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Question 321.1, (2.4.2)

Providea summiary (preferably tabular) of all cases studied to determinethe des gn basfis floodileveT.

Response:

Sections 2.4.3 and 2.4.4 contain the requested informatinn.

Amend. 7
Nov. 1975Q321.I-I



Question 321.,2 ý(.2.4.2)

Tabulaite the PMP increment and loss rates used in-designing the sitedrainage systems, and .present: .runoff models used-including:ý roof drain-•age. Dem6nstrate- that ponding or flow depths resultingifrom the localPMP fa1filing directly on the site will not exceed the elevations ofaccesses to safety related facilities.

Response:

The response to this question has been incorporated in revised Section 2.4.2.3.

Amend. 7Q321.2-1 Nov. 1975



Question 321.3 (2.4.4)

Was the failure of Tellico Dam included in the flood analyses?

Response:

The response to this question has been incorporated in revised Section 2.4.4.

Q 321.3-1 Amend. 7
Nov. 1975
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Question 321.4 (2.4.4.2.2)

Present the Norris Reservoir inflow and outflow Hydrographs ,resulting from
the critical centering of the PM stormointhe Clinch'River basin and demonstrate
that Norris Dam could pass the PMF without failure.

Response:

Section 2.4.3 contains the requested information.

Amend. 7
Nov. 1975Q321.4-1



•:Quest.onw.32.1.5 C 4.4.3)

Please supply. a,llI i.nput to you.r;-un.steadyf•l-ow.i4analysis o.fiihe failue of-Norris.Dam whitch rest i the design asi oo e at the plantsite, includIngcross-sections, ýroughness factorsj bases. therefore, and the analysesand
results of physical.model :studies of the:.failaurei.

Response:

The requested information has been. transmitted by TVA's floodc 'Contr.l0Branch (J.T. Price and B.J. Buchier) to D. Cbrdell of the .1NRC staff ýýinletters dated: December 13, 1974
December 16, 1974
December 18, 1974
December 20, 1974.
January 2, 1975
January 9, 1975
January 21, 1975

Q321 .5-1 Amend. 7
Nov. 1,975



Question 321.6 (2.4.4.3)

Demonstrate that the 665-foot long failure mode of Norris Dam will .dischargqeat
a higher ratethan the 833-foot long failure.

Response:

Section 2.4.4.3 contains the requested information.

Q32.1-6-1 Amend. 7
Nov. 1975
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Question 321.7 (2M4.4)

It is not clear whether Watts Bar Dam was assumed to fail during thefloodsfrom seismic causes and if-so, the effect on the flbod peaks at the site.Please clarify.

Response:

Section:12.4.4.2 contains the requested i.nformation.

0

Amend. 7
Nov. 1975Q321.7-1
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0
Question 321.8 (2.4.7)

Discuss the.history of formation of ice jams, frazil,,and anchor ice in theregion.

Response:

Section 2.4.7 contains the requested information.

0
0

Cl Q321 .8-1 Amend. 7
Nov. 1975
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Question 321.9. (2.4.11.1)

Discuss the effects: of Tellico Dam,, when completed, on water supply, waterl evel s, fl ow.velocities and direction at t eh site.,

Response:

The response to th'i s question has been ýincorporated: in revised Section62.4.11.1. . " , ' • " .

Amend. 27
Oct. 1076Q321.9-1



Question .321.10 (2.4.11)

0 State the amounts of water required for normal and emergency plant operation".

Response:

1. NormalCRBRP wate.r usage.with seasonal variationsiisgiven in Table. 3.3-4 :of*the Environmental ReporL.-

2. Provision for supplying.water for emergency plant operations are discussedin S.ections:9.9.2., 9.9.4 and 9.9.6 of the PSAR. There is no requirement
*for makeup water from the Clinch River during emergency operation..

Amend. 7
Nov. 1975

Q321. 10-1
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Question 321.11 (2.4.12)

Discuss possibility and consequences of recircula.ionmof liquid., re:leases,
during periods of zero or reverse river flow.

Response:

The possibilities, and.conSequences of recirculation-of liquid rel:ease duringperiods of zero or reverse river flow are discussed in Section 14.6 of theEnvironmental Report.

Amend. 7
Nov. 1975

Q321.11-1
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0
Question 321.12 (2.2)

Provide a map showing lanes or other routes of river traffic near the
si te.

Response:

Figure Q321.12-1 contains a portion of TVA Tennessee River Navigation
Chart #804 showing Clinch River Navigation Channel and navigationalaids in the area of the site. Two large scale color copies of thischart will be separately forwarded to be used as a working set forregulatory review.

Q321.12-1 Amend. 1
July 1975





Question 322.1 (2M3.1.3)

Provide the design basis snow and ice load: for the plant site. This l oad,.should be the totalweight of:

1. The maximum observed snowpack in the site region, plus
2. The weight of the maximum winter precipitation (snow or ice.) expectedfrom a ýsingle storm with a recurrence interval of-100'years in thesite region.

Response:

The response to this question has been incorporated in revised Section 2.4.2.3.

Amend. 7
Nov. 1975

Q 322. 1-1



0 Questionwi32-2.2 
(2.3.1.3)

Provide arnd substantlate 
the meteorological 

data used for theultimate 
heat,

sink, !considerinig:- 

-
I. ilximum evaporation 

and drift loss
2. minimu• water cooling

Response,:

Meterological 
data to be used for the ultimate heat sink design shall be

furnished in the F.SA.R, along with the analysis discussed in fesponse to

Question 020.19.

0

J

Amend,Nov,.19A
Q322.2-1



Question 322.3 (2.3.1.3)

Provide the design basis tornado parameters for-the plant including:

1. Maximum wind speed

2. Maximum translational wind speed

3. Maximum rotational wind speed

4. Maximum pressure drop

5. Maximum rate of pressure drop

Response:

The information requested appears in Table 3.3-1..

Amend. 7
Nov. 1975

Q322.3-1



Question 322.4 (2.3.1.3)

Document in this section all meteorological conditions used as design basis
considerations in the PSAR and include appropriate cross-references.

Response:

The information requested is included in the response to Questions. 322.3 and322. 16.'

Amend. 7
Nov. 1975

Q322.4-1



Question 322.5 (2.3.1.3)

Provide an estimate of the seasonal and annual] frequenciesý, o• f lightning dis-,charges (based on the frequency of:occurrence of thunderito.rms) expected inthe-vicinity of the Site.

Response:

The following.formula has been developed (Ref. Q322.5-1) for estimating thefrequency of lightning flashes to the earth per thunderstorm day per squarekilometer for a particular region:

NE : (0.1 + 0,.35 Sin A) (0.40 ± 0.20)

where NE is the number of flashes to earth per thunderstorm day per square.ki-.lometer, and X is the location's geographical latitude., The !CRBRP si te iýi:s ,located at a latitude of 35 53'24". Substituting this for. A priduces;. a• value6for NE equal to 0.122 flashes per thunderstorm day per square kilometer. An.estimate of the seasonal and annual frequencies of lightnn dipected in the vicinity of the site can be calcul'ted&as theproduct ofNEandthe average number of thunderstorms occurring in the site .region for the tiimeperiod of interest. These values appear in Table Q322.5-l, :,The results.showan estimated 6.47 flashes per year per square kilometer..

It has been determined that a structure, attracts lightningi,.of average inten-sity up to a distance equal to twice its height. (Ref. Q322.5-1.) The, domi-nant structure of the CRBRP is the dome capped, cylindriIcaII steel shell of)the Reactor Containment Building which has a height of approximately'52.,meters.and has a diameter of approximately 57 meters. Ihnorder to be con6:servative, the attraction area of this structure.will be :,calculated forthe cubic structure which would enclose it. This cube would have ;a height' -S .equal to that of the Containment Building, and a width an d length equaltothe Containment Building's diameter. Using this approximitiion, lightning.:•i2flashes are expected to be attracted over a surface area of LW + 4H(L+W')+4H 5.(Ref. Q322.5-2) Using L and W = 57 meters and H = 52 meters, the attractionarea is calculated to be 0.0609 square kilometers.

The probability of a lightning discharge striking the Reactor ContainmentBuilding can be derived using the previously calculated frequencies of dis-charges expected in the site vicinity (see Table Q322.5-1) and the atractionarea of.the structure. These results show that the structure is likely tobe struck by lightning once in every 2.5 years.

Ref. Q322.5-1 - Golde, R.H., "Protection of Structures Against Lightning",Proc. IEE, 115, No. 10 (October 1, 1968).

Ref. Q322.5-2 - Marshall, J.L., Lightninq Protection, John Wiley and Sons,New York, (1973), p.30.

Q322.5-1 Amend. 7
Nov. 1975
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TABLE Q322.5-1

F=frequency of lightning.
NE ." T flashes NE: x T Fx Attractive Area

(Number Flashes to'Earth Per (Average Number Thunderstorm (Number Flashes Per Time (Number Flashes Striking
Time. Periods. Thunderstorm:DaY.Per km2 ) -Dayý4Per TimePeriod).-. Period Per kmi2 )": Structure Per.Time Period)

Spring 0.122 16 1.95 0.119

Summer 0.122 29 3.54 0.216

Fall 0.122 5 0.610 0.037

.Winter 0.122 4 :0..488 0.0297

Annual 0.122 53 6.47 0.394

(ime Periods.

8.4 seasons

4.6' seasons

203.seasons

33.7 seasons

2. 5 years

VI

I;,

Attractive area - 0.0609 km2

Geographical latitude = = 35°53'24'

0~

.



0 Question 322:.8, (2.3.3)

Provide topographic cross-sectitons. indicating the relationship b-etw'enthe
present tower and instrument lo0ation's and present andh.propOsed gra. di ihg ofthe plant site.

