plant.

420.4&
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Common Lines/Sensors

13172-310-110 Rev. 10

Common Ta

3/4-RC-127

Ins. P,T L F

PDT-1121 'C

PDT-1124 Z
PDT-1124 Y

(p) Process/Saf'et (S)

S

Indication Only
Indication Only

1-RC-104

1-RC-105

1-RC-130

1-RC-107

2998WW74 Sh. 1
SG2B1

PT-1104
PT"1102 (C)

PT-1103
PT-1108
PT-1102 (A)
PT-1100 (X)
LT-1105
LT-1110 X

LT-1110 Y
PT-1100 Y
PT-1102 (B)
PT-1107
PT-1105

PT-1106
PT-1102 (D)

S

S

S

Indication Only
S

P
Indication Only

P6S

P6S
P

S

Indication Only
S

S

S

I-1"WS1-108

2998M-079 Sh. 1
SG2Al

I-1" MS1-100

LT-9023 A
LT-9021

LT-9013 A"

LT-9011

S

P indicates

S

P

I-1" MSl-101 PT-8013 A
LT-9013 A
LT-9011

S
S

P

I-1" Msl-102 PT-8013 B
LT-9013 B

S

S

I-1" MS1-103 LT-9013 B

420.4-9
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Common Ta

I-1" Msl-104

Ins. P,T L,F ~

PT-8013 C

PT-.8113
LT-9013 C

(P) Process/Safet (S)

S

S indication
S

I-1" Msl-104

I-1" Msl-106

LT-9013 L

PT-8013 D
LT-9005
LT-9013 D
LT-9113
LT-9012

S

S

P
S

S indicate
P

I-1" Msl-116 LT-9012
LT-9013

P
S

I-1" MS1-107 LT-9005
LT-9013 D

P
S

I-1" Msl-109

I-1" MS1-110

LT-9021
LT-9023 A
PT-8023 A

PT-8023 B
LT-9023 B

P indicates
S

S

I-1" MSl-ill
I-1" MSl-112

I-1" Msl-113

I-1" Msl-114

'T-9023 B

PT-8023 L
PT-8123
LT-9023 C

LT-9023 C

PT-8023 D
LT-9006
LT-9023
LT-9022
LT-9123

S
S indication

S

S

P indicates
S

P
P indicates

I-1" Msl-117

I-1" Msl-115

LT-9123
LT-9022

LT-9023
LT-9006

420.4-10
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Malfunction of Pressurizer Pressure Signal (falls hi h) to the RRS
and PPCS

If the malfunction causes a high pressurizer signal to be
transmitted, the pressurizer sprays would come on and the
pressurizer heaters would be de-energized. The RRS would adjust
the rods in response to the high pressure signal thereby
decreasing reactor power.

Evaluation of Plant Response:
The reactor would trip on low pressurizer pressure, and a SIAS mayresult. The operator could close the spray valves and use the
charging and letdown systems and auxiliary spray to control
prcssure'hould the reactor not trip due to affected parameters
not reaching the trip setpoints,, a new steady state would be
reached. Operator action could maintain power operation until the
sensor could be repaired.

Malfunction of Pressurizer Level Signal (falls low) to the PLCS
and PPCS

If malfunction causes a low pressurizer level signal to be
transmitted, the charging flow would increase and letdown flow
would decrease. The pressurizer heaters would. be de-energized if
a low enough signal was transmitted.

Evaluation of Plant Response:
Increasing pressurizer level woold be identified by the operator
on lev'el indication and alarm in the control room. Manual control
of the charging and letdown systems could prevent the overfilling
of the pressurizer and preclude a reactor trip on high pressurizer
pressure.

Malfunction of Pressurizer Level Signal (falls hi h) to the PLCS
'and PPCS

If malfunction causes a high pressurizer level signal to be
transmitted, the charging flow would decrease and letdown increase.

Evaluation of. Plant Response:
A decreasing pressurizer level may lead'to a possible reactor trip
on low pressure and SIAS if the operator does not intervene. The
SIAS would isolate letdown and charging would be available to
restore pressurizer level. Operator could avert a reactor trip
and SIAS through manual control of charging and letdown based on
level indication in control room-

420.4-11
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Malfunction of First Sta e Turbine Pressure Si nal (falls low) to
the RRS

If the malfunction causes a low pressure signal to be transmitted
the RRS will lower the CEAs to produce a Tave commensurate with
the low pressure signal. This Tave output signal is transmitted
to the SBCS affecting its operation.

, Evaluation of Plant Response:
The reduced heat output from the RCS due to the lowering of the
regulating CEAs reduces the steam flow to the turbine. The SBCS
receives a low Tave signal from the RRS so the valves will not
open. A reactor trip would occur on 'low steam generator pressure
with a possible MSIS. The main steam safety valves and
atmospheric dump valves are available for controlling RCS heat
removal.

Malfunction of First Sta e Turbine Pressure Si nal (falls hi h) to
the RRS

If the malfunction causes a high pressure signal to be transmitted
the RRS will raise regulating CEAs to produce a Tave
commensurate with the high pressure signal. This Tave output
signal is transmitted to the SBCS causing its valves to open.

Im act of Failure of Common Instrument Line or Ta

The attached Table identifies the Common Line/Tap for protection
channel and control channels (or multiple control channels) that
are serving mult'iple channels. This table has been reviewed and
those lines or taps which were determined to be limiting in their
effect on plant response are identified below. The effect of
losing protection channels due to a single failure on a common
instrument line or tap, as identified in the response to Question
420.06 does not defeat required protection system redundancy.
Therefore the effect of losing protection channels is not
addressed here. Descriptions of the effect of the malfunctions on
the control systems and an. evaluation of plant response and backup
system availability are also provided. Prudent engineering
judgement based on knowledge of system design and transient
analysis was used to develop these descriptions. The results of
this evaluation provide justification that any simultaneous
malfunctions of control systems identified herein, resulting from
common instrument line or tap malfunctions are bounded by the
analysis of Chapter 15 and would not require action or response
beyond the capability of operators or safety systems.

Pressurizer Pressure Si nal (Pl'-llOOX) and Pressurizer Level
Si nal (LT-lllOX) Ta 1-RC-105 JUL Q g fg3i

Systems affected are RRS, PPCS, PIGS, and SBCS

420.4-12
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Instrument Ta Dama e on Plant Res onse:

If malfunction causes a low pressure and level signal to be
transmitted, the pressurizer heaters would turn on, the
pressurizer sprays would decrease flow. The RRS would adjust the
CEAs to accommodate a low pressure input, thereby increasing
power. This increase, in power causes Tave to increase. The
SBCS receives the Tave input from the RRS and may open the
turbine bypass valves (TBVs) when it'enses a mismatch between
Tave and turbine pressure. The opening of the TBVs sends an
automatic withdrawal prohibit to CEDMCS stopping CEA withdrawal.
However should this not occur the reactor would trip on high power
due to rod withdrawal or achieve a new steady state at higher
power. If the TBVs did not open the MSSVs would relieve steam
generator pressure should it go that high. The PLCS, meanwhile,
would decrease letdown and increase charging. Due to the increase
in charging, and pressurizer heating and increase in power the
reactor may trip on high pressurizer pressure (if not on high
power as mentioned earlier). The operator has safety grade
instrumentation from which to evaluate event progress. Manual
control of charging, atmospheric dump valves and auxiliary sprays,
without the use of PLCS, PPCS, and SBCS will bring the plant to a
stable condition.

Instrument Ta Dama e on Plant Res onse:

If malfunction caused a high pressure and level signal to be
transmitted, the pressurizer heaters would de-energize, tha sprays
would increase flow. The RRS would adjust rods in response to the
high pressure signal thereby decreasing reactor power. The SBCS
would receive a lower Tave input due to the decrease in reactor
power and not open the TBVs. The PLCS would increase letdown and
decrease charging. A low pressurizer pressure situation would
occur leading to a possible reactor trip and SIAS on low pressure
or a new steady state at lower power and pressure. The operator
has safety grade instrumentations from which to evaluate event
progress. Isolation of letdown on SIAS or by the operator and
manual control of charging with pressurizer spray insolation will
bring the plant to a stable condition without using the PLCS,
PPCS, and SBCS.

Evaluation of Pressure Si nal Failin Hi h and Level Si nal
Failin Low due to Instrument Ta Dama e on Plant Res onse:

The plant response is similar for the PPCS, RRS, and SBCS as
discussed above for the pressure signal failing high. The PLCS,
however would increase charging and decrease letdown. The
increase in charging and pressurizer spray flow with no
pressurizer heaters may lead to a low pressure condition or a'
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steadily increasing pressurizer level. The operator has safety
grade instrumentation from 'which to evaluate event progress.
Manual control of charging and turning off pressurizer sprays will
bring the plant to a stable condition.

Evaluation of Pressure Signal Failing Low and Level Si nal Failin
Hi h due to Instrument Ta Dama e on Plant Res onse:

As discussed in the evaluation for both signals failing low the
PPCS, RRS, and SBCS response is similar. The PLCS, however would
increase letdown and decrease charging. An increasing reactor
power, due to a rod withdrawal and decrease in RCS inventory would
lead to a reactor trip on high power or thermal margin/low
pressure. The operator can manually control charging to increase
pressurizer level and isolate letdown flow. The plant can be
brought to a stable condition through operator action and
non-reliance on automatic control of the PPCS, PLCS, RRS, and SBCS.

Pressurizer Pressure Signal (PT-1100Y) and Pressurizer Level
Si nal (LT-1110Y) Ta 1-RC-130

The systems affected and the evaluation of plant response are the
same as those described above for pressurizer pressure signal
(PT-1100X) and pressure level signal (LT-1110X).

Steam Generator Level Signal (LT-9021 and LT-9011) Ta I-1" MSl-108

System affected is the FWRS

Evaluation of Level Signals Failing Low due to Instrument Tap
Damage on Plant Response:

If the malfunction causes a low steam generator level signal to be
sent from both transmitters then the flow control valve would open
to increase level for both steam generators. As feedwater flow
increased the FWRS would note a mismatch between main steam and
feedwater flow. This would close the flow control valve to match
feedwater and steam flow. An oscillation of the flow control
valve with i'ncreasing steam generator level results leading to a
high steam generator level signal being sent from the reactor
protection system to close the control valves and trip the
turbine. Should the control valves not close and turbine not trip
the operator could take manual action to close the valves or stop
the feedwater pumps. Finally a high-high steam generator level
signal would close the feedwater pump discharge valves should the
above actions not occur.

420.4 14
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Evaluation of Level Signals Failing High due to Instrument Ta
Dama e on Plant Res onse:

If the malfunction caused a high steam generator level signal to
be sent from both transmitters then the flow control valve would
close to decrease level for. both steam generators. As feedwater
flow decreased the FWRS would note a mismatch between the main
steam and feedwater flow. This would open the flow control valve
to match feedwater and steam flow. As oscillation of the flow
control valve with. decreasing steam generator level. Auxiliary
feedwater would be automatically actuated to account for the
insufficient feedwater flow.

Evaluation of One Level Signal Failing High and One Level Signal
~Failin low due to lndtrument Tap Damage on Plant Response:

One steam generator would experience a decreasing level due to
closing of the control valve on receipt of the failed high level
signal. The other steam generator would experience an increasing
level due to opening of the control valve on receipt of the failed
low level signal. The result would be either a reactor trip on
low steam generator level or a closure of the control valve on
high steam generator level with a turbine trip. Additionally, the
operator can take appropriate action (manual reactor trip with
auxiliary feedwater actuation) based on safety grade steam
generator level instrumentation.

Steam Generator Level Si naia (LT-9005 and LT-9012) Tap
1-1"->jSI-106

System affected is the FWRS

Evaluation of Level Signals Failing Low due to Instrument Ta
Dama e on Plant Res onse:

Wide range steam generator level will indicate a low level
condition on one steam generator. The operator will still have
safety grade steam generator level indications to rely on (one
safety channel of the four safety channels will also be lost for
that steam generator). Additionally, on the same steam generator
the instrumentation and control of the feedwater bypass valve
sends a signal to open the valve and actuates a low level alarm in
the control room. However since a turbine trip signal is not
present it will not open the valve. For conservatism it is
assumed to open increasing flow to the steam generator. The
intact portion of the FWRS on that steam generator will see the
increased level and close the regulating valve enough to maintain
level. Should this regulating valve control work improperly a
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high steam generator level will cause closure of the feedwater
regulating valves and turbine trip. The operator can use the
auxiliary feedwater system to maintain adequate inventory in the
affected steam generator and may choose to manually trip the plant
based on safety grade instrumentation readings conflicting with
process instrumentation and control actions.

Evaluation of Level Signals Failing Hi h due to Instrumentation
~Ta Dame e on Plant Res ense:

Wide range steam generator level will indicate a high level
condition on one steam generator. The operator will still have
safety grade steam generator level indications to rely on (one
safety channel of the four safety channels will also be- lost for
that steam generator). The control and instrumentation for the
bypass valve will see the high level signal and actuate a high
level alarm in the control room. The operator based on safety
grade instrumentation will see normal level because the FWRS
valves are not acting improperly. 'owever, due to erroneous level
signals he may take manual control of the FWRS and eventually trip
the reactor using auxiliary feedwater to control the steam
generator inventory.

Evaluation of One Level Signal Failing High and One Level Si nal
Failing low due to Instrument Ta Dame e on Plant Ras ense:

Wide range steam generator level indication does not control a
system and the operator will compare it to safety related
instrumentation to ascertain the true reading. Failure of the
instrumentation and control of the feedwater bypass valve is
adequately discussed previously.

Steam..Generator Level Signals (LT-9006 and LT-9022) Tap l-l"
MSl-114

's
a

'

'he systems affected and evaluation of plant response are the same
as for steam generator level signals LT-9005 and LT-9012 for
instrument tap l-l™MS1-106.

Condenser'torage Tank Level Signals (LT-12-llA and LT-12-llB)

The other control channel transmitters sharing a common tap not
identified in the table are the Condensate Storage Tank level
transmitter LT-12-11A and llB. Individual root valves and excess
flow check valves are added to ensure that instrument line rupture
in one channel does not affect the other channel. The only
failure affecting both channels is the break of the tap. For
diversity, two safety related level switches provide low level
alarms on the safety annunciators. Since the function of
LT-12-11A and llB is only indication and alarm and since alarm
backup is provided a tap failure would not cause system actions
required to be analyzed by Chapter 15 of the FSAR.
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cation No.

420.05
(7 ') The instrumentation and control system comparison information of

. PSAR Table 1.3-1 and PSAR Subsection 7.1.1.6 is insufficient.. The
information supplied does not completely show that each
instrumentation, control and supporting system is:
l. Identical to that of a nuclear power plant of similar design

which has recently received an operating license, or

2. Different from previous/recent designs with a discussion of
the differences and their effects on safety related systems.

The above informat'ion is required by Regulatory Guide 1.70
~I

t
Revision 3, Standard format and content of safety reports for
nuclear power plants", Section 7.1.1. Therefore, in conformance
with Regulatory Guide 1.70, Section 7.1.1, provide a comparative
discussion for each St. Lucie 2 instrumentation and control.,system.

Response

Chapter 7 vill be revised to include the following information:

St Lucie 2 instrumentation and control systems are designed and
built identical to those systems provided for St Lucie 1 (Docket
No. 50-335) ~

RPS

St Lucie 2 does not incorporate Asymmetric Steam Generator Tilt
(ASGT} as part of the TM/LP PVAR calculation as St Lucie 1 does.

St Lucie 2 has a loss of CCW trip for RCP (Equipment) protection.

This trip is neither presently nor previously licensed, and is not
credited in the Safety Analysis.

~ ~ >7

e.'0+

-„ Overall the Nuclear Instrumentation portion of the RPS is
nctionally identical to that of St. Lucie'. However the.

sub-function, zero power Mode Bypass, enables the low power
section of the Linear Power Range Safety Channel rather than the
Wide Range Log Channels, as in St. Lucie 1.(l). , *..'...:,

I

The St- Lucie 2 Logic functions identical to St. Lucie 1, but also
includes fuses in all matrix inter bay connections as part of
improved fault protection. In addition, a test circuit is
provided, for checking the fuses associated with this matrix fault
protection periodically-(2) Matrix fuse integrity will be
checked periodically in accordance with technical specifications.
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St. Lucie 2 matrix relays are dry reed types, for improved
reliability over the original St. Lucie 1 mercury wetted reed type
relay design.

St. Lucie 2 incorporates a new RPS bistable design which, while
functionally identical, is characterize'd by: greater accuracy,
input buffering for improved circuit isolation, improved noise
immunity" via an adjustable response time, less cycling due to a
variable hysterisis feature, and a pull up (down) circuit design
which forces a bistable trip on a loss of input signal.
Consequently, contrary to the St. Lucie 1 FSAR Subsection 7.2.2.2,
the St. Lucie 2 auctioneered Input Bistables utilizing negative
inputs will trip in an open circuit configuration.(3)

St Lucie has incorporated Reg. Guides 1.53, 1.22, 1.75, IEEE 323,
344, 384 in RPS design, as these standards were not in effect when
St. Lucie was licensed.

Systems Required for Safe Shutdown

CE equipment supplied for St Lucie 2 conforms to R.G. 1.75, which
identifies a 6 inch spatial separation requirement, vice the 12
inch criteria of St Lucie l.

I

~Safer Related Dis la Instrumentation

The upper and lower CEA limits are indicated on the CEDMCS panel
for St Lucie 2, while St Lucie 1 displays this information on the
core MIMIC display. The St Lucie 2 design is identical to the
SONGS design. (docket no. 50-362).

Many aspects of the St. Lucie 2 design for Post Accident
Monitoring are different from St. Lucie 1. St ~ Lucie 2 is
identical to SONGS with the exception of invoking BTP EICSB No.
23, Qualification of Safety Related Display Instrumentation for
Post Accident and Safe Shutdown. However, the associated changes
in this area for invoking R.G. 1.97 are forthcoming.

St. Lucie 2 utilizes the Analog Display System (ADS), which while
functionally identical to the St. Lucie 1 Metroscope, exhibits
improved reliability design features and incorporates improved
human factors characteristics.

This indication is not lE indication and is further described in
Subsection 7.7.1.1.6.

420.05-2



792W-3

NOTES

This design reflects that of the CE System 80* design,
which is qualified to IEEE 323/74 and 344/75.

2. The fuses of this section are utilized in the System 80
Plant Protection System Design. The test circuit however
is not included in prior plant or system designs.

3 ~ The bistable design is a modified System 80 design, since
the System 80 design does not utilize auctioneering.

*System 80 (CESSAR) Licensing Docket PSTN-50-470F.

')Q
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The Safety Evaluation Report (and supplements) for the St. Lucie 2
construction permit describes instrumentation and control system
items vhich require resolution at the operating license stage.
Also, several commitments were made by the applicant to modify the
St Lucia 2 design. please give the status for each item where
such resolution/commitments vere made.

Refer to attached Table 420.06-1.

~\

'C
pC
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TABLE 420. 6-1

DOCUMENT

SECTION RESOLUTION/ COIfII'IDENT STATUS

SER Section
7e2.4

SER Section
7e2.5

During our operating license review we will require that the applicant
demonstrate that response times assumed in the plant accident analysis
are valid on the basis of experience with like plants, or we will require
that he provide a test program to periodically verify the response times
of the protective systems and their associated sensors.

The applicant will document the information required by NASH-1270 by
December 1, 1974.

Identification of response times will be
provided in the tech. spec.

Information was provided in letter dated
March 31, 1975. Refer to SER Supplement Section
7 2 5 for status.

SER Section
7.3.2

Por the motor operated isolation valves between the safety Ln)ection
tanks and primary coolant system we will require, as on recently-licensed
plants, that the desLgn include provisions to automatically open the
isolation valves on the occurrence of a safety infection signal and on
the occurrence of a reactor coolant pressure signal in excess of a pre-
selected value, and that redundant and independent indicating systems for
each safety Ln)ection tank isolation valve bc provided.

Refer to Control Wiring Diagram (CM)) 269S-272S
in PSAR Section li7e

SER Section
7e3e3

Use of a sLngle, electrically operated valve, at the discharge of re-
dundant low pressure safety Ln)ection pumps does not meet the single
failure criterion of IEEE Std 279-1971 for safety systems nor the re-
dundarey requirements of Ceneral Design Criterion 35. Ne will require
that the applicant provido a redundant valve at thc discharge of the
pumps.

In Amendment No. 27 to the PSAR, the
applicant cmmitted to provide a manually
operated valve in parallel with the flow con-
trol valvo at the dischargo end of the LPSI
pumps ~

Subsequent to Amendment Noe 27 the system
design wes modified to include redundant flow
paths for each of the LPSI pumpse Refer to
PSAR Piguro 6.3-1 A&BE

SER Section
7.3e3

SER Section
7.3.3

The proposed design and mode of operation of the high pressure safety
Ln)ection pumps "B" and "C" located in the same water tight room, do not
provide the independence required between redundant safety-related systems
and was found unacceptable. The applicant hss committed to modify the
design and mode of operation of pump C such that pump cannot be aligned
to the redundant system h at any time.

The proposed design of the component cooling loop, including the
alignment of component cooling water pmp "C", does not provide the in-
dependence required between redundant safety-related systems. The
applicant has committed to modify the design to provide annunciation
for improper alignment of the pump C motor power in relation to any of
Lts motor operated discharge valves positions.

In Amendment No. 27, the applicant presented
a modified design, in which pump C cannot be
aligned to the redundant. system h at any timee
Subsequent to h"endment No. 27 the design was
modified in which pump C was eliminatodi Re-
fer to FSAR Figure 6.3"1 ASB

Refer to CND 361 attached and to QID 204 and
208 in PSAR Section 1.7. The technical specifi-
cation will Lnclude a minimum period of time
within which any improper alignment of these
valves must be rectified following annunciation
of misalignment.

j7c
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ThSLE 420.06-1 (Cont'd)

ITEM
DOCUMENT
SECTION RESOLUTION COÃ4ITMENT SThTUS

SER S.ction
7o4

SER Section
7o5

In tho proposed auxiliary fecdwater system the required delivery of feed-
water to the second steam generator could be precluded by a single failure
in the plant 125 V dc system following a feedwater lino break near a
steam generator. The applicant has agreed to modify the 125 dm system
control to enable a control room operator to isolate the faulted steam
generator and establish auxiliary fcedwater to the intact steam generator
within the time limit specified in the accident analysis,

We vill require that redundant sensors bo included in tho designo Wo

will also require that the sensors and associated cables for the steam
generator pressure and level and pressurizer pressure and lovel be
qualified for the long~one containment environment following a LOCh or
a steam line break accident in addition to being qualified for the short-
term environment as proposed by the applicant ~ We will require that a

,monitoring system be provided to monitor all the parameters monitored in
plants of a similar design that have been reviewed and accepted In the
proposed design, the containment temperature is inferred from tho con-
tainment sump liquid temperature, Wo vill require the applicant to
establish the reliability of the rolationship between the containment and
its sump liquid temperatureso for various conditions of operation. If
the rolationship cannot be established, wo will require direct measure-
ment of the containment temperature.

The huxiliary Poedwator System dosign modifi-
cation has been presentod in tho PSAR hsendment
No. 4. This cmondment includes a description
of the hFW actuation system required to meet
NUREG 0737 Item II.E.1.2 and alloviatos tho con-
cern presontodo

haendments Noo 27 and No. 39 provided responso
to these resolution/commitmentso Rofor to SER

Supplement Soction,7.5 for acceptanco of the
above amendments. In Mondment No, 27 the
limiting case was LOCh. The applicant vill
also evaluate main stocm lino brook
for Environment Qualification. Containment
atmosphere and containment s~ direct
temperature measurement will be providedo
Equipment has baon purchased and is pro"
sontly planned for installation. Tho measuro-
mont equipment is described in PSAR Tablo 7SS-lo

SER Section
7S5

The applicant has decanted in his PShR that bypassed and inoperable
~ tatus indication for protection systems vill be provided in tho control
room to meet the rec~ndations contained in Regulatory Guide

1.4'efer to PghR Subsection 7N5S2S7o

10 SER Section
7.5

The applicant has documented in the PSAR the criteria that vill bo used
in the design of the control circuits for the valves provided to onsuro
the isolation of the low pressure residual heat removal system from tbe
high pressure roactor coolant system. These criteria aro consistent
with those required in other recent construction permit reviews, The
redundant interlocks provided to prevent oponing and automatic closure
of these valves are designed to IEEE Std 279-1971

Refer to PShR Subsoctions 7 4 1 ~ 3 and 7 4,2 2o

SER Section
7o7

To terminate spurious vithdrawal of control rods and maintain fuel
design limits as required by hEC Cenoral Design Criterion 25, tho appli-
cant rolies on the intelligence from the above systems. Tho above con-
trol systems in turn derive their input signals from tha two CEh
position indication systems. Sinco the CEA position indication systems
are not totally independento tcchnical specifications will spocify
limiting conditions for operation on the lose of oithor of the CEh
position indications systemso

,vi
~NB

jw

The technical specification will spocify
limiting conditions for operation on the loss
of either of tho CEA position indication
systems.

PEI
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Question No.

420.07
(7.1)

Uarious instrumentation and control system circuits in the plant
'including the reactor protection system, engineered safety
features actuation system, instrument power supply distribution
system) rely on certain devices to provide electrical isolation
capability in order to maintain the independence between redundant

'afety circuits and "between safety circuits and non-safety
circuits. Therefore, please provide the following information:

1. List all parameters and systems that interface/interconnect
between redundant safety circuits and between the safety
circuits and non-safety circuits (control systems, associated
circuits, etc.) ~

2. Identify the type of transmission (i.e., analog, digital,
electric, optic, etc.) which is involved with each interface
that is identified in response to Part 1 above.

3. Identify the type of isolation device which defines the Class
lE boundary for each interface which was identified in
response to Part 1 above.

4. Provide the acceptance criteria for each isolation device
which is identified in response to Part 3 above.

5. Describe the test program for the isolation devices to insure
adequate protection against EMI.

~Res ense

Reactor Protection S stem

The isolation and independence of the Reactor Protective System is
discussed below within two classifications: 1) Isolation of
external non-ie interface signals and 1) Internal isolation to
maintain independence of redundant channels.

l. Below is a listing of the signals which interface with systems
external to the RPS.

RBP~es

420.07-1
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~Si nal
Transmission Isolation

Device

Reactor Coolant Pump
Breaker Status Contacts

Digital Relay

Reactor Trip Switchgear
Trip Circuit Breaker
Current Detectors

Digital Relay

Bistable Trip To Sequence
of Events

Digital Relay

Bistable Trip & Pre Trip to
Plant Annunciator

Digital

Operating Bypass and Misc. Ann to
Plant Annunciator

Digital

CEA Withdrawal Prohibit

10"4~ Power to Analog Display
System

Digital

Digital

Power Operated Relief Valve Closure Digital
Signal

Relay

Relay

Relay

Relay

Relay

h~i

sc3

'j~ ~

:A~xetc~

'P" "'~

gpss. y. w+. ~

NOTE

When reviewing the above list it should be noted that signals
which are listed as not requiring an isolation device are 2 g tCo|

maintained separate from signals classified as IE or associated in
accordance with the requirements set forth in Reg. Guide 1.75.
Also 'the isolation device identified as Relay is physically a
relay i'n con)unction with a fuse. The relay provides contact to
coil isolation (dialectric strength) while the fuse maintains the
integrity of the wire. The two devices together are considered to
be the isolation device.

I

Each type isolation device is qualified for a fault of 480V ac and
325V dc. The actual test voltages are 60V ac and 400V dc.

.The general acceptance criteria for RPS isolation devices is as
follows:

a. Application of the fault to the appropriate side of the
isolation device shall not propagate to the other side of the
isolation device or adversely affect the operation of
circuitry connected to the other side of this isolation device.

SUE P,4 f95
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The integrity of the wire insulation must be maintained. The
above acceptance criteria meets Reg. Guide 1.75 and IEEE 384.

2 ~ The following is a discussion of the means by which
independence of the four RPS channels is maintained.

Process input signals are sent to bistable trip units within
the RPS where the signal is first buffered and then compared
to a setpoint to create an on/off type signal. This signal
deenergizes five separate relays within the trip unit. At
this point all signals, cablings, modules, dedicated power
supplies and any associated test circuitry are maintained
totally independent across the four channels.

One contact from each trip unit is wired in series together
within each channel. This series string is produced three
times within each channel. The strings are then combined with
another channel such that each contact is in parallel with a
contact from .another channel. This forms the six possible
combinations of logic matrices AB, AC, AD, BC, BD, C. All
connections of relay contacts between channels are fuse
protected in the channel of origin and the channel of
destination. This fuse in conjunction with its related
contact and coil provide the required isolation between
bistable and matrix.

Each matrix is powered from two diode isolated power supplies
located in two different channels of the RPS. Each power
supply has with it an isolation circuit which limits the fault
to acceptable values and prevents the fault from disturbing
the independent vital buses.

Each logic matrix drives four matrix relays. One matrix relay
contact from each of the six matrices are connected in series
to drive an initiation relay. This circuit is labled the trip
path. All connections of relay contacts between channels are
fuse protected in the channel of origin and the channel of
destination. This fuse in conjunction with its related
contact and coil provide the required isolation between thetrip path and each matrix.

Testing within each channel is maintained independent through
the use of a test interlock circuit which provides the
intelligence to allow testing in only one channel at a time.
The test is performed in three levels: 1. bistable or
calculator test, 2. Matrix test and 3. Trip path test. The
bistable/calculator test is performed using an independent
test source within each channel such that a fault would effect
only one channel. The matrix and trip path test is performed
through the matrix test module by energizing bistable and/or
matrix secondary relay coils. A combination of contact to

420.07-3
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contact, contact to coil, coil to contact and coil to coil
isolation (all in conjunction with a fuse) are used to ensure
a fault within the test circuit will not compromise the four
channel redundancy.

All isolation devices discussed above are qualified to 480V ac
and 325V dc and tested to 600V ac and 400V dc. The entire
system is also subjected to an EMI test in accordance with
MIL-STD-4 CIA "Electromagnetic Interference Characteristics
Requirements for equipment for both conducted and radiated
signals using tests CSOl, CS02, CS06, RS07 and RS03.

In addition to the above, the safety portion of the
pressurizer, level channels; (LlllOX, L1110Y) are isolated from
the non-safety portion by an analog voltage to analog voltage
isolation. This isolation utilizes transformer coupling as
its isolating/signal coupling mediums.

Short circuits, open circuits, and high voltages (4800 ac) are
applied to the output circuitry as credible faults. The
failure of these faults to perturb or propagate to the input
circuitry form the basis of the acceptance criteria for this
isolation.

There are no additional safety to non-safety interfaces nor
process instrumentation interconnections between redundant
safety circuits.

Engineered Safety Features Actuation S stem

Refer to attached Table 420.07-1 for a list of systems, type
transmission, isolation device and interfacing/interconnect
channels.

The general acceptance criteria for ESFAS isolation devices is as
follows:

a. Application of the fault to the appropriate side of the
isolation device shall not propagate to the other side of the
isolation device or adversely affect the operation of
circuitry connected to the other side of this isolation device.

b. The integrity of the wire insulation must be maintained. The
above acceptance criteria meets Reg. Guide 1.75 and IEEE-384.

In addition to the above general acceptance criteria the
vendors'omplianceto the following IEEE Standards and Guides provides the

basis for the acceptance criteria.

420,07-4
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Reg. Guide 1.75

— IEEE-323-1974
— IEEE-344-1975
— IEEE-384-1977
— IEEE-381-1977
— IEEE-383-1974
—IEEE-279-1971
— IEEE-308-1974
— IEEE-379-1972- IEEE-338-1975

10CFR50 Appendix A criterion 22 and 25

Various fabrication and installation techniques have been employed
to the isolation devices to alleviate any problems caused by
electromagnetic interference. The following is a list of a few
such items which account for this:

a. All external cables to and from the isolation devices are
routed in control cable trays or conduits and are separated
from power cables.

b. All isolation devices are encased in metal enclosures and
separated from any major sources of EMI such as motors.

c. Isolation cabinet and isolation relay enclosures are designed
Class lE and seismic Category l.

d. Metal fire barriers are provided to separate safety and
non-safety channels.

Onsite Power Distribution S stem

For a discussion of the power distribution system refer to FSAR
Subsection 8.3.1.

420. 07-5



PROJECT ; ST LDCIE 2 PSAR
DATE 07 81, TYPIST: Rox Pagef n

DATE PRINTED : 07/1 81
DISKETTE NO, : SD 609 PACE 1

01
02
03
04
05
06
07
08
09
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

47
48
49
50
51
52
53
54

ITEM
NO ~

ISOLATION
SYSTEH/PARAMETER

ESFAS - SIAS
CIAS
MS IS
CSAS
RAS

TYPE
TRANSMISSION

Optical

2 ESFAS - SIAS
CIAS
HS IS
CSAS

Optical

3 ESPAS - HSIS A Electro-
Msgentic

3 CEDM Cooling Fan Electro"
2NVE-21B Hsgnetic

6 RAB Energency
Exhaust Fsn
2HVE-9h

Electro-
Hsgnetic

4 CEDM Cooling Fan Electro-
2NVE-21A Magnetic

TABLE 420. 1

Isolation Module:
Optical Couplers

Isolation Relay

INTERFACE/INTER-
CONNECTION CHANNELS

Mh/Sh
MA/SB
MB/SA
MB/SB
HC/SA
HC/ SB

HD/SA
MD/SB

HA/NS
MB/NS
HC/NS
MD/NS
ASA/NS
ASB/NS
ASAB/NS
SA/NS
SB/NS
SAB/NS

SA/SB

Isolation Relay ASA/ASB

Isolation Relay ASB/ASA

Isolation Relay SA/SB

TYPE
ISOLATION DEVICE

Isolation Module
Electro-optically
led coupled devices.

RE UIRED FOR

Initiation of 2/4
logic for-

-SIAS
-C IAS
-MSIS

CSAS
-RAS

Annunciation 6
Sequence of events
recorder, inter-

lockss

Closure of nein
stean and feed-
vater isolation
valves by Channel
h

!KV-08-1h
HCV-08-1B
NVC-09-IB
NVC"09-28
MV-08-IB

Interlocking
with CEDM Cool-
ing Fan 2NVE-21B

Interlocking
with CEDM Cool-
ing Fan 2NVE-21h

Close RAB ECCS
Channel "B"
dsnpers.

LOCATION

ESFAS Logic
cabinets-
HA

MB

HC

MD

Isolation
Csbinet-
RAB Eleva-
vation

43'solation

Re-
lay Enclosure
Box - B2066
RAB Elevation

43'solation

Relay
Enclosure Box-
82G66 RAB
Elevation

43'solation

Relay
Enclosure Box-
BZG43 RAB

Elevation
43'solation

Relay
Enclosure Box-
82066 RAB
Elevation 43'



PROJECT ! ST LUCIK 2 FSAR DATE PRINTED: 07/17/~
DATE 07/l~ TYPIST: Rox Pagef n DISKETTE HO. : SD 609 ~ 2

01
02
03
04
05
06
07
08
09
10
11

-12

13
14
15
16

17
18
19
20
21
22
23
24
25
26
27
28

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

TABLE 420.0 1 (Cont'd}

ISOLATION TYPE
SYSTEM/PARAMETER TRANSMISSION

ITEM
NO.

TYPE
ISOLATIOH DEVICE

Electro" Isolation Relay
Magnetic

RAB haergency
Exhaust Pan
2HVE-9B

Isolation RelayKSFAS - MSIS B Electro-
Magnetic

Isolation RelayElectro-
Magnetic

Boric Acid Flow
Control Valve
PCV-2210X

Isolation RelayReactor Sunp Iso- Electro-
lation Valve Magnetic
LCV&7-1 1 h

10

Reactor Sunp Iso"
lation Valve
LCV-07"118

Isolation RelayElectro"
Magnetic

12 4160V SfGR 2A3 . Electro-
inconing FRR fraa Magnetic
Bus 2A2

13 4160V %GR 2A3 Electro- Isolation Relay
inconing FDR fran Msgneitc
Bus ZA2

IHTERFACE/INTER-
CONNECTIOH CHANNELS

SB/SA

SB/SA

Sh/NS

SB/NS

SA/NS

RE UIRED FOR

Close RAB KCCS
Channel "A"
dsmpers

Closure of Main
Stean and Peed-
water isolation
valves by Channel
B

HCV-08-1B
HCV-08-lb
HCV-09-lh
HCV-09-2A
MV-08-lh

Interlock with
valve FCV"2210X

Prohibits starting
of Reactor Cavity
Sunp Punp 2A shen-
ever SIAS or CIAS
signal closes
Reactor Sunp Iso"
lation Valves
LCV-07-11B and llh

Prohibits starting
of Reactor Cavity
Sunp Punp 2B when-
ever SIAS of CIAS
signal closes
Reactor Sump Iso.
Valves LCV-07"1 lb
and LCV-07-11B

Trips 2A2 Bus tie
breaker when 2A3
Bus tie breaker
is tripped

Pcmissive to close
2A2 Bus tie breaker
to bus 2A3

LOCATION

Isolation Relay
Enclosure Box-
B2G43 RAB

Elevation
43'solation

Relay
Enclosure Box-
B2G43 RAB

Elevation

43'solation

Relay
Enclosure Box-
82G24 RAB
Elevation

43'solation

Relay
Enclosure Box-
B2G64 RAB
Elevation

43'solation

Relay
Enclosure Box-
B2075 RAB
Elevation

43'solation

Relay
Enclosure Box-
BIC64 RAB
Elevation

43'solation

Relay
Enclosure Box-
B2C64 RAB Ele-
vation 43'



PROJECT ~ST LUCIE 2 FSAR ~ DATE PRINTED: 07/17/81
DATE 07/15/S~PIST: Rox Paget n DISKETIE NO. ! SD 609 PAW 3

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17

18
19

20
21
22
23
24

ITEH
NO.

14

15

16

17

ISOLATION
SYSTEM/ PARAMETER

4160V SWOR 283
incoming FDR from
Bus 282

TYPE
TRANSHISSION

Electro-
Magnetic

TYPE
ISOLATION DEVICE

Isolation Relay

4160V SWOR 283 Electro-
incoming FDR from Magnetic
Bus 282

Isolation Relay

Component Cooling
Water Pump 2A

Electro-
Magnetic

Isolation Relay

4160U SWCR 2AB Electro- Isolation Relay
incoming FRD from Hagnetic
Bus 2A3

TABLE 430. 1 (Cont'd)

INTERFACE/INTER
CONNECTION CHANNELS

SB/NS

SB/NS

SAISAB

SA/SAB .

RE UIRED FOR

Tripe 2SZ Bus tie
breaker vhen 283
bus cie breaker is
tripped

Permissive to close
282 Sue tie breaker
to Bus 283

Interlock with com-
ponent cooling water
Pump 2C

Interlocking Bus 2A3
to 2AB SWGR

LOCATION

Isolation Relay
Enclosure Box-
82G75 RAB
Elevation

43'solation

Relay Enclosure
Box-82064 RAS
Elevation

43'solation

Relay
Enclosure Box-
82073

Isolation Relay
Enclosure Box-
82073 RAB
Elevation

43'5

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

19 Intake Cooling Electro" Isolation Relay
Water Pump ZA Magnetic

20 = Intake Cooling Electro-
Water Pump 28 Magnetic

Isolation Relay

21 4160V SWOR 2A-3 Electro-
Magnetic

Isolacion Relay

18 4160V SWCR 2AS Electro- Isolation Relay
incoming FDR froa Hsgnetic
Bus 283

SB/SAB

SAISAB

SS/SAB

SA/SAB

Interlocking Bus
283 Co 2AB SWCR

Interlock vith in-
take cooling vater
pump 2C

Interlock vith in-
take cooling water
Pump 2C

Interlocking 4160V
SWOR 2h-3 to 4160V
SWOR 2AB

Isolation Relay
Enclosure Box-
82C73 RAB

Elevation
43'solation

Relay
Enclosure Box-
82G99 RAB
Elevation 43'

Isolation Relay
Enclosure Box-
82898 RAB
Elevation

43'solation

Relay
Enclosure Box-
82G99 RAB

Elevation
43'5

46
47

49
50
51
52
53
54

22

23

Diesel Generator Electro-
ZA Loading Magnetic

Diesel Generator Electro-
28 Loading Hagnetic

Isolation Relay

Isolation Relay

sg v

t '

Sh/SAB

SB/SAB

Interlocks vith Emer-
gency Diesel Genera-
tor's 2A lasding
Lights

Interlocks wrath Emer-
gency Diesel Cenera-
to r ' 2S Load ing
Lights

Isolation
Relay Enclosure
Sox- 82099 RAS
Elevation

43'solation

Relay Enclosure
Box-82E99 RAB

Elevation 43'



PROJECT i ST LUCIE 2 FSAR DATE PRINTED: 07/17/81 ~
DATE 07/15/8 PIST: Rox Paget n DISKETTE NO. ! SD 609 ~4
01
02
03
04
05
06
07
08
09
10

ITEM
NO.

24

ISOLATION
SYSTEM/PARAMETER

TYPE TYPE
TRANSMISSION ISOLATION DEVICE

4160V SNGR 2B-3 Electro- Isolation Relay
Magnetic

TABLE 420. 1 (Cont'd)

INTERFACE/INTER-
CONNECTION CHANNELS

SA/SAB

RE VIREO FOR

Interlocking 4160V
SNGR 2B-3 to 4160V
SMGR 2AB.

LOCATION

Isolation
Relay Encloiure
Box- B2099 RAB
Elevation

43'l

12

13
14
15
16
17
18

19
20
21
22-

~ 23
24
25
26
27
28
29

25

26

27

Reactor Trip by
Turbine

Charging Punp 2C
Actuation fros
Pressurirer

Conponent Cooling
Mater Punp 2B

Electro-
Magnetic

Electo-
Magnetic

Electro-
Magnetic

Isolation Relay

Isolation Relay

Isolation Relay

NS/Hh
NS/HB
NS/HC
NS/MD

NS/SAB

Sh/SAB

Interlocking Mcasure-
nent Channels HS,HB,
MC, and MD to RPS
Cabinet

Interlocking with
start and stop
circuits of
Charging Punp 2C

Interlock with Con-
ponent Cooling Mater
Punp 2C

Isolation
Relay Enclosure
RAB Elevation 0.5
HA-Box B2044
MB-Box B2045
HC-Box $ 2G46
HD-Box B2047

Isolatxon
Relay
Enclosure
Box-B2065
RAB Elevation

43'solation

Relay Enclosure
Box-B2E98 RAB
Elevation

43'0

31
32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51
52
53
54

28 Radiation Monitor- Optical Optical Isolator

29 Pressuriser HTR Electrical Fuses 1/8 AHP
Transf. 2A3 4160V
FDR Breaker - Hatt
Transducer

NS/SA
NS/SB
SA/SB
NS/HA
NS/HB
NS/HC
NS/MD

NS/SA

Computer C~un"
ication LOOP

Isolation

Isolating/Inter-
facing the data
processor terninal
cabinet 1 and the
watt transducer
signal (1 ma)
pressurirer HTR
transf. 2A3 4160V
FDR breaker

RhB, Fuel Handling
ling Building

4160 V SNGR BUS
2A3 CUB 4



0793M-6

estion No.

420. 08
(7 1)

FSAR Subsection 7.1.1.6 states that there been minor changes
in the core protection calculator (CPC) software. Describe the
changes in "software" used for the "analog" CPC.

~Res onse

The software of a calculator is its program or sets of
instructions. The software for the analog core protection
calculator is the coefficient setting for the function modules
which makeup the'calculator. These coefficient settings are
treated as setpoints and may vary from one fuel cycle to another.

F 88~
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Question No.

420.09
(7.1)

Identify all instrumentation, control circuits, and components
(both safety and non-safety) that may become submerged as a result
of a LOCA. For all such components and circuits that are not
qualified for service in such an environment, provide the results
of an analysis to determine the following: (1) the safety
significance of the failure of the components and circuits (e.g.,
spurious operation, loss of function, loss of accident/post
accident monitoring, etc.) as a result of flooding and (2) the
proposed design changes, if any, resulting from your analysis.

~Res ense

St Lucie Unit No. 2 will address submergence as a result of a LOCA
event and its impact on instrumentation, control circuits, and
components (both safety and non-safety) in compliance with Section
3.11. A LOCA event, and its resultant flood, is a harsh
environment. Specific information for harsh environments in
general accord with NUREG 0588 Appendix E will be submitted to the
USNRC by November 30, 1981 as stated in Section 3.11, Appendix
3.11 B, "Equipment Environmental Qualification Program for St
Lucie Unit No. 2" paragraph 3.11 B2 (c), Amendment No. 4
(7-2-81). This submittal to the EQB will specifically verify that
submergence will not degrade safety function by identifying
equipment locations, equipment functions, maximum flood levels,
and impact of submergence.

s t
gi

et

420.09-1



12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

4% (i

31 480V SACR 2A2
netering/relaying

32 480V SACR 2B2
netering/relaying

5

Electrical Puses 3 AMP

Electrical Fuses 3 ANP

~ VQ~Y

I ~

NS/SA

NS/SB

~ os t ~

yt >ii ~ i Sv/
Abl g~,
sort ef rafa% cv'r
signal (1 ua} for
pressurirer HTR
Transf. 2B3 4160V
PDR Breaker

480V SACR 2A2 non
safety load shedding

480V SACR 2B2 non"
safety load shed-
ding

Isolating Puse
Box-B2E64

Isolating Pusc
Box-B2E60



DATE 07/14/81, TYPIST: ek Page'7 n DISKETTE NO. : SD 610
TED: 0// l//5l

PAGE 4

01
02

05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20

, 21

23
24
25
26
27

32
33
34.
35
36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

Common Ta

1-RC-104

1-RC-105

1-RC-130

1-RC-107

3/4-RC-127

2998-G-079'Sh. 1

SG2Al

I-1" MSl-100

I-1" MS1-101

I-1" MSl-102

I-1" MS1-103

I-1" MS 1-1O4

I-1" MSl-105

I-1" MSl-106

I-1" MS 1-1O7

TABLE 420.10-1

COMMON LINES/SENSORS

13172-310-109 Rev. 3

Ins. P T L F

PZ-1104
PT-1102 (C)

PT-1103
PT-1108
PT-1102 (A)
LT-lllo X

LT-1110 Y
PT-1102 (B)
PT-1105

PT-1106
PT-1102 (D)

PDT-1121 C

PDT-1124 Z
PDT-1124 Y

LT-9013 A
LT-9011

PT"8013 A
LT-9013 A

PZ-8013 B

LT-9013 B

LT-9013 B

PZ-8013 C
LT-9013 C

LT-9013 C

PT-8013 D

LT-9005
LT-9013 D
LT-9113
LT-9012

LT-9013 D

(F) Process/Safet (S)

S

S

S

Indication Only
S

P&S

P&S
S

S

S

Indication Only
Indication Only

S

P

S

S

S
'S

S

P
S

S indicate
P



DATE
FSAR DATE PRINTED: 07/17/81

07/17/81, TYPIST: Rox Page? n DISKETTE HO.: SD 610 PAGE 5

01
02

Common

Ta'ABLE 420.10-1 (Cont'd)

Ins. P,T,L,F (P) Process/Safet (S)

05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

31
32
33
34
35
36
37
38
39
40
4'1

42
43
44
45
46
47
48
49
50
51
52
53

2998-G"074 Sh. 1

SGZB1

I-1" MSl-108

'I-1" MS1-109

I-l" Msl-110

I-1" MS1-111

I-1" MS1-112

I-1" MS 1-113

I-1" MS1-114

I-1" MS 1-117

I-1" MS1-115

LT-9023 A
LT-9021

LT-9021
LT-9023 A
PT-8023 A

PT-8023 B
LT-9023 B

LT-9023B

PT-9023 C

PT-8123
LT-9023 C

LT-9023 C

PT-8023 D

LT-9123
LT-9022

LT-9023

S
P indicates

P indicates
S

S

S
S

S

I indication
S

P indicates
P indicates

S

fg FB

f'iwg
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Question No.

420.10
(7 ')
(7.3)

Identify where instrument sensors or transmitters supplying
information to more than one protection channel are located in a
common instrument line or connected to a common instrument tap.
The intent of this item is to verify that a single failure in a
common instrument line or tap (such as break or blockage) cannot
defeat required protection system redundancy.

~Res onse

Table 420.10-1 lists the Common LinefTap for protection system
channels (S) that are serving multiple protection channels.

Listed are PAID number, Line Number, Channel Number and Category.

Single failure in a common instrument line or tap does not defeat
required protection system redundancy.

J)

420. 10-1



Question No.

420.11
'(7.2)
(7.3)

Identify where instrument sensors or transmitters'upplying
information to both a protection channel and control channel or to
more than one control channel are located in a common instrument
line or connected to a common instrument tap. The intent of this
item is to verify that a single failure in a common ins'trument
line or tap can neither defeat required s'eparation between control
and protection nor cause multiple control system actions not
bounded by analyses contained in Chapter 15 of the FSAR.

~Res ense

Identification of instrument sensors having common instrument
lines or taps supplying information to more than one system is
provided in the response to Question 420.4(3).

881

420.11 1
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Question No.

420.12
(7.2)

Recent review of a plant (Waterford) revealed a situation where.
heaters are to be used to control temperature and humidity within
insulated cabinets housing electrical transmitters that provide
input signals to the reactor protection systems. These cabinet
heaters were found to be unqualified and a concern was raised

'ince possible failure of the heaters could potentially degrade
the transmitters',

etc'lease

address the above design as it pertains to St Lucie 2. If
cabinet heaters are used then describe as a minimum the design
criteria used for the heaters.

~Res anse

Al'1 electrical transmitters on the St Lucie Unit 2 plant are
mounted on open instrument racks. Insulated cabinets with heaters
are not utilized on this project.

~\g

420.12-1
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estion No-

420.13
(7. 2)
(7. 3)

In the FSAR it is stated that four measurement channels are
provided for each parameter monitored in the protection

systems'he

applicant proposes to operate various protection systems with
one of the four channel's in bypass The system involved would
then function as a 2 of 3 channel protective system. (With one
channel tripped, the system would function as a 1 of 3 channel
protective system). The proposal is based on asserted four
channel independence. To demonstrate independence the applicant
must demonstrate separation of power supplies, logic and sensors.
St Lucie 2 has been designed as a two battery system, that is, the
four protective channels obtain power from four separate vital ac
instrument buses, which in turn obtain power from two ac/dc power
divisions. Hence, the demonstration of 4 channel independence is,
a priori, incomplete.

On previously reviewed plants (Waterford) we have required (by
plant Technical Specification) that the protective system be used
as a four channel system with bypass of a known defective channel
for no more than 48 hours and require trip of a known defective
channel after 48 hours. Please be prepared to discuss this design
concept.

~Res ense

Response to this question is in two parts: part (a) demonstrates
acceptability and standard "ac/dc power division" design; part (b)
describes independence and operability of the four channel design.

Part "A"—

A response to this question on the adequacy of' four (4) channel
based ac UPS system deriving its stored energy power source from
two divisions of dc power requires a brief review of the
philosophy of ac UPS power for RPS and ESFAS power supply. The ac
UPS power supply four channel concept is selected for plant
availability and not plant safety as the loss of power to the RPS

and ESFAS will result in channel trip. Furthermore, the number of
channels whether three o four, provides a design basis in excess
of that required for safety by providing for spurious channel
trips or testing during plant operation without plant trip for the
specific purpose to enchance plant availability or provide testing
during operations

—'n factp the requirement for the ac UPS system is actually the
ability to "ride-through" a momentary power loss without'lant
trip. Soiling Water Reactors including those presently in
construction (e.g. WPPSS No. 2) utilize non-Class IE "ride-through
flywheel motor~enerator power systems" to power the reactordog
protection systems. I. 488>

420.13-1
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Table 7.3-7, "Engineered Safety Features Actuation System-Failure
Modes and Effects Analysis" clearly indicates that the loss of a
battery will not preclude completion of safety function.
Furthermore, the two redundant Class IE divisions of onsite AC

power deriving its onsite power generation from Class IE
diesel~enerators forms the basis for compliance with 10CFR50

'ppendix A GDG 17. These two divisions provide the source of
power to the AC UPS RPS 6 ESFAS power supplies through the DC

'ower distribution system battery charges in Light Mater
Reactors. Provision of four batteries for utility convenience or
symmetry, each in support of a RPS and ESFAS channel, would
typically only support RPS and ESFAS loads for the short time
necessary to resequence the battery charges on the Class 1E ac
system subsequent to a Loss of Offsite Power. A review of
recently licensed nuclear plants demonstrates the acceptability of
the two safetymelated battery design as follows:

1) Arkansas Power 6 Light, Arkansas Nuclear One Unit 2, FSAR

Subsection 8.3.2.1 describes the two battery design,

2) Alabama Power Company, James M Farley Nuclear Plant FSAR
Section 8.3 describes the two battery design

On the basis of the information described above the St Lucie 2
design is considered acceptable.

Part "B" -„

The four channel independence begins at the output of the
4 ac UPS 'inverters, designated Inve'rter 2A, 2B, 2C and 2D or the
Maintenance Bypass Transforper 2A, 2B, 2C and 2D and their

~ associated Instrument Busfes 2MA, 2MB, 2MC and 2MD as shown on
FSAR Figure 8.3.3. Independence of the four channels of RPS or
ESFAS is maintained in accordance with FSAR Subsections 8.3.1.3,
8.3.1.4, 7.2.1.1.7, and 7.3.1.1.lh.

Independence of four measurement channels can and will be
demonstrated during the drawing review described in Enclosure 2 to
the ICSB questions This drawing review is expected to duplicate
the successful drawing review and actual site inspections by the
NRC staff performed on St Lucie 1 which verified the four channel
independence. The position of the NRC on previously reviewed
plants that a channel bypass must be placed in a tripped mode
within 48 hours is not considered applicable to St Lucie Unit 2
for RPS, SIAS, MSIS, or CIAS due to the full independence of the
four measurement channels.

420. 13-2



~ In fact~the plant basis (Figure 7.3-l) is a three channel ESFAS
with an "installed spare" for the RPS, SIAS, MSIS, and CIAS.
However- the design basis for RAS and CSAS is the energization of
actuation -relays (Figure 7.3-3) to make it incredible for spurious
actuation of Containment Spray or Recirculation which can be
detrimental to equipment in a non-accident condition. Therefore,
the NRC position of trip instead of continuous bypass for one of
the four channels used for RAS or CSAS is acceptable to the
applicant.

~j
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Question No.

420.14
(7 2)

The reactor protection system (RPS) includes two trip inputs,
(turbine trip and loss of component cooling water trip) which are
classified as not being required for reactor protection. It is
the staff's position (BTP ICSB 26) that all reactor trip inputs to
the RPS are required to meet the design requirements of, IEEE 279
without exception. This includes the entire trip function from
the sensor to the final actuated devices

FSAR Chapter 15 shows that the accident analysis takes credit for
reactor trip on turbine trip- FSAR Subsection 7.2.2.2.11 states
that the turbine trip is taken from non-Class IE hydraulic oil
pressure switches. The use of non"Class IE switches is not
acceptable Also, it is not clear that the component cooling
water trip meets the requirements of IEEE-279.

Therefore, provide a description of these and other such RPS
inputs with respect to their conformance to BTP ICSB 26. This
design description should be supported with electrical schematics,
logic diagrams, piping and instrument drawings, test procedures
and technical specifications.

Response

The Chapter 15 accident analysis does not take credit for reactor
trip on turbine trip to mitigate the results of any events This
is so stated in note 7 to Table 15.0-7. The sequence of events
analyses presented in Chapter 15 recognize that such a trip exists
and may occur. For the Increased Feedwater Flow (with failure to
'achieve a fast transfer at a 4.16 kV -bus) event presented in
Subsection 15.1.2.1, it was more adverse to trip the reactor on
turbine trip. This was done to increase the cooldown for this
increased heat removal events This event is discussed in the
response to Question 420.11.

Although, the two trips are not required for safety, the CM trip
is Class IE in accordance with IEEE-279. Isolation devices are
provided for the turbine trip inputs to the RPS in accordance with
Regulatory Guide 1 ~ 75.

(/SERT

420. 14-1



)95EK C "A'y

Qgwo 8)
Isolation device are provided for e turbine trip inputs to the RPS in
accordance with Regulatory Guide 1.75. The electric cables that are routed
from the isolation devices to the turbine trip input sensors are routed'in their own dedicated raceway systems. These systems are classified as
non safety measurement channel'A (NMA), non safety measurement channel B (NMB),
non safety measurement channel C (NMC) and non safety measurement channel
D (NMD) respectively> these dedicated raceway systems contain only the respec-
tive cable per non safety measurement channel that provide/ the trip input
signal to the Reactor Protection System (RPS). They are separated and
enclosed through out the entire routing of the respective cable by the use of
both rpgid galvanized steel and liquid tight flexible conduit such that each
cable is isolated from all other cables throughout its routing.

'4
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420. 15
(7. 2)
(15.0)

FSAR Subsection 15.2.1.1 ~ 2 states that the operator manually trips
the reactor after receiving the turbine trip alarm. This is not
consistent with the other accident'analysis events which trip the
reactor automatically on turbine trip. Please clarify this
inconsistency.

~Res onse

Subsection 7.2.1.1.1.10 discusses the turbine trip input to the
reactor protective system. A bypass of this trip during low power
operation is one of its "features. This bypass is designed for
startup and low power operation when the operator is likely to
take manual control of important plant functions'or the
purposes of a limiting analysis, Subsection 15.2.1.1.2 assumed
thi's bypass was operational up to the 20X power level. Thus, for
the analysis presented in Subsection 15.2.1.1.2 there is no
automatic trip which will occur.

For this moderate frequency transient, it is assumed that the
operator has manual control of the plant and is alerted by the
turbine trip alarm. Ten minutes for operator action is considered
appropriate for such an event. This is especially true where the
event is one which he is anticipating, such as a turbine trip ~

See Subsection 15.0.4.2.

As discussed in the second paragraph of Subsection 15.1.2.1.3.b, a
reactor trip on turbine trip is simulated to increase the excess
heat removal aspect of this event by reducing the heat input from
the reactor. This maximizes the reactor coolant system cooldown
as shown on Figures 15.1,2.1-5, W and -7. Reactor trip is
assumed to occur on low electrohydraulic pressure following
turbine trip. If the reactor trip does not occur on turbine trip,
a reactor trip would occur on high pressurizer pressure. The
consequences of this event will be similar to but less severe than
the loss of condenser vacuum, which is described in Subsection
15.2.2.

420. 15-1





cation Ho.

420.16
(7.2)

The reactor protection system brings the four Class .IE independent
and redundant instrument power supply circuits into common logic
matrices. This results in the potential for compromising the
physical and electrical independence of these circuital'herefore,

describe the degree of physical separation and
electrical isolation provided for the redundant instrument power
supplies at these logic matrices and also at any other points of
confluence.

~Res ense

Each channel of the RPS receives 120V ac from separate Class IE
instrument bus s MA, MB, MC and MD. This IE,power remains vithin
its related channel and does not cross the channel barriers. The
120V ac within each channel powers dc pover supplies'he dc side
of the power supplies is auctioneered between channels to power
the matrices. Independence of these busses is maintained through
the use of qualified isolators. These isolators are connected to
the output of each matrix power supply such that a fault appearing
within the matrix vould not effect the 120V ac Class IE instrument
bus ~

PAL vill commit to testing the power supply isolaters and submit
the test report to the NRC for review.

SUL 2488$

420 '6-1
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Question No.

420.17
(7.2)
(7.'3)

Please describe how your test procedures for the protection systems
conform to Regulatory Guide 1.118 (Revision 0) Position C.13
guidelines which states that test procedures for periodic tests shall
not require jury rig test setups, the use of temporary jumper wires,
or. the removal of fuses. Identify and justify any exceptions.

~Res ense

The periodic tests of the RPS and ESFAS utilize the built in test
circuitry. No additional test equipment or fuse removal procedures
a'e required. The installed test equipment contains its own power
supply and checks all logic and trip relays. Unit 2 also,
incorporates a matrix" fuse test circuit.

AQ
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State whether open-column reference legs are used in the level
measurement systems for the steam generators and the pressurizer.
so, discuss the effect on the measurement accuracy caused by the
heatup of the reference leg due to a high energy line break inside
the containment.

Question No.

420. 18
(7.2) If

~Res onse

Both steam generators and pressurizer at St Lucie 2 have open-column
reference legs susceptible to containment temperature changes. The
effect of a High Energy Pipe Break inside the containment would be to
heatup the reference legs and cause a decrease in the density of the
water columns. The resultant affect on the level measurement system
would be an indicated level that is re'ading significantly higher than
the actual level. The main concern for an accurate level reading
during an accident such as a main steam line break would be to
maintain an inventory level in the intact steam generator(s) using
the auxiliary feedwater system to allow a controlled cooldown and.
also to record an accurate pressurizer level as a means of reacting
to changing RCS conditions.

The level error is accounted for in the determination of safety
setpoints.

Curves similar to Figure 420.18-1 are provided to the operators for
level corrections. Additionally, both the pressurizer and steam
generators employ external condensate pots to maintain reference legfull of subcooled liquid. As such, "flashing" within the reference
leg upon vessel pressure reduction has a negligible effect onindicated level.

h

JUL 24 eo
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420.19
(7.3)

The St Lucie 2 design consists of interconnections for AB shared
system equipment. For example, FSAR Table 7.3-2 shows that the
intake cooling water pump 2C and component cooling water pump 2c
each receive both SA and SB actuation signals from the redundant
trains'Ibis results in the potential for compromising the
physical and electrical independence of the redundant ESFAS
circuits. Therefore, describe all situations where inter-
connections (third channel (SAB) equipment actuated by redundant
actuation trains SA and SB) for SAB shared system equipment
exist. Discuss how this design concept meets the requirements of
IEEE Standard 279-1971 and IEEE Standard 384. Me are particularly
concerned with physical and electrical independence of redundant
safety circuits ~ Also, describe the physical location of the
third channel actuated equipment in relation to Channel A and B

actuated equipment.

~Res onse

Interconnections (third channel (SAB) equipment actuated by
redundant actuation trains SA and SB) for SAB shared system
equipment are as follows:

1) Intake Cooling Mater Pump 2C
2) Charging Pumps 2C
3) Component Cooling Mater Pump 2C

b) The design concepts which meet the. requirements of IEEE Standard
279-1971 and IEEE Standard 384 are as follows:

Channel independence is achieved by electrical and physical
separation between channels as described below.

Engineered safety features A and B actuating circuits are
maintained independent with respect to signal interconnections for.
the AB shared system equipment control by both physical separation
and electrical isolation. FSAR Figure 7.3-11 shows this
arrangement. A welded sheet metal box is located in each ESFAS
logic cabinet 'and contains AB equipment actuation relays. these
relays with 24 volt dc coils are hermetically sealed. The AB
cables are routed from an AB tray through steel conduit to the AB1
and AB2 boxes and connected to the terminal boards ~ Tefael
insulated wires connect the terminal board and relay contacts.
%he two relay coils are connected to a 2 outof 4 actuation module
which is used for the AB relay only. A failure mode and effects
for ESFAS AB system is given in FSAR Table 7.3-8. All other
design concepts which meet the requirements of IEEE Standard JUL 8 ~ $ 8~
279-1971 and IEEE Standard 384-1977 are discussed in FSAR
Subsection 7.3.2.1.2.

420 ~ 19-1
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'The isolation box is located in both the 9N38-5 and 9N38-6
cabinets and a single normally closed contact is used to provide a
start signal to the C pump. The isolation characteristic is
provided by a relay (coil to contacts) in each of the isolation
boxes. The approximate isolation barrier is 500 volts ac or dc
between the coil and contacts of this relay. The response time is
approximately 12 milliseconds and the relay coil and contact
wiring within the isolation box is routed so that the input (coil)
and output (contacts) wires do not come in proximity.

c) Additional safety-related equipment (e.g., third intake cooling
water pump motor) are arranged to function as a "third service"
(swing)-'load group AB. This load group consists of equipment
which can be used for backup or replacement purposes to the
equipment in either of the main redundant, load groups A or B.

All the AB buses (4.16 kV, 480 Volts 125V dc) are connected to
either the corresponding A division or B division at any one time.

In the control room, alarms are provided to alert the operator if
the AB buses on all voltage levels are not aligned properly.
Electrical interlocking schemes are provided on the 'incoming
breakers (two in series) to prevent the AB bus from being
simultaneously connected'o A and B divisions.

Once any third service bus is assigned to a safety division,
either A or B, the loads served by that bus are committed to that
safety division. 'Ihe third buses are manually switched'o the
appropriate division A or B bus.

Physical separation is provided between load group A and load
, group B and between load group AB and both load groups A and B

since load group AB may at various times function as part of
either load group A or B. Separate cable tray and conduit systems
are provided for each of the redundant load groups.

All SAB cables are permitted to be routed only with its own safety
class cables and not safety A or safety B. This is a design
requirement to which cables are routed in their respective
raceways. Separate tray and conduit systems are furnished for the
following classes of cable 5 kV, 600 Volt power, 600 Volt control
and 300 Volt shield instrument cable. Physical separation is
further discussed in Subection 8.3.1.2, "Regulatory Guide 1.75
Rev. 1."

There are no AB instrumentation protective systems.

The physical location of the third channel actuated equipment is
shown on PSAR Figures 1 2-12 (Charging pumps), 1.2-20 (CGf pumps)
and 1.2-22 (Intake Cooling Mater Pumps) ~

JUL 34 ~gg1
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Question No.

420.20
(7.3)

Discuss design features which insure that the blocking of the
operation of selected protection function actuator circuits is
returned to normal operation after testing. Is reliance placed
upon the operator doing this and then observing test lights in the
safeguards test racks, or are there more positive means to insure
that systems are returned to normal operationf

~Res ense

The design features of the ESFAS testing is described in the FSAR
Subsection 7.3.1.1.1.

The bistable t'est circuit uses a momentary, spring return "Auto"
calibration switch. After calibration test, the bistable is
returned to its normal automatic position. The bistable trip test
uses a momentary'pring return pushbutton located on the
bistable. After observing trip test lights and releasing the
button, the bistable returns to its normal position.

The logic matrices are tested by depressing a trip test momentary
pushbutton located on the individual modules. This, in concert
with function and test group selector switches, provides one trip
input to the matrix and a second input is provided by the trip
tested bistable. This causes the logic matrix to trip and actuate
the output relays connected to the matrix. The matrix does not
reset after the test and requires operators action'on the main
control board to actuate system reset switch.

7
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Question No;

420.21
(7.3)

M>ui regard to the recirculation system (RAS), provide a response
to the following items:

(1) For all modes of plant operation, evaluate the consequences of
an inadvertent switchover signal which could cause the RAS to.
operate and realign the pumps and valves when not required.If any of the consequences are found to be unacceptable,
describe the design features which are provided to help insure
against such an occurrence.

(2) Discuss the safety-related display instrumentation associated
with thip actuation which is available to the operator.

(3) Can the r'eeet of safety injection actuation prior to automatic
switchover from injection to recirculation defeat the
automatic switchover?

~Res anse

«P

(1) The RAS measurement channels and logics are designed to
"energize to actuate". By designing the RAS as "energize to
actuate," a loss of'power on one 125V dc bus will not cause
spurious RAS initiation which could possibly interrupt cooling
water supply to the core and containment before adequate water
is available in the sump for recirculation. Consequences due
to spurious RAS initiation are summarized below:

(a) NORMAL PLANT OPERATION: The LPSI, HPSI and -containment
'spray are not operating. On a spurious RAS initiation,
(LPSI, HPSI and Containment Spray Pumps remain not
operating) one outlet valve opens and one refueling water
tank outlet valve closes. This should not affect normal
plant operation'because the other ESFAS channel will
remain operational. Adequate valve position, sump/tank
levels instrumentation, and alarms in the control room are
provided. The operators are alerted to correct the

,abnormal condition promptly.

(b) EMERGENCY REACTOR SHUTDOWN CONDITION (i.e. SIAS AND/OR
CIAS): The HPSI, LPSI and Containment Spray Pumps are
running with their suction headers lined up with the
Refueling Hater Tank (RMl) . If RAS signal of 'one (1)
safety channel actuated, the corresponding LPSI pump will
b'e stopped. The HPSI and Containment Spray Pumps of that
channel will be connected to the dry sump. However, the
remaining redundant safety pump trains will remain intact
and perform the required safety functions. The control
room operator has adequate alarms and instrumentations to
recognize the abnormal pump-valve line up and correct it
manually from the'ontrol room prior to pump damage.

420.21-1
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(c) NORMAL SHUTDORl CO(GENG: The LPSE pumps are isolated from
RMT and containment sump by V3444 and V3432. Pump
auctions are obtained. from RCS. Spurious RAS switchover
signal should not affect the Ihcay Heat Removal System or
damage the pumps.

(2) Redundant safety class instrumentations are provided for RVZ
level and containment sump level. Annunciations are available
to the control room operator to alert him of abnormal valve
positions, and pump operating conditions. Furthermore, RAS
annun'ciation is provided in the control room.

1

(3) The reset of SEAS prior to automatic switchover from injection
to recirculation will not effect RAS . 'Ihe RAS actuation
strictly depends on RWT levels (2 out of 4 channels) and is
independent of SEAS .

420.21-2
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Question No.

420. 22
(7 ~ 3) FSAR Subsection 7.3.1.1.3 states that, "The SIAS and

high-high containment pressure signals are combined in four
AND circuits within the ESFAS initiating logic." However,
FSAR Figure 7.3-3 shows two AND curcuits. Please correct
this discrepancy.

~Res onse
Refer to revised FSAR Subsection 7.3.1.1 3.

J
y ~C
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7i3ilili3 Containment Spray Actuation Signal

This descri.ption deals -with the instrumentation and controls for the
containment spray actuation signal (CSAS)i Refer to Subsection 6 2<2 for a
description of the Containment Spray System (CSS) ~ The containment heat
removal function is also performed by the Containment Cooling System whi.ch
is actuated by SIAS,

The CSAS automatically actuates the CSS ~ The CSAS is initiated by a coin-
cidence of two-out»of-four high-high containment pressure signals (rather
than two-out-of-three, because it is designed to energize to actuate rather
than,.de-energize to actuate) and a simultaneous SIAS signal as shown on
Figure 7 '-3 ~ The four measurement channels for high-high containment
pressure are physically and electrically separated and all four channels
are active during plant operation, A manual bypass for maintenance of one
of the four channels places this channel in a trip condition and the trip
of one-out-of-three remaining channels in conjunction with a SIAS actuates
the CSAS.

The system is composed of four redundant channels, MA, MB, MC, and MD. The
instrumentation and controls in a channel are physically and electrically
separate and independent of the instrumentation and controls in other
channels. This independence maintains the redundancy required to ensure
equipment functionality following any design basis events

The two redundant CSAS actuation channels ( SA and SB) initiate the oper-
ati.on of the containment spray pumps (A and B) and their associated valves
(see Figure 6i2-41), Each spray system isolation valve (FCV-07-1A and 1B)
is opened'y i.ts associated CSAS actuation channel (SA or SB),

The CSAS containment pressure measurement channels and CSAS actuati.on
logics are designed as "energize to actuate" to prevent spurious spray
system operation on loss of power to one of the two 125V dc

buses'he

125V dc system i.s designed such that no single failure results in loss
of power to either of the 125V dc buses (see Subsection 8<3,2), In the
event of loss of power to one bus, CSAS i.s initiated when required by the
measurement channels associated with the unaffected bus, Each CSAS ac-
tuation channel can also be initiated manually from the control room.
Thus, no single failure prevents pro'per CSAS actuation,

e) - Initiating Circui.ts

Initiating circuits are similar to the initiating circuits
described in Subsection 7g3rlylela for SIAS except that the para-
meter monitored is containment pressure only,

The SIAS and high-high containment pressure signals are combined in 5
two AND circui.ts within the ESFAS initi.sting logic. The AND circuits 420,22
prevent inadvertent operation of the Containment Spray System upon
generation of an SIAS only. JUL a~e8~

7.3-10 Amendment No. 5,
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Question No.

0
( 7. 3. 2.l. 1) The information supplied in FSAR Subsection 7.3. 2.1.1 for

GDC 24 is insufficient. Therefore, provide additional
information on separation of protection and control systems
and clarify the statement that, "The ESFAS is not a
protection system."

Re sponse

The ESFAS is separated from the cont'rol systems. No single
failure of any control system component can impair the safety
functions of ESFAS. FSAR Subsection 7.3.2.1.1 has been
Ievised o

420.23-1
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Mhere protecti.ve acti. on is requi.red under adverse environmental conditions
during certain incidents of moderate frequency, infrequent events and limit-
ing faults, the,ESFAS components are designed to function under such condi-
ti.one ~

Criterion 24; Sep'aration of Protection and,Control Systems

The ESFAS systems io separated from the control systems, No single failure
of any control'ystem component can impair the safety functions of ESFASr 420

Cri.teria 34, 35, 37, 38, 40, 41, 43, 44 and 46

The ESF systems and the ESF support system are designed to comply with the
above criteria. The instrumentation and control for these systems are
discussed in Subsection 7.3.lrl.
Criteri.a 54, 55, 56, 57:

The instrument sensing lines for monitoring containment pressure are dis-
cussed in Subsection 7rlr2r2r

DL Zy68t
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estion No.

420.24
(7 '.2.1.3)
(7.2 ' ' ') Subsection 7.3.2.1.3 refers to certain actuated devices which

are not tested during reactor operation but are to be tested
during reactor shutdown. Such devices are not sufficiently
discussed in the appropriate portions of Subsections
7.2.2.3.9 and 7.3.2.1.3. Therefore, identify the specific
equipment and provide the Justification for not including
this equipment in the tests during reactor operation in line
with the recommendations contained in Regulatory Guide 1.22
and BTP XCSB f22 in Appendix 7A of Standard Review Plan.

~Res sess
Pith regard to ESFAS testing, refer to revised FSAR
Subsection 7.3.2.1.3. Also refer to the FSAR Table 7.3-9 for
listing of actuated devices which are not tested directly
from the ESFAS during normal reactor operation. The table
also indicates degree of testing during operation and an
effect of failure of component to assume accident position.
All RPS Functions can be tested one channel at a time while

~ the plant is operating by using the built in test circuits,
with the following exceptions:

1

1) PORV Actuation — This logic circuit requires two out of
four trip actuations and therefore can only be tested
during plant shutdown when the PORV control circuit
external of the RPS can be defeated. Testing the PORV
will also initiate a reactor trip.

2) CEA tfithdrawal Prohibit (CVP) — This logic circuit
requires two out of four one-trip actuations and should
be tested only during plant shutdown.

3) Response Time Testing — This test requires two out offour actuations of the RPS and can only be performed
during plant shutdown.

NI detectors and preamplifiers where utilized are not capable
of being tested during operation. Proper operation of these
channels is verified by periodic channel comparisons.

-Process transmitters and sensors feeding the RPS not
accessable during operation are also checked for proper
operation by periodic channel comparisons.

h
\,s

~( 3h;
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4.22 "Identification"

The ESFAS equipment, including panels, modulus, and cables associated
with the actuation system, are uniquely identified. Interconnecting
cables are color coded on a channel. basis (see Subsection 8.3.1.3).

7.3.2.1.3 , Testing Criteria

IEEE 338-1971, "Criteria for the Periodic Testing of Nuclear Generating
Station Protection Systems," and Regulatory Guide 1.22, (RO) provides
guidance for development of procedures, equipment, and documentation
of periodic testing. The basis for the scope and means of testing
are described in this section. Test intervals and their bases are
included in the Technical Specifications. Since operation of the ESF
system is not expected, the systems are periodically tested to verify
operability. The system is tested from the sensor signal through the
actuation devices. Complete channels can be individually tested without
initiating protective action, without violating the single failure
criterion, and without inhibiting the operation of the systems. The
organization for testing and for documentation is described in Chapter 13.

~~

~~ ~~

~~

Minimum frequencies for checks, calibration and testing of the ESFAS ins-
,trumentation are given in the Technical Specifications. Overlap in the
checking and testing is provided to assure that the entire channel is
functional.

The operability of the measurement cha'nnel sensors is verified during
reactor operation by cross-checking between sensor output signals. Each
of the ESFAS sensors has a control room readout and the operator can detect
sensor malfunction through anomalous indication of the failed sensor.

Those actuated devices, which are.not tested during reactor operation
as described in Subsection 7.3.1.1.1 (e.g., main feedwater isolation
valves), are tested during scheduled reactor shutdown to assure that they
are capable of performing the necessary functions. Table 7.3-9 lists all
actuated devices not tested from ESFAS during normal operation and indi-
cates degree of testing during reactor operation.

During refueling the ESFAS sensors are checked and calibrated against known
standards. The test equipment which is used to verify the sensor ac-

Instruments are provided in the control room to allow the operator to monitor
ESFAS measurement channel inputs. The specific displays that are provided
for continuous monitoring are described in Subsection 7.5.1.

t

4. 21 "Sys tern Repair"
t

Identification of a defective channel is accomplished by observation
of system status lights or by testing as described in Subsection
7.3.l.l.ld. Replacement or repair of components is accomplished with the
affected'hannel bypassed.

5
420,

24

7 3-25 Amendment No. 5,





PROJECT : ST LUCIE-2
DATE 07/13/81, TYPIST: Rox Page? n TAPE NOi

DATE PRINTED : 07/13/81
SD608 PAGE 6

SL2-FSAR

Ol
0

0
05
06
07
08
09
10ll
12
13
14
15
16
17
18
19
20
21

23
24
25

27

30
31
32
33
34
35
36
37
38
39-
40
41
42
43
44
45
46
47
48
49
50
51

2

53'uracies

is checked periodically against shop reference standards traceable
to nationally recognized standards, The pressure and electronic calibra-
tion standards are as accurate or better than the devices to be checked in
accordance vith ANSI N45i2,lb+

Testing of ESFAS sensor response times is in accordance vith the require-'ents of, the Technical Specifications<

Failure Hodes and Effects Analysis

Failure modes and effects analyses for the ESFAS are provided in Table
7.3-7+ Figures 7i3-6, 7 and 8 are used as a typical ESFAS shoving
bistables and isolation modules, Figure 7,3-9 shows the typical logic,

7 'e2rle4

7i3.2.1 ~ 5 Consideration of Selected Plant Contingencies

a) Loss of Instrument Air.System

None of the instrumentation and controls required for safe shutdown
rely on cooling vater for operation< 'Air conditioning systems re-
quired to maintain the environment within,the instrument design
parameters are redundant and described in Sections 6,4 and 9<4,

elf/( ~ ~ 68)

Hone of the essential control or monitoring instrumentation is
pneumatic. Electrical instrumentation is powered from the emergency
power system. Therefore', the loss of instrument air does not
degrade instrumentation and control systems required for shutdovn
of the plant,

K

b) Loss of Cooling Mater to Vital Equipment

7 '-26 Amendment No, 5,
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Question No.

420.25
(7.3) In the discussion of the Main Steam Isolation Signal (MSIS),in Subsection 7.3.1-1.5 of the FSAR, it is stated that a MSIS

on either channel (steam generator A or steam generator B)
closes the main steam isolation valve, the main feedwater
isolation valve and the backup feedwater isolation valve in
that channel, and sends a signal through an isolation device
to close the same components of the other channel Upon
review of the associated logic, schematic, and wiring
diagrams, the following discrepancies were noted:
a) The MSIS logic diagram, Figure 7.3-5, does not include

the logic in which the signal from one channel actuates
the components in the other channel. Modify this
figure accordingly.

b) On the schematic diagrams for the main steam isolation
valves (2998-B-326 sheets 312 and 315, Revision 1) the
two MSIS contacts are both shown in the normally closed
position. However, in the control wiring diagrams
(2998-B-327 sheets 312 and 315, Revision 6) the two

MSIS contacts are shown as one normally open and one
normally closed. Resolve this inconsistency.

c) 'lso, in the schematics and wiring diagrams identified
in b), it was noted that the 4YA coil is connected,
directly to the positive bus through the SA/SB contact
while the 4YB coil is connected to the positive bus
through several contacts. Please clarify this
difference.

Response

a) Refer to revised FSAR Figure 7.3-5.
b,c) Refer to revised Schematic diagrams 2998-B-326

sheets 312 and 315.

JUL Z4 >So<
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Question No.

420.26
{7.3) The second and third paragraphs of Subsection 7.3.1 1 5 state

that the MSIS signal is initiated by low steam generator
pressure or high containment pressure However, in parts a)
and h) of this section, it is stated that only one parameter,
steam generator pressure, initiates that signal. Resolve

'hisinconsistency.

Response

Refer to revised FSAR Subsection 7 3.1 1 5.
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of-three logic for automatic actuation. The two-out-of-three logic meets,full safety requirements including the requirement of the single
failure'riterion.

The measurement channels logic and actuation channels associated with steam
generator A are separated from those associated with steam generator B.
An MSIS signal on either channel closes the MSIV, the mairi feedwater isola-
tion valve, and the backup feedwater isolation valve on that channel, and
sends a signal through an isolation device to close the MSIV, the main
feedwater isolation valve, and the backup feedwater isolation valve of the
other channel. This ensures that in the unlikely event of a steam line
break accident upstream of the MSIVs; the MSIVs close and limit the blow-
down to the faulted steam generator. The consequences of such an occur-
rence-are evaluated in Chapter 15.

A manual block on the MSIS is provided to permit shutdown depressurization
of the Main Steam System without initiating MSIS. This process is understrict administrative control with block and block permissive annunciated
and indicated in the control room. It is not possible to block above a
preset pressure: if the system is blocked and pressure rises above this
point, the block is automatically removed. The block circuit is designed
to comply with the single failure criterion specified in IEEE 279-1971.
Each MSIS actuation channel can be initiated manually from the control
room. A list of components activated on a MSIS is given in Table 7.3-6.

a) Initiating Circuits

0

2
30
31
32
33
34
35
36
37
38
3Q
40
41
42
43
44
45
46
47
48
49
50
51
52

The initiating circuits for the MSIS is simil'ar to that described in
Subsection 7.3.1.1.1a for SIAS except that the parameters monitored
are the steam generator pressure for'ach steam generator and con-
tainment pressure.