'Response:

The information requested is provided in Figure Q322..8,-l. I27

C Amend. 38
April 1977

Q322.8-1



I

I

~ I

¾

4

'c:

'02- ~N

co
-4j

INSTRUM.NT -LOCATION
-ABOVE.GRADE."

ElISTANG
M04*E 0 ,RO.0.LO ,GICAkL

.2rOWER:
b BE REMOVED)

FIN. PLANT
.GRADE EL.B.I5,

REýNCTOR CONTAIMMEIIT
BLDG.

IL

ui

5ESOTION A-A

Co

U 7000]

w

METEOROLOGICCALTOWER ....

- -

LE.GEND GA!

-PROPOSED GPRbM

;:SCALE.

.0 200 400

ITOWR~IPLAT STRUCTURE.S

SEC140N..-

co crI

Figure Q322.:8ý-

*2



Question 322.9 (2,3.3).

Provide a large scale.topographic map. indicating the location of the
.proposed plant structures with respect to the present .and any.other
proposed meteorological.-towers.

Response:

The information requested is provided as Figure -Q322.,9-1. S 12.7 138

0

Q322.9-1 Amend. 38.
April 1977
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Question'322.11 (2.3.4.12)

Provide revised short-term diffusion estimates based on the joint
data as requested under 322.6 above.

Response:

Section 2.3 contains the requested information.

freq9uenc~y

.1
'S

Q322.11-1 Amend. 7
Nov. 1975
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Question 322.12 (2.3.5.2)

Provide revised long-term diffusion estimates based on the jont frequencyidata, as requested under 322.6 above.

Response:

Section 2.3 contains the requested information.

I -

Q322.12-A Amend. 7Nov. 1975



Question 322.13 (2.3B)

Provide ..'the twO. sets of jo int frequelncy, dtis'tibution used .to, obtain,the information in the section Wi:nd. ,anAd' Sta b-ivAi.ty Data and in Table.2.3B-20.of Supleen 1tChpeTwo ReviSed n -sieMeteorologyof the PSAR. The first set.should be based q on wind speed anddirection measured at the 75-ft. .level and vertical temperaturedifference between the: 33- and 200-ft. levels.: JThe second-set .shouldbe based on the winds measured. at .the 75-ft. level but with thevertical temperature difference measured between the 75- and 200-ft.levels. The data should be for the period April 3, 1974 throughJune.30, 1974:and the joint data recovery rates should be provided. "
Response:

Tables 322.13"-l through -14 provide ýý,the ,reqgueSLted ihformatior• •, -The, I
1first seven tableS 6proVide .the joint frequncy distri utiop ba,6d onwi nd speed anddrection meas-ured at 'the 75;6ft. evel andvertical-temperature between: the .75-, %and 200- ft. level.: :Thee data recovery rateis 73.24%. Tables 322.1.3-8': through; 14 are based ,on.,winds- measured atthe 75 ft. level but with vertical. ýtemperatuqre, meas ur.ed-between the 33 ,and 200-ft.. The data. recdvery r'ate'-"is '68. 311. 'A••ldt' isforthe period April 3, 19741 .throughJune .30, 1974.

0
0

Note: Amendment 38.eliminated Section 2.3B. Table 2,3B-20 is,included in Response to NRC Question 322.6 (Part II)..Table2.3-36 in revised Section 2.3 contains a similar comparisonof percentage frequency of stability distribution for two.,temperature differentials for the CRBRP meteorologicaltower.. for the period March through August 1976.
38i

Amend. 38
April 1977Q322.13-1
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'TABLE. 322. 13-1

JOINT. FREQUENCY OF:, WIND DIRECTION -;AND MWIND SPEED

FOR: STABILITY CLASS,:A.

CRBRP METEOROLOGICAL TOWER, 75,FOOT*LEVEL

DELTA-T USED: 200'FEET- 75 FEET:
•APRIL 3 1974 THROUGH JUNE.30, 1974

WIND SPEED. KNOTS*

0.0-3.0

N o 0.00000

NIE 0.00000

NE 0.00038

ENE '0. 00038

E 0.00000

ESE 0.00000

SsE 0.00000

SSE, 0.00000

S 0.00000

SSV 0.00114

S$ 0.00114

WSW 0.00038

W 0.00038

WNW 0.00038

NW 0.00000

NN 0.00000

TOTAL 0.00419

The Total
'1 knot- 0.515:m/sec;

-3.1-•6;0'

0.00000

0.001352

0.0o1216

0.00342

0.00266

0.00266.

0.00266
0.00266

0.,00266

0.00533

0.00457

0.00342

0.00038

0.001906

0.00038

0.00076

0.0361!5

6.1-10-0

0.00000.
0.00000 •

0.0003Q

0.001'52

0. 00076-

0.00076

0.00000

.0.00000

0.00076

0.00457

0. 0019 90

0.00000

0.00000

0.00038

0. 00152

0.000383

0.01294

10.-6.0 .

0.000 00

0.00000.

0.00000

0.00000

0.00000o

0.00000

0.00076

0.00000

0.00000,

0.0o076

0.00000

0.00114

0.00000

0.00190,

'16 .1-21..0

: .O0)O.W

+O.MOOD.
0.00000

O,.000000.00000

0.00000

0.00000

0.00000

0.00000

0.00000

ý0. 00000

o0. 00000

0.00000
0. 00000

0.00000

"0.000

0o00010

01.00000:

0.400000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

.0.00000.

0,00000.

0.00000

0.00000

0.000.0:

0.00000

TOTAL

0.00000

0.00152

0.00190

0405S33-1

0.00342L

0000342

0.00266

0.00266

0.00342

0.011809

0.00761

0.00381

0 •00076

000266

0.00304

.0.00114

0.05518

1

Percentage. of Calms for this
.1 knot =1.16 mph

Stability is: 0.00000

Q322.13-2 Amend. 1
July 1975



TABLE 322.13-2

JOINT 'FREQUENCY OF WIND DIRECTION AND WIND

SPEED-FOR STABILITY CLASS B

CRBRP METEOROLOGICAL TOWER, 75 FOOT LEVEL

DELTA-T USED: 200 FEET - 75 FEET

APRIL 3, 1974 THROUGH JUNE 30,- 1974

WIND SPEED, KNOTS*

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

WSW

W

NW

NNW

TOTAL

0.0-3.0
0.00000

0ý00000

0.00038

0.001.90

0.00076

0.00038

0.00076

b.00114

0.00114

0.00381

0.00571

0.00381

0.00152

0.00000

0.00000

0.00000

0.02131

3.1-6.0

0.00038

0.003041

0.00533

0.00533

0.,00571

0.00266

0.00342

0.00228

0.00304

0.00875

0'00799

0.00761

0.00342

0.00190

0.00152

0.00419

0.6659

6.1-10.0

0.00000

0.00038

0.00038

I0.1-16.0

0.00000

0.00000

0.0038 0.00000

0.00000 0400000

OO00000 0.00

0.00038 0M00000

0.00000 0X0000

0.00076 0.0000O

0.00609 0.00190

0.00913 0.00038,

0.00114 0.00076

0.00114 0.00114

0.00342 0.00038

0.00000 0;00000

0.00038 0.;00000

0.02359 0.00457

16.1-21.0

0.00000

0.00000

0.00000

0.00000••

0.00000

0.0000

0.00000,

0. 00000

0.00000

0.00000

0ý0000

0. 06000

0.00000.

.0.00000

0.00000

21.1-99.D

0.00000:

0.00000

0.0000

0.00038

0.00114

0. 00038

0.000010.

0.00000

0.00076

0.*01.14

0.00076

.0.00038

0.00000

0.060000

o'.00ooo

0.00533

TOTAL

0.00342

0.00609

0.00799

0.00761

0.00342

0.00457

0.00533

0.02131

0.02435

0.101408

0.00761

0.00571

01,00152

0.00457

0.12,139.

I

The.Total Percentage of Calms for.this Stability Is: 0.00000

• 1 knot = 0.515 m/sec; 1 knot -. 1.16 mph

Q322.13-3 Amend. 1
July 1975



TABLE, 322.13-3

JOINT FREQUENCY: OF WIND DIRECTION: AND WIND SPEED

FOR STABILI TY CLASS C

CRBRP METEOROLOGICAL TOWER, 75 FOOT LEVEL.

DELTA-iT USED: 200 FEET - ,75 FEET

APRIL 3,' 1974 THROUGH JUNE 30,,1974

WIND SPEED, KNOTS*

0.0-3.0 3.1-6.0 -6.110.0 10.1-16.0 16.1-21 .0

11 0.00038 0.00076 0.00000 0.00000 0 00000

NNE 0.00000 0.00114 o.00ooo 0oooo0 0 00000o

NE 0.00000 0.00038 O.0000 0.OO0000 0.00000

ENE 0.00000 0.00228 0.00000 0.00000 0.0000

E 0.00038 0.00152 0.00000 0.0000 0.00000

ESE 0.00076 0.00076 0.00000 0.000.00 0.00000

SE 0.00114 0.00000 0.00000 0.00000 0.00000

SSE 0.00000 0.0000 0.001000 0.00000 0.00000

s 0.00114 0.00114 0.'00000 0.00000 0.00000

SSW 0.00190 0.'00342 0;00266 0.00000 0.00000

SW 0.00114 0.00342 O 00304 0 .00114 0.00000

WSW 0 I00152 0.00342 0M00190 0.00038 0.00000

W 0.00190 0.00381 0.00076 0.00038 0.00000

VNW 0.00076 0.00304 0.00076 0.00076 0.00000

NW 0.00076 0.00152 0.00038 0.00000 0.00000

NNW 0.00038 0.00114 0.00000 0.00000 0.00000

TOTAL 0* 01218 0.02778 0.00951 0.00266 0. 00000

The Total Percentage of Calms for this Stability is: 0.00000

*1 knot = 0.515 m/sec; I knot.= 1.16 mph

21 .199.0

0.00000

0.00000

0.00000

0.00038

0.00000

0. 00000

0.00000

0.00000

0.00000

0.00114,

0.0114OO
0.00000

0.o000

0.00000

0.00040

0.00304

TOTAL

0.00114

0.00114

0.00038

0.00266

0.00190

0'00152

0.00114

0.00000

0.00228

0M00837

0.00989

0.00837

0.00685

0.00533

0.00266

0.00152

0. 05518

C
1

Q322.13-4 Amend. 1
July 1975
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TABLE 322.13-4

JOINT FREQUENCY OF WIND DIRECTION AND WIND: SPEED

FOW TABIITYCLASS D

CRBRP METEOROLOGICAL TOWER, 75 FOOT LEVEL

DELTA-T USED: 200 FEET - 75 FEET.