5

420.26

b) Logic

c)

The MSIS logic is shown on Figure 7.3-5.

Output Relays

Manual and automatic testing for MSIS is similar to that described
in Subsection 7.3.l.l.ld for SIAS.

e) 'ypasses

Bypasses for MSIS are similar to those described in Subsection
7.3.1.l.le for SIAS.

Interlocks

Interlock provisions for MSIS are similar to those described in

The output relays for MSIS are similar to those described in Sub-
section 7.3.l.l.lc for SIAS.

Jgg ~Manual 'and Automatic Test Circuitry gg 88]
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Subsection 7,3,1,1,1f for SIAS,

g) Redundancy

Redundancy features for HSIS are similar to those described
in'ubsection7 'il+l,lh for SIASi

h) Diversity

The only parameters being measured are steam generator pressure and
containment pressure; therefore functional diversi.ty ie applicable,

i) Sequencing

5
420.26

Sequenci.ng equipment and functions for HSIS are similar to those
described in Subsection 7 'rlelrlg for SIAS.

Auxili.ary Supporting Systems Required

The auxiliary supporting systems required are identified and, des-
cribed i.n Subsection 7.3+i'i6 ~

7e3il.1~6 ESF Supporting Systems

The ESF supporting systems listed below are described in the referenced
sections:

b)

c)

Com'ponent Cooli.ng Water System (Subsection 9i2 ~ 2)

Intake .Cooling Water System (Subsection 9.2.1)

Onsite Power System, including the diesel generator system (Section
8.3)

7 'ilili7 Systems Not Actuated by ESFAS

a) Combustible Gas Control System

The Combustible Gas Control System is provided to control the
concentration of hydrogen that may be released into containmept
following a LOCA; see Subeecti.on 6i2 ~ 5i JUL. 24 58~

L

IV@

d) Diesel Fuel Oil Storage and Transfer System (Subsection 9.5,4)

e) Heating, Ventilating and Air Conditioning (HVAC) Systems as required
for areas containing systems and equipment required for safe shut-
down (Section 9+4) ~

7'3-15 Amendment No. 5,
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cation No.

420.27 The disc'ussion concerning the loss of the instrument air
system in Subsection 7.3.2.1.5 states that none of the
essential control or monitoring instrumentation is
pneumatic However, Table 6.2-53, which lists the
containment isolation valves, shows that many of the ESF

actuated valves are pneumatically operated. Revise your
discussion of the consequences of loss of instrument air
accordingly. This discussion should include the following:

(1) A list of all pneumatically operated valves and
controls which are safety related.

(2) The normal operating position for each pneumatically
operated valve and control and the safety function
position.

(3) Identification of all pneumatically operated valves and
controls that do not move to the safety function
position upon loss of air.

Response

FSAR Subsection 7.3.2.1 "Engineered Safety Features Actuation
System" provides the criteria for the ESFAS and states that
the essential control and monitoring instrumentation for the
ESFAS system is electrically powered from the emergency power
system and, thus, does not require the use of the Instrument
Air System.

The Instrument Air System, which is described in FSAR
Subsection 9.3.1 serves no safety function and, therefore, is
designed to non-safety, non-seismic requirements Safety
related air operated valves are designed to fail in the
position required to perform their safety function in the
event a loss of instrument air supply occurs. The pneumatic
safety related valves which require air to perform safety
functions are provided with seismic Category I air
accumulators for valve operation (refer Subsection 9.3.1) ~

Therefore, the complete loss of the instrument air system
during full-power operation or under accident conditions in
now way reduces the ability of the Reactor Protection System
or the Engineered Safety Features and their supporting system
to safely shut down the reactor or mitigate the consequences
of an accident.

All valves go to their safe position as a result of loss of
instrument air, loss of power or safety actuation. Those
valves required to change state after an actuation signal pre
provided with seismic Category I air accumulators. tJU( p y $98i

420. 27-1 c
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Question No.

420. 28
(7. 4)
(5. 4o 7)

SHUTDOWN COOLING SYSTEM (SDCS): PSAR Subsection 5.4.7. 2.6 states
that manual actions for alignment of the SDCS require that the IPSI
pump suction valves from the refueling water tank and the
containment sump be closed with a handwheel located in the
safeguards pump room (outside the control room) ~

This design is not suitably justified as required by Position A.3
of BTP RSB 5-1. Therefore, describe all areas where system
operation is required outside the control room to "align the SDCS
and provide sufficient information to justify such a design as
required by'the above position.

~~sS>onse

A) The LPSI pump suction valves from the refueling water tank and
the containment sump, V3432, V3444, respectively, are in the
process of being changed to motor operated valves with remote
manual actuation from the control room.

B) .Manual action outside the control room is required to restore
power to the safety injection isolation valves motor
operators. Once the pressurizer pressure is above 500 psigthe SIT valves are opened and the power to the operators is
removed. In order to isolate the SITs from the SDCS these
isolation valves (V3614, 24, 34> 44) must have their power
restored and closed. The power is restored in the motor
control center which is located outside the control room.

C) There are no other areas where normal actions are required in
order to align the SDCS.

JUL 24 1s84

420.28-1
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Question No.

620. 29

(7,4)
'PSAR Subsection 7.4. 2.3 states that the safe shutdown systems are
periodically tested to verify proper functioning during normal Wl
plant operation. Describe how the safe shutdown systems~cform to
the requirements of IREE 338 and the recommendations of Regulatory
Guide l. 22 since the existiag FSAR information is insufficient.

~Res onse

Pumps and valves for safety and shutdown systems are tested
monthly. Pumps are run for a minimum of 15 minutes. Ualves are
actuated for full travel verification. The safeguards actuation
system has an automatic test circuit to monitor trip set points.

, At 18 month intervals an integrated test of the ESF is performed.
This test assured operation and response of all safety equipment
and circuits.

Testing will be done in accordance with technical specifications.

~ s
t

420. 29-1
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uestion No.

420.30
(7 4)

Control wiring diagrams for the atmospheric dump valves show con-
trol switches on the hot shutdown control panel which are not
listed in PSAR Table 7.4-2. Please clarify and amend the PSAR
where

necessary.'Res

onsa

Refer to revised PSAR Table „7.4-2 ~

420.30-1
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Instruments
Ta No.

LI-9113
PI-8113
PIC-08-1A1,3A1
PI-1108
LI-1105
TI-1115-1
TI-3351Y
FI-3306
VM-1606-1
WM-1606-1

JI-001A1
JI-001B1

LI-9123
PI-8123
PIC-08-1B1$ 3B1
PI-1107

LI-1104
TI-1125-1
TI-3352Y
PI-3301
VM-1616-1
WM-1616"1

HIC-09-1Cl

Service

Steam Generator 2A Water Level
Steam Generator 2A Press
S.G 2A Atmospheric Steam Dump
Pressurizer Pressure
Pressurizer Water Level
Reactor Cold Leg Temp
Shutdown Cooling Temp
Shutdown Cooling Flow
Diesel-Gen 2A Volts
Diesel-Gen 2A Watts

Neutron Power Level
Neutron Power Level

Steam Generator 2B Water Level
Steam Generator 2B Press
S.G. 2B Atmospheric Steam Dump
Pressurizer Pressure

Pressurizer Water Level
Reactor Cold Leg Temp
Shutdown Cooling Temp
Shutdown Cooling Flow
Diesel-Gen 2B Volts
Diesel-Gen 2B Watts

Aux. P. W. Pump 2C Turbine

Safety
Section

SA
SA

SA
SA

SA
SA

SA
SA

SA
SA

SB

SB
SB

SB

SB

SB

SB
SB

~ SB
SB

SAB

Scale
Ran e

0-100Z
0-1000 psia
0-1200 psig

0-3000 Psi psia
0-100X
.0-600 F
0-350 F
0-5000 gpm
0-5250V

~ 0-5000kW
I

2x10 8X-200X
2xlO. X-200X

0-100X
0-1000 psia
0-1200 psig

0-3000 Psi psia

0-100X
0"600 F
0-350 F
0-5000 gpm
0-5250V
0-5000kW

-6000 gpm

Switches and Indicatin Lam s
~Ta . No Service

Safety
Section

CS-610-2
CS"608-2
CS-629-2
CS-189-1
CS-157-1
CS-194-2
CS-177
CS-176-1
CS-246-3
CS-1625-2
CS-1626-2
CS-1628-2

-CS-1627-2
CS-609-2
CS-611-2

Aux PW 2A Disch Tie MV-09-13
Aux FW 2A Disch MV-09%
Aux FW Pump 2A
Aux Spray Valve SE-02-3
Letdown Contain Isol V-2516
Charging Line Isol V-2523
Charging Pump 2A
Charging Line Valve ISE-02"02
SIAS "A" Block
Stm Gen 2A Atm Stm Dump Valve MV-08-19A
Stm Gen 2A Atm Stm Dump Valve MV-08-18A
Stm Gen 2B Atm Stm Dump Valve MV-08-18B
Stm Gen 2B Atm Stm Dump Valve MV-08-19B
Aux FW 2B Disch MV-09-10
Aux PW 2B Disch Tie MV-09-14

a

SA

SA
SA

'A

SA
SA
SA

SA
SA
SB

SA
SA

SB

SB
SB

TABLE 7.4-2

INSTRUMENTATION AND CONTROL — HOT SHUTDOWN PANEL
OUTSIDE THE CONTROL ROOM

5
420;30
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01

04
05
06
07
08
09
10ll
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

2+
29
30
31
32
33
34
35
36
37
38
30
40
41
42
43
44
45
46
47
48
49
50
51

CS-630-2
CS-189-2
CS-157-2
CS-194-1
CS-178
CS-176-2
CS-248-3
CS-612-2

CS-179
CS-652-2

CS-653-2

CS-632-2
CS-124
CS-125
CS-126

CS-127
CS-128
CS-129

Aux Ft< Pump 2B
Aux Spray Valve SE-02%
Letdown Stop Valve V-2515
Letdown Contain Isol U»2522
Charging Pump 2B

. Charging Line Valve ISE-02-01
SIAS "B" Block
Aux FVi 2C to SG 2A MV-09-11
Aux Fll 2B Disch Valve SE-09-3
Aux FM 2C Disch Valve SE-09%
Charging Pump 2C
Steam from SG 2A to Aux FM 2C
Turbine MV-08-13
Steam from SG 2B to'ux FM 2C
Turbine MV-08-12
Aux FM Pump 2C Turbine
Pressurizer Back-up Htr Bank B-l
Pressurizer Back-up Htr Bank B-2
Pressurizer Back-up Htr Bank B-3

Pressurizer Back-up Htr Bank B-4
Pressurizer Back-up Htr Bank B-5
Pressurizer Back-up Htr Bank B-6

TABLE 7.4-2 (Cont'd)

Switches and Indicatin Lam s
Service

Safety
Section

SB

SB
SB
SB

SB
SB

SB
SB

SB
SAB

SB

SB

SAB
None
None
None

None
None
None

,I,3

~~t. 3 4 f98f

(1) Information identified as Later will be provided in a future
amendment.

7,4-23 Amendment No. 5,
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cation No.

420.31
(7.4 1)

According to Subsection 7.4.1, monitoring of the reactor coolant
boron concentration is required for shutdown. Please describe the
instrumentation/systems to be used to measure the boron
concentration. Be sure to include a description of the power
sources(s) and design criteria. Electrical schematics and
one-line wiring diagrams should be included as support
documentation. Also, explain why this instrumentation is not
included in Tables 7 '-1 and 7.5-1.

Response

The boronometer is provided to permit data to be available as a
backup and to assist in trending. Principal boron monitoring is
attained by local and remote wet chemistry samples The
boronometer is non safety-related, non-IE and is isolated (on
letdown line) for post-accident conditions; it is therefore not
included in the Table 7.4-1. This table includes minimum
requirements for monitoring safe shutdown. Table 7.5-1 provides
for IE equipment, the borono'meter is not so qualified. The
oronometer receives power 'from 120V PP220.

420.31-1
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Question No.

420.32 Section B.l.(a) of BTP RSB 501, Design requirements of the
(I F 1.3) residual heat removal system," requires that valve positions be

'ndicated in the control room. Please provide a description of
how (limit switches, indicators, etc.) the shutdown cooling system
meets this requirement Also, provide the acceptance design
criteria used for valve position indication.

Response

Branch Technical Position RSB 5-1, B.l.(a) reads as:

RHR System Isolation Requirements

The RHR system shall satisfy" the isolation requirements listed
below.

1 The following shall be provided in the suction side of the
RHR system to isolate it from the RCS.

(a) Isolation shall be provided by at least two
power-operated valves in series. The valve positions
shall be indicated in the control room.

The design satisfies the branch position with the following
feature.. For train A the power operated isolation valves in
series inside the containment boundary on the shutdown cooling
suction line are V3480 and V3481. For train B they are V3651 and
V3652 Each valve has an "open" light, A "closed" light.

420.32-.1
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Question No.

420. 33
(7.4. 1. 3)
(7. 6'l. l)

Qith regard to the Shutdown Cooling System Interlocks (Section
7.'6.1.1), the description of the mea'surement channels does not
establish that there is any diversity among the channels. Thestaffs'osition in this area (see Standard Review Plan Appendix
7A-ICSB BTP 3 Item 2) requires diversity in the interlocks.

Provide a discussion of your conformance to this portion of the
position. In addition, identify all other points of interface
between the Reactor Coolant System (RCS) and other systems whose
design pressure is less than the design pressure of the RCS. For
each such interface, discuss the degree of conformance to the
above cited Branch Technical osition 3.

Reseoas a

Overpressure protection is provided by interlocks and high
capacity relief valves. Diversity of the interlock channels hae
not been provided. There is sufficient redundancy and adequate
controls on operator action that overpressure protection ie'

rovided.

The operator is not solely dependent on pressure channels
controlling the interlocks to make the decision to open the
shutdown coolirg valves.

Two other reactor coolant system pressure indications exist for
comparison, PI 1107 and PI 1108.

40L g4 Ise>

420. 33-1
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+cation No.

420.34
(7 ')
(7. 4)
(7 6)

Branch Technical Position (BTP) ICSB 18, "Application of the
single failure criterion to manuallymontrolled, electrically
operated valves," gives the staff's position on disconnection of
power to electrical components of fluid systems. Please identify
such areas of design and state your, conformance to the BTP ICSB 18.

~Beo once

Disconnecting power electrical components as required by the
BTP ICSB"18 is prov ded for the safety injections tank isolation
valves V-3614, V- 24, V-3634 and V-3644 (Reference drawings B-327
Sheets 269, 270, 27K, and 272) ~ 'he removal of electrical power
(by rackout and lockout of the breakers) is to assure the open
position of these valves and to prevent, by single failure,
isolation of the safety injection tanks. Isolation of the tanks
is not required until the RCS is depressurized below 600 psi.
Ample time in excess of the 10 minute criterion is available to .
restore power for this action.

In addition, the motor operated valves in the safety injection
system which have the power removed are the SIT isolation valves
and the hot leg injection isolation valves. (Valves: 3614, 3624,
3634 3644, 3551, and 3550, respectively).

The hot leg injection valves V3551 and V3550 meet the Branch
Technical Position for their ability to have power restored.
Because hot leg injection is not manually initiated until two
hours (per PSAR Subsection 6.3-2.8) after the event of 'safety
injection actuation the valves meet the 10 minute criterion for
having power restored. The= position indication redundancy
requirement is met by having position indication displayed in the
control room for the isolation valves and the throttling valves
(V3540 and V3523) which are in series.

420.34-1
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cation No.

420 '5
(7.4.2.4)

In the description of systems required for safe shutdown in
Subsection.,7.4.1, no discussion of the pressurizer heaters and
spray system is presented'owever, controls for these systems
are included on the hot shutdown panels Please provide a
description of the pressurizer controls as required for shutdown.

~Res onoe

A description of the pressurizer system with a discussion of the
pressurizer heaters and the pressurizer main spray syst: em is
supplied in FSAR Subsection 5.4.10. The manual operation of
certain'ressurizer heaters from the hot,shutdown pan'el is
provided for operator convenience. ~ The pressurizer heater system
is not required for safe shutdown as sufficient stored energy is
available in the pressurizer. Safety-related, Class IE
pressurizer auxiliary spray is available for required RCS

depressurization following plant cooldown. The pressurizer
auxiliary spray system is part of the Chemical and Volume Control
Systems. FSAR Subsection 7.'4.1 d) 5) will be revised to designate
the auxiliary spray subsystem.

f.'l ~ 1

\

420.35-l
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d) Reactor Coolant System cooldown 'to cold shutdown vhich requires:

1) Actuation and control of Shutdown Cooling System

2) Control of Component Cooling Mater System

3) Control of Intake Cooling -Mater System

4) Operation and control of boron addition and charging subsystem
of CVCS

I

5) Monitoring of Reactor Coolant System pressurizer temperature,
pressure and water level

6) Availability of auxiliary spray flow, as further described
in'ubsection5.4.7.5 (item A.2). However, RCS depressurization

during cooldown can be .accomplished vithout auxiliary spray
flov (see Subsection 5.4.7.5 (item A.2).

For off-normal shutdowns (e.g., loss of offsite power,
cooling), the atmospheric dump valves are utilized for
until shutdown cooling is initiated. The Onsite Power
8.3) provides power upon a l,oss of offsite power. For
conditions. the capability exists for emergency actions
7.4.1.5) outside, of the control room.

loss of condenser
heat removal
.System (Section
all shutdovn
(see Subsection

a) Auxiliary Feedwater System

b) Chemical and Volume Control System (Boron addition and charging
portions only)

c) Shutdown Cooling .System

d) Atmospheric Dump Valves (or Steam Dump and Bypass System)

Based on the above, the following is the minimum equipment required to be
operable for safe shutdown:

5

20,35

5
6
7
8
9

0
1

2

e) Control Room

f) Instrumentation listed in Table 7.4-1.

a) Onsite Pover System

b) Diesel Fuel Oil Storage and Transfer System

cVgg g~

c) Intake Cooling Mater System

d) Component Cooling Mater System

Jg] p~

The following support systems are also required to be operable for safe
shutdown, including shutdown with a concurrent loss of offsite power:

(0

5
\
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e) Heating, Ventilating, and Air Conditioning (HVAC) Systems for areas
containing systems and equipment required for safe shutdown

'I

S

The instrumentation and control systems required for safe shutdown of the
reactor are in the subsections which follow.
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Ouestion No.

420g 36

(7.47 The FSAR states that manual transfer switches are provided at
'ppropriatelocations outside the control room so that the

required circuits for hot shutdown are isolated from circuitsin the control room. Please provide the following information:

~ .

I
- ~

c) Design basis for selection of instrumentation and control
equipment on the hot shutdown panel.

1) Location of tr'ansfer switches and remote control station
~.(include layout dxawings, etc.).

c) Design criteria for the remote control station equipment'including transfer switches.
d) Description of control of access to the disjlays and

controls located outside the control zoom.
0) Discuss the testing to be performed during plant operationto verify the capability of maintaining the plant in a

safe shutdown condition from outside the control room.f) Description of isolation,'eparation and transfer/override
pzovisions. This should include the design basis for pre~
venting electrical interaction between the control room
and remote shutdown equipment.

g) Description of any communication systems x'equired to co-
ordinate operator actions, including redundancy, separation,
and environmental aualification.

h) Description of control rocm annunciation of ate control
ar cve~ide of devices under local control.

I ~ I ~ ~ ~ ~ ~ ~ ~ t

aj, T¹ instz~ntation and control equipnent located on t¹
hot shutdown panel has been selected to allow the operator
to shutdown and maintain the unit at hot standby or cooldcwn

'.conditions fnxn outside the control roan. Section 7.4.1.5
provides the basis for selection of equipment for the hot
slmtdown panel as follows:
1) Achieve praopt hot shutdown of the reactor.
2) 5hintain the unit in a safe condition durin

hot shuble~.
3) Sonitor cooMown
4) Control room evacuation is not acct~ed by any DBA.
5) Any single failure does not prevent sa e plant shutdown.
6) Channel independence is maintained by electrical and

physical separation between'edundant channels.
7) Zkpiprent, inclmiing electric cables, related with re-

dundant systans are uniquely identified with.colored
,markers or n-meplates.

8) %ha systems are desioned to withstand safe shutdown~1~ ' II 'I1
9) T¹ systans can be tested with the plant shutdown.

10) Ecplipnent is provided in appropriate locations outside the
control rocm to bri~ the plant to a hot staniQrZ condition
with capability for subsequent cold shutdown.
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~ ~ ~

b) Transfer switches and isolation switches are located on
transfer panel 2A, 28, 2AB and various MCC, Switchgear,
'respectively. These panels, t CCs and swi.tchgears are
concentrated in the middle section of RAB at Elevation
43 and RAB at Elevation 19.5 to facilitate'ransfer
frcm control roon to Hot Shutdown Control Panel (HSCP) .
HSCP is located in a xoan at. the southwest corner of
the RAB at Elevation 43. For specific locations, see
attached Table 430.36-1 and drawings in FSAR ~le

})g~

c&d To meet the inteat of Regulatory Guide 1.68.2 for Reactor remote
shutdown capabi1ity, the followiag are remote shutdown procedures
under three different plant conditons.

The three plant conditions are:

X) Remote Hot Shutdown (HoDXIP)
::XX) Remote Hot Shutdown (EOOP)
XXX) Remote Cooldown and Shutdown (with ox without (DXIP)

e

The shutdown procedures are developed, based on the avai1ability
of three to four opezational personnels.

E I

.'X) Condition X: Remote Hot Shutdown No PXP

Before leaving the control x'oom, the operators assure the
Reactor and Turbine has been tzipped. On the way down to the
hot shutdown panel station, oae person will be sent to the
turbine building ground floor (0 KV and 4 KV Switchgear room)
to trip the reactor coolant pumps, feed pumps, etc. Meanwhile, '

persons will have the responsibility to activate all the
transfer (isolate) devices mounted oa transfer panel 2A, 2B,
2AB; 480 volt switchgear 2A2, 232; MCC 2A5, 2B5, 2A-6, 2B-6,
2AB; 4 KIT switchgears 2A3, 2B3; pressurizer Heater MCC 2A3,
2B3; 480-volt switchgear 2AB, and.4 KV switchgear 2AB. Host
of, the above MCCs, switchgeazs, transfer panels are located

~ in the Reactor AuxDiary 3uildiag,'floor el'evatio'n 43 ft,
scattexed on the west half of the floor. The 480 volt

e

witchgear 2AB aad 4KV switchgear 2AB are E.ocated on the
19 6 ft floor elevation. Approximately 56 transfer switches
have to be activiated. Xt takes two persons approximately
10 minutes to complete the above transfer functions.- From
the time the operators leave the control zoom to the moment
the hot shutdown panel is fully operational, it requires
approximately 15 to 20 minutes. Once the- hot shutdown station
is operational, the senior licensed operator is stationed
there to monitor and contzol~t~iot shutdown process, whereas
the othex'wo operators are strategically stationed at the
MCC area 43 fr floor elevarfon sector Auriliary,Building)
aad in the turbine building Communication is maintained
by way of sound power phone/ (head sees) at required statiaas.



csd (cont'd) II) Condition II: Remote Hot Shutdown(EGOS

l!,ofh-site power is not available (or 'lost), the Reactor Coolant
s and main PW pung, will be de-energized (ie., no further

switchgeaz tripping is necessary,in the turbine building). Under
Loop conditions, oae operator proceeds directly to the diesel
bui1diag to assure proper initial loading of the diesels> whereas
the other two operators will perform all the necessary transfer
functions as mentioned in the above Ho Loop coadition (Condition
I).
Some edditional manual switchgeaz loading might be required in
order'o connect certain plant investment 1oad onto the emergeacy
buses. Upon, completion of all the necessary transfer functions,
the hot shutdown panel is manned coatinuously by the senior
operator, whereas .the other two operators are stationed in
Diesel Building aad the Reactor Auxiliary Building, respectively,
awaiting for fuzther instructions.

III) Coaditioa III: Remote Cooldown and Shutdown
with or without 8

~ For further plaat cooldown aad shutdown from HSP, several. systems
are required to be operated.

They are identified as follows:
~ at

S) Chemical S Volume Control System (CVCS) .'( Q. E. Q)
5KK

S) Shutdown CoolinS System ( 5, Ir. ))
S4% 5

C) Reactor Coolant Sampliag System A
D) Other supporting Systems such as CCQ, ICN System etc

that are needed for A), B), and C) above. A,~
From the Hot Shutdown Panel, the senior licensed operator directs
the line-ups of the above systems which zequires manual valve
operation, "locked closed" aad "locked open" valves, coolant
sampling to check proper reactivity. Two operators are assigned
to accomplish these tasks.

Access and regress to the displays m9 controls located outside
of the oontrol rnxn is monitored and contmlled by the security
systans, card-keyed in arxK out of these adams. Control Board
annunciation of switch positions are also provided and,locked
access to iso1ate switches are maintained

oR all his r er 65 V'wp~r' 5o)s tTJlss 'in) cheer o ssoi-gQeQ
tons M~ g&s~se 4o ~mQ g~n 45o. 5&
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ure 0 51 ni
positioning t1m transfer/isolation switch to "ZSOU3TK",~~ the instnarent and control on the HSCP can be tested

to assure their operability. This.kird of test willbe per-
foxned on a "not to disturb th normal operation" basis. ~e
axe a few other instruments on HSCP (such as pressurizer
pressure) which have t1mix own dedicated detectors and do not
recure transfer action because they are continuously function-
Ing e

f) All instruments and controls of redundant channels are physically
and electrically separated in accordance with ReyQatory Guide
1 '5 a» . a 1 / E I E
the controls and instnmentation fran the control rocm to the
HSCP. During normal plant operation, constant su1~ision of
the transf~/i ation switch positions (as discussed in
paragraph 5) } assures that no re@etc shutdown stations-
action willaffect the control roan operation. After the
transferring, th remote shutdown controls and instrumentations
are irdependent of the control roan to the maximum practical
extent.

v4h
gj beefer te reeirieee te %C question 430.5> luce reieeu 4

/san ~$ ,~ ~gp r@eX.L~+shg u~ 0 ~~4r(154'a<)
h) Each local transfer switch «hich renders control roan inoperablein the isolation position is alanred in the control rccm.

lPg

Rg, g
q

g
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Table 430.36

Transfer (isolate) devices are on transfer panel 2A, 2B, 2AB; 480V SWGR
2A2 ~ 2B2 2AB MCC 2A5 j 2B5 ~ 2A6» 2B6 ~ 2AB>. 4KV SWGR 2A3 ~ 2B3 ~ 2AB ~t Pressurizer Heater MCC 2A3, 2B3.

The following are the locations of the above equipment:

Control Trasf. Panel 2B

Control Trasf. Panel 2AB

480V SWGR 2A2

480V SWGR 2B2

480V SWGR 2AB

MCC 2A5

MCC 2B5

MCC 2A6

MCC 2B6

MCC 2AB

4KV SWGR 2A3

4KV SWGR 2B3

4KV SWGR 2AB

N
'I

Press Heater MCC 2A3

Press Heater MCC 2B3

~EUIPMENT

Control Trasf. Panel 2A

BUILDING/ELEVATION

RAB(43

RAB/43

RAB/43

RAB/43

RAB/43

RAB/19. 5

RAB/43

RAB/43

RAB/43-

RAB/43

RAB/43

RAB/43

RAB/43

~ RAB/19.5

RAB/43

RAB/43

EBASCO DRAWING NO.

G 394 Sh1

G 394 Sh1

G 394 Sh1

G 394 Sh1

G 394 Sh1

G 393

G 394 Sh1

G 394 Sh1

G 394 Sh1

G 394 S?LI

G 394 Sh1

G 394 Sh1

G 394 S}11

G 393

G 394 ShI

G 394 Sh1

Is P
g
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atmospheric dump valve.

7.4.1.5 CONTROL ROOM (or Hot and Cold Shutdown Ca abilit
from Outside the Control Room)

As discussed in the above subsections, the required instrumentation and
controls utilized for safe shutdown are initiated from tbe control room.
However emergency instrumentation and controls are provided to enable the
operator to shutdown and maintain tbe unit at hot standby or cool down con-
ditions from outside the control room.

The'ontrol room and all Class 1E equipment therein are designed for
design basis accident (DBA) scenarios discussed throughout the FSAR;
thus the postulated control room conditions and/or event which would
make it inaccessible and result in its evacuation, remain

undefined'o

mechanism is postulated which requires control room evacuation;
therefore a control room evacuation is not accompanied by any DBA.
Instrumentation and controls for equipment required for the bot or cold
shutdown operations are provided outside the contro'1 room.

Controls and instrumentation for redundant equipment are mounted in
separate sections of the hot shutdown panel (HSDP) such that no single
faQure can prevent the safe shutdown of the reactor- A list of indica-
tors, controllers, control switches and indicating lamps located on the'

i 3'swan 'A"
In tbe event of a non-mechanistic evacuation of the control room, the
operator trips the reactor before leaving tbe control room. Manual
transfer switches are provided at appropriate locations outside the
control room so that tbe required circuits for hot shutdown are isolated
from the circuits in the control room. After compl etion of the required
circuit transfers, the HSDP becomes fully operational'n alarm is
initiated in the control room whenever any one of the transfer switches
are operated into the transfer position. Operability of controls for
equipment required for shutdown are based on the assumption that they
are not affected by the destruction of circuitry within the control
room. Sufficient instrumentation and controls are provided outside
the control room to:

a) Achieve prompt hot shutdown of the reactor

b) Maintain the unit in a safe condition during descent to

f) If required, monitor cooldown and achieve cold shutdown
the use of suitable procedures.

'I

7 '.1 ~ 6 Su ortin S stems for Safe Shutdown

hot shutdown p

through

f 0

The supporting systems required for safe shutdown of tbe reactor listed
below are described in tbe referenced sections:

a) Component Cooling Water System (Subsection 9.2.2)

b) Intake Cooling Water System (Subsection 9 '.1)

7.4-9 Amendment No. 0, (12/8O)
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All safety class, (class IE) components on HSDP are qualified to
IEEE 323-1974. The panel design meets the separation requirement
of RG 1.75 and the overall design criteria of IEEE 279-1971 for
protection system.

To activate HSDp, transfer -switches and isolation switches have
to be turned to "isolate" position. Transfer switches and isolation
switches are located on transfer panel 2A, 2B, 2AB and various
NCCs and switchgears are concentrated in the middle section of
RAB at Elevation 43 and RAB at, Elevation 19.5 to facilitate transfer
from control room to Hot Shutdown Panel (HSDP). HSDP"is located
in a room at. the southwest corner of the RAB at Elevation 43.
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Question No.

420.37 PSAR Table 7.5-1, "Safety-related display instrumentation," does
(7+5) not.describe the display instrumentation on the plant auxiliary

control board ~ Therefore, please describe the function, design
criteria and location of this control board and amend Table 7.5-1
appropriately.

~Res onsa

Plant Auxiliary Control Board is one panel section of
Heating"Ventilating and Plant Auxiliaries Control Board ~ This
board is physically located in the southeast corner of the control
room, to the right hand side of the Reactor'urbine Generator
(Rl'G) control board 201. The board can be observed by the RTG
Board operators from their control stations. Plant auxiliaries
such as outdoor aviation light ing switches, instrument air
compressor control switches, etc,'re located on the nonmafety
section of the plant auxiliary board. On the safety sections of
the board (SA and SB section), two safety-related redundant
annunciator LA and LB and atmospheric steam dump controls are
located. The atmospheric steam dump controls are duplicated here
as a bacIcup to the controls located on RTG board 202 and Hot
Shutdown panel. The safety section is separated from the
nonmafety section of the plant auxiliary control board in
accordance with Regulatory Guide 1.75. Refer to FSAR Table 7.5-1
which was revised in Amendment No. 4, July 2, 1981 to include

the'teamdump controls.

Jgg g~

420.37-1



guestionNo7he FSAR states that sufficient instrumentation and controls are
420, 38 provided outside the control room to achieve c'old shutdown through
(7.4.1.5). the use of suitable'rocedures. Please provide a 'summary of the..

procedures used to achieve cold shutdown from outside the contro1
roon. These procedures and associated equipment should ensure
that cold shutdown can be accomplished before Technical Specification
Timits on hot shutdown are exceeded. Be sure to include a list
of the systems required for.cold shutdown from outside the control
room and the location of the panels where these system controls,
are housed. Discuss the design criteria applied to these svstems
and contro1s. Also, if coordination of control at the hot shutdown
pane1 and the local panels is needed to achieve and maintain cold .

shutdown, discuss what communication facifities are available.

g~~sv.bf . The systems Ttsted beTom are required to achieve ~d shutdoen

conditions from outside of the control room.'hese systems are
discussed in section 7.4.1.

a) Auxi1iary Feedwater System.

1) Chemical and VoTume Control System

Boric Acid System

RCS Charging

45<h~c'y PRssur ip~ Sp~g
c) Shutdown Cooling System.

d) Atmosoheric Dumo Valves.

m) K++ SolppoSvT +~c re
Controls for the

''
above systems are Tocated e~>b<

Ega,livf 54&do~lm~eI ovlocpl)f. The destgn cr<ter$ a for the
above systems are provided in the FSAR sections as 1isted below:

~Sstem FSAR Section
AuxiTiary Feedwater System 7.4.1.1
Chemical and Volume Contro1 System 7.4.1.2
Shutdown CooTing System 7.'4.1.3
Atmospher ic Dump VaTves 7A.1 A
rddM Ity. th *et Y d I"t~d h td tth.
onTy safety grade systems are discussed in FSAR Section 5.4.7
as revised tngmsendment a.

a- s g<e.
Recognizing the complexity ooutside the control room ppgzpgnormal/

when the control room is inaccessible. Th&h.
ergency Procedure N0030141
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cation Ho.

420. 39
(7.5)
(7.5.1.1)

Please provide the following information on bypass and inoperable
status indication (Regula.atory Guide 1.47):

1

a) Regulatory Guide 1.47 recommends automatic indication at tne
system level of bypassed or deliberately induced inoperability
of the protection system and systems actuated or contrail~a oy
the protection system. Tne second paragrapn oz Subsection
7.5.l.6 implies that some protection systems do not have
automatic initiation of bypassed or xnoperaole status, but
require manual initiation. Identiiy all protection

systems'ot

provided with automatic initiation oi bypass and
inoperable status at tne system level and provxae
justification for this manual initiation.

b) State how the bypass and inoperable status indication system
conforms to Regulatory Posit~on C.2 of Regulatory Guide 1.47.
Discuss the design criteria (bases) used in tne selection oi
equipment/systems to be monitored, and provide the criteria to
be employed xn the display of inter-relationships, and
dependencies on equipment/systems. Tnxs is to insure that
bypassing or deliberately 'induced inoperability of any
auxiliary or support system will automatically indicate,all
safety systems affected.

c) The title of Table 7.3-10 suggests that the table includes tne
RPS/ESF bypasses or inoperable status indication. However, no
RPS equipment xs included xn the table. Also, the combustxole
gas control system and the diesel fuel oil storage and
transfer system are not included. Revise tne taole to includeall RPS/ESF systems for wnich bypass or inoperable status
indication is provided.

d) Information supplied is insufficient to determine complete
conformance to tne design criteria oi orancn tecnnical
position (BTP) lt;SB 21. Therefore, please provide adaxtxunax
information'n how the bypass and xnoperaole status indication
system complies to Positions B.3, B,4, and B.5 oi BCP IvSB 21.

~Be8 once

a) St. Lucxe Bypass Indication System xs basically actuated
automatically. Tne effectiveness oi this automatic indicating

* system is further encnanced by including a manual actuation
capabx.lxty. The manual capability oi the bypass indication
system xs endorsed by the Regulatory Guide 1.47 position 04.
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The FSAR Table 7.3-10 identifies all systems for which bypass
indications are automatic. However, some parts of tnuse
systems require manual actuation, e.g. closure of the manual
HPSI pump suction valve (bypass indication window A2) for tne
maintenance of HPSI pump 2A.

b) Conformance with the R.G. 1.47 Position C2.

The Bypass Indicating System is automatically activated by the
bypassing or deliberately induced inoperability„"on tne
ssppertteg systems. FRAR Table 7.3-lO reflects ~ gg~
requirements (e.g., LP Safety injection "Al" automatically
activated by the diesel 'generator and/or tne component cooling"'ater unavailability).

c) RPS trip channel bypasses are not automatically annunciatea on
the control board but are indicated on the RPS which is in tne
control room in view of the operator. Taole 7.3-10 lists only
the ESFAS systems and it will be emenaed to indicate this.

The combustibLe gas systems are assigned to the bypass
indication windows A-13 and B-l3 as "H2 systems". Tne
Diesel Fuel Oil Storage and fuel oil transfer to the aay tanks
systems are not indicated automatically on tne bypass
indication module, but they are annunciated in tne control
room by redundant Class IE annunciators. Refer to drawing
2998-B-327 sheets ll42 6 1143 *n FSAR Sect~on l.7.

d) Compliance to ICSB 2l Position B.3, B.4, and Bs5 can be
summarized as follows:

B.3) St Lucie 2 ESF bypass indicating system provides
availabiLity (or bypass) indications of all ESF

Qsyf tems. Tnese indications are at a system level.
Q g}cans are not provided to cancel erroneous bypass

indication. However, the operator can always assure
the system status by cross checking tne associated
component operating status througn tneir corresponding
annunciation windows.

B.4) The ESF bypass indicating system is strictly status
indication available to tne control room operator.
Based on the bypass informations and otner relatea
instrumentations, the operator cen intelligentLy
coordinate all meintenance/test activities tnrougnout
the plant, without compromising the plant safety.

Jg~'<
~98>
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8.5) Proper isolation devices are provided between tne
bypass indicating system and all safety related systems
to assure adverse effects cannot propagate from the
indicating systems to the plant safety systems.
Isolation devices are in accordance with Regulatory
Guide 1.75.

The bypass indication system is not essential to safety ana is
primarily used as augmented indication to otner safety-rel.ated
indicators (i.e., motor indicating, lignts, valve position,
Class IE indicators, etc.). Aaministrative procedures do not
rely on bypass indication for immediate operator actions.

JOL gy )gfg8f
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420. 40
(7.5.F 1)

The FSAR states that available information for the engineered
safety features systems consist of valve position indication.
Please describe the design features used to provide direct
indication of ESF system valves.

~Rea onse

All ESF valves have red and green indicating lights in the cont'rol
room. The red light indicates open valve position and the green
light indicates closed valve position. The lights are powered
from the same power source as the valve actuating circuit and are
located above the control switch, except for valves supplied with
the valve position indicators In this case, the valve position
indicator is located above the control switch with lights located
on the vertical section of the board.

'Ihe following valves have position indicators and indicating
lights in the control room: (refer to Table 420. -1, attached) ~

98

420.40" 1



PROJECT: ST LUCIE 2 FSAR
DATE 07/14/81, TYPIST: ek Page2 n

DATE PRINTED : 07/17/81
DISKETTE NO. : SD 610 PAGE 2

V 3634

HCV-3626

HCV-3617

HCV-3637

01
02
0
04 VALVE TAG 0
05
06 V 3614
07
08 V 3624
09
10
11
12 V 3644
13
14
15 HCV-3615
16
17 HCV-3625
18
19 HCV-3635
20
21 . HCV-3645

23 HCV-3616
24
25
26
27 HCV-3636

2~ HCV-3646
30
31
32
33 HCV-3627
34
35'6

37 HCV-3647
38
39 V 3540
40
41 V 3523
42
43 FCV-3306
44
45
46 FCV-3301
47.,

48
49 HCV-3657
50
51
52 HCV-3512

33y

TABLE 420.40-1

VALVE DESCRIPTION

SIT 2A2 Isolation Valve

SIT 2A1 Isolation Valve

SIT 2B1 Isolation Valve

SIT 2B2 .Isolation Valve

LPSI Flow Control Valve

LPSI Flow Control Valve

LPSI Flow Control Valve

LPSI Flow Control Valve

HPSI Flow Control Valve

HPSI Flow Control Valve

HPSI Flow Control Valve

HPSI Flow Control Valve

HPSI Flow Control Valve

-HPSI Flow Control Valve

HPSI Flow Control Valve

HPSI Flow Control Valve

HPSI to Hot Leg 2A Valve

HPSI to Hot Leg 2B Valve

Shutdown Cooling Bypass
Valve

Shutdown Cooling Bypass
Valve,

Shutdown Cooling Control
Valve

Shutdown Cooling Control
Valve

POSITION INDICATOR
POWERTYPE

Separate. from
control power
Separate from
control power
Separate from
control p'ower
Separate from
control power

2701 255

269, 255

271, 255

Analog

Analog

Analog

Analog 272, 255

Analog Same as control 257

Same as control ~ 260Analog

Analog Same as control 263

Analog ,Same as control 266

Analog Same as control 261

Analog Same as control 258

Analog Same as control 264

Analog Same as control 267

Analog Same as control 262

Analog Same as control 259

Analog Same as control 265

Analog Same as control 268

Analog Same as control 233

Analog Same as control 235

Analog Same as control 1516

Analog Same as control 1517

Analog Same as control 1514

JOE ~control 1M'98fAnalog Same as



PROJECT: ST LUCIE 2 FSAR
DATE 07/14/81, TYPIST: ek Page2 n

DATE PRINTED : 07/17/81
DISKETTE NO. : SD 610 PAGE '3

01
02

TABLE 420.40-1 (Cont'd)

POSITION INDICATOR
VALVE TAG 0 VALVE DESCRIPTION TYPE POWER CMD

05
06
07
08
09
10Il
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

5~3

V 3536

V 3539

V 1474

V 1475

V 1200

V 1201

V 1202

Shutdown Clg Line 2A
Warm-up Valve

Shutdown Clg Line 2B
Warm-up Valve

Analog

Analog

Same as control 1510

Same as control 1511

Pressurizer Power Oper.
Relief (PORV)

-Pressurizer Power Oper.
Relief (PORV)

Acoustical- Lights

Acoustical- Lights

Separate

Separate

Note (1)

Note (1)

Pressurizer Relief Valve

Pressurizer Relief Valve

Pressurizer Relief Valve

Acoustical- Lights

Acoustical
— Lights

Acoustical
—Li hts

Separate

Separate

Separate

Notte (1)

Note (1)

No te (1)

r

J

Note (1) - Will be Implemented by 10-15-81
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Question No:
420.41
'7.5) . "Instrumentation for light-water-cooled nuclear

power plants, to assess plant and environs
conditions during and following an accident,
"Regulatory Guide 1.97 (Rev. 2), Section D,
Implementation, states that "Plants scheduled
to be licensed to operate before June 1, 1983,
should meet the requirements of NUREG-0737 and.
the Commission Memorandum and Order (CLI-80-21)
and the schedules of these documents or prior
to the issuance of a license to operate, whichover
date is later. The balance of the provisions ofthis guide should be completed by June 1983."
Provide a commitment to comply with this schedule.

Response:
420.41 The requirements of RG 1.97 Rev.2 are implemented

as described in Attachment C for type B,C,D and E
variables. Type A variables will be identified
and described in accordance with the statement
provided in Attachment B. Definitions of types
A,B,C,D and E as, well as Category 1,2 and 3
variables are provided in Attachment A.

Environmental qualification of RG 1.97 Rev. 2
equipment in accordance with NUREG 0588 will be
handled in the same manner as all the other equip-
ment in the plant. The results of the environmental
review .will be submitted or available for reviewin accor'dance with Section 3.11 of the FSAR. The
submittal for equipment in harsh environment is
scheduled for November 30, 1981.
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ATTACHMENT A

Type A — Those variables that provide primary information so that
operators can take the specified manual actions for which
there are no automatic actions so that safety systems can
accomplish their safety function for DBE. This does not
include those variables required for contingency actions.

Type B — Those variables that indicate that safety functions are
being accomplished.

Type C — Those variables that indicate a breachor potential to
breach of barriers to fission product release. (fuel
cladding, RCS pressure boundary, containment)

Type D

Type E

— Those variables that indicate the operation of individual
safety systems and other systems important to safety.

— Those variables that indicate the magnitude of radioactive
releases and for assessing such releases.
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Category 1

a) Provides the most stringent requirements for key variables.
b) Qualified to RG 1.89

c) Seismically qualified to RG 1.100

d) The instrumentation systems will be single failure proof.
c) A minimum of-two channels will be provided with additional

backup instruments (same or diverse) to verify correct channelin the event of a "mid-scale" instrument failure.
d) Redundant or diverse channels will= be independent and physically

separated in accordance with RG 1.75.

e) The instrumentation will be powered from Standby Power per
RG 1.32 and backed up by battery. (UPS)

f) The instrumentation will be available prior to an accident.

g) The proper QA requirements apply.
h) Continuous indication will be provided (may be a recorder).
i) Nhere variable trending is required for operator information,

dedicated recorders or continuously updated and stored in
computer memory and displayed on demand information will be
provided.

j) These variables are considered PAM instrumentation or partof effluent monitoring instrumentation.
k) Types A,B, and C will be identified on the control boards for

easy recognition by the operator.



Qi
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h

Category 2

a) Less stringent requirements than Category 1 and applies
to variables which indicate system operating status.

b) Qualified to RG 1.89.

c) Seismic qualification to RG 1.100, if the device is part
of a safety related system.

n

d) Xnstrumentation will be powered from a high reliablility
power source.

e) Technical Specification out of service requirements for the
system the process variable covers, apply also to the process
variable components.

f) The proper QA requirements apply.

g) The signal may be displayed on an individual instrument or
CRT (demand display).

h) The display may be dial, digital, CRT or stripchart recorder.

i) Where variable trending is required for operator information,
a dedicated recorder or continuously updated, stored in computer
memory and displayed on demand information will be provided.

j) These variables are considered PAM instrumentation or part of
effluent monitoring instrumentation.

k) Types A,B, and C will be identified on the control boards for
easy recognition by the operator.



Page 4 of 4

Category 3

a) provides requirements for high quality off-the-shelf
instrumentation and applies to backup and diagnostic
variables.

b) provides the requirements for equipment where state-
of-the art cannot. meet Category l 6 2 levels.

c) Will be high quality commercial grade and capable of
'the specified service environment.

d) Display may be dial, digital, CRT or stripchart re-
corder.

e) Where variable trending is required for operator in-
formation, a dedicated recorder or continuously up-
dated, stored in computer memory an'd displayed on
demand information is provided.



ATTACHMENT B

F P6L is conducting a program to identify R.G.1.97', Rev 2 Category
"A" variables by the end of the first quarter of 1982. Any nec-
essary changes to instrumentation will be installed by June of
1983, but in all cases efforts will be made to complete installation
at the earliest possible date. C-E Owners Group generic emergency
guidelines will be reviewed to identify all preplanned manual
actions. The guidelines to be reviewed are contained in CEN-152:
Combustion En ineer~in ~Emer enc procedures Guildelines which
was submitted to the NRC by the C-E Owners Group on June 30, 1981.
Instruments needed to perform actions will be identified by tag
number. The range, and qualification states of each
instrument will also be identified. The necessary range will be
determined from existing St. Lucie 2 FSAR and C-E Owners Group cal-
culation.
In summary, by the end of the first quarter of 1982 F PRL will
provide the following

-A.

B.
C.

Category A variables list
— Instrumentation identified bv tag number.
— Required and actual ranges, and qualification
What changes will be made by October 1982
What changes will be made by June 1983
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TAG NO. 'VARIABLE
DESCRIPTION

B. G. 1. 97 Rev 2

RANGE REQUIRED
EXISTING

RANGE
COMMENTS

6

RS-26-13
RS-26-14

Containment
Effluent
Radioactivity
Noble Gases
from identified
release points

C12 10
2 Ci/cc to

10 ,QCi/cc
10 ~Ci/cc

go
10 ~Ci/cc

The range provided covers the
requirements. Redundant safety
related monitors are provided
with indication and recording in
the CR. This is an off-line moni-
tor on the plant stack that con-
forms to ANSI N13.1-1969.

Same as E2 Radiation Ex-
posure Rate

C13 10 R/hr to 10 R/hr Same as E2 See E2

methods.

RS-26-90
RS-26-Later
RS-26-Later

Effluent
Radioactivity
Noble Gases

C14 103 ~CD./CC to
10 PCi/cc

10 / Ci/cc
to

10~i/cc
Equipment xs being added to sati
fy TMI requirements. The ranges
provided cover the requirements.
Plant vent indication and record-
ing is provided in the CR. Re-
dundant indication and recordingwill be provided for the ECCS
vents. For more details see re-
sponse NUREG 0737 Item lI.F.l.

FIC-3301
FIC-3306
FR-3301
FR-3306

RHR System
Flow

Dl 0 - 1104 design flow 0-5000 gpm Safety grade indication and re-
cording is provided in the contre
room. Design flow is 3300 ppm
therefore the range provided is
acceptable.
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TAG NO. VARIABLE
DESCRIPTXON

RANGE REQUIRED
EXISTING

RANGE
COMMENTS

TR-3303M
TI-3303X
TI-3303Y
TR-3303Z

RHR Heat Ex-
changer Outlet
Temperature

D2 32 F to 350 F 2 0-350 F Safety grade indication and re-
cording is provided in the control
room.

LIA-3311
LXA-3321
LXA-3331
LIA-3341

PIA-3311
PIA-3321
PIA-3331
PIA-3341

Accumulator
Tank Level and
Pressure

D3 10% to 90%

0 — 750 psig

2 6.5R to 93.5

2 0-700 psig

Measurements are non safety. The
environmental qualification of the
sensors will be evaluated against
the requirements of the guide.

The range provided for tank pres-
sure should be acceptable. 700
psig exceeds tank design pressure
and tank safety valve setpoint.

Accumulator D4
Isolation Valve
Position

Closed or Open Closed or
Open

Safety grade open/closed position
is provided in the Control Room.

FIA-2212 Boric Acid
Charging Flow

D5 0 - 110% design flow 2 0-150 gpm The measurement provided measures
flow from the charging pumps; it
does not,measure directly Boric
Acid flow to the charging pumps.
Design flow is 132 gpm so range
provided is adequate.

FI-3311
FI-3321
Fl-3331
FI-3341

Flow in HPI
System

D6 0 — 110%
0 - 352 gpm

2 0 — 400 gpm Safety grade redundant indication
is provided in the control room.
0-110% design flow coresponds to
0-352 gpm, therefore range pro-
vided is acceptable.
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TAG NO. VARIABLE
DESCRIPTION

R.G. 1.97 Rev 2

RANGE REQUIRED

C0
C9
A

V

EXISTING
'RANGE

COMMENTS

~ 11

FR-9011
FR-9021

Main Feedwater
Flow

D19 0 to 110% design flow 3 0 to @ax
10

Non-safety flow recording is pro-
v'ided in the control room. Since
the existing range of 0 to 6 x 10
lb/hr is close to the required
range of 0-6.2 x 106 lb/jprange is
considered adequate-.

FI- 09-2A
FR-09-2A
PI-09-2B
FR-09-2B/2C
FI-09-2C

Auxiliary or
Emergency
Peedwater Flow

D20 0 - 110% design flow 2 0 - 300 gpm

0 — 300 gpm

0 - 600 gpm

Safety grade indication and recor
ing is provided in the control
room. The ranges provided for
the motor driven pump flow are
inadequate based on the recalcu-
lated pump capacities and SG
cooling requirements.

For the motor driven pumps the
maximum flow is 350 gpm. The
turbine driven pump is 500 gpm.
PI-09-2A, 2B will be changed to
0-400 gpm range. For FI-09-2C,
0-600 gpm is adequate.

LIS-12-11 Condensate
LIS-12-11$ Storage Tank
LR-Later Level

D21 lant Specific 1 0-50 The range provided covers 1.18
to 190% of bottom to top of
vessel height. Since this is a
category 1 measurement redundancy
is required. Redundancy is also
required due to NRC's generic re™
view of the AFWS. A redundant
measurement is added,LIS-12-11B.
Both safety related channels will
be indicated and one channel will
be recorded in the CR.
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TAG NO. VARIABLE
DESCRIPTION

RANGE REQUIRED

C0
U

V

EXISTING
RANGE

COMMENTS

FI-07-lA
FR-07-1A
Fl-07-lB
FR-07-1B

Containment
Spray Plow

D22 0 - 110% design flow 0-5000 gpm Maximum flow is 3600 gpm. The
range provided covers the require
ments.

Safety related indication and
recording is provided in the
control room for each spray pump
flow.

TI-07-3A/5A Containment
TR-07-3B/5B Atmospheric

Temperature

D24 40 F to 400 F 50 -350 P The range provided does not cover
the requirements. Considering
that during a MSLB the containment
can reach 420 F the scale rangewill be changed to 50o - 450 P.

TR-25-lA
TR-25-1B

Heat Removal by
the Containment
Fan Heat Re-.
moval System

D23 Plant Specific 0 — 300 F Containment cooling Fans 2HVS-1A,
1B, 1C and LP Cooling Coil inlet
and outlet'emperatures are re-
corded in the CR. The measuremen
is safety related. The scale ran<

provided covers the requirements.

TI-07-3A/5A Containment
TR-07-3B/5B Sump Hater

Temperature

D25 50 F to 250 F 50 -350 F The range provided covers the
requirement.
One channel is indicated and the
other is recorded in the CR.

Same as D5 Makeup Flow-
In

D26 0 — llOS design flow See D5 See D5
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The following status of Standby Power and Other Energy Sources Xmportant to Safety are moni-
tored in the control room:

1 - Startup/Standby Transformers—

a - Transformer primary winding voltage (230KV East-Nest Bus)
240KV Recorder/888**, DVM/888**

b — Primary and Secondary breakers — status lights (closed-open)**

c - Transformer secondary winding (4160V Bus 2A2 6 2B2) voltage
(VS-916, VS-917)**, Bus energized lights (XL-916, XL-916)**,
current (AS-916, AS-917)**, Watthours (WHM-916, WHM-917)**

2 — Emergency on site 4160V 2A3, 2B3 6 2AB Buses—

a - Bus Tie Breakers Status lights*
b - 4160V Bus 2AB voltage, current 6 status (VM-942, AM-942, XL-942)*

c - 4160V Bus 2A3 a 2B3 voltage (VM-954, VM-564, XL-954, XL-964)*

3 — Emergency on site 480U Bus 2A2, 2B2 and 2AB

a - Xnc'oming feeder breaker status lights (open-close)*

4 — Emergency on site Diesel-Generators 2A & 2B

a — current (AM-955, AN-965)*

b - voltage (UM-1606D, UM-1616D)*

c - frequency (PM-1606, PM-1616)*

d - vars (VARN-1606, VARM-1616)*

e -.watts (W-REC-1606, W-REC-1616)*

f — Watthours (WHN-955D< NHM-965D)*



4 — (.Cont ')
g — diesel generator loading lights — 4160V feeders (XL-996 A,-B,-C,-D,-E,-F,-G,-H,-X, XL-997A,-B,-C,-D,-E,-H,-P, IL-998B,-C)*

480V feeders (IL-996K,-L,-M,-P,-Q,-R,-T, IL-997S,-T,-U,-V,-Q,-R,
-M,-N, XL-998D,-E)*

5 - 125V DC Batteries

a — voltage (VM-1001, VM-1002, XL-1001, XL-1002)*
b — battery charges current (AM-1001, AM-1002)*
c — battery high discharge rate alarms(1)
d — battery breakers in open positions alarms
e — ground alarms(')

6 — l200 AC non-interruptahle instrumenb)uses MA, MB, MC & MD control room
annunciation via local annunciator

a — low DC voltage
b — high DC voltage
c — low AC voltage
d - .out of frequency
e — groundf - DC breaker trip

* - Category 1** - Category 3
(1) — Non-Safety annunciators — the isolation devices are provided between

annunciators and an associated Class lE actuating devices.
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estion No.

420.42
(7.5)

Both Tables 7.4-1 and 7.5-1 list instrumentation required for
shutdown. However, the lists're not consistent. Audit both
tables and modify them so that the shutdown instrumentation is
consistent.

~Res anse

Refer to FSAR Tables 7.4-1 and 7.5-1 which were revised in
Amendment Ho. 4 July 2, 1981.

u'Ug g~

420,42-1
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4 20 o 43 SAFETY INJECTION TANK (S IT ISOLATION VALVE INTERLOCKS:

(7 6.2.2.2) 1) Describe how valve position indication (i.e., limit switches,
visual indicators, etc.), is accomplished for the safety
injection tank isolation valves. as required by Position 2 of
branch technical position (BTP) ICSB 4.

2) Describe the design criteria applied to this position
indication system.

3) Discuss how the SIT isolation valve system conforms to
Position 3 of BTP ICSB 4. As a minimum, describe the
independence of power supplies for the visual indication
system and alarms and provide electrical schematics, one line
wiring diagrams, etc., as support information@

4) The FSAR information supplied for Item 4.22 of IEEE 279-1971
states that, "The instrumentation and cables associated with
SIT isolation val~v interlocks is not uniquely identified."
It is the stafAS position that a method be used for
identifying safety related instrumentation and control
circuits and equipment which is in conformance with the
recommendation of Regulatory Guide 1.75 and the requirements
of IREE 384. Therefore, please describe how the
instrumentation and cables associated with the SIT isolation
valve interlocks conform to the above recommendations and

requir'cmental�

,

~Res onse

1) Each SIT isolation valve has two means of position indication
displayed in the control room. 'Chere is an open light and a
closed light display for each. Also there is a 0-lOOX
position indicator.

2)

—.-3)

The design criteria applied for this system is 1CSB 18 which
required redundant position indication in the control room for
valves which have their power racked out.

Audible and visual. alarms are " which meet the
requirements of ICSB 4, technical position items 2 and 3.

4) Ghe SIT isolation valve interlocks are uniquely identified as
Class lE circuits and are in conformance with the
recommendations of Regulatory Guide 1.75 and the requirements
of IEEE 384. The FSAR Subsection 7 '.2.2 ' paragraph 4.M,
will be amended to clarify this. ..44k 2 4 883

420.43-1



0797M-3

The SIT level and pressure instrumentation is not uniquely
identified as Class IE instpumentation- These SIT level and
pressure instrumentation ar'e not utilized for SIT isolation
valve interlocks. Therefore, these instruments are-located on
the control board in a non-safety section. However, the
redundant instrument cables are routed in the physically
separate non-safety cable trays and the instrument power is
supplied from a separate non-,safety power source.

AE

c)< f

P

JUL gy68]

420 43-2
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DATE 07/17/81, TYPIST: Page2 n DISKETTE NO. : SD 610 PAGE 1

01
02

~O
05
"36

7
8

0
1

2
3

5
6
7
8
9
0
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3

5
.6
7

1

2
3

5
6
7

8
9
0
1

2
3
4,

5
6
7

8
9
0
1
2
3

TABLE 420.43-1

SIT INSTRUMENT

2A2 LIA-3311 Level Narrow Range PP 220 (NA)

LIA-3312 Level Wide Range

PIA-3311 Pressure

PS-3312
PS-3313

Pressure
Pressure

PP 221 (NB)

PP 220 (NA)

PP 209 (NB)
PP 209 (NB)

2A2 LIA-3321 Level Narrow Range PP 220 (NA)

LIA-3322 Level Wide Range

PIA«3321 Pressure

PS-3322
PS-3323

Pressure
Pressure

2Bl LIA-3331 Level Narrow Range

LIA-3332 Level Wide Range

PIA-3331 Pressux'e

PS-3332
PS-3333

Pressure
Pressure

2B2 LIA-3341 Level" Narrow Range

LIA-3343 Level Wide Range

PIA-3341 Pressure

PS-3342
PS-3343

Pressure
Pressure

PP 221 (NB)

PP 220 (NA)-

PP 209 (NB)
PP 209 (NB)

~'P
221 (NB)

PP 220 (NA)

PP 221 (NB)

PP 220 (NA)
PP 220 (NA)

PP 221 (NB)

PP 220 (NA)

PP 221 (NB)

PP 220 (NA)
PP 220 (NA)

NB

NB

NA

NA
NA

Ind ica t ion &
Hi-Low Alarm
Indication &
HH-LL Alarm
Indication &
H-L Alarm
LL Alarm
HH Alarm

Ind i ca t ion &
H-L Alarm,
Ind ica t ion &
HH-LL Alarm
Indication &
H-L Alarm
LL Alarm
HH Alarm

Indication &

H-L Alarm
indication &

HH-LL Alarm
Indication H-L
Alarm
LL Alarm
HH Alarm

Indication &
H-L Alarm
Indication &
HH-LL Alarm
Indication H-L
Alarm
LL Alarm
HH Alarm

NA"Non"Nuclear Safety"Division A
NB-Non-Nuclear Safety-Division B

CWD-Ebasco Drawing 2998-B-327 VOL 2d p~~

S
$ .

NON-SAFETY CABLE TRAY INSTRUMENT
SIT TAG 0 DESCRIPTION POWER SOURCE SYSTEMS FUNCTION CWD

280, 647

1521, 647

280, 647

1522
1522

281, 647

1521, 647

281, 647

1522
1522

282, 647.

1521, 647

282, 647

1522 ~

1522

283, 647

1521, 647

283,.647

1522
1522
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SL2-FSAR

01

%0

04
05
06
07
08
09
10Il
12
13
14
15
16
17
16
19
20 "

21
22
23
24
25

30
31
32
33

35
36
37.
36'9

40
41
42
43
44
45
46
47
48
49
50
51

~

4.15 "Multiple Setpoints"

This requirement is not applicable.

4.16 "Completion of Protective Action Once Initiated"

This requirement is not applicable.

4.17 "Manual Initiation"

The valves are locked open during normal operation. The controllers are
permissive controls which permit the operator to close the valves below
a certain pressure. The controllers also open the valves above a certain
pressure. 'The keylock required to close the valves does not override
the controllers.

4.18 "Access to Setpoint Adjustments, Calibration and Test Points"

Access is controlled by administrative procedures.

4.19 "Identification of the Protective Action"

This requirement is not applicable.

4.20 "Information Readout"

The readout consists of pressure indicators and position indication for
each valve. This provides the operator with clear and concise informa-
tion.

4.21 "System Repair"

The components are accessible for repair. One channel can be placed out
of ser'vice without jeopardizing the availability of the SITs.

4.22 "Identification"

7.6.3

7.6.3.1

Refueling

7.6.3.2

ADDITIONAL SYSTEMS REQUIRED FOR SAFETY

~Refnelfn lneenlnelcfe

interlocks are described in Subsection 9.1.4.

Fuel Pool Coolin and Purification S stem
JUL 2

Fuel Pool Cooling and Purification System is described in
.1.3.

The Spent
section 9

Sub-

The cables associated with SIT isolation valve interlocks are uniquely iden-
tified. The instrumentation cables associated with SIT level and pressure
indication are not uniquely identified. The channels are identified to dis-
tinguish between channels of safety related equpipment (see Subscription
7.1.2).

5
420.43

7.6-7 Amendment Ho. 5,
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Question No.

4 20. 44
(7. 7)

a. The FSAR Subsection 7.7.1.1.1 discusses the automatic
withdrawal prohibit signal. Describe the logic used

to'mplementthis signal. Include logic diagrams and
electrical schematics.

PSAR Subsection 7.7.1.2.1 states that the withdrawal
prohibit signal can be bypassed at the operator's module.
Discuss the operational procedures to be used to actuate
this bypass and discuss the possible implications resulting
from actuation of tMs bypass. Be sure to include as a
minimum, such items as administrative control, control room
indication, effects upon the reactor protective system,
effects upon fuel design limits, etc.

Response

The design of the AWP and CWP are functionally identical to St
Lucie Unit 1. Receipt of an AWP (Automatic Withdrawal Prohibit)
signal, wMch is a contact closure interface, energizes the AWP

relay. The energized AWP relay opens the contact interfacing
the AWP signal to the control AWP raise/lover logic. When the
logic power is removed from the AWP input, the circuitry cannot
generate a CGR (control group raise) signal which is necessary
for CEA motion.

Indications of AWP initiation are as follows:

l. At the CEDMCS supervisory panel
2. Plant Annunciator

The following is a functional description of the AWP:

The AWP ProMbits the withdrawal of all Regulating. CEAs in
the Automatic Sequential mode of control.

1. The AWP interlock does not proMbit CEA motion in any
other mode of control except Automatic Sequential.

2. The AWP interlock does not prohibit CEA insertion.

b. An AWP interlock is generated by the CEDMCS whenever any of
the conditions of Sections 1 through 4 occur.

420,44-1 Amendment No. 5, (7/81)
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1 Reactor Coolant LooP Cold Leg TemPerature (Tcold)
exceeding a setpoint as indicated by a contact closing from
either one or both of two channels of (Tcold)
instrumentation

2 Mismatch between average reactor coolant temperature
(TA~) and the programmed temperature (TRFF) exceeding a

setpoint as indicated by a contact closure from the Reactor
Regulating System.

3. Turbine Bypass Demand as indicated by a contact closing
from the Steam Bypass Control System.

4. A dropped rod condition, as indicated by a contact closure
from a Reed Switch Position Transmitter Dropped Rod Contact
(Reference Subsection 3.4.1).

The QIP signal from the RPS is interfaced to the CEDMCS via a
normally closed contact. h CWP condition opens the contact
de-energizing the QPP relay in the CEDMCS Common Logic Relay
Interface. This removes a logic "1" input to the individual CEA
enable logic which prevents a "withdraw CEA (WCE) signal from
being generated to the CEDM coil timing logic. The WCE signal
is necessary for CEA motion.

To bypass the QPP signal, at the CEDMCS control panel the
operator must:

a. Depress and maintain the Bypass Enable switch.
b. Depress and maintain the CWP Bypass switch.

Control room annunciation is provided to indicate a CWP

condition. Feedback signals from the 'CEDMCS illuminate the
bypass, pushbutton on the CEDMCS control panel to indicate
operation of the< override.

The following is a functional description of the QIP signal:

a. The Q7P interlock prohibits the
all modes of control regardless

b. A CWP interlock is generated by
opening signal from the Reactor
This signal is initiated by a 2
any one of the following:

withdrawal of all CEAs in
of any demand for motion.

the CEDMCS upon a contact
Protection System (RPS).
of 4 pre-trip actuation in

l.
21

30
4.

Local Power Density
High Start-up Rate
Thermal Margin Low Pressure
High Power

420.44»2 Amendment No. 5, (7/81)
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c. Local indication and a contact, opening output for remote
annunciation of the CMP interlock are provided.

d. The CCP interlock may be overridden from the CEDMCS Control
Panel by depressing both the Bypass Enable and CMP Bypass
Pushbuttons. The CWP bypass Pushbutton must be held
depressed while demanding CEA motion. The override will
allow all CEA motion in all modes of control.

The CWP function is not required by the Safety Analysis to
prevent exceeding core safety limits. The CHP Bypass is
maintained under strict administrative control via

plant'peratingprocedures.

Ci

40~ 24 1981

420.44-3 Amendment No. 5, (7/81)
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TCt AtYP

TC2
RELAYPOWER SUPPLY

A'WP

CEDMCS
I
I

r MOTION DEMAND
SIGNALS

I

~ AWP
lOGtCP/S~

OPENS
TO

INHIBIT
MOTION

CONTROL GROUP
RAISE/LOWER

LOGIC

AS —AUTO SEQUENTIAL
AR —AUTO RAISE
SP —SEOUENTIAL PERMISSIVE
UGS — UPPER GROUP STOP
MR - MANUALRAISE

CONTROL GROUP RAISE (CGR)
SIGNAL TO IND. CEA ENABLE

AND CEA TIMER LOG

I

I
I

I

I
I

I
AS

SP

I

I
I
I

L

AWP

. AR

htR

UGS

CGR OUT

I

I
I
I
I
I
I
I
I
I
I
I
I

BASIC CONTROL GROUP RAISE/LOWER LOGIC

4 ~ FLORIDA POWER 8 LIGHT COMPANY
ST. LUCIE PLANT UNIT 2

420.44-1



CEAMCS
COtITROL

PANEL

CWP
BYPASS

SV/.

BYPASS
ENABLE

SV/.

i Q»»~Pg

B.1 LOGIC P/S

+

B3

B-3

IND.CEA
ENAS/~u
LOGIC

WCE SIGNAL
TO TIMER BD

II.
I
O
2

I
C ()0 ~
m rtl

g»

~ I

H Cl

~ A
M ~

0

X"

+
RELAYP/S

~ OPENS ON ltlTERLOCK
CONDITIONS

I

CGR CONTROL GROUP RAIS'E
CWP —CEA lYITHRANALPROHIBIT
CT —CYCLE TIME
WCE —WITHDRAWCEA EiYABLE
UEL —UPPER ELECTRiCAL LIMIT
MI —MANUALINDIVIDUAL
MiR —MANUALRAISE
RPS —REACTOR PROTECTION

SYSTEMS

CGR

I

I

I

I

I

I

I

I

I

I

I CEA SELECT
MR

I

L

1

I

I

I
I
I
I

WCE
I

I
I

LATCH

RESET I
I

CT I

I

BASIC IND. CEA ENABLE CIRCUITRY J
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Question No.

420.45
(7. 7)

The last statement in Subsection 7.7.2 states that the safety
analyses of rapter 15 do not require the systems discussed in .

Section 7.7 to remain functional. However, the first paragraph of
Subsection 15.0.2.3 states that several normally operating control
systems (including some discussed in Section 7.7) are assumed to
function during certain accidents. Resolve this inconsistency.

~Res onse:

Operation of the control systems described in Section 7.7 is not
required in order to mitigate the consequences of the transients
analyzed in Chapter 15. The analyses in Chapter 15 include the
assumption that these control systems respond normally to each
transient and that their operational mode is that which would be
most adverse for the transient under consideration. '?he con"
sequences produced by a malfunction of these control systems would
be less sev'ere than the additional failures considered in the
transients analyzed in Chapter 15. The sequence of events
diagrams accompanying the Chapter 15 analyses clearly demonstrate
that there is a safety grade backup for every control system
action, or that the control system action is not required.

Although the control systems are not required, credit is taken for
their not failing in their most adverse mode during each event ~

Specific control system failures are evaluated as low-probability
independent occurrences and are listed in Table 15.0-3. Our
treatment of these low-probability independent occurrences is
discussed in Subsections 15.0.1.5.2 and 15.0.2.3.

The Chapter 15 analysis demonstrates "that the protection systems
are capable of coping with all (including gross) failure.modes of
the control systems" as required by Subsection 7.7.2 of Regulatory
Guide 1.70, Rev. 3.

Standard Review Plan 7.7 requires the reviewer "b. To verify that
no credit is taken for the operability of these control systems in
the plant accident analyses of Chapter 15 of the SAR" ~ The
(Rapter 15 analyses does not take credit for these control systems
being in a particularly favorable mode to mitigate the
consequences of an event. For the base event without any
coincident occurrences (except possibly a stuck CEA or steam
generator tube leak, as applicable) these control systems are
assumed to operate, as discussed in Subsection 15.0.2.3. The
event with an accompanying loss of offsite power following turbine

.-trip presents the planAP response without these control systems
functioning (except for the turbine trip) ~

420.45-1



0800m —2

uestion No.

420.46
(7.7)

In the discussion of the Digital Data Processing System in
Subsection 7.7.1.2.10, the statement is made that the system is
functionally identical to the system supplied for St. Lucie Unit
1. State whether the system provided for Unit 1 provided group
sequencing for the control element assemblies.

List all other functions provided by the Digital Data Processing
System for Unit 2 that were not provided for Unit 1, and vice
versa.

~Re sonse:

The basic functional requirements established for both Unit 1 and
2 Digital Data Processing Systems are the same, and are summarized
as follows:

1. Provide current records of flux and temperature seen by "eacn
in-core detector, and of CEA positions.

2. Display information periodically or by operator demand.

3. Prov'ide alarm messages if undesirable flux and temperatures,
or CEA position combinations are

detected'.

Provide logic signals in the form of Contact closure outputs
(CCO) to the CEDMCS when certain combinations of CEA positions
are detected.

5. Compute secondary plant calorimetric data on a periodic and
demand basis.

6. Control and process information for the Movable In-Core
Detector System.

420.46-1
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uestion No.

420.47 . .Our Letter (R.L. Tedesco to Dr. R.E. Uhrig) dated May 5, 1981
requests additional information pertaining to four instrument'ation
and control 'system concerns. These concerns are

entitled.'.

Loss of non"Cl'ass IE instrumentation and control power system
bus during power operation (IE Bulletin 79-27);

2. Engineered safety features (ESF) reset controls (IE Bulletin
80-06).

3. Qualification of control systems (IE Information Notice
79"22), and

4. Control system failures.

Please provide the requested information.

~Res ense:

The subject concerns are addressed in the response to the
questions in the letter of May 5, 1981 to Dr. R.E. Uhrig from R.L.
Tedesco, "St. Lucie Plant Unit 2 FSAR - Request for Additional
Information."

1. Loss of non-Class 1E instrumentation and control power system
bus during power operation concern is addressed in the
response to Question 420.1.

2. Engineered safety features (ESF) reset controls concern is
addressed in the response to Question 420.2.

3. Qualification of control systems (IE Information Notice 79-22)
concern is addressed in the response to Question 420.3.

4. The control system failures control is addressed in the
response to Question 420.4.

fbi
K~M

JUL 2488~
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Question No.
420.48

FSAR Subsection 1.9.1 states that the FSAR will be amended as
appropriate to address the TMX Action plan Items as described in
NUREG-0737. To date no responses to NUREG-0737 TMX Items II.B.1,
XX.D.3, XI.E.1.2, II.F.2 or XX.K.3el have been received. Therefore,
please provide information on the above TMI items as required by
NUREG-0737.

~Res onse

Preliminary responses to the above items were provided in FSAR
Appendix 1.9A in Amendment 0 (December 1980) and Amendment 1(April 1981). A draft revision to Appendix 1.9A, which providesadditional information on the TMI Items, was submitted informallyto the NRC on July 21, 1981. The draft revision will be incor-
porated into the FSAR by August 1981.



ENCLOSURE 2

DRAWING REYIEM ITEMS FOR ST. LUCIE

, fJ,

IC N'

Electrical schematics and physical layout drawings should be used by the applicant

to "walk through" all equipment from initiating signals to actuated devices. The

applicant should be prepared to follow energy sources for this equipm nt back to

electrical buses discussed in Chapter 8 of the FSAR and instruaent air supplies

discussed in Chapter 9 of the FSAR. Conformance with IEEE Standard 279,

Regulatory Guide 1.53, Regulatory Guide 1.75, Regulatory Guide le47, and Regulatory

Guide 1.32 should be demonstrated.
.gueS4~Ao.
/go.cf f Discuss the routing of the instrumentation wiring for the four pressurizer

pressure transmitters (PT1102A, PT1)02B, PT1102C, and PT1102D) used in the

reactor protection system. The discussion should (a) identify the physical
1

'. '. location of the transmitters, (b) trace the wiring from the transmitters through

conduit to the penetrations."(c) describe the penetrations,. (d) trace the wiring

from the penetrations through conduit and/or cable trays to the reactor protection

system cabinets, and (e) continue tracing the wiring through the trip logic within
. the RPS cabinets to and including the RPS trip breakers.

Identify the physical 1ocation of the equipment that actuates the reactoi trip
on turbine trip. Trace the wiring from this equipven. to the reactor protection

system cabinets.

ggO.S J
Discuss the routing of the control wiring for the three component cooling water

pumps. The discussion sho'uld (a) identify the physicaI 1ocation of the controls
j

(on.-main control panel as well as local panels), (b) trace the wiring from the

manual controls and from the automatic actuation (SIAS) logic cabinets to the final

actuated equipm nt. and (c) trace the wiring which annunciates irrproper alignm nt

of pump 2c motor power in relation to any of its motor operated discharge valve

positions.



Discuss the routing of instrumentation and control circuitries between the
Qv M~

hot shutdown panel and the main control room control boards. Identify the

location of the manual transfer switches.

ggg,~~. Vab1e 7.3-10 of the FSAR lists severa1 components in the Charging and Boron

System that automatically provide annunciation when they are bypassed or

become inoperable. These components include the charging pumps, boric acid

make-up pumps, boric acid make-up tanks, and return valves. Describe the

bypass or inoperable circuitry for each of these components. The description

should incl,ude (a) how the bypass or inoperable signal is generated; (b) the

location of,the circuitry generating the signal, (c) the routing of the signal

.wiring to the annunciator panels, and (d) the location and layout of the- various

annunciator panels. If the plant computer system is used to monitor the status
e

of these signals, the routing of the signal wiring to the computer system

should be traced.

~ s

gp g $ g +[~~)g )QQ
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uestion No.
420.54

FSAR Subsection 7.6.3 describes additional systems re-
quired for safety. Overall, the FSAR information suppliedto date does not sufficiently describe the instrumentation
and controls associated with most of these systems. There-
fore, please'provide the following information:
a. Identify and describe the instrumentation and controls

associated with each system listed below:
— Fuel pool .cooling and purification .system
— Process and effluent radiological monitoring and

sampling. system 0- Containment vacuum relief system
— Shield building ventilation system

b. For each instrument and control identified in (a)
above, designate whether the equipment is Class
lE or non-Class 1E.

c. For each system listed in (a) above, discuss the
qualification criteria applied to its associated
instrumentation and controls. As a minimum, you
are requested to include for each system, a dis-
cussion of how the instrumentation and controlsfor that system conforms to the requirements of
IEEE 279-1971, IEEE 308-1974, IEEE 323-1974, and
IEEE 344-1975.

~Res onse

6) I) FUEL POOL COOLING AND PURIFICATION SYSTEM

The fuel pool instrumentation system is described
in Section 9.1.3.2.4. A tabulation of the instrument
channels is included in Table 9.1-7.

II) PROCESS AND EFFLUENT RADIOLOGICAL MONITORING AND
SAMPLING SYSTEM

The radiation monitoring system is composed of
three process, seven effluent, forty one area,
and four inplant airborne monitors. Tabulations
of these monitors are given in Tables 11.5-1',
12.3-2, and 12.3-3.

III) CONTAINMENT VACUUM RELIEF SYSTEM

The instrumentation provided for this system is
in accordance with the revised Figure 3-.8-8 and
contains the following equipment:
— PDT-25-1A (lB) with its electronic PDIS-25-.1A
(lB) is interlocked with pCV-25-7 (8) by energizing
SE-25-10(ll) to open FCV-25-7(8) when the differential
pressure between the containment and annulus reaches
-9.75" H20 + 0.25" H20 PDIS-25-1A(lB) also pro-



I

vides indication on the HVCB for QP range of
-25" H20 to + 25 H20.- PDT-25-13A{13B) with its electronic,PDS-25-13A(13B)
is interlocked with FCV-25-7(8) by deenergizing
SE-25-10{11) to close FCV-25-7(8) when the dif-
ferential pressure reaches -7.75" H20.

— PDIS-25-llA(llB) provides local full range
indication and a high alarm on the HVCB at
1le5 H20 ~- PDT-25-15A(15B) with its PDI-25-15A(15B) providesfull range {-25" H20 to 25" H20) indication on

~ the HVCB.

IV) SHIELD BUILDING VENTILATION SYSTEM

The Shield Building Ventilation System is R,VL E5F
System and is listed in Section 7.3 of the FSAR.
The SBVS switch0ye< from Fuel Handling Building
is the only portion of this system listed in
Section 7.6. ~~ gQVQ is described in
Section 6.2.3.2 of the FSAR.

The instrumentation requirements are provided -in
Section 6.2.3.5 and Table 6.2-51 of the FSAR.

b) I- CE to provide input
II — The Class lE effluent monitors are the plant

stack, as described in subsection 11.5.2.2.8,
and the ECCS exhaust monitors, as described
in subsection 11.5.2.2.10. The Class 1E area
monitors include the fourCtgS and 6 spent fuel
pool monitors, as well as two post-accident
monitors. All these monitors are described
in subsection 12.3.4.1.4. The Class lE in-
plant monitors include the containment at-.
mosphere monitors, as described in subsection .

12.3.4.2.3.1, the control room air intake
monitors, described in subsection 12.3.4.2.3.2,
and the ECCS exhaust monitors, as described
in subsection 12.3.4.2.3.3.

III -All PDT's; PDIS's; PDS's and PDI's discussed
in item a) above are Class lE.

IV — Instrumentation and controls discussed above
for SBVS system are Class lE. Alarms are
ahnou~<Won non-safety annunciation windowS
through proper isolation devices.

'4;,

4'+v



c) IEEE 323-1974 AND IEEE 344-1975

I - CE to provide input

II - All Class 1E monitors are qualified to
XEEE 323-1974 and IEEE 344-1975.

ll

IXI- All pressure transmitters listed in item
a) above are qualified to IEEE 344-1975 and
IEEE 323-1974 in the environment in which
they operate. The remote mounted indicators
and bistables are mounted crt the seismically
qualified HVCB in the control room. '

IV - All controls and instrumentations for SBVS is

IEEE 279-1971 %elk> ein +e. EEifnecglf
$
tcc.t'4Q /PM /1 Tii<

Q~ o
The four containment, areas radiation monitors which
input into theet)S a4/Ae s8/5 XEEE 279-1971 similarly
with the ESFAS as described in S cti .3.1.2 of the
FSAR. C~ Q 0

The regni amen T IEEE 79-1971 $oi g offie+5$57Eiw5)

gegiueeJ Q cnWcfy'''e- Eat e~t'leaf( op iccklegc .ceusi

this instrumentation is not part of a protection system.
However, the intent of the design criteria contained
therein has been applied in the design of these systems
to the following extent:

4.1 - General Functional Requirements
The safety related instrumentation for the above
systems is designed to provide monitoring and actuation
as applicable during normal or accident conditions. The
instrument. performance characteristics, response times
and accuracy are selected for compatibility for the
particular function.

4.2 — Single 'Failure Criterion
This is functionally identified to that described in
Subsection 7.4.2.2.
4.3 — Quality Control of Components and Nodules
See Chapter 17

4.4 Equipment Qualification
The instrumentation and controls for these systems meet
the equipment qualification requirements discussed in
Sections 3.10 and 3.11.

t3
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4.5 — Channel Integrity
The "Channel Integrity" is functionally identical to
that discribed in Subsection 7.3.2.1.2.