APRIL 3, 1974 THROUGH JUNE 30, 1974

WIND SPEED. KNOTS*

0.0-3.0 3.1-6.0 6.1-10.0 10.1-16.0 16.1-21.0 21.1-99.0 TOTAL

N 0.00309 0.00288 0.00000 0.00000 0.0000. 0.00000 0.00538

NNE 0.00386 0.006457 0.00000 0.00000 0.00000 0.00000 0;.00842.

RE .0.00576 0.00647 0.00000 0,00000 0.00000 0.00000 0.01223

ENE 0.08 .01 .00000 0.00000 OQ0000 0.07 0.01870

E 0.00766 0.00342 0.00000 0.00000 0.00000 0.00076 0.01185

ESE 0.00SO0 0.00381 0.00000 JO.00 0.00006 0.00000 O0.00880

SE 0.00233 0.00342 0.00000 0.00000 0.00000 0.00000 0.00576

SSE. 0.00462 0.00304 0.00000 0.00000 0.00000 0.00038 0.00804

S 0.00396 0.00A..9 0.0001,6 0.00000 0.00000 0o.0076 O.01032

SSW 0.01070 0.01560 0.00913 0.00076 0.00000 0.00000 0.03620

Sw 0.01223 0.01903 0.01941 0.00304 0.00000 O.00114 0.05484

WSW 0.01032 0. 01522 .0.00723 0.00076 0.00000 0 00•00 0.03354

v 0.00842 0.00837 0.00190 0.00000 0.0000038 0.01908

WN•. 0.00652 .0.00951 0.00533 .0.00000 0.00000 0.00000 0.02136

NW 0.00614 0.00533 0.00381 0.00038 0.00000 0.00000 0.01565

NNW 0.01070 0.00495 0.00038 0.00000 0.00000 0.00038 0.01641

TOTAL 0J0997 0.11910 0.04795 0.00495 0.00000 0.00457 0.28653
The Total Percentage of Calms for this Stability is: 0.00076

11 knot - 0.515 m/sec; 1 knot = 1.16 mph

Q322.13-5 Amend. I
July 1975



TABLE 322.13-5 ,

JOINT FREQUENCY OF WIND.DIRECTION ANDWIND SPEED

FOR STABILITY CLASS E

CRBRP METEOROLOGICAL TOWER, 75 FOOT LEVEL

DELTA.T USED: 200 FEET - 75 FEET

APRIL 3, 1974 THROUGH JUNE 30, 1974

WINDOSPEED, KNOTS*

0.0-3.0 3.1-6.0 6.1-10.0 10.1-16.0 16.1-21.0 21.1-99.0 TOTAL

N 0.01308 0.00076 0.00000 0.00000 0.00000 0.00000 0.01384

NNE 0.01384 0.00228 0.600038 0.00000 000000O 0.00000 0.01650

NE 0.01460 0.00381 0.00000 0.00000 0.0000 o-ooooo 0.01840

ENE 0.02449 0.00419 0.00000 0.00000 0.00000 0.0007(6 0X02944

E 0.61612 0.00152 0.00000 0.00000 0.00000 0.00000 0.01764

ESE 0.01270 0.00190 0.00000 0.00000 0.00000 0.00000 0.01,460

SE 0.00965 0.00190 0.00000 O.ooo0O 0.00000 0.00000 0.01155-

SSE 0.00813 0.00038 0.00038 0.00000 0.00000 0.00038 0.00927

S 0.01270 0.00190 0.00114 0.00038 0.00000 0.00000 0.01612 C
SSW 0.01536 0.01180 0.00381 0.00000 0.00000 0.00000 0.03096

SW 0.02145 0.01408 0.00342 0.00038 0.00000 0.00038 0.03971

WSW 0.01270 0.00647 0.00114 0.00000 0.0000 0.00000 0.02031

W 0.00623 0.00152 0.00000 0.00000 0.00000 0.00000 0.00775

WNW 0.00585 0.00533 0.00076 0.00000 0.00000 0.00000 0.01194

NW 0.00737 0.00647 0.00076 0.00000 0.00000 0.00000 0.01460

NNW 0.01764 0.00304 0.00038 0.00000 0.00000 0.00076 0.02183

TOTAL 0.21195 0.06735 0.01218 0.00076 0.00000 0.00228 0.29452

The Total Percentage of Calms for this Stability is: 0.01446

*1 knot - 0.515 m/sec; 1 knot = 1.16 mph

Q322.13-6 Amend. 1

July 1975
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TABLE,322.13-6.

JOINT FREQUENCIY OF .WIND:DIRECTI:ON AAND.,WIND SPEED
FOR STABILITY CLASS s:F

CRBRP METEOROLOGICAL ToWER, 75'FOOT LEVEL
DELTA-T USED*: 200FEET l 75 FEET"

APRIL 3, 1974:THROUGH JUNE 30, 1974

WIND SPEED, KNOTS*

N

NNE

NE

ENE

iSE

SE
SSE

S

SSW

-SW

WSW

W

WNW

NW

NNW

TOTAL

0.0-3.0 3.1-6.0 6.1-10.0 10.1j-16.0

0.00685 0.00000 0.0000 0.600o0
0.00304 0.Do' 0.000,0 6 000'. 0ý. 00000

.0;60647 0o0oo o.o0ooo ,•o6ooo
.00989 0.00076 0.00000 0.00000

0.00837 0".00038 0. 00000 0.00000

0.00799 o.00000 0.00000 0.00000

0.00571 '0.00000 0.00000 0.00000

0.00380 0.00000 0.00000 0.00000

0.'00761 0.00076 0.00000 0.00000
0.00Q89 0.n 100 0.00000 I.n0000

0.00875 0.00076 '0.00038 0.00000

0.00571 0.00000 0.00000 0.00000

0.oo304 b0.00CO 0.00000 0.00000

0.00419 0.00000 0.06000 0.00000
0.00380 0.00000 0.00000 0.00000

0.01142 0.00038 0.00000 o.00o0o

0.10655 0'.00381 0.00038 0.00000

16.1-21.0. 21.1-99.0O TOTAL

.o.ooood' O.ooooo00 0.00685

0.000000 0;0000 0.00304

0.a00000 000000 Q.'P0685~

0.0000 00'60038 0.01103

0.000 0.00000 0.00875

0.00000 0.00038 0.00837

0-.00000 0'.-0000-0 0.a001571

0.00000 0.00114 0.0045'1

0a.0000 0 0.00010 0.0083

o.ooooo 0.00038 0.01o06.5 -

0.00000 0.01027

0.00000 0.00000 0.005713

'.00000 0.00000 0.00304

0.000060 0.0000DO0 0.010419

0.00000 0. DOWD 0.00.380,

0.0000o 0 0.0000 0.01180

0.00000, 0.'00266 0.11340

H•; r--..•;

.4. -

.1•.

The Total Percentage of Calms for this Stability is: 0.00609
*1 knot - 0.515 m/sec; 1 knot =1.16Mmph

)Q322. 
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':TABLE ,322..3-771,
JOINT FREQUENCY OF WINDDIRECTION ANDWIND SPEED,

F.ORSTABIL;ITY CLASS S. Gý

CRBRP METEOROLOGICAL TOWER; ,,75 FOOT LEVEL .

DELTA-T USED: 200 FEET- 75 FEET

APRIL 3, 1974 THROUGH JUNE 30, 1974

WIND SPEED. KNOTS

0.0-;3.0: -3.1-6.0 6.1-10.O 10,1-16.0 16.,1- 21.0 n 21.199. 0 TOTAL.,

N 0.00131 00o 0 .00000 0.00000 0.0o 0000 0.00000 " 0.00131

IIutE 0.00169 .0.00000 0.0000 0 .0.00 .0.:000 0.OO00 0.00169

NE 0.00055 0.00038 -0.00000 0M00000 0.00000 0.0000 " 0 .00093

ENE 0.00283 0.0 000 0.00000 0.00000 0.00000 0.0000 0.00283

E 0.00321 0.00038 0.00600 0.00000 0.0000 0.00000 0.003.59,

SE 0.60050 0.00038 0.00000 0.00000 0.00000 .0.00000 " 0.00588

SE 0.00359 0.00038 0100000 0.00000 .0.00000 0.00000 0.0039

SSE, I00512 0O.0000 0.00000 0.00000 . 0.00000 0,0oooo 0.00513

.S 0.0702 0.00000 0.00000 .0.00000 0.00000 0.00152 0.00854 (
0.00936 0.00000 0.00000 i0.00000 0.00000 0.00038 0.00968

SW 0.00588 .. 0.00076 0.00000 .0.00000 0.00000 0 M00038 0.00702

SM 0.00283 0400000 0.00000 0.0000 9 000000 0.00038 0.00321

v 0'00093 0.090000 0.00000 .. 0000 0.00000 0,000800 0.00093

Mw 0.00512 0.00038 0.00000 0.00000 M.00000 000038 0.00588

IMw 0.00474 0.00038 .0.00000 0.00000 0.00000 0.00000 0.00512

MW 0.00816 0.00000 0.00000 .0.0000 0.00000 0.00000 0.00816

TOTAL 0.06773 0.00304 0.00000 0.00000 0.00000 .0.00304 0.07382

The Total Percentage of Calms for this Stability is: 0.00266

* knot = 0.515 m/sec; 1 knot =1.16 mph

Q322.13-8 Amend. 1
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C :'ABLE:'322'1'3-8:

JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED

FORý S T'A'B, LITY: C LASS A
CRBRP METEOROLOGICA L TOWER, 765: FOOT LEVEL

DELTA-T USED: .ý07:20 'FEET- - '33 FEET

APRIL 3, 19.74 THROUGH JUNE 30, 1974

WIND SPEED, KNOTS*

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SwbiSW

WNSW

W

NNW

NW

NNW

TOTAL

-0.0-3.0

0.00000

,0.00000

0.00041

:0.00000

0.00041

-0.00000

0.00000

0.00000

O.Ou041

0.00041

0.00041

0.00041

0.00041

0.00000.