4.6 — Channel Independence
The channel independence is functionally identified
to that described in Subsection 7.3.2.1.2.

4.7 — "Control and Protection System Interaction"
No portion of these systems is used for both control
and protection.

4.8 — "Derivation of System Inputs".
The monitoring signals for the above systems are a
direct measurement of the desired variables.

4.9 — "Capability for Sensor Checks"

The monitoring sensors are checked by comparing the
monitored variables of redundant channels or by ob-
serving the effects of introducing and varying a sub-
stitute input to the sensor similar to the measured
variable.
4.10 — "Capability for Test and Calibration"

m

IEEE 338-1971 and Regulatory Guide 1.22, "Periodic
Testing of Protection System Actuation Functions"
2/72 (RO) provides guidance for the development of
procedures, equipment and documentation of periodic
testing. The measurement signals required for the
above systems have the capability of being tested
and calibrated under the design requirements of the
system.

4.11,, — "Channel Bypass or Removal from Operation"
Any one of the channels may be tested, calibrated,
or repaired vithout detrimental effects on the other
channels.

4.12 — "Operating Bypasses"
There are no "Operating Bypasses" for these systems.

4.13 — "Indication of Bypasses"
A discussion of bypass and inoperable status indication
is provided in Subsection 7.5.1 and a listing of in-
operable or bypassed components is contained in Table
7 '-10.
4.14 — "Access to Means for Bypassing"
This section is not applicable.

g' g



4.15 — "Multiple Setpoints"
This section is not applicable.

4.16 — "Completion of Protective Action Once it is
Xnitiated"

This section is not applicable.

4.17 - "Manual Initiation"
Manual initiation of the components in these systems
is available.
4.'18 - "Access to Setpoint Adjustments, Calibration,

and Test, Points"
This section is not, applicable.

4.19 — "Xdentification of Protective Actions"
This section is not applicable.

4.20 — "Xnformation Readouts"
The monitoring and control channels for these systems
are indicated in the control room.

4.21 - "System Repair"
Replacement or repair of components can be accomplished
in reasonable time when the systems are not actuated.
Outage of system components for replacement or repair
are limited by the Technical Specifications.

4.22 — "Xdentification"
Safety equipment and cables associated with these systems
are uniquely identified.

XEEE 308-1971
The St Lucie Unit 2 FSAR is committed to Regulatory
Guide 1.32 Rev. 0 which addresses XEEE 308-1971. For
a further discussion of XEEE 308-1971 refer to FSAR
Section 8.3.1.2. All class lE electrical components
are electrically and physically separated in accordance
with Regulatory Guide 1.75 as discussed in FSAR Section
8.3.1.2. Electrically redundant and physically independent
power supplies to the above systems, electrical com-
ponents, and to the safety related power pan@is that
provide 'power to control and instrumentation devices
are provided.



All Class 1E electrical system components are uniquelyidentified in accordance with FSAR Section 8.3.1.3.
. The 'fuel pool purification pump is a non-safety pump
and as such is physically independent and electrically
separated from Class lE components.
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h) Piping and Valves

All the piping in the Fuel Pool System is stainless steel with
mostly welded connections throughout. All the valves in the Fuel
Pool System are stainless steeel, at least 150 pound class.

9.1.3.2.4 Instrumentation Requirements

A tabulation of instrument channels is included in Table 9.1-7

9.1.3.2.4.1 Temperature Instrumentation

a) Fuel pool temperature indications are provided locally and high
temperatur'e alarms are actuated in the control room to warn the
operator of a system malfunction. Two separate instrument channels
are used due to the importance of preventing the fuel pool water
from boiling resulting in a loss of fuel pool water.

b) Fuel Pool Heat Exchanger Inlet Temperature: Local indication of the
fuel pool heat exchanger inlet temperature (tube side) is provided.
This indication, in conjunction with the heat exchanger outlet tem-
perature and component cooling water temperature, serves as a
measure of fuel pool heat exchanger performance.

c) Fuel Pool Heat Exchanger Outlet Temperature: Local indication of
the fuel pool heat exchanger outlet temperature (tube side) is pro-
vided.

9.1.3.2.4.2 Pressure Instrumentation

a) Fuel Pool Pump Discharge Pressure: The discharge pressure of each
fuel pool pump is indicated locally.

b) Fuel Pool Pumps Discharge Header Pressure

A discharge header pressure switch for the fuel pool pumps serves to
activate a low pressure alarm in the control room to warn the opera-
tor of system malfunction.

c) Fuel Pool Purification Pump Suction Pressure

Suction pressure to the fuel pool purification pump is indicated
locally. This indication, in conjunction with the fuel pool purifi-
cation pump discharge pressure gage serves as a measure of fuel pool
purification pump performance.

Fuel Pool Purification Pump Discharge Pressure

Discharge pressure of the fuel pool purification pump is
locally.

indicated

~UL,3 4 <ggj

9.1-12



SL2-FSAR

e) Fuel Pool Purification Filter and Fuel Pool Ion Exchanger Diiferen-
tial Pressure

Differential pressure of the fuel pool purification filter and the
fuel pool ion exchanger are indicated locally.

Periodic readings of these instruments indicate any progressive
loading of the units.

9 '.3.2.4.3 Level Instruments

a) Fuel Pool Water Level

The fuel pool water level is monitored by two redundant level
switches, These switches actuate high or low alarms in the control
room to warn the operator of system malfunction. Two separate level
instrument channels are used due to the importance of maintaining
fuel pool water level.

9.1.3.3 ~Safet Evaluation

With one-.third of a core batch, which is assumed to have undergone finite,
irradiation of three years, placed in the spent fuel pool seven days after
reactor shutdown and six previous annual refueling batches, the heat load
is 12.4S x, 10 BTU/hr.'nder these conditions, with one fuel pool pump
operating and the fuel pool heat exchanger in service, the spent fuel pool
temperature does not exceed 125 F.

During a full core unloading, it is assumed that one full core is placed in
the fuel pool seven days after reactor shutdown. One-third of a core
from a previous refueling is assumed to have been stored in the spent fuel
pool for 90 days with six previous annual batches. The resultant )eat load
from one full core and seven annual refueling batches is 2.99 x 10

BTU/hr, the maximum heat. load in the fuel pool. Under these conditions,
both the fuel pool pumps are in service to limit the maximum fuel pool
water temperature to 150 F. With one fuel pool pump inoperable, the fuel
pool equilibrium temperature is 160 F.

All connections to the fuel pool are made so as to preclude the possibility
of siphon drairling of the fuel pool. Any leakage from the fuel pool cool-
ing system is detected by reduction in the fuel pool inventory. Makeup to
the fuel pool is 'from the refueling water tank. Makeup inventory to the
fuel pool is provided in Subsection 9.1.3.3.1.

During accident conditions, the Fuel Pool Cooling System is isolated from
the Component Cooling Water System. However, multiple sources (seismic and
non-seismic) of makeup water exist as discussed in Subsection 9.1.3.3.1.

The purification loop normally runs continuously during fuel pool operation
to maintain the fuel pool water purity and clarity. It is possible to
operate the purification system with either the fuel pool ion exchanger or
fuel pool filter bypassed. Local sample points are provided to permit ana-
lysis of fuel pool ion exchanger and fuel pool filter efficiencies.

~8L S4 )ge)
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TABLE 9.1-7

FUEL POOL SYSTEH INSTRUMEl!TATION

Instruct:e

nt
Ident ification

Nunber

TI"4420

TI-4421

Tl-4404

Systea Paracieter
6

Location

Fuel Pool Teripcrature

Fuel Pool Temperature

Fuel Pool Beat
Exchanger Inlet Temp.

Local
Control
Roa»

Indication Alam

Local
Control
Roori

Hi

Hi

Instrument

~R»l a

0-200 F

0-200 F

0-200 F

Norml
Operating
~R»l C

120-150 P

120-150 F

120-150 P

Inotruacnt

~RR»lraa

+4P

+4P
+4P

TI-4405 Fuel Pool Heat
Exchanger Out let Tenp.

0-200 F 108-128 P" + 4 P

LS-4420

LS-4421

P 1-4402

P 1-4401

Fuel Pool Mater Level

Fuel Pool Mater Level

Fuel Pool Puap 2B
Discharge

Fuel Pool Puap 2A
Discharge Pressure

Hi 6* Lo

Hi 6Lo

lil

+ 1«

0«60 psig 40-50 psig + 1.2 psig

0-60 psig 40-50 psig + 1.2 psig

R r Rr'.2

4l

R? ~
RRR

R~rr R »

~leaf

~» xj'~»

Pl-4411

PS"Ai403

P !.-4412

PDI"4415
I

fuel Pool Purification
Punip Suction Pressure

Fill. 1 Pool Pen.i Discharge
B.:ader !'ressiire

Fuel Pci ~ 1 Purification
PuRRP, ~ '..'charge YrensR:re

Feel Youl Purification
Fi 1(cr ')ifferentiaf
i reils J e

0-25 psig

6-100 psig

0-30 psid

5-10 psig + .5 psig

40-50 psig + 1 psig

75-90 psig + 2 psig

5"30 paid + .6 psid

PD!"44l6 Fuel R ol ion Sxc'.R:.RR;.R r
Di f!'R r- i ia; '!r".:.«R -e

0-30 psid 7-10 psid + .6 psid
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valve is opened automatically when the annulus differential pressure
reaches one in. wg negative. The check valve in the cooling line is
designed to have a pressure drop of not more than 2.5 in. wg and to o"'.n
at 1.4 in. wg negative to provide vacuum control in the system and to a'ow
outside air to cool- the filters.
The SBVS is also interconnected to the spent fuel pool area exhaust duct.
Upon receipt of a high-high radiation signal in the fuel pool area, the
exhaust air is directed to the SBVS filtration units. The motor operate;I
butterfly valves I-FCV-25-30 and 31 open and the exhaust fans start

'utomatically.The motor operated valves I-FCV-25"32 and 33 clos"..
isolate the annulus. Although a fuel handling .caid nt in"id" th
concurrent wi th a LOCA is not considered a design L "is vent, a Ci.'i".>
overrides the .Fuel. Hand ling Building hig!>-.>igh radiation signal

a..'nitiatesthe depressurization of the Sliield Building ann 1 -. 'ihc Fu.-l
Handling Building Ventilation System is furth"r discussed in Sub" cti:>.a

.4.2.

Each of the SBVS intake trains is also connected to the Continuous Con-
tainment/Hydro„en Purge System. This connection, manually i"..'.tiated
from the control rocm, provides hydrogen purge capability i.~ilc mini:.:iz-
ing offsite radiological consequences, The Continuous Containment/Hydrogen
Purge System description is provided in Subsection 9.4.8.8.

Both SBVS subsystems are automatically started by a CIAS or hi"h-hign
radiation signal frcn the'uel Handling Building. Ore c"n be manually
shut down and placed in the standby mode . The standby subsystem auto"
matically'estarts if the operating subsystem should fail. Th'ross con-
nection valve is opened from the control roo» to assure air flow thrc ~ -h
the failed system. Detectors in the charcoal beds annunci"te tern„.er".":.„.
exceeding 200 F.

6.2.3.3 ~Desi n Dvaluaeien

6.2,3.3.1 Performance Requirements and Capabilities

Each of the two full capacity fan-filter trains of the Shield Bu'' J'-..
Ventilation System, along with the Shield Building, are designed tofulfill the performance requirements stated in the design bases in
Subsection 6.2.3.1.

The analysis of the functional capability o; t:;" S3',S to '-.>r =s " .
and maintain a uni Eo-. negativ ore."- „." within th" Sh =! "..~ sr' h ~

annulus is performed for the 9.02 f-. double c-.d".d su=cion l g sl;:
break LOCA using the VATEMPT comouter co',e des;2'..'.!
The description of the development of the p'„-e brea'.:;,ra>as> «nd '.nr.s,;
release rate and the containm nt initial conditions are contain:.,l
section 6.2.1 ~ Any additional initial conditions or changes irc", t'.:-:c
listed in Subsection 6.2.1 are contai»cd in T-' ..2-49 'ii" 8:.
transfer coefficients are applied whether the surface temperature cxc -.'.ds
the annulus atmosphere n the annulus atmo""herc t...;:"erato:.n "x: "!s ti;3
sur face temperature.

. JUL ay88)
6.2-47
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6 ~ 2.4 COllTAIHiZKX ISOL;"aTIOll SYSTEH

The containment isolation system provides the means of isolating fluid sys-
tems ihct pass throu,-h cont=-i".;..cnt pcnctratione such that any radioactivit
tl<ct r.-y be relea«d into the ccntainment atmosphere following a postulated
design basis accir!rnt (DDA) is confined. There is no one particular
cy!;t.'.. f:"r co:..!'lctc <:ontain»~:<<'!nlation but isola'"ion design ie provided
applyin„-:,"-nce cr-'teria c.;.-.:.on to penetratio:<c in many different fluid
systems.

6.2.4.l D~sx.gn lie ee

The design bases go;c:ning the containrrent isolation system are discussed
below.

Thc contain:~ent icolct nn valves are desi<„nated seismic Category I and de-
signed to AS)K. Code, Sc"t on III and Quality Group B requirements. Con-
tainmcnt isolation valves are designed to ensure leak-tightncss and

- rc,li '=-1 ty of opcrat nn. Containment isol "tion globe) check and gate
valves me -t the requirements of manufacturers standards YiSS-SP"61
"Hydrostatic Testin of Steel Valves" and containment isolation butterfly
valves meet the require:-..cuts of manufactu'crs standardc VSS-SP-67,
"Butterfly Valves".

6.2.4. l. 1 Conditions Reqrriring Containment Isolation

Automatic initiation of a containment isolation actuation signal
(CIAS) occurs when a h'gh containment pressure of 5 pcig o" a high
containment radi "tion level gf lOR/hr is detected. This provides
diversity of parameters sensed for the initiation of containment
isolation.

b) The CIAS closes fluid line penetration isolation valves not required
for operation of the Engineered Safety Features.

c) The containment isolation system is oesigned such that no single ac»
tive failure (in conjunction with lose of offsite power) could result
in offsite doses or doses to operators in the control room in
excess of lOCFR100 and GDC 19, respectively.

d) The main steam and fcedwater valves close on HSIS and the valves for
the component cooling water for the reactor coolant pump motors close
on SIAS (eee Section 7.3 and Subsection 6.2.4.3.2).

6.2.4.1.2 Criteria for Isolation of Fluid System
Penetrating the Containment

a) The containreent isolation provis-'ons for
(excluding the ESF systems) are designed
Design Criteria 54, 55,.56 and 57 (refer
tions to GDC provisions are discussed in

the fluirl system pcnetrations
in accordance with General
to Table 6.2-52). Exc'cp-
Subsection 6.2.4.3.

6. 2-52
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S stem Parameter S Lnratinn

SHIELD BUILDING

Indi car inn
Cnnr rnl

Serai R

Alarm
Cnntrnl

R

Cnntrnl Rnna
~ner ale .

hutnaatic
Cnntrnl Punrtinn

R'L2-FSAR

TABLE 6.2-51

VENTILATION SYSTEH INSTRUHENTATION APPI.ICATION

'y '.''
tl

~ ''r'l
Instrument 0 4t ing
~Ran e

" ~ean e

Instru"ent
~arr rar

1 ~ ~ Annulus/atansphere pressure
differential

Energi es fsn
discharge damper
ssnrnr snd rendu
lares flnv c n
preset value
and energ,ize
nulside rnnling
acr valve

-10 tn +30
in. H20

-1 tn -3 in.
H20

r+1.0X

2 ~

3 ~

4.

Fuel pnn1 arcs/atanspherc
pressure differential

hir flnv reaperarure dnvn-
streea nf deairter

Inlet tcaperature upstreaa
nf filter train

Hi -Ln Energ,ises fsn
disrharge damper
antnr snd regu-
lates flnv t n
preset va luc snd
energize

nursidc'nnl>ng

acr valve

-10 tn +30
in. H20

0-250 F

0-250 F

-1 tn -3 in.
H20

40-177 F

40-177 F

+1.QX

+2.0 X

+2.0Z

5.

6.

7-

Deaister 6 Elcrtrir Heac era
different'ial pressure

Air flnv temperature dnvnee

streaa nf 10 Kv h ';ting cnil

Pre-HEPA filter differential
pl essufc

Hi

0"250 F

a-10 in.
H20

40 177 F

1 tn 3 in
H20

+2.0X

+t.OX

8. After-HEPA filter differential
pressure

0-10 in,
H20

1 tn 3 in.
H 0

+l.oX

9 ~ hir flnv anisture dnvnsrreaa
nf HL'PA filter

Hi 0-lOOX 50-70X +2.0X

'10.

12,

Charrnal ad snrber di ffercnt i al
pressure indiratnr

Chare nsl cdsnrber riwper~rurc

hir flnv temperature dn;n-
streaa nf rharrnal adsnrbers

Hi

0-lo in.
H20

a-250 F

0-250 F

+2.0X

+2.0X

40-177 F

40-177 F

1 tn 1.15 in. +1.0X
H2Q
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TA51E A ~ 2-Sl (Cnnt'd)

S area Prraeercr & twcn>inn

Indirarinn
Cnntrnl

L*ral II

Alarm
Central

R *.
Cnntrnl Rnnn

Rer* e'en"
Aut near i r

CnnrrRRI Funrrinn
In~r rument

R "e

Nnrna I
Operaring

~nn e
Instrument
~err r r

13. Air flnu dnvnRRtreaRRR nl lan
nr

Air flew nf filter rrain

EnergixeRR idle
fan tn RRrarr
at lnM flnu and
alarraa

0-10,000 rfa 6000 cfn

I4. Filter train differential
preRRaure

CrnrRR-runner t flnu cnntrnl
valve pnaitinn

0-15 in.
H20

4tn8 tn.
820

16. Outride rnnling air flnu
cnntrnl valve pnritinn

Shield building aurtinn
valve pna i t inn

RnRI
~eR

I

18.

19.

Fuel handling bu i I d i ng
aurrinn valve pnRRitinn

Purge discharge valve
pnaitinn



estion No.

420.55 Subsection 6.2 ~ 3.2.2 of the FSAR states that a high&igh radiation
signal from the spent fuel pool area is used to actuate the SVBS
subsystems. However, Figure 6.2.5-1 and control wiring diagrams
2998-B-327, Sheets 513 and 516 indicate a high radiation signal is
used. Clarify this discrepancy. Also, according to Table 12.3-2,
six radiation monitors are provided in the spent fuel pool area.
Describe the logic used to generate the two redundant high
radiation signals (RA and RB) from the six monitors.

~Res onse

The Shield Building Ventilation System (SBVS) is interconnected to
the spent fuel pool area exhaust duct. Upon receipt of a high
radiation signal in the fuel pool area, the exhaust air is
directed to the SBVS filtration

united'SAR

Subsection 6.2'.3.2.2
will be revised to be consistent with Control Wiring Diagrams 513,
516 and Figure 6.2.5-1.

Six radiation monitors, strategically located around the spent
fuel pool area, are used to generate the high radiation signals
for RA, RB relays (located in the HVCB in the control room) as
shown on the attached sketch, "2 out of 3 logic" is used to
generate these high radiation

signals'20.55-1
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valve is opened automatically when the annulus differential pressure
reaches one in. wg negative. The check valve in the cooling line is
designed to have a pressure drop of not more than 2.5 in. wg and to open
at 1.4 'in. wg negative to provide vacuum control in the system and to allow
outside air to cool the filters.
The SBVS is also interconnected to the spent fuel pool area exhaust duct.
Upon receipt, of a high'radiation signal in the fuel pool area, the exhaust
air is directed to the SBVS filtration units. The motor operated butterfly
valves I-FCV-25-30 and 31 open and the exhaust fans start automatically.
The motor operated valves I-FCV-25"32 and 33 close to isolate the annulus.
Although a fuel handling accident inside the FHB concurrent with a LOCA is
not considered a design basis event, a CIAS overrides the Fuel Handling
Building high "radiation signal and initiates the depressurization of the
Shield Building annulus'he Fuel Handling Building Ventilation System is
further discussed in Subsection 9.4 '

'achof the SBVS intake trains is also connected to the Continuous Con-
tainment/Hydrogen Purge System. This connection, manually initiated
from the control room, provides hydrogen purge capability while minimiz-
ing offsite radiological consequences. The Continuous ContainmentJHydrogen
Purge System description is provided in Subsection 9.4.8 F 8 '

' ' ' Desi n Evaluation

6.2 ~ 3 ~ 3 ~ 1 Performance Requirements and Capabilities

Each of the two full capacity fan"filter trains of the Shield Building
Ventilation System, along with the Shield Building, are designed tofulfillthe performance requirements stated in the design bases in
Subsection 6.2.3.1.

The analysis of the functional capability of the SBVS to depressurize
and maintain a uniform .negative pressure within the Shield Building
annulus is performed for the 9.82 ft double ended suction leg slot
break LOCA using the MATEMPT computer code described in Appendix 6.2B ~

The description of the development of the pipe break mass and energy
release rate and the containment initial conditions are contained in Sub-
section 6.2.1. Any additional initial conditions or changes from those
listed in Subsection 6.2.1 are contained in Table 6.2-49. The same heat
transfer coefficients are applied whether the surface temperature exceeds
the annulus atmosphere or the annulus atmosphere temperature exceeds the
surface temperature.

Both SBVS subsys'tems are automatically started by a CIAS or high radiation
signal from the Fuel Handling Building. One can be manually shut down and
placed in the standby mode The standby subsystem automatically restarts if
the operating subsystem should fail.. The cross connection valve is opened
from the control room to assure air flow through the failed system. Detec-
tors in the charcoal beds annunciate temperatures exceeding 200 F.

5
I c2o.

55

5
20. 55

5
20.55

6.2-47 Amendment No. 5, (7/81)
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420 56
Position C.S of Regulatory Guide 1.45 states that "leakage
detection systems should be equipped with provisions to readily
permit testing for operability and calibration during plant
operation". Discuss how each of the systems described in
Subsections 5.2.5.1.1 thru 5.2.5.1'1 comply witn the above position.

~Res ense

As recommended by Position Ce3 of Regulatory, Guide 1.45, the three
separate unidentified leakage detection methods utilized on
St. Lucie — Unit 2 are (1) sump level and flow monitoring,
(2) airborne particulate radioactivity monitoring, (3) airborne
gaseous radioactivity

monitoring'he

Containment Atmosphere Radiation Monitoring System wnxch
. includes the airborne particulate and gaseous radioactivity

measurements have radioactive cneck sources for the determination
of the operability of each of the radiation channels during full

ower operation. 'Calibration can also be performed during power
operation in'the Reactor Auxiliary Building at 19.5 ft elevation.

The instrumentation for the third method of leak detection, sump
level and flow monitoring, cannot be tested and calibrated during
plant bperation due to the location of the equipment (inside
Containment Building). However, a comparison with the readings of
the other two methods described above provides the operator with
sufficient information to determine channel inoperability or
malfunction.

420. 56-1



estion

Figure 6.2-9 and Figure 6.2-10, with respect to
containment pressure and temperature responses follow
a MSLB accident, should be revised to show the con-
tainment pressure/temperature pressure/temperature
response profiles {from time = 0 second to 105 seconds
following the accident) for use in equipment qualification.

Response

Figures 6.2-9 and 6.2-10 has been revised to reflect the
containment. pressure versus time and temperature versus
time profiles (from time = 0 to 105 seconds) following
a MSLB accident. See revised attached figures 6.2-9 and
6.2-10.
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For the compartmen t (i . e . reactor cavity; secondary
shield wall area; and pressurizer area) structural
design pressure evaluation , provide the design dif
ferentia 1 pressure and discuss whether the desi'gn
differential pressure is uniformly applied to the
compartment structure or whether it is spatially
varied .

Design differential pressures are 24 PSI and 14 PSI
for secondary shield wall, and pressurizer compartment
above elevation 62-00>respectively. The pressures
are uniformly applied to the compartment structures
Pressures in the primary shield wall design shall be
provided by July 16, l981.





EP.'PQ Interoffice Correspondence

TO ,P..E. Grossman

DATE Jun e 2 9, 1 98 1 FILE REF.

OFFICE LOCATION 8 0/2+TC

FROM C ~ H. Shelton OFFICE LOCATION 88/2'ETC

SUBJECT FLORIDA PONER AND LIGHT CO ~

ST. LUCIE UNIT NO. 2
TECHNICAL BASIS: GDC51 COMPLIANCE

During the meeting with the NRC on June 17, 1981, Joe Halaptz
designated certain Certified Material Test Reports to be submitted
to him for use as supporting documents in demonstrating compliancewith GDC51. Those CMTR! s are listed below, and copies are attached
hereto for transmittal to Joe Halaptz through John Sheetz.

1. Containment Shell. Lukens Steel Co. SA516 Gr70, 54"
thick.

2. Penetrations.

Sleeves (1) Lukens Steel Co. SA516 Gr70, 3" thick.
(2) Armco Steel Corp..SA333, Gr6, 1.3" thick.

b. Process Pipes (1) Main Steam. Tube Turns, SA155 KCF70,
(SA516 Gr70) 2" wall.

(2) Feedwater. U. S. Steel, SA106 GrB,l. 031" wall.
C ~ Flued head. Main Steam, Tube Turns, SA105, 104" thick.

3. Main Steam and Main Feedwater Piping Subassemblies

a. 'ain Steam Piping (Piece Mark. MS1-1)

(1) . Piping. Tube. Turns, SA155 KC65, Cl. 1, 2.125"
thick.

(2) Fittings 4'eldolet, Bonney Forge, SA105, 2" thick.
b. Main Feedwater Piping Subassembly (1-20-BF-14-1)

(1) Piping. U.S. Steel; SA106 GrB,'.031" thick.



P. E. Grossman June 29, 1981

4. Main Steam Isolation Valve

a. Body'ockwell International, SA216HCC, 1.98" thick.
b. Bonnet. Gulf Forge Co. SA105 GrII,
c. Disc. Gulf Forge Co. SA182, GrF-ll,
d. Bolting

(1) Studs, Victor Products Corp., (Copperweld)
SA540, Gr23.

(2) Nuts, Victor Products Corp., (Timken)
SA194, Gr7

5. Main Feedwater Isolation Valve

a. Body. Quaker'Alloy Casting Co. SA216 Gr4CB 1.9"
thick. 'Drawing attached)

b. Bonnet. Lenape Forge SA105, 2" thick. (Drawing
at tached) .

c. Disc. Bethlehem Steel Co. SA516y Gr70p 2 5 thick.
(Drawing a t tached) .

d. Bolting. No pressure bolting used.

CHS:jl
Attachments

cc: F. Puchman — H/0 Attachments
L. M. Petrick
R. Keilbach
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~ r,I ~ 4,

. Chic 2» s"idge h enroll Co.
6 ~Llr BGQ I

Ore envi13.e, Pa. 16125
MILLORDER No.

13833-1

CLISTOMER P.O.
'~O

73-7302U-M TIP 43.75 DC

t.UXl:~:.S .")m-'"C."APACE
~r. 0l'l 4''lit 'wali

»J 4 J ~

DATE: Q/Q/75 0-03 99 /
CONSIGNEE:

Chic go =-ridge Ec Iron Co.
I Bira>ingham, A3.a. 35201

WS MA'IERtALIIAS RE\N MANUfACTVRED ANDTESTED IN ACCORDANCE INIIHPURCHASE ORDER REOVIREfAENIS AND SPECIf ICATION(S)

C3E;Z YS-60"2 Rev. 0 1974 QA.S-347 Bev. 0 SA-516 GH. 70 ASYE Code Sect. 2 8c 3 CL. YLC 1971Zdition Tnrv. Samuer 1973 Addenda
8EMD LLLL 0 g IIO OGi '( IY tESi Shee» cl of 2

CHEMICAL ANALYSIS
MELT NO.. l C MH p Cv 5> Nl CR MO AL I
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009
025
023r

23
20

QN

C)

7-8
7-8
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27
26/

go R.A. BHN genre ~ IMPACTSr

62'62
is 6n c esLe.tera

I
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We hereby certify the above information is correct.
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June 30, 1981

To: „,C Shelton

From: )J Flaherty/T S Sahansra

Subject: FLOR1DA PGt'ER & I.TCHT COHPANY
ST LUCIE PLANT
1983 — 890 m;(e) EXTENSION — UNIT 2
NRC-GDC-51
'HAIN STEhif PIPING
FRACTURE PREVENTION OF CONTAINMENT BOUNDARY

Ref: Your memo dated June 18, 1981, item f/3

The Detailed Analysis Report for main steam piping piece mark gl-35~~-NS-1-1
issued by Tube-,Turns on August 16, 1977 was in error and did not indicat:e
the normalizing of these pieces. Revised DAR issued by Tube-Turns dated
June 30, 1981 att:ached herewith indicates that the pieces vere normalized
at 1650oF and stress relieved at 1150 F.

This completes the information requested.
1

TSS/lf
Attachments

cc: E Zuchman w/o attach
D Chin v/o attach
C F H Trapp w/o attach
K N Chow w/o attach
J Flaherty w/o attach
P Grossman w/attach
R Valpole w/o attach
T S Sahan. ra w/o att:ach
DB-15 v/o at:t:ach
R-23 w/at:tach
~f-2 w/att:ach
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-l.-:.'CUSZpxtZR-. B.F. Shaw ...:......., . Date January 25, 1979
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~ ~': SIGPPhD TO: ..:,:." ': ': '. ~::, ~

'
h'ra&

«}II+

ltcm
iso.

Quantity
ho.

Bonncy
LOt I TO.

270BB

Cr.dc or S!7'»wtion ho.
~ Oremiul J'lnslysts, I"}Iysfcc'"rngc! ties, l<crlrmlfs} ~

W4~~'ITS?CXJ ~~4% >T> ««~ T~$~~~~4XY
~ .... AS('E SA10 iV ...

'I

35.5 (2.00t"I) x 10 {1,125) NeMolet UT-PT«1-22-79-1 and 2
Ladle Anal.ysis: C.Z8 r'e>.82 P;010 S.pig Si.28
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This certifies that the fittings supolied ~!ere no<'.:a-
liz~ l by h a~ix!o o <"ithin 1625o and ! 675o„ fo. 3/
,hr. per inch of thick.".tess (1 hr.nin.) followed by

. coolin~ in ..till-air.
This certifies that the fi"~Sings supolied are ca@able
of ',withstanding siithout bulgin~, crac'cinl-,. or leaf in', '

hydrostatic are sure test of 1 1/2 ~i!" s the fittin~gs
r:.azimuth perL!issible 4"orwing px'essux'e ~

r

Ti e above fittin".-s are in accordan e with pt.i "chas.e
order L-8938 and Ebasco 872-75 and 873-75;
Lic,uid Pen trant Test per Br."-D}'-2 Rev. BS-1 dtd. 12-8-'.
and Eoasco 873 75
Ultrasonic Test per Bl"-'UT-1 Rev. 1 dtd. 11-29-72 and..
LIDasco 873-75+
This c rtifies that the fitti t„-'s supplied are in

'o."Irpletaccordan"e !I;Itn the AS',lH 7~~.'ler and "-'ressu"
Vessel Code, Section XXX, Class 2, 1971 edition th"u
suJrlf"er 1973 addenda and SA105(t.
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CLf11ll I' 1 LTS1'iLVOfCT

GUL,F FGRG: CQMPA~AV
8081 KEMPSTEAD HWY. P. L7. BOX 2926 ?13'069 36AI3

HOUSTON, TEXAS 77001

'~=-'+>~z
34- ggp7/

QCP cv-
GUSTO.'.E'ER'5 ORDER No.

36-7243 t'1
I

I

DATE

10-7 4-74
JOB ORDER No.

SOLD
TO

QUANTITY

Roc';well I~ianufacturing Company
1900 South Saunders Street
Raliegh, Nortl>,Carolina 2760+3

CO!k.

SHIPPED
TO Same

Part 8 A-135150 REYII."c'1cEO BY

AI+~
DATE

GUST.
NSP.CHEMICALANALYSI

rll~A'IEST IIEIIQD~
D E 5 C R I P T I 0 N

Rough iIIachinel 32" .1612-Y bonnet DI~~. 'A-18S150

43. 25" OD x 12. 12,Lg.

ASllH SA 10S-XI, Also Complys with EfC 01112

JO $

1-7'-'1

1
.LI PLFII!'T'

PZ L IGH, H. C.
APPROVED

0-/8
C c D---
I IET. PROC. CO)<T.

49 194 Fin>:1 T2v 010 25

I,':I

~cY li

ci,
iP~'-.=:.', '.—.-.-:.;"-':- .-., --........;,'.

PHYSICAL PROPERTIES

~I>'!C'f;„.I

43 700 75 650 31,0 59.0

HEAT TREATMENT
\ SF~F7~ F v F i rF ~ FS n'D Y i ~v"I ~ T FS s S Al~ OTQ 'f

l'!Ornal iz
Temi17e r

1600
1250

14 hrs.
ii~11 S

SCRIBED AND SWORN TO QEFORE ME

SS NO. 462-92-3210

THls I AU., DAY OF IIOJQII(~—if~
/J, 7 ~ r ( ~ ~S//. I . r"/:'r 1. 7 F r, J

r 'COTAIIYIAVIILIC'r/

I CCRCIFT THAT THIS IS A, TRVC COPY OF OIIIOIHAI. TCST SHCCT IIOW O: ~

FII.C AT THC OFFICC Of OVLF FOROC CO. AHV THAT THIS STLTL WA f Ac: ~

UFACTVACO AIIO FOACCO IK THC VIIITCO TATCS OF AHCRICA.

F

'A.II~A
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IADE

META
Kiefer-Prowell 6 Assoc. Inc. DATE Au ust 16 1974

QUWTIA' Pcs. S. 0 4840274-2119-H

34 X 34 i(~25 000 lbs, Ao~roz,

EF-1026 Had ificd As Cas t En~o ts

AIrivfI'8 Balsa Cc
A Subsidiary of tf<iIU4f<-"StBet

LLURCtCAL REPORT

FORGED SURFACE

EC IF ICATI0N

Hect No. Nil! Class Mn P S Si Ni Cr Mo Groin
Size.

249194 .28 .79 .010 .019 .25

hominy 5 6 S 9 10 12 13 IC 15 16 18 20 22 2A 26 28 30 32

~ qvire dr

Test
Dia.

Test
Direction

or
I.occlion

Yield
Slrenglh

PSI

Tensile
Slrenglh

PSI

Elongation
'/ rn 2"

Reduction
of Area Fracl ore

Raling
Hardness

BHN
finpact

Ft. - C.bs.

Seri" I

No.

.at Tre at ni e nt
p r HTRALEIGH PLA

RALEiGH, H. C.

APPROYED
LS-7P

Remarks
nr.~,

4'1'Pi ~

;J
o

o vc agrees with lhc ofiiciof company records,

YC IT N ES S E D

PHYSICAL

SURFACE

rc„-
~11 ic

0

FOR DATE

FOR DATE

C

'I



C U" t. f-O'-'L~ CQ""">P >~

888'I HEMPSTEAD HIVY. P. O. OOX 2926 7)3.-869-3643
HOUSTL 'I, TEXAS 77P01

5 Cr C~ 8 F .+(~
CVSIOI IER'S ORDER F(o.

36-7262 «1

DAEE

Jan. -31, 1975
JOII ORDER F(o.

73633

'OLD

TO
Rockwell Manufacturing
1900 South Saunders Street
Ralaia3!a, I!orth Carolina 27603

I-
SHIppED Rockve 1 1 i4anufacturing

TO 1900 South Saunders Street
Releigh, North Carolina 27603

.L
OVAI(IIIY D Esc r IPT I O f(

Rough.IJachine Disc. Dwg. A-183876

29.62 "OD 2 15.0 Lg.

AS/K SA 182 F-ll
~ Height 29309

.These forgings 'Con>ply with RL4C 022

r,. ~

CHHa'alCAL AIPALYSIS

RIVI=-~VZO BY
Al I~iE,
DATC g- C!F'g

CVST,
INSPa

DATE

r 'IlP.QC.i.f~ a

PP,LEIQII ~
P.. C.

P Pr3QQRFEO

w+~>
~~

~t,';EI; PI"0". CotfT.

EIl i O-l,4
cQ,~ a r» a aa a»aa»»ta 6 alt,,

taiga

r~'

3310 SiaaXOn .14" I

ra a 44»a ~ aal~aaM l rr r
.5O .0111.013 .64

mal Aa

1;23 ;48
'a ~ ~

i
~ a

. I

Si "

:::!-l6 000

j
'146 700

83.342
ming

81 000

, ~ ..3 ..',„','. ~ t
ala'9.5'3.0 174

-P-2—.5
'6.0"

'HYSICAL

PRO? E?TIES

F~ ~ . a', —, =~ a,";-" .aa. a.......a

HEAT TREAT/a'IENT

).'ioxBa1't ?.'—
.'-.~Tenn r

a~
1600
1250

4L'~U k4d&w ~ »r
16 hrs.
16 hrs.

r/// / 2, atj ' la F I!~tat arja~~ f, J(, /i'liO I ART VVatlaC/

'ISED A(AD SYFORi( 10 BEFORE ME
N..S NO. 462-92-3210

rl
JanuaryDAY OF I'P 75

EI Cta! IIFT lllal I!I!S IS A I .UE CCVT GF ORIG!Ital I(SI Sa'.(El tiO'N Oti I"E Al Itt(
OFFICE OF GU'I FORGE CO. At!5 Illal Itt!S SIE(t TTAS FIAIIUFACIUF(D Att5
fORCED Itl lllE Utlll(5 SIAI(S O'MEFICA.

IIY ~a„ I Iral $5, M0.

a
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It'X5/7"4

~ ~

20, R-3043
OVR OROCR NO I'h0 f ('h C C

2 '0 3
~ ~ R~fR i{0

~ 36-7531
CV5T. RCC. tiO,

'tility Products Group
Koclcw>11 Xnternationa 1
1900 S. Saunders St.

LRaleigh, HC 27603

f
-'The Above

~ ~r 7-46O5-3

II I SI I 8 !I II! tl 5
FOR.

- IGTroP, P'i80~0UCTre

G00BPO<BDttILI>3

CHICAGO, ILLINOIS GOG I S
TELFPHONE (312) 539-5c)4) .

D-V-N-S 00 503-3539 .)

SXZZ
2.00-8 UH x 14,82
B~P A183785 A

~ .,;:. CgXgTXOq SA-540 Gr 23 Cl.
RHC 02861 (5).Specia 1 S tud Appal S c t; XXX/71 8, ginter '72
Add. Nucl. Cl. 2

"''lE~ilI p
Re fer 'o
page f ].

i'KT""RXAL " " HXLL HEAT No, . VPC HEAT No.
4340 HR Annld A.Q Gas Lle
2:250 Rd Copperfield 76898 7674

DOCU.''AT K.

l(- (.~'. IXCA~ AKALYSXS
C ~~In .P, S Si. Hi Cr
40 .78 . 015 . 023 . 28 . (.1.75 . 86

Pit").'SXCAL PROP'=B.TXES.

Mo

.22
Va Cu

.14:

Tensile Str.
150,800
148. 751

Yield Str.
133;800
133,300

Elongation
ln 2

18.0 ~

18. 5 .-.

Reduction
of area %

59.1.
59.6 "

Hardness
Rc...

3 1
31/32

TEAT TR"-AT!.("hT
Hardened at 'rs.

1550 'o:- 2~)~

~ Quench 3((5dia at
Salt 400 oF

Tempered a t
1100 ~x

hrs.

I.'x.'~SOAXC XNSPECTXOH Not Req 'd
i All bars tested

a) Zo reportable indication detected
b) D =.ectiv portions of bars cut off and scrapped

C."'-B.D" V-'AOTCH X! le~.CT TEST
Tea tin Te-„.pere ture + 33 - oI."

l + 1 g DX-...pac,t Energy
),'t -'1 bs

94-1 62.0

uc t. Fracture

~ 55. 0
I 2-.?

'4-3
&XII
63. 0

5 0
55.0

'-':I .':--""'C ! I.'"X C!j:l':CTX0!.! -59-HT-01

100'i /'. c(:(.':) ted ( .AY no:l con t:0 si.i.(((~j A tel ls

A ea

oZ 11/14/73'
~

apped)

035 BECHT IfJI?Il:,I~7!l «!' f
0? W~?~

5

Later"1 Expansion~nchc
'e'S (-i

('IIC:II i«I
I'IZf,

a'ai.ix.iC (x()i idellt').cat).on J(ld ti aceilbt.l).tiy)
I ~Q Ks A. ac@:.p, p,.

(>~) e
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rOCR ORETCI t OVtt Ohotn ttO.t

20 R-3044
CUNT, llCQ. NO,

13/7~t
'AO CA t40,

36-7532~I ~ ~

t i1ity Prod itc ts Group

l
c'.oclc';)el 1,. Xnt:erna,t..-'na1
1900 S, S"'i)nd..rs..S'".:

- ',4a'".ei„"h 'HC: 27603 ..
r

0
~ ~

~ ~

1

The. r'rbove :, .': ri„.
~ ~

~ ~
~ ~

~ ~

r*oc t ~ac

2 o~ 3

~ 7-4605-3

IGT98 O'KOtU~Ucvs
jl 0 > 0 i

~}>

2635 8 ELMONT AVEN UF
CHfCAGO.. fLLfNOIS 6063 8

TELEPHOiRE (3127 530-59M
P U-H-S 00-509-3539

I3, "i33Ijp
POP.

SXZE
c

80V"'0F6/'BTr

8TAL
'y',-L.l(.0 Ho//PT
3.750 Pd

DESCRXPTXOH .

klan.» SF H~>: 1"ut:,

MELL HEAT. hlO„
Eiy-Alloy, T.'at;en
4) )n3

SA-194 Gr. 7 Rt';C 01291 (3)
ASiF; Sect . XXX/73: inc1. Pi n'-er'2 Add. 1ilucl. Cl 2.

VPC HEAT No.
t'667

TTEH L;,
ale f.er t.o
pj~oe

OCU:EHT. Ho.

CiiZ1)TGAL A>i'ALYSTS
C Hn p
43 41 . 012 . 014

Si
~ 30

~
~

Ni Cx . Mo Va Cu
.94 .18 .09

~ "I'X" STi Xr~XXG TEST <!o'. ". eq'din'20 degrees ha"dened steel
eef iced er.

cone, nuts exceeded the
lbs. riitf'out stripping:

~
J

I HAH':!ESS
TEST'in"1condition

26-'27

o

after 24 hxs at 1100 P

RB-'103

T~P
Hardened at hxs.',Quench Media

1550 F 2~) 0~ 1

fl 5 CNL PLEO. r"BTZ"S

op
TeMipexed t hrs

1050 .Z 6

P.e-te".>pered C~ 1100"F -4 hrs L2Z
Tensile S" . Yield Stx. Elongation

in 2" .

~ ~

Reduction
oz area %

Hardness
. Rcpt:-~

'Ci-'~~pY V-i'0 Cfi X.>PACT TEST
Test'ng Te;., exatu e -'. 33
S "role 1'xa c

70ft-lbs
~ 'tu, .>

50.0
f t ~ r

x ~~
X~pact Energy Duct ~ tuxe Area Lateral Expansion

inches

.O4O

3a

t O e
~

~-/rGiiiTTC Pi'riiTICLE TNSPr";CTTO're 39-irT-01? e7: 11/1(/73
100i Tnsoecced . /r./> i
r r1n'i: cc":: '~rin" xLeix=ce0/~nr'.0n ~ms "cxn00~nd

)
~ ~ ~ ~ ~ ~

'r

~a~'~.'"iiiXNG (for iden tifice tion and txaceabili t„:)
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QUAKER ALLOYCASTING CO.
~ Jiiio4a ~ I NA1$<O toff

NIIR)IOwN.RA. 110al I IISIOPAIR Rn<R NO.

MATERIAL
. TEST
REPORT

PAIIERN NA OA It

Anchor/Darling Valve Co.
S1314

SI'ICIIICAIION

1-20F-14A 10 29 0
OIIARIR OESICi.

CONIROL HO.

IIEAI SERIAL

RI. NO.

ASIDE SA216 Gr. MCB

ADDITIOHALIHFORIAAIIOH:

Q70

C

Mn

Si

Cr

Hi

Mo

Cv

CHEMICAL COMPOSII ION

r ~'

OO

< Bend test satisfactory per material
specification.

r Physical properties determined after
simu$ atcd PI|HT .of test coupons at
1150 F + 50 F for 15 hours.

IEHSIlE. Xsi
E
N YIELD, EIl
S

CLOHG. %l
RED. ol AREA .S

EI I RGY, II ll>I

LAI. CXP. ms>

AR SNEA

IESI IEIAP., I ~

A'.EC}IANICAL

0
0 ~

l1- ~ii-rI'I

PROP""RTIES

PIECES ~ I UPI Eo

~QF.

Lgja
.v AIQ <I

70

~ i
P

'I HEREbY CERTIFY IIIATIIIEASOYE IIIFORAIAIIONIS CORRECT."

AIIIIICPIIII R < 'ULL
THIS DAYOF

SIAIE Of fENNSYLYALRA.COUNTY Of LERANON, S.S.

SWORN IO ANO SUSSCR! EEO bEFORE PAE

T9

Cs

Q
CO
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I
pQgzg-, j-)

ANC) OF/DARLING VALVE CGHPAt<Y g-«v-'a ~- I~
MILLIAHSPORT, PA.

SO~gk~ ITEH (

ATTACHE 6)T 4

Gate Valve Body (Prissure Seal)

NL'lE '10 .
s HEAT~/~

I I
I

SERIALZPgp~Ll
I

l
,I

~-

I
I '
I
I
I

A

12 o'lock

g 3+4

3 o'lock

2@~~
2 "d5/~

2 813Q

6 o'lock

X Fd'<~3

9 o'lock

H/A

Hfn. Ac.ual Measurement
4,.'.Ld-0'saarks:

4 WQ 3 /G.Q~A
RQQUlred Neasur.trent~' 7 wI QC7r/

a

Gust.c,r.er Inspector

Inspected By.

~ oaae aa a

'. OA'RS

Date
Dec, 1P, ~'->
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lQ ENERGY PRODUCTS GROUP
GUU i eVESTEIIHMANVFACeultlNGCO>eIPANY

Plant 35
P. O. Box 536, IVest Chester, Pennsylvania )9360

-IHAlERIALTEST REPORT S.O.NO.

Anomo„/Da li.~ Valve Company

S«2569
PURCHASER'S ORDER NO

~at
Phone; (2151193.1590 +$3o e-r r: ree

'AVX: 510 663 0372
Telex: B3 Sc53 p>~'o~ LEMPE;
Telecopier: (2)5) 793 )500 Ext. 264 ~ POF,'Gg

pcoaucts

IVEST CHESTER, PA

DISTRIBUTOR

DISTRIBUTOR'S ORDER NO.

19

') ~<V7"
t'w t f-: -31-' s

QTYNO. PROOtICT SP EC.
HEAT OR
COOC NO. REteIARKS

18" X 90C-;',t Hornet Po~ssi"o,Fr& pe~
voop~o0218.1l~k daved 3/10/80
a . t-', 2-18=-14k, .

Mrs P.O.;—'S-2-69
PaM g 2-18".-14k

M17 1'LSA1 05
Jo al'zed
h Tease"ed
per X/D Spec
PU..-11,Zev
C and ~~i""
Section lii
Cl.2 '77 M
tax w '78
A6d-

i~gr0 576S

I
I

HEAT eNO. 21N SI NI reio

CHEMICAL Aii)ALYSiS AiMD ~;IECHAiVICALPROPERTIES

RE1rIARKS

r
~ 21 1 23 .011 .013 ~ 20 ~i~p+ non '

o i ee l I I ~

16po'" + 2~'= 5-„- W=s. '.C.
1150' + 25'. 10'm A.C.

QA.Aa reonr,23'

U.'2. RGPa=t

I/Z wax™~e s 'ta„. tie Pp-t.

HcAT NO

17:iT

c C

TENSILE

74,5GO

Ylc LO

46,500

LONG
IN 2"

r
30

~Pe

6ti

B. H.i4 I"PACT~). or

105-105-90

RE!iIAItKS
T. S 119

.OI9-.083-.073 60-cC-50
S.tvltWt IP

er+oK,j

9tAV ~T'

Cei rev e.

~ te,e lp
\ e ~

2 9 ~ ~

~ 2 f e

nr

r>f ToJT$ ~~lti
t,sly 'ei T)=$

Z O„"-P

'Ve hereby certify the above results to b. correct
as contained in the records ot:ne Company. +oNn%or.
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reels Steep eAS

BHHt rHcM STiit. CCRPORATtON
tctyALLs'zc>SCAL cttppy»>t cy

REPORT OF TEST AND AMAt.YS)S
S>>e»>O>t r>tt Oe I S»d Sp cc su&>Oi

SPAF.'ROMS F'T. 409- 15 3 08/$ 0/79 GTRC GEO CE TFP. PG 1 LfiST
SOLO TO

HILLS-ALLOY STEEL CO
W INTERSTATE RD

BEDFORD OH 44346

SHlP TO
HILLS-ALLOY STEEL CO

M INTERSTATE RD
BEDFORD OH 44i46

ttt>rS

CO~ 256t St

S>cps
~cr»sco

Sttf At>O CltAtctitY
»ecsr>c ct c»A,

$ 609077 GDv 0$ -S85SB

t'> S'4
Slim" ise

Ill
CCere.

e>,

57. 20

3664 AS
TS 6 TFST

It
E

E SAS<6 G
F'CS t<OF:H

ACCOF;D M

SELS

70
T
NCA
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IP
Interoffice Correspondence

TO P Grossman

DATE July 2, 1981

OFFICE LOCATION

FILE REF.

FROM
A P Letizia Cg/"„-C.
P G Hummer I'- A OFFICE LOCATION

ENVIROSPHERE

SUBJECT ST LUCIE UNIT 2
CENLATIVE TE PERATURES AT VEST PALM BEACH

A cumulative frequency analysis of dry-bulb temperatures was performed
on available West Plam Beach surface data. These data covered the
period January 1, 1948 through March 21, 1960 and represented over
107,000 hourly observations. The data were taken at the National
Weather Service Office at West Palm International Airport (26 41'orth,
80 06'ast). The temperature sensor was located 18 feet above the
ground. The analysis consisted of counting the number of temperature
observations (temperatures were recorded in whole degrees), summing
the number of observations from the lowest to the highest observed
temperature-and determining the cumulative frequency of each temperature
based on the total number of observations. Attached is a plot of the
cumulative frequency distribution derived from the above analysis. As
the diagram shows, 90% of the observed temperaturesfor the period at
West Palm Beach are above 62 F.

. APL/PGH:das

cc: J Ferris
N Wilding
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Question 2
Provide sufficient shielding to meet the requirements
of GDC-19 assuming Reg. Guide 1.4 source terms.

Response:
Sufficient shielding will be provided around the
post. accident sampling system components to limit
personnel exposure to the GDC-19 limits. Regulatory
Guide 1.4 source terms will be used.

Question 4
Verify that all electrically powered components
associated with post. accident sampling are capable
of being supplied- with power and operated within
thirty minutes of an accident in which there is
core degradation, assuming loss of offsite power.

Response:
The post accident sampling panel will be powered
from power panel 2AB which is'apable of being powered
from the diesel generator in the event of a loss
of offsite power. The electrical cables associated
with the post accident sampling panel and associated
instruments will be routed in accordance with Reg.
Guide 1.75, physical independence of Electrical
Systems (Rev 1), as associated circuits.
Heat tracing circuits will be electrically connected
to the respective Boric Acid Heat Tracing Panels
which are electrically independent, physically
separated and are connected to the diesel generator
in the event of a loss of offsite power.

Question 5
Verify that valves which are not accessible for
repair after an accident are environmentally qualified
for the conditions in which they must operate.

Response: 4

Post accident sampling system valves which are re-
quired to operate after an accident and are not ac-
cessible for repair, will be qualified to the accident
environment in which they operate. Environmental
qualification is addressed in FSAR Section 3.11.





~

~

~

460.1 Figure 11.2-9 of the FSAR shows a "volume tank" which receives
(11.2) evaporator concentrates from the waste concentrator. In'n informal

communication, you indicated that you are in process of engineering
the addition of this volume tank to the liquid radwaste system.
Describe the tank in appropriate sections of the FSAR.

"~Res onse

Section 11.2.2 'and Table 11.2-5 of the FSAR have been modified to
describe the Liquid l~aste Concentrator Bottoms Storage Tank.
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'11.2.2.1.2 'Haste Surges

The ho]dup tanks are sized with sufficient capacity to handle the waste
sul ges „wh ich would occur during the normal 'operation of the plant, and be
received in the BHS. There is also sufficient redundancy and intercon-
nections to allow the contents of one holdup tank to be processed through
the boric acid concentrators while another is being recirculated prior to
processing, and the remaining two are receiving incoming wastes. This
flexibility allows the B.'lS to create additional holdup capacity by simul-
taneously eliminating stored waste while accepting new waste

The holdup tank capacity is adequately sized to handle the relief valve
discharge (see interfaces on Figure 11.2-1) in the unlikely event that
they should lift.
11.2.2.1.3 Boric Acid Concentrator Operation

The holdup tank contents are transferred to either of the boric acid con-
centrators (Figures 11.2-3 or 11.2-4) by the holdup drain pumps (Figure
11.2-2), which first pass the fluid through a pre-concentrator filter
and the pre-concentrator ion exchanger (Figure 11.2-2).

Once the waste stream enters the boric acid concentrator, it xs separated
into two effluent streams by a simple evaporation process. The boric acid
concentrator is designed to concentrate a dilute boric acid solution with
a.boron concentration of 30 to 1720 ppm, into a bottoms stream with a,con-
centration of 10g900 to 21,000 ppm boron and a distillate stream with a
concentration of 10 ppm boron maximum.

1 1 '.2.1.3.1 Distillate

The distillate is condensed before it leaves the boric acid concentrator
and is then pumped to the boric acid condensate ion exchanger (Figure
11.2-5) where any trace impurities remaining in the distillate are re-
moved. The water continues on to the boric acid condensate tanks (Figure
11.2-5), where it is stored prior to sampling and. reuse or discharge.
Should high levels of impurities still be present in the condensate there
are provisions to recycle it back through the boric acid concentrator.

11.2.2.1.3.2 gotten" ggg5+P y
he concentrated boric aci oiution cavingt hortcgtrg conc n ra

pumped through the bor'cid atrainer and en to the boric acid iding
tank (Figure 11.2-5 A) l piping, compo nts, and tanks which,h idle the
concentrated bori acid -solution are at traced to keep, the b 'ic acid in>
solution.

nce in th boric acid holding ank the concentrate ( ttoms) xs recircu-
lated us'ng the boric acid 1 ding pumps (Figure 1 .2-5), to insure a
Jnifor chemistry. A sam e is taken and analyz to determine the purity,
and oncentration of th boric acid solution. epending on the analysis
an lant requirement , the boric acid can P either reused in the plant
( ansferred to the roric acid makeup tan'.C in thc CVCS), sent to the Soli~

oLa

11.2-4
h

Amendment No. 1, (4/Sl)
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to gt> oric acid conccntrators for=fur[,her concentration if (he so)>(eon
iW~4 ~

11,2.2,2 'iquid Mast c Sobs stem

Liquid waste from sources outside of cont.ainmcnt, usual)y of low activity
and low purity are co) lect. cd in either .the equipment drain tank, chemica)
drain tank, or ]aundry drain tanks.

Prior to processing; the contents of these tanks are thorough)y mixed via
recircu)ation, and representative samp).es are taken. The samples are
analyzed to de(ermire what, if any, processing is required for that. ).iquid.
ln ~ thc case of waste going to the waste concentrator, chemica) adjustments
(primari),y ph) may have t.o be made.

llew 2 'ol Norma) Bode

The cquipmcnt drain tank, as shown on Figure 11.2-6, receives wastes from
the various equipment drains outside cont.ainment. When the tank reaches a

preset ]eve) it is emptied via the equipment drain pumps (Figure 1].2-6),
Thc waste )iquid is first. fi)tered via the waste filter {Figure ]1,2-6),
to remove su."pended so]ids, then processed through the waste concentrator
(Figure 11,2-7) ~

The chemical drain tank seen on Figure ll;2-6, receives )iquid waste inputs
from (he )ab drains and decontamination area drains, which are norma].]y
high in impurities. The chemical drain tank is emptied upon reaching a
preset. level, by the chemica) drain porno. The waste ).iquid is first
fi)tered via the waste fi](er (Figure 11.2-6), then processed through the
waste concentrator {Figure 11,2-7).

The )aundry drain tanks, on Figure 11.2-6, store the influent,s from the
plant showers, contamina(ed sinks, )aundry operations, and potential inputs
from the Steam Generator B).owdown System. When a laundry drain tank
reaches a preset level, it is emptied by a )aundry drain tank pomp (Figurc
1 1.2-6) and fi)tered via the laundry fi)ter (Figure 11.2-6). From there
it goes on to the circu)ating water discharge. (Figure 11.2-5) and

i'e)easedfrom the p]<nt.

Should the need arise, it is possib]e to route the contents of the ]aundry
drain tank to the waste concentrator for processing.

11.2.2.2.2 Waste Surges

When was(e surges occur „in the influent volumes to the L3'HS tanks, there is
sufficient capacity, redundancy and system interconnections to provide
adequate hand)ing of these wastes.

Sma))er quantity surges wou)d only cause thc waste tanks to fillquicker,
hence more frequent processing of each tank's contents. Larger quantity
surges which would exceed the capacity of those tanks cou]d be routed to
the aerated waste storage tank {Figurc ]1.2-S), for ho)dup until operations
permit its processing.

11. 2-5
r

Amendment No, 4, (6/81)



SL2- FSAR

Thc a«rated wast.c storage t.ank spccifica))y acts as a surge tank for thc
bast«Fianagcmcnt System equipment, drain tank. Thc waste in thc equipmcn(
drain t.ank is pumped to t.he aerated wast.e s(oragc tank if:

0 (2) the chcmica) drain t.ank- is being processed and t.he equipment
drain t.ank is fi).)ed

( 2} the inf ) uent. s to the equipment. drain tank exceed the proc es s ing
capab i ) i t ies of t hc was t. e conc ent. rat. or such that: over f) ow o f
the tank cou ) d rc su) t. ~

The cq u~ pme n( t. ank 'may become fi) ) ed at. any time and require empt ying t.o
h and ) c fur t hcr in pu t. s . Ihe equipment d ra in pump wi ) ) be au t oma t. i c a ) ) y
started on h 'h eq ui pm n t. dr a in t ank ) cve ) and the con I. cnt. s vi ) l be
pumped to t. he aera t. ed waste s t o rage tank.

The aera( ed va s t. e st. oragc (ank ' con I. en t s wou ) d be mixed us ing t.he equipment.
drain pumps ( Fi gure 1 1 . 2-8 }, A represent at ivc samp ) e wou ) d be obt. a ined
and ana ) y zed t.o de t. ermine 'vh at pr oc es s ing , if any , is required for t.he
wa s t e ) iqu id . The liquid would be pumped from t.he a'era t. ed waste
s t orage tank via the equipment. drain pumps to ci t.her the c irc u ) a t ing
wa t er discharge, or t.h rou gh t.he was t. e fi ) t, er t.o ( he waste conc cn t ra ( or
( s ee Figur e 1 1, 2- 6 for process rou t. cs ) , d c pend ing on the va t. cr qua ) i t y .

1 1 . 2 . 2, 2 . 3 Has t e Concent rat or Opera t ion

Lxquad wast.es ent.er the wast.e conccnt.rat.or (Figure 11.2»7), and the waste
st.ream is separa(cd into two eff)uen( streams by a simp)e evaporat.ion
process. One stream, the distil)at.c, is a very pure water st.ream. The
other, the bo(toms, is a high)y concentrated so)ution of impurit.ies,

11.2.2.2.3.1 Dist.i))at:e
~ ~

The dz st>i) a(e may st.ill contain some trace impurities, It is then con-
densed and pumped fry t.hc wast.e concentrator t.o t: he condensate ion ex-
changer (Figure 11.2-6), where those t.race impuri(ies are removed. The
condensate is stored in the vaste condensate tanks, mixed via the wast.e
condensat.e pumps (Figure 11.2-6), and samp)cd to analyze for puri(ye

The condensate may then be eit.her sent, to t:he circu)at.ing wat.er di scharge
for re)ease from t.he p)ant., or routed back t.hrough the vast.e system for
fur(.her t.reat.mcnt. if needed. Reuse wit.hin the plant is also possible
(sce Figures 11.2-1, 2 and 6 for process rout.es) ~

11.2.2.2e3.2 Bot(oms Sr 1(rPwh='xha5. is..r~~~c6iH~cnP~cceW~h
cen(rator ) ve in the bot~t, s s(ream. Bccturse of the higl~>nccn(ra(ion
f boron . e piping, copa5nenta, and tan a are heal. tracpd to keep them
n so)t ion (sce Figures 11,2-6 and 7 r heat traced process routes
he P t.(oms are pump@8 from the conc'>(rat.or (Figu 1),2"7) dir y to
hy'drumming et~ati fl (Figurc 21~2, where it~ prepared for offeitct d '~~st~~

11.2-5a Amendment No, 4 g (6/Sl}



11.2.2.1.3.2 Bottoms

llie concentrated boric acid solution leaving the boric acid con-
centrator is pumped through the boric acid strainer and then
to the boric acid holding tank (Figure 11.2-5). All piping,
components, and tanks which handle the concentrated boric
acid solution are heat-traced to keep the boric acid in solution.

Once in the boric acid holding tank the concentrate (bottoms) is
recirculated using the boric acid holding pumos (Figure 11.2-5),
to insure a uniform chemistry. .A sample is taken and analyzed
to determine the purity and concentration of the boric acid
solution. Depending on the analysis and plant requirements,
the boric acid can be either reused in the plant (transferred
to the boric acid makeup tanks in the CVCS), sent to the liquid
waste concentrator bottoms storage tanks of the Liquid l aste Sub-
system prior to solidification in the Solid llaste Hanagement
System (Figure 11.2-9), or recycled to the boric acid concen-
trators for futher concentration if the solution is too dilute.

11.2.2.2.3.2 Bottoms

Host of the impurities which are present in the influent stream
to the concentrator leave in the bottoms stream. Because of the
high concentration of boron the piping, compon nts, and tanks are
heat-traced to keep them in solution (see Figures 11.2-6 and 7
for heat-traced orocess routes). The bottoms are pumped from
the concentrator (Figure 11.2-7) via the concentrate pumps into
one of the two liquid waste concentrator bottoms storage tanks
(Figure 11.2-9).

Once .in the liquid waste concentrator bottoms storage tank the
concentrate (bottoms) is recirculated using a liquid waste con-
centrator bottoms pump (Figure 11.2-9) to insure a uniform
chemistry. Both tanks together will provide up to 120 days of
holdup under expected processing conditions. During liquid
waste processing the concentrate is pumped via a liquid waste
concentrator botto„,s pump directly to the dru~ing station
(Figure 11.2-9) where it is prepared for offsite disposal (see
Section 11.4).
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7.5
120
Manufact urers Standard

TABLE 11.2-5 (Cont''d)

Msste Cnnden"rute P~um s (Cunt'd)
Mntor Horsepower
Operating Temperature, F
Code

Resin D~eusterin ~Pum

Type
Quantity
Design Pressure, psig"
Design Temperature, F nNormal Operating Temperature, F
Capacity, GPM

Rated Head, Ft.
HPSH Available, Ft.
Mntnr Horsepower
Netted Materials
Code

Boric Acid Concent'ratnrs

Quantity
De~ign DF (Bnttnms/Distillate)
Design Pressure, psi~
De~ign Temperature, F
Normal Operating Pressure (process), psig
Normal Operating Temperature (prnc ess), F
Design Flnw (process), gpm
Hormal Operating Flow (process), gpm
Code
Material
Marte Conc entratnr
Quantity
Design DF (Bot'toms/Distillate)
Design Pressure, psig (Process)
Hnrmal Operating Pressure (Process), prig
Design Temperature, F (Prncess)
Normal Operat ing Temperat ure, F

, Design Flow, gpm
Nnrmal Operat ing Flow, gpm
Material
Code

Precnncentratnr Inn Exc~han ers

Quantity
Type
Design Pressure, psig
Design Temperature, F
Nnrmal Operating Pre~~ure, psig
Normal Operating Temperature, F
Resin Volume.*(Useful) Required, ft

'erignFlow, gpm
Nnrmal Flnw, gpm

'11.2-20

Centri fugal

150
200
120
100
95
2
10
SS
Manufacturers st'andard

24
lo (Minimum)
80
250
27
120
20
20
ASME VIII
SS

1

10
80
27
250
120
20
20
SS
ASME VIII

2
Flu shah 1 e
150
250
60
120
32
40
20



>e5Pg7 ~
quantity
Type

Internal Yolume, gallons
Design Pressure, psig
Design Temperature, oF

Normal Operati.ng Pressure, psig
Normal Operating Temperature, F

Code

Material

2

Vertical, Cylindrical
2,300

Atmospheric
250

Atmospheric

160

Class 4, ASHE YIII, 1974 Edition
SS

Li uid uaste Concentrator Botto~ms pum

quantity
Type

Design Pressure,'sig
Design Temperature, F

Normal Operating Temperature, F

Capacity Rate, gpm

Rated Head, feet
NPSH Available, feet
Hotor Horspower

Wetted Material.s
Code

2

Centri fugal
50

250

160

60

50

30

5

ss S
Hanufacturer s tandard



Question No.
460.2
(11. 2) List outdoor storage tanks that, may contain

potentially radioactive liquid and describe
provisions designed to prevent, collect,, and
process spills from outdoor storage tanks.It is our position that outdoor tanks should
be designed in accordance with Regulatory
Position 1.2 in Regulatory Guide 1.143, Rev. 1.

Res onse:

I„

The Refueling Water Tank (RWT) Condensate Storage
Tank (CST), Primary Water Storage Tank (PWST) and
the Steam Generator Blowdown Monitor Tank (SGBMT)
are outdoor storage tanks which could contain
potentially radioactive liquid.
The RWT, CST and PWST are provided with control
room level indication and high level alarm. The" CST and PWST are„ provided with local high alarm
and the SGBMT,is provided local level indication
and high level alarm.

The SGBMT overflow and drains are routed to the
equipment drain tank in the Liquid Waste Management
System. The CST is surrounded by the CST building
so that overflow and leakage are collected in the
building. The RWT and PWST overflow is collected
in cab'h basins. The caW basin overflows to the
plant storm drainage system.

For the tanks where drain and overflow are not
routed back to the Liquid Waste Management. System,
Standard Tech nical Specification which will be
prepared and submitted to the NRC at least 6
months prior to the fuel loading will require

periodic'nalysisto verify that, radioactive content (in
curies, excluding tritium and dissolved or entrained
noble gases) will be below a specified value. The
curie limit of the tanks will be determined base'd
on the methodology presented in Appendices A and B
of NUREG 0133.



460.3 In Section 11.2.1 (g) of the FSAR, you=state that seismic and quality
group classification of the Lt<HS components and piping meet or exceed
the guidelines of Regulatory Guide 1.143. It is our position that the
LRlS design also should be in accordance with Regulatory Position 4.0
"the additional design, construction, and testing criteria" and
Regulatory'Position 6.0 "quality assurance" in Regulatory Guide 1.143.

~Res ense

Section 11.2.'1 (g) has been modified to describe compliance with
Regulatory Guide 1.143, including Positions 4 and 6.



Question No.

460.4
. (11.2)

1

In Section 11.2.2.3 of the FSAR you state that you
collect the Turbine Building floor drains and monitor
for radioactivity prior to discharge. Describe the
'provisions to collect, monitor, and discharge of the
building drains.

During normal operation, the Turbine Building floor
drains are discharged to thesettling pond without pro-
cessing or monitoring. If the condenser air ejector
or steam generator blowdown radiation monitors detect
excessive levels of radioactivity in the main steam
line, a procedure of grab sampling the settling pond
for .traces of radioactivity will be institu'ted.

Subsection 11.2.2.3 will be revised in Amendment 5 to
reflect this information.



~ 46O.5 In Section 11.3.1 (g) of the FSAR, you state that seismic and quality
group classification of the LMt)S components and piping meet or exceed
the guidelines of Regulatory Guide 1.143. It is our position that the
LHt<S design also should be in accordance with Regulatory Position 4.0
"the additional design, construction, and testing criteria" and
Regulatory Position 6.0 "quality assurance" in Regulatory Guide 1.143.

Re~sense

Section 11.3.1 (g) of the FSAR has been modified to describe compliance
with Regulatory Guide 1. 143, including Positions 4 and 6.
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11.2 LI UID t'ASTE SYSTEM

11.2.1 DESIGN BASES

Radioactive liquid wastes which are discharged from thc p)ant are first
processed by the Liquid Baste Management System (LATHS).. The LATHS design
bases are as follows:

Thc discharge activity level. is in accordance with 10CFR20 criteria.
An eva)uat ion is provided in Subsection 11.2.3. Thc ana) ysis takes
into consideration norma) and design basis operations.*

b) Xhc principal design criteria for thc L't@lS is that it provides for
handling, of liquid wastes in such a manner as to meet the require-
ments of 10CFR20 and 10CFR50, Appendix

I')

The St. Lucie Unit. 2 Environmenta) Report (CP) in Amendment 7, dated
October 1975 and Amendment 8, dated June 1976 provides a detai)ed
eva)uation to show that the UiHS is capable of control).ing re)eases
of radioactive materia)s within the numerica) design objectives of
Appendix I to 10CFR50, A review of the plant design and site usage
characteristics reveal that no change has occurred which wou)d re«
quire a rc-evaluation (see Subsection 11.2.3). Amendmcnt 8 of the
ER (CP) also provides a cost benefit analysis in Subsection 10.7.8
which is st i1 l appl icable.

The estimated total Lhi)S releases are summarized in Table 11.2-1.
Assumed equipment decontamination factors arc shown in Table 11.2-2.
The concentration of radi'ologica) releases at the site boundary and
e comparison with 10CFR20 )imits for normal and design basis con-
ditions are shown in Tables 11,2-3 and 4, The RCS activities are
given in Section 11,1.

The individual component design parameters are given in. Tab)e
lle2«5e

The expected liquid borated waste inputs are described in Table
11.2-6 which gives the yearly inputs. Non-borated )iquid waste
inputs are shown in Table 11.2-7. The LM1S s designed to handle
both sets, of influents on a batch mode basis for f)exibi) ity of
operation. "Batching" a) ).ows the Lt:HS system to handle "surges"
in the influent rate, which may exceed the annual average f)ow rate.

ypsEV
cosmic an qua)ity group c sification of )~iud radwaste~c~

ponents nd piping meet exceed the guidgHnes of Regu) ry Guide
1.143 nd are provide in Table )1.2~5nd Section 3,2 A)). the
)ig xd radwaste sy cm components e located in ei cr the
Rfactor Bui) din or thc Reac r Auxi) iary Bui) 'hich are

6+Qne &C~~
/

+t'ote: "Des>gn" means 2700 H)rt and 1 percent failed fuel for source terms,
"hormal" means 2560 N t and NUREG 0017,April 1976, (Rl) source
t crms o

11. 2-1 Amendmcnt No. 4, (6/81)
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11.3 GASEOUS WASTE SYSTEM

llo3ol DESIGN BASES

Radioactive gaseous wastes which are to be discharged from the plant arc
first collected by the Gaseous Waste Management System (GWMS), The GWMS

design bases are as follows:

a) The principal design objective of the GWMS is to protect plant
personnel, the general public; and the environment by ensuring that
all releases of radioactive gases both in the plant and to the
environment are as low as is reasonably achievable (ALARA).

c)

The principal design criteria for the Gti'HS is that it provides for
the handling of the plant's gaseous wastes in such a manner as to
meet the requirements of 10CFR20 and 10CFR50, Appendix I.

k

The St Lucie Unit 2 Environmental Report (CP) in, Amendment 7, dated
October 1975 and Amendment 8 dated June )976 provides a dctai)ed
evaluation'o show that the GWMS is capable of contro) ling releases
of radioactive materials within the numerical design objective of
Appendix I to 10CFR50, A review of the plant design and site usage
characteristics reveals that no significant change has occurred
which would require a re-evaluation (see Subsection 11,3.3),
Amendment 8 of the ER (CP) also provides a cost benefit analysis in
Subsection 10.7.8 which is still applicable.

d) The estimated annual GWMS relea es are summarized in Tables ll~ 3"1
and 2. These arc based 'on the process points activities for the
GWMS, (see item (j)) specifica) ]y th'e inventories for the gas decay
tanks a'djusted to account for decay due to holdup, (The basis
for these activities are the Reactor Coolant System activities
given in Section 11 ~ 1 and releases from liquid tanks to the gas
collection header.)

e) The individual component design parameters are given in Table
11 e 3-3e

g)

The expected inputs to the GWHS are listed on Table 11.3-4, Surges
to the GWMS are handled by more rapid fi'lling of the gas decay
tanks. nrsc ~T
The seismic des' and quality g~rp c)assification~ the Gl"'iS and
the seismic sign classif ica+xon of the str'ucturd housing t~h" »MS
are done o meet or exceecL the guidelines o~fe~gulator ide 1,143

General design criteria 60 and 64 are met ~

Redundant compressors insure that at least one compressor is avail-
ab]e to keep the GWMS functioning properly, Multiple gas decay
tanks allow for sufficient flexibility so that one tank can be
filled while another is discharged and a third ho]ds up gas for
decay.

11.3-1 Amendment No. 4, (6/81)



g) The design, qual i ty assurance, construction and tes ting
criteria for the LkiIS meet or exceed the guidelines of Pegu-
latory Guide 1.143 particularly Position 1 (Systems Handling
Radioactive Vaterials in Liquids) Position 4 (Additional
Design, Construction and-Testing Criteria) and Position 6

(equality Assurance for Rad.vaste f/anagement Systems). Further-
more, the seismic design and quality group classification of
LllHS and the- seismic design classification of the structures
housing the Ll hS are done to meet or exceed the guidelines
of Regulatory Guide 1.143 and are described in Section 3.2
and in Table ll;3-3.

g) The design, quality assurance, construction and testing
criteria for the Gll)S meet or exceed the guidelines of Regu-
latory Guide 1.143 particularly Position 2 (Gaseous Rad:iaste
Systems) Position 4 (Additional Design, Construction and Testing
Criteria) and Position 6 (equality Assurance for Radvaste llanage-
ment Systems)..Furthermore, the seismic design and quality group
classification of the GHATS and the seismic design classification
of the structures housing the G':.'AS are done to meet or exceed
the guidelines of Regulatory Guide 1.143 and are described in
Section 3.2 and in Table 11.3-3.



Question No.

460.6
(11.3) In Table 9.4-16 of the FSAR you have taken an exception

to Regulatory Position 2.b in Regulatory Guide 1.140
exceeding 30,000 CFM air flow limit for the RAB Main
Exhaust and Containment Purge. State if you can generate
enough DOP to test 84,000 and 43,000 CFM air flows
in such quantity that the concentration downstream of
the HEPA filter is sufficient to test in accordance with
Regulatory Guide 1.140. It is also our position that a
shroud will be required in order to test the HEPA filters
and that the shroud be used such that the entire face of
the HEPA filter is ultimately tested.

Res onse:

The RAB Main Exhaust and Containment, Purge are designed
to be "In„place tested" as per ANSI-N510-1975 and ERDA-
76-21.. Provisions have been made for injection and
sampling connections. In order to be sure that enough
DOP will be generated a multiple discharge distributor
wil'1 be provided to introduce the agent through a shroud
to each filter element individually as per ERDA 76-21
paragraph 8.3.3.



Question No.

460. 7
(11. 3) In Table 9.4-16 of the FSAR, you have taken an

exception to Regulatory Position 3.1 of Regulatory
Guide 1.140 .stating that the dampers and balancing
dampers are designed and constructed in accordance
with the industry and manufacturers standards rather
than ANSI N-509 Section 5.9. Compare the differences
in design and construction of dampers between these
two standards.

Res onse: Table 9.4-16 of the FSAR states that:
"Dampers and balancing dampers are designed and

constructed in accordance with the industry and
manufacturer's standards" as required by ANSI-N509-
1976 paragraph 5.9.3.2 for construction class B

dampers. Ne consider that we comply with Regulatory
Guide 1.140 Rl position 31.

The valves utilized as shut off devices are designed
in accordance with ASME Section III and ANSI B31.1;
therefore we comply with the requirements of ANSI-N509-
1976 paragraph 5.9.3 for construction class A devices.

FSAR Table 9.4-16 has been revised to indicate compliance.



estion 460.8 In Section 11.4.1(c) of the FSAR you state that the
handling of the 'solid radwaste will be done while
maintaining the exposure level to plant personnel
with the permissible limits of 10 CFR 20. It is

. our position that the %PS design and operation
shall be in accordance with the guidelines of
Regulatory Guide 8.8 Rev 3.

Response: The solid waste management system design and operation
will be in accordance with the guidelines of Regulatory
Guide 8.8 Rev 3. The FSAR will be amended to reflect
compliance to the guidelines of Regulatory Guide 8.8
Rev 3





Question 460 ' In Section 11.4.1, (a), of the FSAR, you state that the
SWMS storage area is capable of providing sufficient
space to allow liners and drums to be temporarily stored
to allow decay prior to shipment offsite.

Xt is our position that the SWMS storage area for
temporary storage prior to shipment offsite should be
in accordance with Section III in Branch Technical Position
ETSB 11-3, Rev 1.

"Response: The drumming storage area will have sufficient storage
area to meet the storage area requirements of ESTB 11-3
Rev 1. The FSAR will be amended to indicate compliance
with the storage area requirements.of EQ 11-3 Rev 1.

II



Question 460.10 Xn Section 11,4.1,(e) of the FSAR you state that all
radioactive waste is packaged (including the shipping
container) in a manner which will allow shipment and
disposal in accordance with 49 CFR 170-179, 10 CFR 20
and 10 CFR 71. Shipment and disposal of packaged solid
radwaste should also be in accordance with applicable DOT

and state regulations.

Response: 49 CFR 170-179 are the DOT regulations covering the
shipment and disposal of radioactive wastes. The FSAR
will be amended to the following: "All radioactive
waste is package (including the shipping container) in
a manner which will allow shipment and disposal in
accordance with 49 CFR 170-179, 10 CFR 20, 10 CFR

71'nd

applicable state regulations.





+estion 460.11 In Section 11.4.1, (g) you state that the SUMS
is located in the Reactor Auxiliary Building, which
is a seismic Category I building.

State where the'contractor's mobile unit equipment wi11
be located while processing and packaging wet radioactive
wastes.

Response: The contractor's mobile solidiHcation unit will be
located in or adjacent to the drumming storage area
when processing and packaging wet radioactive wastes.



Question 460.12 In Section 11.4.2 of the FSAR, you describe radioactive
wet waste solidification process. It is our position
that the solidification process should be in accordance
with Process Control Program in Branch Technical Postion
EZSB 11-3, Rev 1

Response: The purchase order for the portable solidification system
will require that the Process Control Program be in
accordance with ETSB 11-3 Rev 1 and any exceptions must
be identified to and approved by FP&L. The FSAR will
be amended to reflect this.



Question 460.13 In Section 11.4.1 of the FSAR, you stated that Seismic
and quality group classification of the SWMS components
and piping meet or exceed the guidelines of Regulatory
Guide 1.143.

It is our position that the SWMS design also should be
in accordance with Regulatory Position 4.0 "the
additional design, construction, and testing criteria"
and Regulatory Position 6.0 "quality assurance" in
Regulatory Guide 1.143.

Response: Section 11.4 of the FSAR does not; at this time, make
any reference to Regulatory Guide 1.143. The permanently
installed equipment and piping is in accordance with
Regulatory Position 4.0 of Regulatory Guide 1.143 with
the following exception: nonconsumable backing rings
are used in the 3 inch line which transfers resin to
the portable solidification system. Quality assurance
requirements for the permanently installed equipment and
piping are in accordance with Regulatory Position 6 .0 with

exception of the dry waste compactor which is a
commerically procured item. The purchase order for
the portable solidification system will require that
the system comply with Regulatory Guide 1.143 and any
exceptions must be identified to and approved by FP&L.
The FSAR will be amended to reflect compliance with
Regulatory Guide 1.143 with exceptions as noted above.





Qxestion 460.14 In Section 11.4.2.4 of the FSAR, you describe the quality
assurance program for the SWMS design. It is our
position that the quality assurance program should be
in accordance with Regulatory Position c. (6) of
Regulatory Guide 1.143 (Rev. 1).

Response: +ality assurance requirements for the permanently installed
equipment and piping are in accordance with Regulatory
Position c (6) of Regulatory Guide 1.143 Rev 1 with the

'xceptionof the dry waste compactor which is a commerically
procured item. The purchase order for the portable
solidification system will require that the system comply-
with the quality assurance requirements of Regulatory ~

Guide 1.143 Rev 1 and any exceptions must be identified
to and approved by FP&L. The FSAR will be amended to
reflect compliance with the quality assurance requirements
of Regulatory Guide 1.143 Rev 1 with exceptions as noted
above.



Questions 460,75 In Tables 11.4-.1 and 11.4-3 of the FSAR, you indicated
the expected amounts of waste inputs and offsite ship-
ment of solidified waste. Review of the semi-annual-
reports from operating nuclear power plants through 1979
indicates that approximately 13,000 ft3/yr of solidified
wet waste would be expected from the primary system wet

, waste (concentrator bottoms and spent resin) and
approximately 10,000 ft /yr, of dry waste would be
expected from a 3400 MPt PWR. Discuss the process
capabilitv nf your SWRS to handle these quancxrxes of
waste at vt Lucie .2.