0.00041

0.00326

The Total Perc

.1-6. . 61-0;. 0 10.1-16.0

0.00000 0.00000 0.,666000

0100163 .0.00000 .. .0.00000

.0.00000 0.00000

.0.00163 .:0.00163 , 0.O0000

0M00082 ,0.0041 . O.O.OO

.0.00082 .0.00082 . .O0000

0.00000 0.00000 . 0.00000

0;00122 0.00000 0.0000

0.00041 0.00041 0;00000

0.00082 0.00082 -0.00041

0.00163 0.00122 0.00000

0.00041 0,00000 0.OO000

0.00000 .0.00000 0.00000

0.00163 0400000 0.00000

0.00000 000000 0.00041

0.00082 0.00041

0.01183 0.00612 0.00082

. 16-1-21.0

0.00000

O 0000

'.O.oO0OOO

-0.00000

0.00000

0.00000

,0.00000

0.00000

0.00000

0.100000

0.O00000

0.60000

0.00000

0.00000
0. 00000

21.14-990

01.090000

O.0OOOO00. 00000

0-.0700000
0. 00000.-

0.00000

-0.00000**

0.0060000.0o000

0-.00001

0.00000

0.00041

0.00041

0.00000

0.00000
0.00000

0.00082

TOTAL

0.010000

0.00163

0.00082

0.:00163-

0.00163.:

0.00000

0;,001 22,

0.60082ý

0.00245

0.00367

0.00082

0. 00204

0. 00041

0.00163

0.02285

I1

entage of Calms for this Stability is: 0.00000

-*I knot - 0.515 m/sec; 1 knot - 1.16 mph

Q322.13-9 Amend. 1
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TABLE 322.13-9

JOINT. FREQUENCY OF, WIND ,)DIRECTION AND--WIND SPEED'

F~iRSTABLIcYý CLASS

CRBRP METEOROLOGICAL T.OWER,; .'ýý"751iiIFOOT LEVEL.,

DELTA-'T USED: .20WtFEET.;.:w- 33,F:EET

APRIL 3, .1974 THROUGH',JUNE 30, 1974

WIND. SPEED, KNOTS*

0.0-3.0 3.1-6.0 6.1-10.0 10.1-16.0 16.1-21.0 21.1-99.0 TOTAL

N 0.00000 0. o0O 2 - o0000 0.,000o00 0.000•0 -',:oOoO, 0.00082 -

NNE o.ooo00 0.00245 " 0.0•0000 "6boooo 0 .O.6600o 'O<000000 . 00245>
6..0E 0041 ,"0.00245 0200000 ' 00r00000 '0.0000o -o0ooo, 000286,

HE '•;oIý":•9 •:oo o06oo .0: 000ooo -o00o .00286,,,.•
ENE 0.00041 0.00449 0ý.00000 0.00000 000060 0.0000 0. go0

E 0.00000 0.00408 " '0o00 0.00000 '" 000000 0.00041 0.00449L

ESE 0.;00000 0.00000 -"AOO - d.00000 "0 .-'O0-;00000 0..0000 0.00000

SE :0.00000 0.00204 0;00000 0.00000 0000000 0.00204

SSE 0.00000 0.00082 0.o.oo0 0 o00000 0,-0000 0.00000 0 08,Qo2

.0 000000 '0.00082 0'.00041 :0.00000 0.000`000000 0O .00122

SSW 0.00082 0.00326 '0.00326 '0.00082 '0;00000 0.00041 0.00857

.000000 0.00326 0.00204 0.'00041 0.00000 0.00041 0.00,612

WSW .000041 0.00326 ý000000 0.0000 . 0.00000 ,0.00041 .010408

W 0.'00000 0.00082 M,000000 6000000 10.00000 "0.00000 0.00082

WNWý 0.00000 0.00041 0.00041 0.00000. 000000 0.. 00000 0M00082

NW 0.00041 0.00082 ''0.00122 -0200082 0.0,00000 0.00000 0.00326

NNW 0.00041 0.00204 0.00041 0 .01.00000. 0.00000 ' 0.00000 0.00286

TOTAL 0.00286 0.03182 -0.00775 0.00204 '000000 0.00163 0.04610

The Total Percentage of Calms for this Stability is:, 0.00000

*1 knot = 0.515 m/sec; 1 knot 1.16 mph

Q322.13-10 Amend. 1
July 1975
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TABLE 322.13-10

JOINT FREQUENCY OF. WIND DIRECTION AND .WIND SPEED

FOR STABILITY CLASS C

CRBRP M4ETEOROLOGICAL TOWER, 75 FOOT LEVEL
DEbjTA-T USED: 200 FEET , 33 FEET

APR1L 3, 1974 THROUGH JUNE 30, 1974

N

NNlE

NE.

ENE

ES

ESE

SSE

SS

SS

sSW

vSW

TOTAL

0.0-3.0

0.00082

0.00000

'0.00000

0.00122

0.00041

0.00041

0.00082.

0.00000

0.00082

3.1-6.0

0.00041

0.00163

0.00326

0. 00204

0.00245

0.00082

.0.00082

0.00082

0.00163

WIND SPEED. KNOTS*

6.1010.0 10.1-16.0

0).00000 0.00000

0.00041 0.00000

0.00041, 0.00000

0.00041 0.00000

0.00000 0.00000

0.oo0oo 0.00000

0.00041 0.00000

0.00000 0.00000

0.0o00 0.060000

16.1-21.0

0.00000

0.00000

0.00000.

0. 000600

0.060000

0.00000

0. 00000

0. 00000

0.00000

=21*1n99. 0,

0.00000

0.00000

0.00000

0.00000

0.00041

0.00041

0.00000ýo.ooooo

0.00041

0.00041

0.00122

0.00082

0.00000

"0.00000

0.00000

0100000

0.00367

TOTAL

0.00122

M.~0204

0.00367'

0.00367

0.00326

0.00163

0.00204

0,00082

ý0.00286

0. 01183

0.01428

0.00816

'0.00653

0.00245

0.00163

0.30449

0.07058

0.00122 009775 0.00204 0.00041 0.00000

0.00326 0.00530 0.00443 0.00000 0.00000

0.00163 0.00490 0.00082 0.00000 0.00000

0.00326 0.00245 0.00000 0.00082 0.00000

0.00000 0.00122 0.00122 0.00000 0.00000

0.00041 0.00082 0.00041 0.00000 0.00000

0.00082 0.00367 0.00000 0.00000 0.00000

0.01510 0.03998 0.01061 0.00122 0.00000

The Total Percentage of Calms for this Stability is: 0.00000

1

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Q322.13-11 Amend. 1
July 1975
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TABLE 322.13-11

JOINT FREQUENCY OF WIND DIRECTIONAND WIND SPEED

FOR STABILITY CLASS D

CRBRP METEOROLOGICAL TOWER, 75 FOOT LEVEL

DFLTA-T USED: 200 FEET - 33 FEET

APRIL 3, 1974 THROUGH JUNE 301, 1974

WIND SPEED, KNOTS*

(-3

KNE

HNE

ENE

E

ESE

SE

0.0-3.0

0.00377

0.00418

0.00622

0.01112

0.00867

0.00540

0.00418

3.1-6.0 6.1-10.0 10.1-16.0

0.00245 0.00000 0.00000

0.00367 0.00000 000000

0.00816 0.00000 0.00000

0.01183 OO0000 0.00000

0.00653 0.00041 0.00000

0.00816 0.00000 0.00000

0.00612 0.00000 0.00000

16.1-21.

0.O00000

0.00000

0.00000

01.00000

0.00000

0.00000

0. 008000

SSE 0.00581 0.00408 0.00000 0.00000 0.O0000

S 0.00500 0.00898 000163 0.00000 0.00000

SSW 0.01601 0.01754 0.01346 0.00204 0.00000

SW 0.01724 0.02203 0.02244 0.00367 0.00000

WSW 0.01520 0.01591 0.00734 0.00163 0.00000

N 0.00704 0.01142 0.00204 0.00082 0.00000

WNW 0.00663 0.01061 0.00653 0.00122 0.00000

NW 0.00453 0.00694 0.00408 0.00000 0.00000

NNW 0.01030 0.00408 0.00041 0.00000 0.00000

TOTAL 0.13137 0.14851 0.05834 0.00938 0.00000

The Total Percentage of Calms for this Stability is: 0.00163

*1 knot - 0.515 m/sec; 1 knot = 1.16 mph

Q322.13-12

.0 21.1-99.0

0.ooo00
0. 00000

0.00000

0.00204

0. 001 ý22

o~ooooo
0.00000

0.00041

0.00082

0.00041

0.00163

0.00082

0.00041

0.O00000

0.00000

0.00041

0.00816

TOTAL

0.00622

0'.00785

0.01438

0'.62499

0.01683

0o01356

0.01030

0.01642

0.04947

0.06701

0.04090

0.0 21712

0.02499

0. 011 560
0.01520

0.35577

1
(.

Amend. 1
July 1975
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TABLE 322.13-12
• JOINT FREQUENCY.OF:WIND: DIRECTION AND WIND SPEEDS. FOR STABILITY::CLASS ýE

CRBRP METEOROLOGICAL TOWER, 75. FOOT LEVEL

DELTA-T USEtD.: 2,00 FEET -33,FEET

April.3, 1974 THROUGH:JUNE 30, 1974

WIND SPEED, KNOTS*

0.0-3.0 3.1-6.0 6.1-10.0 10.-16.0 16.1-21.0 21.1-99.0 TOTAL
N0.01260 0.00041 0.00000 0.00000 0.00000 0.00000, ; .01301

NNE 0.01097 0.00204 0.00041: 0.00000 0..00000 0.0000 0.01342
NE 001015 0.00204 0OO000 O 00000 0.00000 0.00000 0.'01219.

ENE 0.02055 0.00408 0.00000 0.00000 0.00000 '.00041 0.02484
E 0.01342 0.00204 0.00000 0.00000 0M00000 0Q00000 0.015 6

ESE 0.01219 0.00286 0.00000 0.00000 0.00000 0.00000 0.015505
SE 0.00393 0.00286 0.00000 OO0000 0.00000 &.00000 0.01.179

SSE 0.00689 0.00204 0.00041 0.00000 0.0000 01.,00082 0.01015
S 0.00975 0.00286 0e00122 0.00000 0.00000 0400000 0.011,3

SSW 0....M 0.01510 O 000775 0-.000000 0;00000 .0 .OOUO 0.03586
SW, 0.01872 0.01714 0.00898 0.00122 O.0.00000 0.00041 0.04647

WSW 0.00811 0;01265 0.00408 0.00041 0.00000 0.00000 0.02525
W 0.00730 0.00367 OA00204 0.00000 0.00000 0O'0000 0.091301

WNW 0.00648 0;00816 0.00286 0.00000 0.00000 0'.00000 0.01-750'
NW 0.00771 .00D694 0.00122 0.00041 0.00000 0; 00000 0.01627

NNW 0.01393 0.00367 0.00041 :0.00000 0.00000 0.00082 0.01872
TOTAL 0.18033 0.08854 0.02938 M000204 0.00000 - 0.00245 0.30273

The Total Percentage of Calms.for this Stability Is: 0.01224

*1- knot 0.5.5 W/sec; I knot= 1.16 mph

0m

Q322.13-13 Amend. 1
July 1975
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TABLE 322.13-13

JOINT FREQUENCY..OF WIND.DIRECTION AND .WIND SPEED

FOR STABILITY CLASS F

CRBRP METEOROLOGICAL TOWER, 75 FOOT LEVEL

DELTA-T USED: 200 FEET - 33 FEET

APRIL 3, 1974 THROUGH JUNE 30, 1974

N N

NE

EK

E

ESE

SE

SSE

S

SSW

sw

WSW

WNW

NNW

TOTAL

0.0-3.0

0.'00403

0.00322

0.00526

0.00852

0.'00648

0:00730

0.00607

0.00485

0.00852

0.00852

0.00974
0.00811

0.00403

0.00322

0.00444

O. 01 T78

0.10404

The Total

* 31ý-6.0

0. 00000

.0.00041

'0.00122

0.00082

0.00041

0. 00041

0.00000

0.00082

0.00041

0.00163

0.00122

0.00041

0.00082

0.00041

0.00122

0.01020

WINO• SPEED. KNOTS*.

6.1-10.0 10 1-16.0 "'16;1-21.0

00.00000 0.00000 -M0.000

0.00000 : 0.00000 0600000

0o.00000 0.0ooo :0.00000

0.0000 . 0.00000 0.060000

0.00000 .0.00000 ý0.00000

0.00000 0.00000 0;00000

0.00000 0.00000 0.00000

0.00000 " • '0.00000 0.00000

0.00000 ., .0.00000 0.00000

0.00000 .o0oooo :0.00000

0-.00041 0.00000 .0.00000

0.00000. '"0.00000 00000

0.00000 0.00000 0.00000.O.OOO0 0.00000 0.00000

0.00000 0.00000 .0.00000

0.00000 0.00000 .0.000000.0000o 0.00000 0.000oo0o

0.00041 0.00000 0.00000

for this Stability Is: 0.00571

v21.iI-•99.0

00. 00000

&.00000

04.00041

':ý0400000

0'.o00041

0.00000

.0'.00082

0..00000

* o0.0041

0.00041

*.ý0.00 000

.0.00000

040.000

0.00002

0.00245

TOTAL',-
S0.00403

0.00362

0.00974

0,.00689.

0.00770

0.00648

0;00566

0.00934

0.,0934

0ý.01219

0.00934.

0.00q444

0-.o00,03

0o.00485

0.01301

0.11709

i(

.

Percentage of Calms

*1 knot - 0.515 m/sec; 1 knot = 1.16 mph

6
Q322.13-14
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TABLE.322.13-14

JOINT FREQUENCY OF WIND DIRECTION ANDMWIND SPEED,
FOR STABILITY CLASS G

CRBRPMETEOROLOGICAL TOWER:, 75 FOOT LEVEL
DELTA-T USED:ý 200 FEET - 33 FEET

APRIL 3, 1974 THROUGH JUNE 30, 1974

WIND SPEED, KNOTS*

NE

EKEE

NE

D(E

E.SE

SE

SSW

Sw

WSW

SWN

NW

TOTAL

0.0-3.0

0.00224

0.00224

0.00183

0.00469

0.00387

0.00591

0.00306

0.00591

0.00795

0.01081

0.00714

0.00346

0.00102

0.00510

0.00428

0.00795

0.07752

The Total Perce

3.1-6.0. 6.1-10;0 10.1-16.0

0.00000 0.00000 0.O0000

0.00000 0.0O000 0.00000

0.00041 0.00000 0.00000

0.00000 0. 00000 0.00000

0.00041 0.00000 0.00000

0.00041 0.00000 0.00000*-

0.00041 0.00000 0.0000

0.00000 0.00000 0.00000

0.00000 O,DO000 0.00000

0.00041 0.000 0 0.00000

0.00041 0.00041 0.00000

0.00041 0.00000 0.00000

0.00000 0.00000 0.00000

0.00041 O.00000 0.00000

0600041 0.00000 0.00000

0.00000 0.00000 0.00000

16.1-21.0 21;I-99;0 TOTAL
0.00000 0.0o000: 0.00224•

ý0.00000 .0 .00000 0.60224

0.00000 0.00000 0.00224

0.00000 0.00000 0._00469

0.o0000 :0.0000 0`00428

0.00000 0.00000 . 00632

0.0000 0 0. 0.0.00 0.60346

0.00000 0.00o0o0 o.0051

0.00000 0.00163 0.009S8

0.00000 0.00041 0.01162

0.00000 0.00041 0.00836

0.00000 0.00041 0.00428

M.00000 0.00000: 0.00102

0.00000 0.00041 0.00591

0.00000 0.00000 0.00469

0.10000 0.00000 -0.00795

0.00000 0.00326 0.08486

1L

0.00367

ntage of
0.00041 0.00000

*1 knot - 0.515 m/sec; 1 knot - 1.16 mp

Calms for this Stability is: 0.00326

ph

Q322.13-15 Amend. 1
July 1975
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Question 322.14

The: 'information in the sectfoh Win"d.and Stability Data indicates that
a temperature sensor was installed on the tower at the 33-ft level on
April 3, 1974 and that subsequent to-o this date, vertical temperature
difference, measutements betweeh .the 33- and 200-ft level on the meteoro-
logical tower are available. Since the installation, date was over one
year ago, provide joint frequency distributions of wind speed and direc-
tion measured at the 75-ft level and atmospheric stability determined by
the vertical temperature'difference between the 33- and 200-ft levels for
one full year period subsequent to April 3, 1974 as-soon as the data re-
duction process is completed. The data recovery rate should equal or
exceed 90%.

.Response:

A temperature sensor was installed on the meteorologiicaltower at the i
33-ft. level ,on April 3, 1974. However, data at'this sensor was found
to be, in error.forasiweek periodc occurring :in October - November,
1974. Therefore, -the requeStedone full year o.f joint frequency
distributions of wind speed :and directionq measured at the 75-,ft.
level and atmospheric stability determined -by the-vertical temperature
difference between the 33- and 200-ft. leveIs.,is not available with a
data recovery rate equal or exceedinq 90%. The site data:, however,
was processed for a shorter period of record where-data. recovery rate
didexceed 90%:to provide meanihngful information on site meteorologica~l,
conditions and the results are presented below.

The data recovery rate and sensor failures for each of .the three
attached data sets are summarized in Table 322.14-I. The attached
Tables 322.14-2 through 322.14-22 provide the joint -frequency distributi on
of wind speed and direction by Pasquil 1l stabi lity 1classes for the on-
site meteorological: data. The tables.are based upon wind speed and
direction as measured at the 75-foot level. The tables are further.
classified by the following:

Differential Extent of
Table Numbers Temperature Period Dates.

322.14-2 - 322.14-8 200 ft minus 6 months 12/1/74-5/31/75
75 ft

322.14-9 - 322.14-15 200 ft minus 6 months 12/l/74-5/31/75
33 ft

322.14-16 - 322.14-22 200 ft minus 12 months 6/1/74-5/31/75
75 ft

Q-322.14-1 Amend. 3
Aug. 1975



Table 322.14-23 is a summary of the stability distributions for the: three

sets of data. A comparison between the 200 tb 75-ft differential tempera-
ture. data andthe 200 kto 33-ft differential temperature data show that a,
maximum Variation of 2% is:: all that, occurs. between the stabi•l. i ty classes.