Response:
I

The inputs to the solidification system, Table 11.4-1,
is in the process of being revised and based on this input
data the solid waste outputs, Table ll;4-3 will also be
revised. The inputs will be shown to comprise a small
fraction of the solidification system capacity discussed
in Section 11.4 (Table 11.4-2 and Figure 11.4»1). Thiswill be demonstrated in a table similar to the one
attached. This table will also demonstrate that the
solid waste management system will be capable of processing
more than 13000ft /yr of solidified wet waste and 10,000 ft /yrof dry wastes





«C I'

SOLID WASTE MANAGBKNT PROCESS DATA

Solidification System Capabilities

Type of Waste

Output of
Solidified

Waste

Ft /YR

Process
Plow
Rate
GPM

System Output

Ft /YR

Fraction of
Process

Capacity Used

St Lucie No. 2 Design Basis

Spent Resins
Concentrator Bottoms

Filters

Total

Compressible Solids

Values Given b NRC

Solidified conc.

Dry Waste

* Per Table 11.4-3 of FSAR
I



+estion 460.16 In Table 11..4-3 of the FSAR, you estimated the quantities
of output from the SUMS are based on two volumes of wet
waste per volume of solidification agent. State the
solidification agent to be used at St. Lucie 2 and
provide operating solidification experience utilizing
the same agent and mixing ratio at any operating
nuclear power plants.

Response: Since the portable solidification vendor has not been
determined at this time, the solidification agent has
not been established. However, the solidification agent
willmost probably be cement, cement plus sodium silicate
or Doe binder. The ratio of wet waste to solidification
agent will depend on the type of wastes being solidified an
the type of solidification agent being used. This ratio
is included as part of the process parameters which are
included in the portable solidification vendor's Process
Control Program.



460.17 In Table 11.5-4 of the FSAR you indicate the capability of analyzing
radioactivity in gas decay tanks, gas surge tank, containment YV<-.>
header, volume control tank and flash tank vent. Describe the pro-'isions for monitoring radioactivity in these components. Include
a process flow diagram and/or PEID.

~Res onse

Table 11.5-4 (items 24 through 30) has been modified to further describe
the provisions for monitoring radioactivity in the subject components.
The gas analyzer is shown in the P&ID of Figure 11.2-S. A more detailed
drawing of the gas analyzer is shown in the attached PEID, which will
r eplace Figure 11.2-8.



SL2"FSAR

TABLE 11.5-4 (Cont'd)

toe at ton Basis for Selection Ex ected Concentration Sam lin Ftc uenc Sam le Anal sia

22) Fuel Pool ion Exchanger
1/2-FS-543,531

23) Fuel Pool Purification Filter
1/2"FS-531,525

24) Yolumc Conttol Tank - Gas Sample
a)

Cas Analyzer

25) MHS Flash Tank - gas samplea)
Cas analyzct

Determine DF performance of the
ion exchanger I

Determine performance of Filtet
efficiency

o

Analyze for potential explosive
mixture and radioactivity con-
centration

Analyze for potential explosive
mixture and radioactivity con-
centtation

Table 12.2-34

Table 12.2-34

~ 95I H2 +hen operating
95I N uhen shutdown

ha required

Honthly for radiation
levels; as required by
Mater quality measure-
ments of spent fuel pool

Meekly

hs required

Cross activity or Isotopic
ana lysis

Radiation surveys

H2, 02, N2 iso topic or
Gross Activity

H, 0 and isotopic2'

26) Holdup Tanks - gas sample a)
Cas Analyzer

27) Spent Resin Tank - gas sample
Cas Analyzer

28) Contningtent pent
gas Snmplc
Cas Analyzer

29) Cas Surge Tank-
Cas Analyzer

Hcadet

gas sample a)

30) Gas Decay Tank gaa sample a) .

Cas Analyzer

Analyze for potential explosive
mixture

Analyze for potential ex-
plosive mixture and radio-
activity concentration
Analyze for potential ex-
plosive mixture and radio-
activity concentration
Analyze for potential explosive
mixture and radioactivity con-
centration

Analyze for potential explosive
mixture and radioactivity con-
centration

95X H

4I 02

4I 0

4X 0

4I 02

Meekly

As recuired byoperdf ion

Meekly

Meekly

Meekly

H2 ~ 0

H2, 02

H ~ 0

H ~ 0

H2, 02

and isotopic I

and isotopic

scd isotopic i

and isotopic

a) The monitoring of radioactivity is accomplished by obtaining a-grab sample of the gas to be analyzed at the gas
analyzer. Provisions are provided on the gas analyzer to manually mount and dismount a grab sample bottle so thatit ca» be filled and then removed for laboratory analysis of its contents.
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Question No.
460.18
(11.5) In Table 11.5-5 of the FSAR, you list radiation

monitoring system provisions. Show the plant stack
monitor, the containment purge monitor, and the con-
tainment hydrogen purge monitor on appropriate P&IDs.

Res onse:

The various monitors will be described or located on
the appropriate attached P&IDs. Figures 9.4-5 and
9.4-8 show the plant stack radiation monitors.

Figure 12.3-13a shows the location of the CIAS
radiation monitors that are used for the containment
purge and hydrogen purge process monitors.

FSAR will be revised to include these changes.
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SL2-F SAR

TABLE lie5-5

RADIATIONMONITORING SYSTEM PROVISIONS

No. Process System Monitor Provisions
In Process In Effluent
Continuous ACF Continuous

Sample Provisions
In Process In Effluent

Grab Grab Continuous

1, Waste Gas Holdup System.

2 Condenser Evacuation
System

3i Vent & Stack Release
Pt. System

N

N

N

NT

NIT

4. Containment Purge Systems

V 5. Aux. Bldg. Ventilation
System

I

6i Puel Storage Area Vent
System<

7 ~ Radwaste Area Vent.
Systems

Gi Gx

N

(N)

(NI)

NT

(NT) . (I)

8

0

—.Si Turb. Gland Seal Cond.
Vent System

9. - Mechanical Vacuum Pump
Exhaust Hogging System

10. Evaporator Vent Systems

(N)

(N)

(NT)

(NT)

(NIT)



(I



'
~ ~

SL2 "FSAR

TNLE 11.5-5 (Cont'd)

Noi'rocess System

11're-Treatment Liquid
Radwaste Tank Vent Gas
Systems

Monitor Provisions
In Proce'ss In Effluent
Continuous ACF Continuous ~

(N)

Sample Provision
In Process In Effluent

~ Grab Grab Continuous

(NIT) (I)

12'lash Tank and Steam
Generator Blowdown
Vent Systems

13 'urbine Bldg. Vent.
Systems

N/A N/A . N'IA N/A , N/A

14 ~ Pressurized Boron
Recovery Vent Systems

(N) (N) (NT) .. (I)

ACF - Automatic Control Feature

N - Noble gas
radioactivity'ritium

radioactivity (carbon 14 analysis'in gaseous effluen'ts may.be considered)

Radioiodine radioactivites and radioactivity of materialq Xn particul'ate form and alpha emitters
—Gross radioactivity

The automatic control feature. is provided by the process continuous radi'ation monitor.

Monitored and Sampled by Unit 1 equipment

These provisions are required:only for syste'ms not monitored, sampled or analyzed
(as indicated) prior to release by downstream provisions

P@dc cb~ Mo~i 4 o c'i~q ~g >~ c-~

~ ~ ~

~ I

I~
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Question No.

460.19
(11.5) In Section 11.5.1 of the FSAR, you describe process

and effluent monitoring system design bases. It is
our position that the system design should also be
in accordance with the guidelines of Regulatory Guide
4.15, "Quality Assurance for Radiological Monitoring
Programs".

Response:

The design of the effluent monitoring. system pill
follow the recommendations of Regulatory Guide 4.15.
FSAR Subsection 11.5.1.2 will be revised to include
this.





t Question No.
'460.21
(ll.5) In Table 11.5-1 of the FSAR, you indicated effluent

radiation monitor ranges for the condenser evacuation,
the vent- stack, and the fuel handling building releases.
It is our position that these monitor ranges should be
in accordance with the requirements of NUREG 0737.

Res onse:

FSAR Sections 11.5 and 12.3 will be revised in Amendment
5 to incorporate the NUREG 0737 wide range effluent
monitors. A draft writeup was informally transmitted
to the NRC on July 21, 1981.





t Question No..
460.22
(10.4.8) In Section 10.4.8;5 of the FSAR, you describe the

SGBS instrumentation and controls for radiation
monitoring. Describe 'the provisions for monitoring
radioactive gases in the SGBS monitor tank vents
should primary to secondary system leakage occur.It is our position that all potential'pathways for
release of radioactive materials to the environment
should be monitored in'ccordance with General DesignCriteria 64.

Res onse:

The Steam Generator Blowdown Monitor Tank has a vent
that exhausts directly to the atmosphere. The operation
of this. tank will be within the guidelines of 10CFR50,
Appendix I, regarding the release from the vent. The
tank radioactivity will be monitored per the applicable
tech specs. In addition, upon high radiation in the
blowdown line, the tank can be isolated to prevent con-
tamination to accumulate.



Question No.

460.23
(6. 5) In Table 6.5-1 of the FSAR, you have taken an exception

to Regulatory Position 2.b in Regulatory Guide 1.52 de-
signing the ECCS Area Ventilation System without demister,prefilter or HEPA filter after charcoal'adsorbers.
Without prefilter, how much more do you anticipate re-
placement of HEPA filter. Provide an isometric sketch
showing any potential sources of moisture in the=.area,
distances from the filter, overhead location, and ex-
pected air velocities. State how you intent to monitor
a decrease in charcoal adsorbers pressure differential
and expected relative amounts of radioactivity in carbon
particles.

a. The only source of dust inside the ECCS Area is the
atmospheric dust, brought into the building with ventilationair. The supply air system has provision for a .prefilter.
Therefore there is no need to provide a prefilter in the
exhaust, system because it is already installed on the
supply system'as allowed per ERDA 76-21 paragraphs 2.3.3
and 2.3.4.

b. The velocity of the air coming into the filtration unit,is 2500 FPM. Due to the increase in duct cross sectional
area, the velocity into the unit is reduced from 2500
FPM to 700 FPM. The duct is coming from elev -0.50'o43.00'ia 19.5'. Considering the changes in air
direction and the reduction in the air velocity, what-
ever moisture is carried over is separated before theair stream reaches the HEPA filter. A maximum relative
humidity expected in the area in case of postulated pipe
break will not exceed 73.5%.

For each postulated pipe break case in this area of the
RAB, we do not require the service of the ESF filtration
unit to mitigate the consequences of this particular
accident.

c. A combination of differential pressure transmitter-
recorder across the charcoal adsorber (loop accuracy is
given in Table 7.5-1) and radiation monitor with a high
alarm in the Control Room installed downstream of thefiltration unit (set point and accuracy given in Table
11.5-1) will monitor the differential pressure across
the charcoal adsorber and the amounts of radioactivity.



Question No.

Additional NRC Question verbally transmitted in
June 19, 1981 Meeting: What is the charcoal
efficiency criterion? WSES 3 has identified
compliance with gg% criterion. Who is the supplier
of charcoal tested (588 FS>g, oage 6.5-17) for
SL-2?

Res onse:
CVI Corp., the supplier of the charcoal adsorber
indicate's that the new charcoal adsorber which they
are going to supply will meet the requirements of
Reg. Guide 1.52 Rev. 2 .(Charcoal adsorber efficiencywill be minimum 99%). Table 6.5-1 will be revised
to reflect this change.



082 6W-1

estion No.

220.1 Table 3.3-1 lists the Auxiliary Building as being designed for a
tornado velocity of 300 mph while the other buildings are designed
for 360 mph. The Containment Shield Building is omitted from this
table. Subsection 3.3.2.2 states the Shield Building is designed
for 300 mph Correct Table 3.3-1 to reflect your actual design
velocities- Justify in detail why the velocity of 300 mph is used
instead of 360 mph. Submit your supporting calculations.

Response

FSAR Table 3.3-1 has been revised to include the hurricane and
tornado wind speeds used in the design of the Shield Building and
Condensate Storage Tank Building. The external pressure
coefficients for these dome-cylinder structures are given on
Figures 3.3-1 and 3.3-2, respectively.

The 300 mph average combined tangential velocity and translational
velocity tornado design and wind speed specified for the Shield
Building and Reactor Auxiliary Building was based upon
consideration of the horizontal dimensions of those structures and
wind speed ban widths and conclusions presented in FSAR Section
3.3 References 3 and 4.

The .tornado design wind speeds specified for the structures are
considered conservative since the tangential velocity versus
height above ground is held constant at the maximum average
values'ased upon data presented in References 3 and 4, the
tpngential velocity reduces substantially close to the ground and,
in particular, in the height range of St Lucie Unit 2 structures'



0826M-2

Question No-

220 2 Provide your bas1s and method of calculations to 'support the
Pressure differential in the Diesel Generator Building of 2.25
psi. If venting is considered in any other building provide
method of computing differential

pressures'esponse

The pressure differential value of 2.25 psi, used in the design of
the Diesel Generator Building for St Lucie Unit 2, was established
during St Lucie Unit l design and accepted by the NBC during Unit
l operating license review. Based upon the large ventilation and

cooling openings in the exterior walls, the reduced differential
pressure was considered a conservative assumed design value; no
calcula tions were per formed to determine tha t value. Each o f the
two equipment hous1ng compartments within the Diesel Generator
Bu1lding contains approximately 49,200 cu ft of'air volume (before
deducting equ1pment volume) and each compartment has approximately
618 sq ft of available ventilation area after deducting wire
screen area. Venting 1s not considered in any other structure.

. 220.2-1 Amendment No, 5, (8/81)



0826M-3

estion No.

220-3 You stated in Subsection 3.5.3.1.1 that the modified Petry Formula
was used to evaluate the concrete for missile protection.

The'urrentrequirement for computing required concrete wall
thickneses is the NDRC Formula. Submit a table showing the
required wall thicknesses compared with the actual wall and roof
thicknesses for all Category I structures, based on the NDRC

Formula.

Response

FSAR Table 3.5-11 lists ro'of and exterior wall thicknesses for all
Category I concrete structures. The attached table summarizes
design values obtained. by use of the NDRC Formula for missile
penetration (x), thickness required to prevent scabbing (s) and
the maximum thickness of concrete which a missile will completely
penetrate (e) ~ Please note that the NDRC Formula is only
applicable to hard missiles and not the soft missiles; i.e., the
automobile and wood missiles.

220. 3-1 Amendment No. 5, (8/81)
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TABLE 220 3-1

TORNADO HISSILE IMPACTIVE ANALYSIS

Penetration of Concrete for Design Base Spectrum of Tornado Missiles
Using Hodified National Defense Research Committee Formula (NRDC)

Missile
No. Missil'e

W h
2

~lb) ~in. )

d Vo

~)n. ) ~fels en

x x e s e
d id d

Required
Concrete

s Thickness
1 25 S

~in. ~in )-

Actus I
Minimum
Concrete
'Ihickness

for Remarks

1 4" x 12" Plank
12'ong

2 1" dia x
3'teelRod

SNO

48.0 322

ON785 1 0 163 ln58 ln58 3o28 4o27 3n28 4 '7 5n34

Wall or
Roof Slab
of hll
Class I
Structures
(in. )

Soft++
Missile

6" dia Sch 40
x 15'ipe
12" dia Sch 40
x 15'ipe

284o5

743o4

5o58

14.6

2n 67 116

4n31 116

4n69 1.76 3.50 4.51 9e35 12.05 15o06

6.27 1.45 3.12 4.09 13.44 17 '3 22.04 > 24" Critical
Case

ls)

c)
ls) 5

l
lel

13.5" dia x 35',497
long Wooden
Utility Pole

143.0 153 Soft**
Missile

hu tomobile 4,000 ',880 84 Sof t*
His sile

2" x 4" Plank
10'Nong

27.8 8.0 403 Sof t**
Missile

22.04"< 24" minimum vali or roof slab concrete thickness'

o

0

* Missile does not penetrate based on ASCE Reference Page 6-28

** NRDC Formula is not applicable based on ASCE Reference Page 6"41

References - Design Based Spectrum of Tornado Missiles Table 3.5-10 SL2-FSAR
Tornado Hissile Concrete Barrier Minimum 'thickness Table 3.5-11 SL2-FSAR
ASCE "Hanual of Standard Practices for Design of Nuclear Pover Plant Facilities"

Chapter 6

CO

CO
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Question No.

220.4 In Subsection 3.4.1 you stated that polyvinyl chloride (PVC) water
stops were used in the construction points. When PVC is exposed
to radiation it converts into hydrochloric acid which will attack
the concrete. Show that the water stops will not be degraded by
radia tion.

Response

FSAR Subsection 3.4.1 addresses flood penetration provided for
design flood water level. The flood penetration provided on and

within exterior walls of seismic Category I structures with
basements (Reactor Building and Reactor Auxiliary Building),
consists of waterproofing membranes and polyvinyl chloride (PVC)
water stops, respectively. Radiation levels at exterior walls of
those buildings are well below the levels which PVC can tolerate
without appreciable damage (5 x 105 rads) and the level at which
corrosive gases could be liberated (approximately 106 — 107

rads based upon the behavior of similar compounds)

The only area on St Lucie No. 2 where radiation levels could be

high enough to cause damage to PVC water stops was within the
Shield Building Steel Containment Structure. Rubber water stops
were specified for use in construction )oints below EL 23 within
the Steel Containment Structure. Rubber has a threshold to damage

above 2 x 10 rads and does not liberate gases until very high
radiation levels are reached (above 108 rads) which is
considerably above the maximum radiation levels predictable for
the plant.

220,4-1 Amendment No, 5, (8/81)
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Question No.

220.5 On Page 3.5-24 you stated the maximum thickness of concrete
barriers is two feet. What is the maximum thickness provided and
show that this is enough to stop the potential missile using the
NDRC Formula.

Response

Page 3.5-24 incorrectly stated the maximum thickenss of concrete
barriers is two feet. The page has been corrected to read "the
minimum thickness.....etc." Refer to response to Question 220.3
for discussion of required concrete wall thicknesses based upon
the NDRC Formula.

220 ~ 5-1 Amendment No. 5, (8/81)
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Question No.

220. 6 Describe your procedure used to predict thicknesses which prevent
spalling or scabbing of concrete barriers and generation of
secondary missiles.

Response

The procedure used to prevent the generation of secondary missiles
by spalling was to provide a minimum concrete thickness of two

feet, and to check that the calculated missile penetration depths
calculated with the Petal formula, were less than half the wall
thickness'eepest penetration for steel missile (1" dia x

3'teelrod) was calculated to be 3.13 in. and the deepest
penetration for a wood missile (2" x 4" plant 10" long) was 5.10
inches. The FSAR references tests which show that wood missile
splinter into pieces without causing any local damage for concrete
barrier thicknesses of 12 inches or more. Therefore, the steel
rod should penetrate the deepest of all the missiles. The ratio
of 2 ft. eall thickness to maximum depth of penetration would be
7.6.7.

~ NOTE: The calculation results, presented on the table in response to
'Question 220.3, indicate that the 24 inch minimum thickenss of
concrete walls and roof slabs is more than the 1.25s minimum
requirement to prevent spalling as calculated with the NDRC

Formula.

220.6-1 Amendment No. 5, (8/81)
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estion No.

220. 7 -Provide label on ordinate of Figure 3.7-5 ~

~Res onse

Figure 3.7-5 has been revised by adding references to obtain
ordinate values.

220 ~ 7-1 Amendment No. 5, (8/81)
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estion No.

220.8{3.7.1)'tate where the design time history is applied to the mathematical
model relative to the finished grade. If deconvolution procedures
are used, describe these procedures and furnish the response
spectra. computed for the input to the math models shown on Figures
3.7-30 thru'.7-51

'Resonse

The design time history is applied at the foundation level of
Category I structures in the free field. Deconvolution procedures
are not

used'20.

8-1 Amendment No. 5, (8/81)
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Question No.

220. 9
(3.7.1)

Some of the response spectra po'ints computed for the artificial
time histories fall below the design response spectra. Show that
no more than 5 points fall. more than 10 percent below the design
spectra for each damping value.

~Res ense

Comparisons between the response spectra points computed from the
artificial time histories and the design response spectra
suggested in R.G. 1.60 has been done. Both horizontal and
vertical time histories are considered. The spectra values are
generated at 1/2 percent, 2 percent, 5 percent, 7 percent and 10
percent damping, as'suggested in R.G. 1.60. The frequency
intervals used are that suggested in SRP Table 3-7.1-1 ~ Results
show that only for the 1/2 percent damping curve more than 5
points (out of 75 points) fall more than 10 percent below the
design spectra curve. However, for St Lucie Unit 2, the lowest
damping valve specified is 1 percent {for steel piping) so the
case of 1/2 percent damping has no effect on the seismic
analysis. Moreover, the lowest frequency value for St Lucie Unit
2 is 1.22 cycles per second (SL2-FSAR-Table 3.7-18, Reactor
Building), therefore, points falling below design spectra for
frequencies less tha'n 1.22 HZ do not affect the results'f seismic
analysis. For the other points, the design spectra for the time
histories show substantial higher values than the R.G. 1.60 design
spectra. Thus the positive values should compensate the effects,if any, of the negative values and insure a conservative design.

)
5

In summary, the 1/2 percent damping curve is not used for any
design purpose on St Lucie Unit 2 and the remaining response
spectra curves meet the criteria of no more than 5 points falling
more than 10 percent below the design spectra.

220.9-1 Amendment No. 5., (8/81)
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estion No.

220. 10
(3.7. 2)

Your seismic models include provisions for structural torsion
however, the soil springs do not include a torsional component.
Describe how you account for the torsion at the foundation soil
interface.

Response

Two dimensional seismic models are used for analyzing the Category
I structures, since the Category I structures are supported
independently and the geometries of the structures are largely
symmetrical. In the two dimensional models, torsional degrees of
freedom of mass points are considered as fixed conditions'or
the soil springs, the torsional component is also fixed but may be

visualized to have a spring with very large torsional spring
constant. Original analysis of Waterford No'. 3 also utilized two
dimensional models without torsional degrees of freedom. In
response to NRC questions, a new three-dimensional model with
torsional degrees of freedom and torsional sail spring was
developed.. 1he accelerations obtained from the new model (with
torsional degrees of freedom) compared to those of the original
two-dimensional model are smaller.

220.10-1 Amendment No. 5, (8/81)
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Node

EW EARTHQUAKE

TABLE 220.10-1

NATURAL FREQUENCIES IN CYCLES PER SECOND (CPS)

N-S EARTHQUAKE

Neo

G 6,400 PSI

Without 'Mith Ebasce
Torsion Torsion »T»snfo

G sn 16,050 PSI

Without With Ebasco
Torsion Torsion »T»solo

G no 6,400 PSI

Without Mich Ebasco
Torsion Torsion OT nro

G n» 16,050 PSI

Mithout With Ebasco
Torsion Torsion »T»snin

1 1.091

2 2.445

3 4.562

lo 086

l. 684

lo 079

2.473

2»450 4.540

6 1lo 975

7 12»154

6.529 ll»149

7»626 ll»987

8 14.874 11.464 14.241

9 20.438

10 21» 640

12»004 16. 567

13»113 17»924

4 7 535 4.545 7»487

5 10.936 4»678 9»183

1. 706 1. 700 1. 68

3.334 2.620 3.35

5 248 3» 363 5» 22

7 571 4.684 7.51

10.965 5.184 9.10

11.982 6»587 11.12

12»155 7»696 ll»99

15.046 ll»471 14»37

20. 464 12» 009 16» 46

21'640 13»176 17»84

1. 087 1.086 " 1»08

2.468 l»815 2.51

4.275 2 468 4 26

7»475 4 '65 7.43

10.254 4»680 8»40

10.807 . 6.741 9»72

12.125 7» 511 12» 07

14» 914 10»054 14»16

19.270 10.826 15.16

21.637 12.105 17 '4

1»702 1.700 - l»68

3.410 2.833 3.42

4.883 3.410 4.86

7.491 4 701 7 42

10.284. 4.860 8.01

10» 863 = 6 797 9 ~ 81

12»129 7» 539 12.07

14» 940 10» 083 13» 77

19.303 10.877 14.74

21.638 12»108 17.20

0

Co
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TABLE 220.10-2

COMPARISON OF ACCELERATION OF DYNAMIC ANALYSIS

WITH AND WITHOUT TORSIONAL DECREE OF FREEDOM

SOIL SHEAR MODULUS C 6400 PSIo SSE> SPECTRUM METHODS 5Z DAMPING

E - W DIRECTION
STARDYNE - 3 EBASCO

DYNAMIC 2037

N - S DIRECTION
STARDYNE - 3 EBASCO

DYNAMIC 2037

MASS
NO+

CASE -I+ CASE - II+* DIFF
X

CASE I* CASE I* CASE II+* DIFF
X

1
2
3
4
5
6
7

8
9

10
11
12
13
14
15
16
17
18
19
20
21

0. 278
0.257
2+240
0.226
0.211
0.194
0.178'.167

0.156
0.148
0.141
0.234
0.223
Oo 211
0. 200
0.190
0.180
0.170
0.161
0.153
Oo146

0.272
0.251
0+234
0.220
Oo205
0. 188
0.172
0.161
0.150
0.143
Ool37
0.228
0.217
0.205
0.195
0.184
0.174
0.165
0.156
0+148
0.141

2 ~ 2
2 ~ 3
2 ~ 5

-2.7
-2.8
-3.1
-3.4
-3.6
-3 '
-3.4
-2 '
-2.6
-2.7
-2.8
-2. 5

302
3 ~ 3

-2+9
-3.1 ~

303
-3o4

0. 287
0 '63
0.246
0.230
0.214
0.195
0.178
0.165
0.153
0.145
0.139
0.239
0.226
0.214
0.202
0.191
0.180
0.169
0.160
0.151
0.143

0. 231
0.218
0.208
0.199
0.190
0.179
0-169
0.162
0.154
0 ~ 149
0.144
0.200
0.194
0.187
0.180
0.174
0.168
0.162
Oe1 57
0.152
0.147

0.231
0.217
0.207
Oo198
0+189
0.179
0.169
0.161
0.154
0.148
0.144
0.200
0.193
0.186
0.180
0.174
0.168
0.162
0.156
0.151
Ool46

0
W.5
W.5
W.5
%.5

0
0

W.6
0

&.7
0
0

<.5
<.5

0
0
0
0

W.6
%.7
Oe7

R * Without torsional degree of freedom
n**With torsional degree of freedom

o
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TABLE 220.10"2 (Cont'd)

E - N DIRECTION
E AC

DYNAMIC 2037

= N - S DIRECTION
YNE- EBASC

DYNAMIC 2037

MASS

NO+

CASE -I* CASE - II"* DIPP
x

CASE I* CASE I* CASE IIa* DIPP
X

22
23
24
25
26
27
28
29
30
31
32
35
36
39

0.167
0.164
0.167
0+157
0.153
0.148
0.145
0.179
0.161
0 153
Owl'45

0+171
0.163
Ool37

0 161
0.159
0.156
0.152
0.148
0.143
0.140
0.164
0.147
0.154
0.149
0.180
0.170
0.135

-3.6
-3.1
-3.7

3 ' 2
30 3

-3.4
-3 '
-8.4
-8.7
W.7
+2. 8
+5.3
+4.3
-105

0.166
0. 163
0.160
0.156
0.151
0.146
0.142
0.179

, 0.160
0.151
0.144
Oo 172
0.162
0.134

0.160
0.158
0.156
0.154
0.152
0.148
0.146
0.169
0.158
0.152
0.147
0 164
0.158
0.141

0.159
0.158
0.156
0.154
0.151
0.148
0 146
0.169
0.157
00151
0.148
0.164
0.159
0+140

W.6
0
0 ~

0
%.7

0
0
0

&+6
007

&e7 .

0
K.6

Oo 7

~* Without torsional degree of freedon
gee Nith toreional degree of freedon

n

0

00

CO
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TABLE 220.10-3

COMPARISON OF ACCELERATION OF DYNAMIC ANALYSIS

MITH AND WITHOUT TORSIONAL DEGREE OF FREEDOM

SOIL SHEAR MODULUS G 6400 PSI, SSE, SPECTRUM METHOD, 5Z DAMPING

E —N DIRECTION
STARDYNE - 3 EBASCO

DYNAMIC 2037

N - S DIRECTION
STARDYNE - 3 EBASCO

DYNAMIC'037

MASS

NOo

CASE -I+ CASE - Ils* DIFF
X

CASE I* CASE I* CASE IIs* DIFF
X

1
2
3
4
5
6

O

8
9

10ll
12
13
14
15
16
17
18
19
20
21

0.492
0.453
0.423
0.395
0.367
0.333

'0.299
0.275
0.250
0+232
0.216
0.356
0.341
0.325
0.310
0.295
0.280
0.265
0.251
0.237
0+223

0.479
0.440
0.411
0.384
0.356
0.322
0.290
0.266
0.242
0.224
0.209
0.344
0.330
0+315
0.300
0+286
0.271
0.257
0.243
0.229
0.217

"2.6
-2.9
-2.8
-2.8
-3.0

303
-3 '

3 '
30 2

-3.5
3 ~ 2

-3.4
3 ~ 2

-3 1
30 2

-3.1
3 ~ 2

-3 0
-3 ~ 2
-3.4

2 '

0.430
0.401
0.379
0.358
0+337
0.311
0.286
0.268
0.249
0.234
0.222
0.312
0.303
0.293
0.284
0-274
0.265
0.255
0+245
0.236
0.226

0.429
0.399
0.377
0.357
0.336
0.310
0.285
0. 266
0.248
0 233
0.221
0.311
0.301
0.292
0.282
0.273
0.264
0.254
0.244
0.235
0.226

W.2
&.5
%.5
W.3

00 3
-0. 3

00 3
<.8
W.4
W.4
0+5
00 3
00 7
00 3

%.7
o4

W.4
<.4
<.4
<.4

0

lo8

y* Nithout torsional degree of freedom
*a Nith torsional degree of freedoa

0

00

00
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TABLE 220.10-3 (Cont'd)

STARDYNE-
E —W DIRECTION

EBASCO
DYNAMIC 2037

N - S DIRECTION
STARDYNE- 'BASCO

DYNAMIC 2037

MASS

NOe

ASE -I* CASE - II** DIFF
x

CASE I* CASE I* CASE II** DIFF
x.

CASE 1*

22 . 0.259
23 0+255
24 0.251
25 0+244
26 0.236
27 0.228
28 0. 221
29 0.277
30 0.251
31 0+238
32 0.224
35 Oe 268
36 0.254
39 , 0.206

O

0.250
0.246
0.243
0.236
0+229
0.220
0.214
0.254
0. 229
00239
0.228
0.282
0.267
0+203

-3. 5
-3.5

3 ~ 2
3 ~ 3

-3.0
-3.5

3 ~ 2
-8.3
-8.8
+0+4
+1.8
+5+2
+5.1
-le5

0. 248
0.246
0.243
0.239
0.235
0+229
0.225
0.268
0.248
0.238
0.228
0.259
0.250
0.215

0.247
0.245
0.242
0.238
0.234
0.228
0.224
0.267
0.247
0. 236
0.229
0 262
0.252
0.213

4
W.4
<.4
W.4
W.4
W.4
W.4
<o4
<.4
<o8
K 4

+1 ~ 2
Ka8
W.9

Mithout torsional deSree of freedorL
~*a Neth torsional de8ree of freedon

o

co

00
I
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Question No.

220.11
/

In Table 3.7-24 the maximum moment at mass points .20, 22, 23 and
24 show smaller values for" the time-history method than for the .

response spectra method. Explain these differences since the.
time-history method is expected to yield a larger response than
the response spectra method. This situation exists for other
structures shown in other tables.

Response

Table 3.7-24 has been revised to reflect correct values for
maximum moments at mass points 20 and 22 for time-history method.
These values are higher than response spectra method as
anticipated'aximum moments at mass points 23 and 24 are
negligibly higher for response spectra method than time-history
method and could be attributed to the conservatism used in reading
acceleration values from ground response spectra.and/or due to
slightly different models used in two different methods.

220.11-1 Amendment No. 5, (8/81)
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Question No.

220.12 The natural frequency of 70.36 shown in Table 3.7-18 for ES 40
ksi, EW direction, Mode 1, is in error. What is the correct
frequency 7

Response

The correct frequency is 1.36. Table 3.7-18 has been

corrected'20.12-1

Amendment No 5, (8/81)
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Question No.

220.13 Outline the method used to account for differential structural
movement during an earthquake for piping that is supported by
different seismic Category I structures.

Response

I For piping that is supported by two buildings on a common mat
or two structures within the same building, the relative
seismic displacements between interface support/restraints are
derived by taking the square root of the sum of the squares,
(SRSS) of each relative seismic displacement towards the
common reference. The common reference can either be the
common mat or the structure base which is considered as
anchorage in the analytical model of the structure.

2. For piping that is supported by two buildings on separate
mats, the relative seismic displacements between interface
support/restraints, in general, are derived from the
combination of co-directional maximum absolute seismic
displacement of the two buildings at the supporting elevation
by square root of the sum of the square (SRSS) methods If the
interface support/restra1nts at both buildings are located
near the ground level or the two adjacent buildings have
similar base response, the larger of the two max1mum absolute
seismic displacements may be considered as the maximum
relative seismic displacement between the interface
support/restraints.

3. All the maximum relative seismic displacement are placed at
the interface anchorage such as the penetration connect1ons of
the Reactor Steel Conta1nment Uessel in the seismic
displacemen't analysis. The'eismic displacement analysis are
at first performed for each of the three orthogonal direct1ons
independently. Then the result data are combined by SRSS
method.

220. 13-1 Amendment No, 5, (8/81)
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Question No.

220.14 Describe the method used to analyze the Turbine Building for
seismic motion. 'I

Re sponse

Although the Turbine Building is a nonseismic building, we have
taken into account the equivalent static "g" loads in the stress
analysis of the Turbine Building Framing.

, The seismic required design "g" values for the Turbine Building
structure evaluation were obtained from the dynamic seismic
response analysis using a simplified model to represent the
dynamic behavior of the Turbine Building structure.

220.14-1 Amendment No. 5, (8/81)
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Question No-

220. 15 Describe your criteria for system/subsystem decoupling. Standard
Review Plan 3.7.2 contains an acceptable criteria.

~Res ossa

For the reactor building in particular, studies using seismic
models with and without subsystem are made to ensure the coupling
effect is minimal. Models with major equipment (such as steam
generators and reactor vessel) and the supporting structure (i.e.,

~ the internal structure) modeled separately and modeled together
are constructed and the Computer Code STARDYNE is employed.
Dynamic responses such as frequencies, accelerations, and response
spectra are compared. The differences are found negligible.

220 ~ 15-1 Amendment No 5, (8/81)
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estion No.

220.16
(3.7.3)

The comparison points in Table 3.7-38, sample problem 2 do not
match. Show other point comparisons for each problems and show
points where difference between methods is a maximum.

Response

Because of the difference in the consideratio'n of load
distribution between static and dynamic analyses, the maximum
computer stress will not always appear at the same point.
However, with the consideration in the procedure delineated in
Subsection 3-7.3.l.lb, the maximum computed stress will be
higher for the "Modified Equivalent Static Load" method which is
a frequency based static analysis.

The original calculations for the three sample problems were
'erformed on the basis of a flat response spectra'of 1 Og

acceleration. For an actual response spectra generated from
ordinary structure, the response values beyond the resonant
region usually decay rapidly. This is evidently demonstrated on
the attached Figures 220.16-1 thru 220.16-3. 'the three sample
problems have been recalculated for both flat response spectra
and this more realistic response spectra using combination
methods of NRC Regulatory Guide 1.92 Rev 1 and ASME Code Summer
1973 version for Code Class 2 6 3 piping ~

The attached tables represent a comparison of pipe stresses
computed by both "Modified Equivalent Static Load Method" and
the mode response spectra analysis. Table 220.16-1 is the
result based on a flat response spectra of 1.0g acceleration.
Table 220.16-2 is the result based on the enveloped response on
Figures 220.16-1 thru 220.16-3. In all cases, the maximum

'omputed stress is higher for the frequency based static
analysis. As it is shown in Table 220.16-2 this is even more
evidential in the comparison based on a real response spectra.

It is worth to mention that while the sample problems 2 & 3 were
arbitrarily picked from actual piping systems, the sample
problem 81 does not reflect any normal restrained piping
system. It was pu'rposely modeled and restrained to exemplify
the possible dynamic response of the piping'n general
practice, the restraints are placed near the valves, corners and
offsets as much as possible.

220. 16-1 Amendment No. 5, (8/81) '
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TABLE 220. 16-1

HIGH STRESS
base on at

COM PARISON

g response

Sample Problem 1
(Fig. 3.7-254)

Point No. Seismic Stress (PSI)
Static Dynamic

Difference

16
14
18

1
4

15
30
29

13083
8371
7355
6260
5525
4422
1969
1964

7304
5559
4789
4921
4386
3743
5572
5566

5779*
2812
2566
1339
1139

679
-3603
-3602

Sample Problem 2

(Fig. 3.7-255)
(Fig. 3.7-256)

Point No. Seismic Stress (PSI)
Static namic

Difference

25
31 ~

19
28
21
17

5
13
36
32

8755
82.91
8002
7733
6732
6708
6337
6008
2663
1544

7031
5112
5026
6521
5293
4143
5385
4699
3505
2389

1724
3179*
2976
1212
1439
2565

952
1309
-842
"845

Sample Problem 3
(fig. 3. 7-257)

Point No. Seismic Stress (PSI)
Static Dynamic

Difference

2
27

8
4
3
1

2501
5

100

8179
6577
6553
6317
6174
5428
5198
5169
1357

5717
4708
4459
5180
4734
4008
4091
3723
2054

2462*
1869
2094
1137
1440
1420
1107
1446
-697

+ greatest difference

220 '6-2 Amendment No. 5, (8/81)
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TABLE 220. 16-2

Sample Problem 1
(Pig. 3. 7-254)

HIGH STRESS COMPARISON
based on floor response spectra

Point No. Seismic Stress (PSI)
Static namic

Difference

Sample Problem 2
(Fig. 3.7-255)
(Pig. 3.7-256

16
18

1
14
15

4
30
29 ~

6853
3645
3226
3152
2647
2384

711
709

1634
1087
1936
1502

644
1524
1322
1320

5219*
2558
1290
1650
2003
860

-611
-611

Point No. Seismic Stress (PSI)
Static Dynamic

Difference

Sample Problem 3
(Fig. 3. 7-257)

31
19
17
21

5
13
12
30

3894
3673
3649
3165
3042
2983
2784
2745

1315
1315
101 0
1236
1330
1101
1055
1005

2597
2358
2639*
1929
1712
1882
1729
1'740

Point No Seismic Stress (PSI)
Static Dynamic

Difference

27
1

13
2
4

20
8

3

3289
3029
2804
4212
3162
2615
3286
3139

1134
1324
1100
2518
1510

991
2055
2088

2155*
1705
1704
1694
1652
1624
1231
1051

* greatest difference

220.16-3 Amendment No. 5, {8/81)
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Question No.

220.17 In Subsection 3.7.3.9, Item C, you used the words "significant
support displacement." Define the threshold of significant and
the basis for this lower bound if a lower bound is used.

~Res onse

~ All the relative seismic displacement between restraint/support
points which may contribute an estimated bending stress more than
five percent of the code allowable stress limit are considered to
be significant.

220 ~ 17-1 Amendment No. 5, (8/81)
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Question No.

220.18 In Subsection 3.7.3.3 you stated sufficient mass points will be
included in the model and- sufficient dynamic modes computed.
Define "sufficient" for number of mass points and dynamic modes.

~Res onse
0

If the mass points and corresponding dynamic degrees of freedom
are distributed to provide for appropriate representation of the
dynamic characteristics of the subsystem, then it is considered to
be sufficient. As indicated in Subsection 3.7.3.l.l.a, the
maximum spacing. of the mass points may not exceed one half the
distance for which the frequency of a simply supported beam would
be 20 Hz. The criteri'on for sufficiency in number of dynamic
modes is that the inclusion of additional modes does not result in
more than a 10 percent increase in responses. In general, this
can be satisfied by including all the dynamic modes belo~ 33 H ,if the highest mode calculated by 33 Hz has already fallen into
the flat rigid response region of the corresponding response
spectra, the effect of the remaining high modes are taken care of
by adding the dynamic analysis result with an equivalent static
solution in SRSS summation.

220.18-1 Amendment No. 5, (8/81)
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Question No.

220.19 In Subsection 3.7.3-4 what is your criteria for moving the
frequency of the subsystems with'espect to the supporting system?

Response

The subsystems in general, are designed or restrained to be in the
rigid region to avoid resonance with the supporting system. If
the first mode period of the piping is more than 70 percent of the
first mode period of the structure, a multimode response analysis.
is performed. If the first mode period of the piping is 70

percent or less of the first mode period of the structures, the
procedures as outlined in Subsection 3.7.3.1.l.b and c are
followed as an alternative of analysis approach.

220.19-1 Amendment No. 5, (8/81)
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t Question No.
1

220.20 Your modal response combination procedure (Subsection 3.7.3.7)
uses only SRSS and omit consideration, of closely spaced modes.
Use Regulatory Guide 1.92 for combining modes that are closely
spaced and correct the appropriate loads.

Response

The consideration of closely spaced modes for subsystems are
stated in Subsections 3.7.3.7.1, 3.7.3.7.2, 3.7.3.l.l.a,4 and
"3.7-3.1.2.3.d.b following Regulatory Guide 1.92 for combining
modes that are closely spaced.