The following further indicates that littl'e ,-varitation between the two

differential temperatures occur, especiallyl-in the stablec. cases:

Stable
Neutral
Unstable

AT 200-75
54.73%
34'.56%
10.71%

AT 200-33
54,.-63%
36.'1I0%
9.28%

In Table 322.14-23, comparing the two six month cases with the annual

case, the major observed difference is a shift from neutral stability to

both the stable and unstable conditions. This shift is because the data
now includes: the summer and. fall seasons which, normallyhý;have more

occurrences- at both ends oflthel.stabl iity. scal e. The sight•i ncrease

ini unstable conditions ils most.-likely' due to the itntense solar heating

in the summer season causing more thermal, atmospheric instability. The

increase in the stable conditions is probably due :to rapi d nighttime
solar radiational cooling of the fall season. The following compares
the annual to the two six month cases:

Annual
ATý96 75

56.72%
30.75%
12.53%

S2iix Months
AT7200-75ý AT,200-33,

Stable
Neutral
Unstable

54.73%
34.56%
10.71%

54.163%36.10%
9.28%

The data indicates that it does not
temperature sensor-is at 33-feet or
stability has little variation.

Q-322.14-2

make a difference whetherthe lower
75-feet aboveground; the atmospheric

Amend. 3
Aug. 1975 (



*1

\

4" '.~

'~¾ ¾~.¾¾

¾" ¾"

'¾ ¾)

'¾
¾¾

"¾

*'¾*~'~

.7:.
'¾¾¾ - ¾.'

'1¾C''¾'''1

0 0 @0 0

TABLE 322.14-1

DATA RECOVERY OF THE CLINCH RIVER SITE

I\

Period of record

.Total good records

Total records

Data recovery rate

Number of wind direction
records in error

Number of wind speed
records in error

Number of upper temperature
records in error

Number of lower temperature
records in error

AT200-75

6/1/74-5/31/

8,410

8,760

96. 00%

45

82

223

"-0

75-FOOT LEVEL WIND DIRECTION AND SPEED

AT200- 7.5

'75 12/1/74.5/31/75 12/

4,268 4

4,368" 4

S97.71%-

26

6

:68 -. <

p. __ •:

bT200-33

1/74-5/31/75

,258

,368

97.48%

22

6

68.

14

U3(D

-4



TABLE 322.14-2

SEMI-ANNUAL JOINT FREQUENCY OF WIND, DIRECTION AND: WIND. SPEED FOR

STABILITYtCLASS A

CRBRP METEOROLOGICAL TOWER, 75-FOOT WIND LEVEL

DECEMBER 1, 1974 THROUGH MAY 31, 1975-

WIND SPEED, KNOTS*

N

NNE

NE'

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

0.0-1.3

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

THE TOTAL

1.4-2.9

0.00000

0. 00000

0. 00000

0.00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0. 00000

0.00023

0. 00000

0.00000

0.00000

0. 00000

0.00000

0. 00023

3.0-4.7

0. 00000

0. 00000

0.00000

0. 00023

0.00000

0. 00000

0.00000

0.00000

0.00047

0.00000

0. 00094

0.00000

0. 00023

0.00000

0:00000

0. 00023

0. 00211

4.8-6.4 6.5-10.0 10.1-16.0

0.00000 0.00000 0.00000

0.00000 0.00000 0.00000

0.00023 0.00094 0.00000

0.00047 0.00094 0.00000

0.00023 0.00000 0.00000

0.00023 0.00000 0.00000

0.00023 0.00000 0.00000

0.00023 0.00000 0.00000

0.00023 0.00000 0.00000

0.00000 0.00000 0.00000

0.00000 0.00023 0.00000

0.00000 0.00000 0.00000

0.00023 0.00023 0.00000

0.00000 0.00047 0.00047

0.00047 0.00141 0.00023

0.00047 0.00047 0.00000

0.00305 0.00469 0.00070

16.1-21.0
0.00000

0.00000

0.00000

0.00000O

0.00000

0.00000

0. 00000

0.00000

0.00000

0.00000,

0.00000

0.00000

0.00000

0.00000

0. 00000

0.00000

0. 00000

!21.1-99.0

0.00000

0. 000o0
0. 00000

0. 000100

0.00000:

0. 00000
*0.00000'.

00.0.000,

0.00000
0.00000
0.000010

0.00000

0. 00000

0.00000

0 00000

0. 00000

0.00000.

,Total
0.00000

O:0.00000

0; 0011zl7

0.D 00023

0..00023

0. 00023

0.00023

0.00070

0.o00000

0.0o141

0.00000

0.00070

0.00094

0.00211

0.00117

0.o0178

PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00000

*1 knot = 0.515 m/sec; I knot = 1.16 mph

Q322.14-4
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01 TABLE 322.14-3

SEfMl-ANNUAL JOINT,:.FREQUENCY ,OFWI•ND- DIRECTION.AND WIND SPEED FOR
STABILITY CLASSB

CRBRR- METEOROLOGICAL TOWER. 75-FOOT- WIND IEVEL.."
DECEMBER I, 19-74 THROUGH MAY '311975 -

WIND SPEED, KNOTS*

N

NNE

* NE

ENE

ESE

. SE

SSE

S

SSW

SW
WSW
. W

WNW

NW

NNW

TOTAL

0.0-1.3
0.00001

0.00001

0:0-0001

.0.000010.00001

0. 00001

0.00001

0. 00001

*0,060010.00001

0.00001

0.00001

0.00001

0. 00001

0. 00001
0. 00001

0. 00023

1.4-2.9

0.00000

0.O00000

0.00000

0.00000

0.00000

0.00000

0.0000.0

0.00000

0.00047

0.00023

0.00047

0.00094

0.00047

0.00000

0.00023

0.00000

0.00281

3.0-4.7

0.0.0000o

0.000
0.00164.

0.00117

0. 00.117.

0.00114

0.00070

0. 0009,4'

0.00070
0. 00187

0.00375

0.001,17

0.00070

0.00164

0.00070,

0.00070

0.01828

4.8-6.4 6.5-10.0 10.1-16.0
0.00023 0.00000 0.0000o 0
0.00023 0. OO00Ol 0 0.00000
0.Ol00141,1- 0.00047 .0.,0 1.0000,
0.00422• 0.00094,: 0.009000
0.00234.0. 0 O O0000:- 0.00000.
0.00023 0.00000 0..0.0000

0.0007.0. 0.00000 0.010000.
0.00000 0.00000 0.00000.

0.00000 0.00000 o.o0000
0.00070. 0.00117 0.00047
0.001171 0.00094 0.00117

0.00000 0.00023 0.00023
0.00094 0.00047 0.00070
0.00047 0.00375 0.00070
0.00094 0.00211 0.00023
0.00023 0.00023 M00000

0.01382 0.01031 0.00351

R THIS STABILITY IS: /0.00023

16.1-21.0 21.1-99M0 Total:.
o.000oo00 Oooo- 0.000 024 :
0.00000 . 00000
000.00000.' 0 0.00352'.
0.00000 000000o 0.003'4

0'.00000 ~0.00 0P0 035

0.00000 0.00000 0.00165

0.0000 0.00000 0.00142

0.00000 0.00000 ~0.00095ý
0.00000 0.00000 0.00118

'0.00000 0.00000 0.00446~

0.001000ý 0.0000 0.00751

0.00000 0200000 0.00259

0.00000 0.00000 0.00329,
0.0002 13 0.00000 0. 00.680,
0.0.0000, 0.00000 0.00423,

0.00000. 0.00000 0.006118:

0.0,0023 0.00000 0.0 :4920ý

©

THE TOTAL PERCENTAGE OF CALMS ..FO

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Q322.14-50
Amend. 3
Aug. 1975
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TABLE 322.14-4

SEMI-ANNUAL JOINT FREQUENCY OFi•WIND }DI•RECTiION AND WIND SPEED&FOR,

STAB LITY.CLASS C

CRBRP METEOROLOGICAL TOWER, 75-FOOT ,'WINDQL,:EVEL

DECEMBER 1, 1974 THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.'0 10.1-16.0 16.1-21.0 21.1-99.0 Total

"C-••

N

NNE

NE

ENE

E

ESE

SE

.SSE
S

SSW

SW

WSW

w

WNW

NW

NNW

TOTAL

0.00000

0;'00000

0.00000

0 o00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0. 00000

0.00000

0.00000

0.00000

0.00000

0.00000

0i.00000

0.00000

0.00000

0.00023

0.00000

0.O00000

0.00047

0.00023

0.00023

0.00211

0.00117

0.00000

0.00023

0.00000

o.o00oo
0.00469

0.00023

0.00023

0.00187

0. 00305

0.00117

0.00070

0.00000

0.00141

0.00141

0.00211

0.00305

0.00187

0. 00094

0.00023

0.00023

0.00047

0.01898

0.00000

0.00000

0.00047

0.00117

0.00070

0.00023

0.00000

0.00023

0.00000

0.00047

0.00070

0.00164

0.00023

0.00070

0.00047

0.00047

0.00750

0.00000

0.00000

0.00023

0.00047

0.00000"

0.00000

0.00000

0.00000

0.00023

0.001.17

0.00234

0.00023

0.00094

0.00281

0.00070

0.00094

0.01007

0.00000

0.600000

0. ooooo
0. 060oo
*0.00600

0.0O00

0. 00000
0.06000

0.000600

0.00094

0.00117

0. 00070

0.00070

0. 00117

0. 00070

0. 00000

0.00539

0. 00000

o:oo0000

0:000010

0.00000

&A 00000

0.00000

0. 00000

0.o00000
0.00023,

0.00000
0.00023

0.00666b
0. 00000

0.000 00

0.00047

0.00000

0. 00000

--0.00000

0. 00000

0. 00000

0.00000'

o•:oo~oo

.0.00.000

• 000000

0.00000

0.OOOO

0.00000

0.00000

0.090000

0.00000

:0.00023

ý0:00023

0.00258

0'.00469

ý0.00211

0 00094

0.00000

0.0021,1

0.00187

0.00492

0.00961

'0.00562

0.00305

0:00515

.0. 00211

0:00187

'0.04709

C

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00000

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Q322.14-.6

Amend. 3
Aug. 1975
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0 TABLE 322.14-5:

SEMI-ANNIAL JOItNT FREQUENCY' OF'WIND DiRE-TION AND ND 0

.. STABILITY CLASS D
CRBRP:METEOROLOGICAL- '.TOWER, -75•FOOT WiNDILEVEL

DECEMBER 1, 1974 THRFOUGH MAY; 31, 1975

WIND SPEED, KNOTS*

N

NNE

NE
ENE

*E

ESE

SE

SSE

S

SSW

SW

W.SW

W

WNW

NW

NNW

TOTAL

•0.0-1.3 '1.4-2.9 3.0-4.7

0.00047 0.00117 0.00047
0.00023 0.00258 0.00351
0.001.17 0.00609 0.00914

0.00094. 0.01359 0.01125
0.00094 0.00422 0.00305
0.100047 0.00375 0.00187
0.00000 0.00141 0.00094
0.00070 0.00187 0.00141
.0.00141 0;00281 0.00211
0.000023 .00633 0.00562
0.00070 0.00820 0.00984
0.00187 0.01007 0.00961

0.001!7 0.00375 0.00398
0.00047 0.00539 0.01078
0.00070 0.00539 0.00586
.0.00187 0.00539 0.00187

0.01336 0.08201 0.08130

THE TOTAL PERCENTAGE OF CALMS FOR

.4.8-6.4 6.5-10.0 10.1-16.0

0.00000 0.00023 ..00000
0.00094 0.00000 0.0000
'0.00211 0.00023. 0.00000
0.00258 0.00047 0.00000
O.0o070 o.000 000O ooo0
0.00047 0.00023 0.00000
0.00000 0.00047 0.00023
0.00000 O.00070 0.0000.

0.00070 0.00094 0.00047
0.00375 0.01125 O.OllOl
0.01078 0.01664 O.0O1429
0.00773 0.00843 0.00422
0.00422 0.00469 0.00164
0.01289 0.02320 0.00633
0.00539 0.00539 0.001,64

0.00164 0.00023 0.00000
0.05389 0.07310 0.03983

THIS STABILITY IS: 0.00000 .

16.1-21.0 .21.199.. 0 .Ta.otal

o.ooooo o.ooo0o 0.00234
0. 00000 0. 000o,0 0 ;000726o.

0.00000 0.00000 '0.018741

0.00000 0.00000 0.02882

0.00000 0.00000 0.00890

0.00.0.0 0:00000 0.00,679
0.0:00000 0.00000 0.00305

oAodooo o.ooooo 0000469
0.00000 0.00000" 0.00843

0'.:'0 00.2 3 0:1 00600 *0.03843.

0.o00070 o:0. 0000 0o.06115
0.00094 0.00000 0'. 04288

0.00023 0.900000 0.01968

0.00000 0.00000 0ý.05904

0.00000O. 0.0660000 .23

0.'00000. 0.0ý0000 .0,A)10 1.

0.00211 0".00000 0O.:34560

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Q322.14-7

Amend
Aug. 1975



TABLE 322.14-6

SEMI-ANNUAL, JOINT FREQUENCY OF.WIND DIRECTION ,AND WINDýSP.EED• FeOR

STABILITY CLASS E.

CRBRP METEOROLOGICCAL TOWER, 7-•FOOT WINDL.EVEL

DECEMBER 1, 1.974 THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

N

NNE

NE.

ENE

ESE

SE

SSE
SSWS

SW

WSW

W

WNW

NW

NNW

TITAL

0.0-1.3
0.00165

0.00188

0.00352

0.00540

.0.00774

0.00376

0.00306

0.00399

0.00493

0.00329

0.00259

0.00306

0.00212

0.00212

0.00282

0.00376

0.05576

1.4-2.9
0.00375

0.00890

0.01.382
0.01828

0.00750

0.0037.5

0.00234

0.00187

0.00187

0.00726

0. 00984

0.00375

0.00328

0.00375

0.00539

0.00750

0.10286

3.0-4.7

0.00023

0.0021 1

0.00703

0.00492

0. 00187

0.00211

0.00023

0.00047

0.00164

0.00539

0.00867

0.00515

0.00305

0.00328

0.00445

0.00305

0.05366

4.8-6.4

0.00000

0.00047

0.00047

0.00141

0.00:094

0.00023

0.00000

0.00000

0. 00023

0.00492

0.01078

0. 00375

0.00211

0.60492

0.00234

0. 00023

0.03280

6.5-10.0

0.00000

0.00006

0.00070

0..00023
0.00000

0.00000
0.00000

0.00000

0.00070

0.00961

0.00984

0.00351

0.00047

0.00398

0.00117

0.00000

0.03022

10.1-16,0

0.00000

o.o0ooo
0.00000

0.00023

0.00000

0.00000

0.00000

0.00o000

0.00000

.0.00351

0.00258

0. 0o000

0.00023

0.00000

0.00000

0.00000

0.00656

16.1-21.0

0. 00000

0.00000

0..00000

0.00000

o.0000

0.0100010

0.00000

0.00000

0.06000

0.00023

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00023

21.1-99.0.
0.'00000

'0.00000

0.000o00

6.000060

0.00000

0200000

-o.bOodolb
0.6o0oo
0.00000:. o~oooo

0.00000

0.00000
0.00000
0.00000
0. 00000

0.00000

Total

0.00563

0. 01337

'0.03047
0. 01805

0.00985

0. 00563
0.00634

* 0.00938

0.03422

0. 04429

0.01922

0.01126

0.01805

0.01618

.0.01454

.0.28210

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00023

*1 knot = 0.515 m/sec; I knot = 1.16 mph

Q322.14-8
/

KAmend. 3
Aug. 19,75
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0 TABLE.- 322ý.14-7.

SEMI-ANNUAL ýJOINT, ýFREQUENCY•OF WIND D"REC T "AND ,WIND SPEED FOR

STABILITY CLASS F

: 8.CRBRP .METEOROLOGICAL TOWER-i, 75-FOOT:, WIND LEVEL.
DECEMBER 974 HROU 1975

WIND SPEED, KNOTS*!

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

0.0-1.3

0.00238

0.00332

0.00355

0.00660

0.00379

0.00543

0.00402

0.00590

0.00871

0.00613

0.00473

0.00332

0.00121

0.002338
0. 00379

0.00590

0.07122

1.4-2.9

0.00070

0.001,87

0;00375

0.,0703

0.00164

0 00047

0.o00023

0.'00117

0.00187

0.00469

0.003.98

0.100328

0.-00023

0.00094

0.00141

0. 00328

0.03655

3.0-4.7

0.00000

o.oododo
0.o0141
0:00047,1

0'.00000,

0.00000

0.00023

0.00000

0.00023

0.00094

0.00187

0.00000

0.00023

0.00023

0.00047

0.00000

0.00609

4.8-6.4 6.5-10.0 10.1-16_0
0.00000 0.00000 0.00000w-

0.00000 0.00000 0.o0o0000.
o.ooooo 0.00000• o~ooooo"

0.00000 0.00000. 0-.00000,

0.00000 0.00000 0.,00000..
0.00000 0.00000 0.o0000
0.00000 0.0 o0o0o 0.000001
0.0oooo o.ooooo 0.60006
0.00090 0.00000 0.00000
O.01000 0.00000 0.00000

0.00000 0.00000 0.00000

0.00000 0.00000 0.00000
O.bO0OO mO.000 0.060600

0.00000 0.00000. 0.00000

0:00094 0.00000 0.00080

16..1-21.0 21.1-99.0 Total:

ý0. 00000. " .:00000 0.003 0

0.00000 0.00000 0.00519 -

o:.oob~-.,o;•6opoo:3•.;••'
0.0000o oooo o.o0087

,0.00000 . '.0.00006ý 0.014.10
-0.00000 0.00000 K 0.00543

0:ODD00 ~ 0:,000066 0.00590

0.00000 0.00000 :0.00443

0,000 0.00000. 0.00707.

o0.00000 0.00000 0.01082

0.00000: 0.00000 0.011,76,

0.00000% 0.00000' 0.01152ý

.0.00000 0.00000 0.00660

0.00000o omooooo 0.00168-

0.00000 0.00000 0.003S55.

0.0000 0.00000 0.00566

o00ooo00o0 0"oo000 0.00918

00000 ...0.00000 p.11480,.

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00070.

*1 knot 0.515 m/sec; 1 knot = 1.16 mph

Q322..14-9

Amend. 3
Aug. 197.5
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TABLE 322.1'4-8

SEMI-ANNUAL JOINT FREQUENCY OF WINDi.DIRECT, ION AND WI ND SPEED FOR

STABILITY: .CLASS G

CRBRP METEOROLOGICAL TOWER, 75_-FOOT-WIND LEVEL

DECEMBER1 , 1974 THROUGHMAY 31, 1975

WIND SPEED, KNOTS*

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 16.1-21.0 21.1-999.0 . Total

'C

N

NNE

NE

.ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

0.00218

0. 00124

0.00148

0. 00429

0.-00335

0. 00944

0. 01038

0.01296

0.01530

0.01366

0. 00921

0..00405

0.00335

0.00476

0.00710

0.00640

0.10918

0.00047

0.00023

0.00187
.0.00305

0.00164

0.00351

0.00070

0.00164

0.00258

0.00984

0.00515

0.00141

0.00070

0.00141

0.00187

0.00234

0.03843

0.00000

0.00000

0.00023

0.00000

0..00000

0.00000

0.00000

0.00000

0.00000

0.00070

0.00070

0.00070

0.00000

0.00000

0.00000

0.00000

0.00234

.0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00047

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00047

0.O00000

0.00000.

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

.0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0. 00000

0.'00000

0..00000.