220.20-1 Amendment'o. 5, (8/8i)
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Question No.
1

220.21 Your procedure in Subsection 3.7.3.1.l.a, l(b) for determining
piping support locations is unnecessarily complicated. State the
frequency you intend to use for support spacing.

~Res onsa

Subsection 3.7.3.l.l.a.l.(b) addresses to mass spacing not
restraint spacing. As it is stated in the response to Question
220.18, the mass points are distributed,to provide for appropriate
representation of the dynamic characteristic of the piping
system. The maximum spacing between mass points are limited so as
to provide fair mode shape for all the significant modes.

220. 21-1. Amendment No, 5, (8/81)
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uestion No.

220.22 Your description of the method for analyzing the buried
(3.7.3.12) seismic Category I piping and tunnels is very sketchy. Provide a

more detailed procedure and copies of calculations including any
referenced material.

" Response

Procedure and calculation will be provided to the NRC via
Amendment 6 to the FSAR to be issued August 31, 1981.

220. 22-1 Amendment No.„5, (8/81)
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Question No.

220.23 What method is used to determine the composite damping for the
reactor vessel and the primary loop system.

~Res onse

As illustrated in Subsection 3.7.3.1.2.1, uniform modal damping is
used. We note that one percent damping is'tilized for OBE and
two percent damping is utilized for SSE.

220,23-1 Amendment No, 5, (8/81)
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Question No ~

220.24 Provide a comparison of results of Unit 1 seismic analysis to the
results of Uni't 2 analysis to support your conclusion this site is
a "Multi-unit site" addressed by Regulatory Guide 1.12 'I

~Res onse

The St ~ Lucie Unit 2 structural designs are essentially the same
as those of Unit 1, hence the seismic responses expected to be
experienced in the St ~ Lucie Unit 2 plant are similiar to those of
Unit 1 plant ~ Using identical seismic inputs, a seismic response
analysis of the structures comprising St. Lucie Units 1 and 2
would demonstrate identical effects for both units.

220 '4-1 Amendment No. 5, (8/81)
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estion No.

220. 25
(3.5)

The ductility relationships for reinforced concrete beams and
slabs are larger than those acceptable to the staff. Re-evaluate
your concrete beams and slabs for a ductility of
~ 05 (10. The ductility ratios for steel members are larger
P P
than those acceptable to the staff. Re-evaluate the beams for a

ductility ratio of 10 and columns with a kl/r ( 20 for a ductility
ratio of 1.7. For columns with a kl/r ) 20 use a ratio of 1.0.

~Res onse

We have evaluated concrete slabs for ductility of
.05 ( 10 and have found them acceptable. The concrete beams

P P
had already been designed for that valve. See Table 3.5-12.

220. 25-1 Amendment No. 5, (8/81)
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Question No.

220.26 Provide a'comparison of your load combinations with the load
combination equations in Standard Review Plan 3.8.2, II.3 and
address the effects of not meeting the load combinations,
including any loads that are missing from your combinations.

Response

SRP 3.8.2

" Load Combination
St. Lucie 2
Table 3.8-1

Remarks

(1) D + L + Pt + Tt (1) D + L + W Construction load case (1)
is equivalent to SRP load
combination (1) with Pt
and Tt not applicable.-
W lateral wind loads

(1) D+ L+Pt+ Tt (2) D+ W+ Pt+ Tt

(3) D+E+Pt+Tt
+R +To

Live load not included in
SL2 load combination.
The additional effect would
be insignificant.

(2) D+ L+To+ Ro

(3) D+L+ To+ Ro

(4,5) D+ L+ To

+RO+E+Pe

SL2 load combination (4) or
(5) is equivalent to SRP

load combination (3)
(governs over SRP load
combination (2)) except
Pe was added to the load
case.

+Pa+ E Pa+ E

(4) D + L + Ta + Ra (6) D+Ta+Ra+ Live load not included in
SL2 load combination (6)—
LOCA plus OBE loads'he
additional effect would be
insignificant.

(5) D + L + Te + Re

+Pe+ E

(4,5) D + L + Te

+R +Pe+E

Equivalent

220,26-1 Amendment No. 5, (8/81)
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SRP 3.8.2

Load Combination
St Lucie 2
Table 3.8-1

Remarks

(6) D + L + Ta + Ra

+ Pa +
E'7) D+Ta+R

+ Pa +
E'ive load not included in

SL2 load combination (7).
The additional effect would
be insignificant.

(3) D+L+T (8) D+ L+To

+ Ro+ E+ Yr

(10) D+ L+ To

SL2 load combinations
equivalent to SRP load
combination (3) except that
Yr or Yq was added to
the load case.

+R +E+Y)

(7) D+ L+ T,

+ R + Pe +
E'one No corresponding load combi-

nation on SL2 ~ Effect on
containment cannot be
assessed without detail
analysis. Completion date
of additional detail
analysis is July 31, 1981.

(8) D + L + Ta

+Ra+Pa+ Yr

+ Yg + Ym +

E'9)
D+ L+ To

+ R + Yr +

E't. Lucie 2 load
combination is equivalent
to SRP load
combination with Y» Pa
and Yg either insignifi-
cant or not applicable.
With Pa ~ a and Ta
reduces to R and To
respectively.

(8) D + L + Ta

+ R + Pa + Yr

+ Yg + Ym + E

(11) D+ Ta+ R

+ Pa + Y) +

E't. Lucie 2 load
combination is equivalent
to SRP load
combination with L, Yr and
Ym either insignificant or
not applicable.

SRP load combination (9) was not compared because FL is not applicable.
With the elimination of this term, this SRP load combination is enveloped by
SRP load combination (3) ~

220.26-2 Amendment No. 5, (8/81)
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t Question No.

220.27 Describe how the containment steel shell is anchored to the
concrete foundation slab. Describe the procedures used to account
for the shear stresses between the steel shell and the concrete on
both sides of the ellipsoidal head for the loads which will
produce these stresses.

Response

The steel containment ellipsoidal bottom head is completely
embedded in concrete. The containment dead weight and any
overturning moments due to seismic are assumed to be transferred
to the concrete in bearing. Shear'tresses are assumed to be
zero. We believe that these are valid assumptions since the head
is not hemispherical.

220.27-1 Amendment No. 5, (8/81)
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Question No.

220.28 The methodology used to analyze the containment shell to guard
against buckling is not completely described. Provide the
following:

(2)

(1) Details of the assumptions and boundary conditions used in
the analyses of the dome and the cylinder and justify why

the analysis for each section'was done separately.

All the load combinations which are considered critical
(the limiting cases) for the buckling analysis. For each
load combination state the most likely effected regions of
the shell for this type of compressive loadings ~

(3) Compare and justify the methodology used in your analysis
with the acceptable methods stated in the current version
of the ASME Code subsubarticle NE-3100. Provide a
discussion of the factor of safety for each service level.

(4) Provide a copy of the referenced papers used in the
buckling analysis of the containment shell.

Response

The design of the containment is in accordance with ASME

Code Section III, NE-3133 design rules with assumptions
and boundary conditions inherent in the design rules.

(2) The loading combinations are considered critical for
buckling ~

a) Case 5 — Cold shutdown at ambient temperature.
This case includes OBE seismic with external pressure.

b) Case 9 — Condition with safe shutdown earthquake.

This case includes SSE seismic with no internal
pressure.

The design most likely affected regions of the shell are the top
head near'he cylinder junction and the bottom tangent line on the
cylinder. Buckling in the ellipsoidal head is not considered
since it is embedded in concrete.

220.28-1 Amendment No. 5, (8/81)
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(3) As stated above, the design of the containment is in
accordance with ASME Code Section III, NE-3100 design
rules. External pressure for cylinder and head are
checked using design rules in NE-3133.3 and NE-3133.4.
The cylinder is checked for axial compression using the
design rules in NE-3133.6. Seismic and dead loads are
considered to cause axial compression. For those areas
with unequal biaxial compressive stresses, the ASME rules
as modified by WRC 69 have been used'asically, the
allowable stress for compression determined by NE-3133
remains the same for all "design conditions" except for
SSE earthquake where the ASME Sect III; Minter 1972
Addenda NE-3131 C(2) allows a 20 percent increase. The St
Lucie 2 design did not use this 20 percent increase.

(4) Reference paper is WRC 69, June, 1961.

220.28-2 Amendment No. 5, (8/81)



082%-1

cation No.

220. 29 State the code used in the design of the steel structural supports
for the reactor. coolant system and show a comparison of the code
used to the current version of the ASME Code Section III, Division
I, Subsection NF. Also show a comparison of the ACI 349 Code to
the ACI 318-71 Code you used for design of the Concrete Internal
Structure-

Response

Part I
The AISC code is used in the design of the structural steel
supports for the Reactor Coolant Systems. Refer to Subsections
3.8.3.2.1 and 3.8.3.5.2.

Part II
The major difference between the ACI 318-71 and ACI 349 codes is
in the area of design loading ~ The design loads specified in ACI
349 are supplemented by RG 1.142 which makes the design loads
consistent with those presented in SRP 3. 8.4. Refer to the
attached partial lineup of SRP 3.8.4 for comparison of load
combinations specified therein and those used in the design of
seismic Category I structures. The attached lineup of RG 1.142
gives supplemented requirements on design procedures to the ACI
349 Code, with statements of compliance, alternate compliance and
remarks on impact of deviations.

RG 1-142 also requires, that
provide radiation shielding,
of ANSI Standard N101.6-1972
followed ~ The provisions of
following clarifications:

for concrete structures used to
the provisions of Sections 5.1 and 10
"Concrete Radiation Shields" be
those sections are followed with the

220.29-1 Amendment No. 5, (8/81)
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DOCUMENT: SRP 3.8.4 TITLE: OTHER SEISMIC CATEGORY I STRUCTURES

ACCEPTANCE CRITERIA COMPLIANCE ALTERNATE COMPLIANCE

Load Combinations for Concrete
Structures

For concrete structures, the load
combinations are acceptable if
found in accordance with the fol-
lowing:

a - Eor service load conditions,
either the working stress
design (WSD) method or the
strength design method may
be used.

a - The strength design
method was used.

i - If the WSD method is used,
the following load combin-
ations should be considered:

i - Not applicable

~4o
M
I

(1) D+L
(2) D + L + E
(3) D + L + W

If thermal stresses due to To
and Ro, are present, the fol-
lowing combinations should be
considered:

(la) D + L + To + R

(2a) D + L + To + Ro + E

(3a) D + L + To + Ro + W

Both cases of L having its full
value or being completely
absent should be checked-

B

0
8

0
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DOCUMENT: SRP 3.8.4 (Cont'd)

ACCEPTANCE CRITERIA CONF LIANCE ALTERNATE COHPLIANCE

ii - If the strength design
method is used, the following
load combinations should be
considered:

(1) 1.4 D + 1.7 L
(2) 1.4 D + 1.7 L + 1.9 E

(3) 1.4 D + 1'7 L + 1.7 W

If thermal stresses due to
To and Ro are present. the
following combinations
should also be considered:

(lb) (0.75) (1 ~ 4 D + 1 7 L
17T +1.7R )

ii — St. Lucie Unit 2 design
complies with the load
combinations listed,
with the exception of
load -combinations (lb),
(2b) and (3b) ~

ii - The alternate load combinations
used are:

(lb) 1.4 (B + D) + 1.3
(R + T ) + 1.7 (L + H)

(2b) 1.4 (B + D) + 1.3
(Ro + To) + 1 7 (L + Ht )
+ 1.9 E

(3b) 1.4 (B' D) + 1.3
(Ro + To) + 1'L + H
+ W)

where
B Buoyancy at normal

groundwater level

Since the acceptance criteria
load combinations have a multi-
plication factor of 0.75, the
combined loads used as ident-
ified in alternate compli-
ance for the St. Lucie Unit 2

design would be greater for all
design cases. The load combi-
nations used on St. Lucio Unit 2
were based upon guidance pro-
vided in AEC letter to FPAL

Co., August 30, 1973, "Enclo"
sure 2 - Structural Design
Criteria for Category I
Structures Ou~t de the Con-
tainment<" in addition to those
given in the'ACI 318-71 Code.

l4
t4

tO

I
ut

(2b) (0.75) (1 o 4 D + 1 o7 L
+ 1.9E+ lo7 To+

~ 1.7 Ro)

(3b) (0.75) (1.4 D + 1.7 L
+1.7 W+ 1.7 To +
1.7 Ro

Both cases of L having its
full value or being com-
pletely absent should be
checked. In addition the
following combination should
be considered:

B' Buoyancy at maximum
groundwater level re-
resulting from a PMH.

H ~ Lateral earth loads
under normal conditions

H' Lateral earth loads
under normal and earth-
quake conditions

(2b' 1.2 D + 1.9 E
(3b ) 1 2 D + lo7 W

o

CO

Co

Lhere soil and hydrostatic
pressures are present, in
addition to all the above
combinations where they have
been included in L and D

respectively, the require-
ments of Sections 9.3.4 and
9.3.5 of ACI-318-71 (Ref 1)
should also be satisfied.

Soil and hydrostatic pres-
sures are included in the
design and the requirements
of ACI-318-71 Sections
9.3.4 and 9.3.5 were con-
sidered .
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DOCUMENT: SRP 3.8.4 (Cont'd)

ACCEPThtL'E CRITERIA COHPLIANCE ALTERNATE COHPLIANCE RENARKS

For factored load conditions,
which represent extreme environ-
mental, abnormal, abnormal/severe
environmental and abnormal/
extrcme environmental conditions,
the strength design method should
bc used and the following load
combinations should be considered.

b - St Lucia Unit 2 design complies
with the load combinations
listed .

tO

c>

a

0

(4) D + L + To + Ro + E

(5) D + L + To + Ro + Wt

(6)D+L+Ta+Ra+1>5 Pa

(7) D + L +'Ta + Ra + i+25
Pa + loO (Yr + Yg +
Ym) + 1.25 E

(8) D + L + Ta + Ra + loO
P ~ loO (Y +Y)+
Ym) + 1.0 E

In combinations (6), (7 ), and (8'l>
the maximum values of Pa ~ Ta>
Ra, Yg> Yr and Ym, includ-
ing an appropriate dynamic load
factor> should be used unless a
time-history analysis is performed
to )ustify otherwise. Combinations
(5), (7), and (8) and the corre-
sponding structural acceptance
criteria of Section II.5 of this
plan should bc satisfied first
without the tornado missile load
in (5) and without Yr> Yg> and
Ym in (7) and (8). When consid-
ering these concentrated loads,
local section strength capacities
may be exceeded provided there will
be no loss of function of any
safety" related system.

Both cases of L having its full
value or being completely absent
should be checked.
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DOCUMENT: SRP 3-8.4 (Cont'd)

ANSI N101. 6-72
Section Clari f i cat ions

5.1. 2

5.1.3

5.1. 4

5.1.6

No high density concrete is used.

No hydrous aggregate is used-

No boron containing aggregates are used.

Coatings of clay, silt, gypsum, calcite or caliche on
coarse aggregate total no more than three and one
half percent of the total weight of the aggregate.
Radiation attenuation calculations take this into
account.

10.1. 2 Dimensional tolerances for hatches and openings as
specified in ACI-347 are used rather than those given
in Table 1 of ANSI N101.6-72. Minimum practicable
joint clearances are specified.

10.1.3

10.2.2

Service trenches are not used.

The weight of each block is indicated on the design
drawing, not marked on the block.

10.2.3 Blocks are cured according to good construction,
practice, e.g., use of wet burlap or curing compound,

'but not necessarily in the absence of direct sunlight
or heat. This sunlight or heat, however, does not
result in the loss of shielding efficiency.

10.3.1 There are no present plans for penetrations through
shielding plugs. However, if they are required,
streaming is prevented by proper design of the
penetration.

10.4 No movable or'removable poured walls are used.

10.6 Precast shielding components are fabricated at the
,site ~ k

220 '9-5 Amendment No. 5, (8/81)
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TITLE; SAFETY-RELATED CONCRETE STRUCTURES FOR NUCLEAR POWER PLANTS
OTHER THAN REACTOR VESSELS AND CONTAINMENT

ACCEPTANCE CRITERIA COMPLIANCE ALTERNATE COMPLIANCE

'Ihe procedures and requirements described in ACI
Standard 349-76, "Code Requirements for Nuclear Safety
Related Concrete Structures," are generally acceptable
to the NRC staff and provide an adequate basis for
complying with the Commission's regulations with
regard to the design of safety-related concrete
structures other. than reactor vessels and containments,
subject to the following:

The design and analysis procedures Design and analysis of St. Lucie
utilized for safety-related concrete Unit 2 started before ACI 349-76
structures are in accordance with was issued.
the ACI 318-71 Code.

M
O

I

l. The applicability of strength design methods
to structures whose principal function is to
provide a barrier to contain or retain pressure
such as the divider barrier of the icemondenser
of the PWR containment is questionable. There-
fore, for those structures, mere conformance
with the requirements of ACI 349-76 is unaccep-
table to the staff, who will continue to review
the design of these structures on a case-by-
case basis.

2, When concrete structures are used to provide
radiation shielding, the provisions of
Sections 5.1 and 10 of AhSI Standard
N101.6-1972, "Concrete Radiation Shields,"
and those of ANSI Standard N101.4-1972,3 as
endorsed by Regulatory Cuide 1.54,"Quality
Assurance Requirements for Protective Coatings
Applied to Mater-Cooled Nuclear Power Plants,"
are acpplicableo-

1. Not applicable to St Lucie-
Unit 2

2 Refer to response to Question
220.29 for compliance to
Sections 5.1 and 10 of ANSI
Standard N101 ~ 6-1972.

8

0

CO



ACCEPTANCE CRITERIA COMPLIANCE ALTERNATE COMPLIANCE

~4
CI
l4
I

3. ACI Standard 349-76 lacks specific require-
ments to ensure ductility of framed struc-
tures- Adherence to the requirements of
Appendix h to ACI Standard 318-71 is
acceptable.

4o Section 5.1.2 permits depositing concrete 4i
without the prior removal of water from the
place of deposit at the discretion of the
owner. Since the presence of water in the
place of deposit may seriously affect the
strength properties of concrete, it is
important that water be removed before con-
crete is deposited unless a tremie is usedi

Mater is removed before
concrete is deposited.

3i Appendix A of ACI 318 "Special
Provisions for Seismic Design"
is applicable when seismic
loads are based on empirical
formulae such as those of the
Unified Building Code. For
the Category I structures,
seismic loads are obtained
from dynamic analysis of the
structures based on SSE and
OBE design response spectra.
Shear walls and bracing
systems are designed to take
the seismic forces calculated
from such analysis'or these
reasons Ebasco feels that the
requiiements of Appendix h of
ACI 318 are not applicable to
the nuclear plant structures
whose design is based on con-
servative criteria and
detailed seismic analysis.

4. Refer to Concrete Specifi»
cation FLO 2998.473.

I
B
m

0

Si Section 5.4.1 allows concrete that has parti- 5,
ally hardened or has been contaminated with
foreign materials or remixed after initial
set to be reused at the discretion of the
engineer. Such a material would be defective
and therefore should not be used.

The placement of par-
tially hardened, contam-
inated or retempered
concrete is not permittedi

5. Refer to Concrete Specifi-
cation PLO 2998i473i

CO

CO
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DOClMENT: RG 1.142 (REV. 0) (Cont'd)

ACCEPTANCE CRITERIA ALTERNATE COMPLIANCE

6i In addition to the requirements of Section
1.3.1 of ACI Standard 349-76, the inspectors
should have sufficient experience in rein-
forced and prestressed concrete practice to
interpret plans and specifications. Thc
inspectors should be thoroughly familiar vith
the applicable ACI and AS%M Standards. ACI
Standard 311-74,1 "Recommended Practice for
Concrete Inspection," should be followed
except vhere the requirements of Section 1.5
of ACI.Standard 349-76 control.

6. FPAL to indicate compliance
based on site inspection
practices.

tV
Cl
t4
I

0>

7 ~ The frequency of cylinder testing required by ANSI N45.2.5-1974 concrete
Section 4.3.1 of ACI Standard 349-76 is not cylinder testing frequency
consistent with generally accepted practicei vas followed on St ~ Lucia
A test frequency in conformance vith ANSI Vnit 2.
Standard N45.2.5-1974,4 as endorsed by
Regulatory Guide 1.94, "Quality Assurance
Requirements for Installation> Inspection,
and Testing of Structural Concrete and
Structural Steel During the Construction
Phase of Nuclear Power Plants," is

acceptable'.

The minimum pressure-testing requirements
for embedded piping of ACI Standard 318-71
have been deleted from ACI Standard 349-76.
In order to ensure that minimum pressure-
testing requirements are met, the pressure
tests of embedded pipes in Section 6.3.2.4 of
ACI 349"76 should also satisfy the require-
ments of Subsection 6.3.2.4 of ACI 318-71.

8. Not applicable. ACI Standard
318-71, Section 6 ' '.4, indi-
cates that piping, with the
exceptions of Section 6.3.2 '>
is to be tested prior to con-
creting. Section 6.3.2.5 is
as follovs:

"Drain pipes and other piping
designed for pressures of not
more than 1 psi above atmos-
pheric pressure need not be
tested as required in Section
6.3o2e4o"

0

00

CO
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ACCEPTANCE CRITERIA COMPLIAhCE ALTERNATE COMPLIANCE

9. More conservative load factors are appropriate
in accounting for the effects of normal or
shutdovn thermal loads, postul'ated pipe break
accidencs, and an operating basis earthquake
(OBE) in combination with a postulated pipe
break. The load factors used in Section 9.3.1
of ACI Standard 349-76 are acceptable to the
staff except for the folloving:

9. Load factors utilized are pre-
sented in SRP 3.8.4 lineup.
The noted load factor changes
make the load combination con-
sistent with those presented
in SRP 3.8.4o

~4hlo
t4
I

a. In load combinations (9), (10), and (11)>
1.7 T should be used in place of 1.4

To'.

In load combination (6), 1.5 Pa should
be used in place of 1.25 Pa.

c ~ In load combination (7), 1.25 Pa and
1.25 Eo should be used in place of
1.15 Pa and 1.15 E, respectively.

d. In load combinations (2) and (10), 1.9
Eo should be used in place of 1.7 Eo

10. Structures must be able to vithstand the
effects of difEerential settlement under
environmental loads as well as under abnormal
loads. Thus, in Section 9.3.2 .of ACI 349-76,
consideration of the effects of differential
settlement should be included in load combi-
nations (1) through (11).

10'ot applicable since each
safety-related concrete
structure is supported on an
individual mat. Differential
settlement vithin a building
wos not expected t'o occur and
was not included ss a design
consideration.

8

n

0

CO

CO

lli The provisions of Section 9.3.3 of ACI Stand-
ard 349-76 to account for the effeccs oE
cransitory loads are not sufficiently general.
Thus f in Section 9. 3 ~ 3 of ACI Standard 349-7 6/
vhen any load reduces the effects of other
loads, the corresponding coefficienc for that
load should be taken as 0.9 if it can be
demonstrated that the load is alvays present
or occurs simultaneously with the other loads.
Othervise, the coefficient for that load
should be taken as zero.

11. Load combinations used in design ll, The load combinations used on
either useful dead and linc loads St'Lucie Unit 2 were based upon
or full dead and zero line loads guidance provided in AEC letter

'to FP6L Co y 8 30 73> Enclo
sure 2-Structural Design
Criteria for Category I Struc-
tures Outside the Containment,"
in addition to those given in
the ACI 318-71 Code.
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ACCEPTANCE CRITERIA COHPLIANCE ALTERNATE COMPLIANCE

~4
~4o
t4
I

lli (Continued)
Exeption is taken to the
regulatory position which re-
quires that a coefficient of
0.9 or zero be applied to any
load which reduces the effects
of other loads. Considering
live load as having its full
value or being completely
absent satisfies the require-
ment for setting a transitory
load to zero. However, apply-
ing the 0.9 coefficient to all
other such mitigating loads,
which are always present or
occur simultaneously, would
increase the number of load
combinations to an impractical
level with no demonstrated or
meaningful increade in the
overall conservatism of the
governing load combinations.
Our position is consistent
with ACI 318-77 and ACI 349-76

'2'heprovision in Section 9.3.6,of ACI Standard
349-76 permitting local exceedance of section
strength under concentrated dynamic loads does
not ensure that the section can withstand the
associated distributed loadings. Thus, if the
provision of Section 9.3.6 of ACI 349-76 per-
mitting exceedance of local section strengths
is invoked, it should be demonstrated that
section strengths are adequate to accommodate
load combinations (7) and (8) without the

~ dynamic loads Yg, Ym, and Yr.

12. Design criteria used on
St Lucie Unit 2 does not permit
local exceedance of section
strength.
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ACCEPTANCE CRITERIA COHPLIANCE ALTERNATE COMPLIANCE

13. The NRC staff would accept the local excee-
dance of section strength for concentrated
tornado~eneratedmissile loading under load
combination (5). However, an analysis should
be performed to demonstrate that section
strengths are adequate to accommodate load
combination (5) without the dynamic load
effect of tornado"generated missiles.

13. Same as 12 above.

14. ACI Standard 349-76 does not address the
subject of openings in slabs and footingsi
Provisions of Section 11.12 of ACI 318-71
are acceptable for this purpose.

14'rovisions of Section
11-12 of ACI 318-71
are followed.

Mo
P4

I

CL
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n
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uestion No.

220. 30 You stated that the allowable stress for the factored load
combinations was increased. These load combinations contain the
earthquake loading. The staff does not allow any increase in the
allowable for earthquake 3.oads. Re-evaluate the"structures
without the increase in the allowable stresses and provide the
results of your re-evaluation.

Response

Our load combinations and allowable stresses comply with those in
the Standard Review Plan 3.8.8 ~ SRP 3.8. II 5 does allow an
increase in the allowables for earthquake loads in the factored
load combinations.

220.30»1 Amendment No. 5, (8/Sl)
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uestion No.

220.31
(3.8.3)
(3.8.4)

In several analysis you have used static loads to represent a
dynamic loading. Provide your procedures for transforming the
dynamic loads into static loads, reference pipe reactions and
pressurization of shield wall.

Response

The St. Lucie 2 structural design utilizes equivalent static load
methodology. The loading combination for all structural loads is
provided in FSAR Subsection 3.8.4 ~ The method of transforming the
dynamic loads with equivalent static loads is as follows:

'l)

The dynamic piping loads (i.e ~ , seismic, relief valve
discharge) are transformed into static loads in the piping
stress analysis by either util1zing the model response spectra
method or by applying an amplification factor to the
excitation loads These pipe loads on structures are
considered in the design for =both the positive and negative
directions with the same magnitude.

(2) The dynamic effects of pipe whip and jet impingement are
discussed in FSAR Section 3.6. The pipe wh1p loads on the
structural components (i.e., pipe whip restraints) were
calculated utilizing static methods while various confirmatory
dynamic analysis were util1zed to confirm these piping loads
(refer to Appendix 3.6E) ~ The jet impingement analysis
utilized a Dynamic Load Factor (DLF) of two applied to the KPA
load to determine the loads on structural components (refer to
Subsection 3.6.2) ~

(3) The dynamic effects associated with the containment
subcompartment pressure analysis were considered in the
structural design of the subcompartment walls. The equivalent
stat1c loads were obtained by applying a Dynamic Load Factor
to the peak of each dynamic loads. The calculated peak
pressure for each subcompartment and the correspond1ng design
valves (with calculated margin) will be provided in FSAR
Subsection 6.2.3.

220.3l-l Amendment No, 5, (8/81)
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Question No.

220. 32 You stated that the cable tray restiaints were designed for a
"minimum natural frequency within 16 hz". You further say

the'VAC

restraints are designed with a minimum natural frequency of
15 hz. What provisions were made to ensure the first natural
frequency was 15 or 16 hz and how do you account for higher modes
in the systems? Also state how the restraints are anchored to the
structure ~ FSAR Subsection 3.8.3.1.5 contains several restraint
designs.

Response

The first natural frequency of the cable tray (HVAC) restraint is
determined after member selection to ensure that the minimum
natural frequency of 16 hz (15 hz) is satisfied ~ Amplification .

factors are used to account for the participation of higher
modes. The cable tray (HVAC) restraints are welded to steel
embedments with a fillet weld all

around'20

'2-1 Amendment No. 5, (8/81)
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Question No.

220. 33
(3.8.5. 5)

You stated you used only the passive earth pressure on the portion
of the structures to resist sliding. Discuss how you accounted
for this load on the walls and provide a table showing the
structure.and the maximum earth pressure.

~Res onse

FSAR Subsection 3.8'5.5 states that, if we discount the ability of
the waterproofing membrane (beneath the Shield Building and
Reactor Auxiliary Building) to resist shear forces, passive earth
pressures would be sufficient to resist sliding.

A design impact review of this assumption has been completed and
results are as follows:

Shield Building — A substantial portion of the Shield Building has
structural concrete and fillconcrete throughout the building
cross-section below plant island grade elevation. Therefore, the
soil passive pressure loads on the building are of no design
significance. However, the design analysis of the building
determined a seismic movement and resisting earth pressure less
than the full passive earth pressure. This requires the
waterproofing membrane to be able to transfer shear

forces'herefore,the design calculations for resistance to sliding are
based upon the combination of resisting earth pressure and the
membrane shear strength value documented by the manufacturer. See

Figure 220.33-1 for the maximum passive pressure and design
resisting pressure.

Reactor Auxiliary Buildi — The building general arrangement and
resulting mat layout allows sliding to be resisted through
internal shear resistance of the soil and resisting earth
pressures, in.the east, west and south directions. The .ability of
the waterproofing membrane to transfer shear forces is not
required in those directions. In the north direction, the earth
pressure required to resist sliding is greater than the design
capacity of the building walls. Therefore,'he design
calculations for resistance to sliding in that direction are based
upon the combination of resisting earth pressure and the membrane
shear strength value- See Figure 220.33-2 for resisting pressures.

See FSAR Subsection 3.8.5.5 for revised statement on the design
consideration of waterproofing membrane in structure sliding
analysis.

220.33-1 Amendment No. 5, (8/81)
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Question No.

220.34
(3.8.5.2)

State the codes used and list any deviations to the codes used
for foundation design. Compare the codes used to the present
version of the codes showing deviations and the effect of these
deviations.

,Response

Standard Review Plan 3.8.5 "Foundations" refers to Standard Review
Plan 3.8.3 "Internal Structures of Containments" for foundation
design codes and ACI 381-71 is the only applicable code listed.
St ~ Lucie Unit 2 foundation design is in accordance with ACI
381-71 as supplemented by Standad Review Plan 3.8.4 "Other Seismic
Category I Structures." See response to Question 220.29 for
comparison of SRP 3.8.4 load combination requirements and those
used in the St. Lucie Unit 2 design.

A review of the 1977 edition of ACI 318 Code has determined that
the changes have insignificant effect on foundation design
requirements.

220.34-1 Amendment No. 5, (8/81)





0823W — 6

estion No.

220. 35 Provide a table showing the factor of safety against sliding,
overturning and flotation for the load combinations shown in
Standard Review Plan 3.8.5.

~Res onse

The attached tables show the factors of safety against sliding;
overturning and flotation,for the load combinations shown in
Standard Review Plan 3.8.5 for the ma)or and typical seismic
Category I buildings.

No change to the FSAR i.s required.

220.35-1 Amendment No. 5, (8/81)
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TABLE 220.35-1

REACTOR BUIL'DING

LOAD CCNBINATION
FACTOR OF SAFETY AGAINST

SLIDING OVERTURNING F LOATATION

D + H + E

D + H + E

D+H+El

D+H+Wt

D+Fl

l. 23

8.7

) 2.69

2. 69

21.7

3.12

D Dead Lo'ads

E ~ OBE

El ~ DBE

W ~ Hurricance Wind 8 194 mph

Wt ~ Tornado Wind 8 300 mph

Fl ~ Buoyancy, Max GWT EL + 21.00

H . ~ Soil Pressure

220.35-2 Amendment No. 5, (8/81)
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TABLE 220.35-2

REACTOR AUXILIARYBUILDING

FACTOR OF SAFETY AGAINST

LOAD COMBINATION SLIDING OVERTURNING F LOATATION

D+ H+E

D+H+E
D+H+El
D+ H+Wt

D+ Fl

1 35

3. 88

1.16

2 84

2.64

4-14

2.15

3.15

2. 35

D Dead Loads

E ~ OBE

El ~ DBE

W. Hurricance Wind 8 194 mpht Wt Tornado Wind 8 300 mph

Fl ~ Buoyancy, Max GWT EL + 17.00

H = Soil Pressure

220.35-3 Amendment No. 5, (8/81)
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TABLE '220. 35-3

CONDE NSAXE STORAGE TANK

LOAD COMBINATION
FACTOR OF SAFETY AGAINST

SLIDING OVE RTURNING FLOATATION

D+ H+E

D+ H+E

D + H+ El

D+H+ Wt

D+Fl

2. 24

4. 71

) 2.54

2-54

3.93

5. 90

D ~ Dead Loads Note:

E ~ OBE

El ~ DBE

W ~ Hurricance Wind 8 194 mph

Wt ~ Tornado Wind 8 360 mph

Fl ~ Buoyancy, Max GWT EL + 17.00

H ~ Soil Pressure

Factors of safety for load
combinations D+HM and DW+W
will be higher than for D+HMI
and D+H+Wt respectively. ~

220,35-4 Amendment No. 5, (8/81)
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TABLE 220.35-4

FUEL HANDLING BUILDING

LOAD COMBINATION SLIDING
FACTOR OF'SAFETY AGAINST

OVERTURNING FLOATATION

D+ H+E

D+H+E

D+ H+E

D+ H+ Wt

D + Fl

2.11

) 1.50

l. 25

4. 09

2 '3
) 1.50

l.39

4.45

9.1

D ~ Dead Loads

E ~ OBE

El DBE

W ~ Hurricance Wind 8 194 mph

Wt .~ Tornado Wind 8 360 mph

~ F
'

Buoyancy, Max GWZ EL + 17.00

H, ~ Soil Pressure

Note:

Dyn soil pressure ) active
soil pressure in calculations
H is neglected and this is con-
servative.

220 35" 5 Amendment No. 5, (8/81)
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TABLE 220.35-5

DIESEL GENERATOR BUILDING

FACTOR OF SAFETY AGAINST
LOAD COHBINATION SLIDING OVERTURNING FLOATATION

D+H+E
D+H+E

D+ H+ El

D+ H+ W„

D+ Fl

2.98

) 7.45

1. 55

7.45

9.68

) 23.92

4.71

23.92

6. 44

D ~ Dead Loads

E
'

OBE

El ~ DBE

W ~ Hurricance Wind 8 194 mph

Wt ~ Tornado Wind 8 360 mph

F ~ Buoyancy, Max GWT EL + 17.00

H ~ Soil Pressure

220 35-6 Amendment No. 5, (8/81)
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TABLE 220.35-6

COMPONENT COOLING

FACTOR OF SAFETY AGAINST
LOAD COMBINATION SLIDING . OVERTURNING F LOATATION

D+H+E
D+ H+E

D+H+El
+H+W

D+Fl

) 1.52

) 3.07

1. 52

3.07

) 4.16

) 12.68

4.16

12.68

3.11

D Dead Loads

E' OBE

Fl ~ DBE

W Hurricance Wind 8 194 mph

Wt ~ Tornado Wind 8 360 mph

F Buoyancy, Max (ÃT EL + 17.00

H ~ Soil Pressure

220 35-7 Amendment No. 5, (8/81)
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TABLE 220.35-7

INTAKE STRUCTURE

FACTOR OF SAFETY AGAINST
LOAD COHBINATION SLIDING OVERTURN IN G F LOATATION

D+H+E
D+ H+E

D + H +'El

D+H+W,

D+ Fl

1.64

4. 38

1.13

3.83

1.52

1.65'.

23

1.61

2.31

D ~ Dead Loads

E < OBE

Fl ~ DBE

W Hurricance Wind 8 194 mph

Wt Tornado Wind 8 360 mph'

~ Buoyancy, Hax GWT EL + 16.00

H Soil Pressure

220,35-8 Amendment No. 5, (8/81)
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estion No.

220.36 The load combinations listed in Subsection 3.8.4. 3. 2.1 are not in
accordance with Standard Review Plan 3.8.4. Compare your load
combinations and discuss the effects of your deviations.

~Res onse

Refer to response to Question 220.29 for comparison of load
combinations specified in SRP 3.8.4 and those used in the design
of seismic Category I structures, statements of compliance,
alternate compliance and remarks on impact of deviation.

220.36-1 Amendment No. 5, (8/81)
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uestion No.

220.37 Identify all masonry walls in your facility,which are in proximity
. to or have attachments from safety-related piping or equipment

such that wall failure could affect a safety-related system.
Describe the systems and equipment, both safety and
non-safety-related, associated with these masonry walls. Include
in your review, masonry walls that are intended to resist impact
or pressurization loads, such as missiles, pipe whip, pipe break,
jet impingement, or tornado, and fire or water barriers, or shield
walls Equipment to be considered as attachments or in proximity
to be walls shall include, but is not limited to pumps, valves,
motors, heat exchangers, cable trays,, cable/conduit, HVAC

ductwork, and electrical cabinets, instrumentation and controls.

Provide a re-evaluation of the design adequacy of the walls,
identified above, to determine whether the masonry walls will
perform their intended function under all postulated loads and
load combinations.

Submit a written report upon completion of the re-evaluation
program. The report shall include the following information:

1 - Describe, in detail, the function of the masonry walls, the
configurations of these walls, the type and strengths of the
material of which they are constructed (mortar, grout,
concrete and steel), and the reinforcement details (horizontal
steel,.vertical steel, and masonry ties for multiple wythe
construction) ~ A wythe is considered to be (as defined by ACI
Standard 531-1979) "each continuous vertical section of a
wall, one masonry unit or grouted space in thickness and 2 in.
minimum in thickness."

2 —. Describe the construction practices employed in the
construction of these walls and, in particular, their ade'quacy
in preventing significant voids or other weaknesses in any
mortar, grout, or concrete fill~

3 - The re-evaluation report should irclude detailed justification
for the cri-teria used. References to existing codes or test
data may be used if applicable for the plant conditions ~ The
re-evaluation should specifically address the following:

220. 37-1 Amendment No. 5, (8/81)
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a — All postulated loads and load combinations should be
evaluated against the corresponding re-evaluation
acceptance criteria. The re-evaluation should consider
the loads from safety and non-safety-related attachments,
differential floor displacement and thermal effects (or
detailed justification that these can be considered self
limiting and cannot induce brittle failures), and the
effects of any potential cracking under dynamic loads.
Describe in detail the methods used to account for these
factors in the re-evaluation and the adequacy of the
acceptance criteria for both i.n-plane and out-of-plane
loads'

— The mechanism for load transfer into the masonry walls and
postulated failure modes should be reviewed. For multiple
wythe walls in which composite behavior is relied upon,
describe the methods and acceptance criteria used to
assure that these walls, especially with regard to shear
and tension transfer at the wythe interfaces ~ With regard
to local loadings such as piping and equipment support
reactions, the acceptance criteria should assure that the
loads are adequately transferred into the wall, such that
any assumptions regarding the behavior of the walls are
appropriate. Include the potential for tensile stress
transfer through bond at the wythe interfaces.

Existing test data or conservative assumptions may be used to
justify the re-evaluation acceptance criteria if the criteria are
shown to be conservative.and applicable for the actual plant
conditions. In the absence of appropriate acceptance criteria a
confirmatory masonry wall test program is required by. the NRC in
order to quantify the safety margins inherent in the re-evaluation
criteria. Describe in detail the actions planned and their
schedule to justify the re-evaluation criteria. If a test program
is necessary, provide your commitment for such a program and a
schedule for submittal of a description of the test program and a .

schedule for completion of the program. This test program should
address all appropriate loads (seismic, tornado, missile, etc).
Submit tiie results of the test program upon its completion.

Response

This question is NRC Bulletin 80-11. A field inspection program
and a design re-evaluation program were instituted and completed
on St ~ Lucie 1 which addressed the requirements of IE Bulletin
80-11. A program, similar to St ~ Lucie 1, of field inspections
and re-evaluation of design adequacy will be implemented on St.
Lucie 2 as follows:

220.37-2 Amendment No. 5, (8/81)
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1. Perform field surveys of all masonry walls to identify all
masonry walls which are in proximity to or have attachments
from safety-related piping or equipment such that wall failure
could affect a safety-related system..

2- Masonry walls identified by the field inspection program as
sa'fety-related will be re-evaluated to demonstrate their
capacity to withstand the postulated design loads.

A re"evaluation report will be submitted upon the completion of
the re-evaluation program. This report will include the
information as requested by NRC. Justification for the
re-evaluation criteria will be based on reference to effect'ive
codes and established standards of practice related to concrete
and masonry design typically used throughout the industry. It is
anticipated that such justification will be considered appropriate
and a test program will not be

necessary'asonry

walls on St ~ Lucie 2 are reinforced and intended to resist
seismic forces.

The duration of the re-evaluation program is six months. The
erection of concrete block walls and installation of equipment
adjacent to them should be sufficiently completed by November
1981. The re-evaluation program will then starts This will allow
the field inspection portion of the re-evaluation program to be
completed in one pass (survey).

220.37-3 Amendment No. 5; (8/81)
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