0,00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00600
.0.00000

0.o0000
O.00000

0. 00000

0.00000

0.00000,

00o0000
0. 00000

0.00000

.0.00000

0.0o000
0.00000

0.00000

0.00000

0 .900000

0.00000

0.00000

0. 00000

o000000
.0.00000

0.00000

0. 00000

0.00000

.0'.000.00

0.060000

0 . 0~0000

0, 00000-

o.:ooooo
0.00000

O. ooooo

0.0600000.00000

0. 00000

0.00265
:0.001!48

0.00358,

0:00733

0.00499

.0.01296

0. 01108
0.01460
0.01788

0.02467

0.01507

0.00616

0 .00405
0.00616

0.00897

0.00874.
0. 15042

c7

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00117

*1 knot = 0.515 m/sec; I knot = 1.16 mph

Q322.14-10

Amend. 3
Aug. 1975



0 TABLE ,322.14-9

SEMIANNUAL JOINT FREQUENCYTI OF 7WIND DDIRECTION ANDWIND NSPEEDFOR
""ST'ABILITY CLASS A "

CRBRP METEOROLOGICAL TOWE 75-FOOT-WIND ,LEVEL .

DECEMBER 1, 1974 THROUGH MAY 31,. 1975

WIND SPEED, KNOTS*

N

NNE

NE

ENE

E

ESE

SE

SSE

S

WSW

SW

WN W

NW

NNW

TOTAL

0.0--1.3
o. ooooo

0.00000

0.0000

0.O00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000
0.00000
o.ooooG

1.4-2.9 3.0-4'.7 4;8m-6.4 .6.5-10.0 10".:1-16.0 16. 1 21. 0.0. 100000 0.0000 .0 0.00000 0.00000, .0. 00000 4000bo~oooo ooooo o~oooo o~oooo ~ oo~o, a. oodoo
0 000000 0.00000 0.00000 0.00000 0.00000
0o.o001000 0.00000 0.o00023!, 0.00023' o0.00,000 0.0000
0.00023 0.00047 0.00047 0.00023 0.O00000 -. 00000'o.'ooooo 0.00047 0.00023: 0.00000 0.00000 0.d600000
0.00000. 0.00000 0.00000 0.00000 0.00O000 0.00O0000.o00000 0.00040 0.00023 0.00o000 0.00000 .0.0000
0.00000 0.00070 0.00000o 0.00000 0.00000 0.00000

0.00000 .600047 0.00000 0.00000 O.00O 0.00000
0.00000 0.00023 0.00000 0.00023 0.00000 0.'0.0000
0.00000 0.00047 0.00023 0.00047 0.00023 0.00000

0.000.00 0.00023 0.00023 0.00023 0.00000 o.ooooo
0.00000 .0.00000 0.00047 0.00070 0.00023 0.0000.0

0.00000 0.00000 0.90023 0.00164 0.00070 0.0o0000
0.00000 0.00000 0.00070 0.00235. o0.01o4- 0.00000
0.00000 0.00070 0.00047 0.00094 0.O000o0o 01.00000
0.00023 0.00376 0.00352 0.00o705 0.00258: .0000

21.1-99.0 Total

0.00000 0.'00000

•0.o00000 O.• o • 6ooo-.
0.00000ý 0:00047

A0 0P0000 0-.00141

0.00000~ 0M0007

0.OOOOOA 0.00000.

0.100000 9.-00023

?.P•oho~o o..,o-oooio:,,
* 0.0000. 0.000470

0.00000., 0.00,047,-.
0,.00000. ý0.001041

o.oooo60 0.00070.
0.'00000ý 0.,001411
000000 0. 002J,8::

0ýOi0000~0 0.00446

~0.0000o. 00211
0.00000,,•.,'.:•.. 0 01714ir.,'-

THE TOTAL PERCENTAGE OF CALMSIFOR THIS STABILITY IS: 0.00000

*1 knot 0.515 m/sec; 1 knot.= 1.16 mph

Q322.14-11

Amend. 3
Aug. 19750
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TABLE 322.14-10
SEMI-ANNUAL JOINT. FREQUENGY-OF WIND DIRECTIONANDWIND TSPEED FOR

STABILITY ,,CLASS B

CRBRP METEOROLOGICAL TOWER, 75-FOOT ,WIND L,1EVEL

DECEMBER 1, 1974 THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

0

N.
• NNE

NE

ENE

E

ESE

SE

SSE

S

SsW

SW

.WSW

W

WNW

NW

NNW

TOTAL

0.0-1.3

0.00000

0.00000

0.00000

*0.00000

0.00000

0.100000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000
0.00000

1.4-2.9

0.00000

0.00000

o. 0oooo
0.00000

0.00000

0. 00000

0. 00000

O.00000

0. 00047

0. 00023

0. 00047

0. 00000

0.00000

0. 00000

0. 00023

0.00000

0.00141

3.0-4.7

0.00000

o. oo00o6

0.o0117

0.00070

0.00047

0. 00000

0.00000

o. 00006

0. 00023

0.00047

0. 00094

0.00047

0.o0023

0.00047

0.00023

o. ooo0o
0. 00540

4.8-6;4 6.5-10.0• 10.1-16.0

0.00000 0.00000 0.00000

0.00023 0.00000 0.00000

0.00094 0.00070 0.00000

0.00047- 0.001..17 0.00000

0.00023 0.00000 0-00000

0.00023 0.00000 0.00000

0.00000 0.00000 o.o0ooo

0.00000 0.00000 0.00000

0.00023 0.00023 0.00000

0.00023 0.00094 0.00000

0.00117 0.00117 0.00188

0.00070 0.00141 0.00000

0.00047 0.00047 0.00023

0.00070 0.00188 0.00094

0.00047 0.00188 0.00000

0.00047 .0.00000 0.00000

0.00658 0.00986 0,00305

16.1-21.0

0: 00000

0.00000

0.00000

•o..00000

0.00000
0.10000 .0

0.0000.0

0. 00000a

0.060600

0.,00.000

oilooooo
0.00000

0.-00000

0o00.000

0.000000...00000

0. 00000

0. 00000

21.1-99.'0

0.00000o

•0. o0000

0. o00000

0. 000100
O. ooboo

0.00000

0.0 0000

0.00000

o. 00000

0.00000

•0.000,00

0. 00000o0.00000

.0.00000

0. 00000
0. 00000

Total

0:.00000

0.00282

'0.,0023.5:

,0. 00070

0.00023

0.00000

0.00000

0. 00117

,o0.0188

0.0056ý4

0.00258

0.00141

.0.00399

0.00282

0.00047

0.02630

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00000

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Q322.14-12

Amend. 3
Aug. 1975



0 TABLE 322L14-11

SEMI-ANNUAL JOINT FREQUENCY OF WIND DIRECTION• AND WIVND SPEED• FOR

STABILITY .CLASS C
CRBRP METEOROLOGICAL TOWER, 75-FOOT: WINDLEVEL

DECEMBER 1, 1974 THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4
N 0.00000 0.00000 0.00000 0.00000

NNE 0.00000 0.00000 0.00000 0.00000

NE 0.00000 0.00000 0.00235 0.00094
ENE 0.00000 0.00000 0.00235 0.00258

E 0`:00000 0.00023 0.00141 0.00141
ESE 0.00000 0.00023 0.001,17 0.00047

SE 0.00000 0.00000 0.00000 0.00023
SS 0.00000 0.00000 0.00047 0.00000

S 0.00000 0.00000 0.00070 0.00000
SSW 0,00000 0.00000 0.00070 0.00023
SW O.O0000 0.00000 0.00376 0.00211

WSW 0.00000 0.00070 0.00023. 0.001,17
W 0.00000 0.00000 0.00023 0.00047

WNW 0.00000 0.00023 0.00141 0.00117

NW 0.00000 0.00047 0.00117 0.00070
NNW 0.00000 0.00000 0.00094 0.00023

TOTAL 0.00000 0.00188 0.01691 0.01174

6.5-10.0
0.00000

0.O00000
0.00070

0.00070

0.00000

0.00000

0.00000

0.00000

0.00000

0.00094

0.00258

0.00117

0.00188

0.00282

0.00094

0.00047

0.01221

10.1-16.0 16.1-21.0 o21.-99.0 Total
0.00000 0.00000w 0.00000 0.00000.

0. 00000 0 .00000 0.00000 0.O00000,
.oo000o 0.00000o 00o00 0.00399

o.0oooo :0:00000 0.00000 0o.00564

0.00000 0.0000 0.00000 0.00305

0.00000 0.00000 0.00000 0.00188

0.00000, 0.00000 0.00000 0.00023
0.00000" 0.00000 00.00000 0.000472

0;00000. -0.00600 0.00000 0.00070

0.600047 0.00000 0.00000 0:00235
0.00352 0.00000 0.00000 0.01198
0.00023 0.00000 0.00000 0.00352

0.00047 0.00000 0.00000 0.00305
0.0 10107 0.00023 0.600000 0.00705

0.00047 , 0.00000 0':00000 0.00376
0.0006 0.00000 0.00000 0.00164
0.00634 0.00023 0.00000 0.04932

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00000

*1 knot 0.515 m/sec; I knot = 1.16 mph

Q322.14-13

Amend. 3
Aug. 1975



TABLE.% 322.14-12

SEMI-ANNUAL JOINT FREQUENCY OF WIND DIRECT-ION AND WIND SPEED FOR

STABILITY. CLASS-: D

CRBRP METEOROLOGICAL TOWER, 75-ýFOOT.WINDLEVEL

DECEMBER 1, 1974 THROUGH.MAY 31 , 1975

WIND SPEED, KNOTS*

N

NNE

NE
ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW
NW

NNW

TOTAL

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 .l0.1-16.0

0.00070 0.00141 0.00023 0.00023 0.00000 0.00000

0.00000 0.00305 0.00376 0.00117 0.00000 0.0000

0.00070 0.00611 0.00986. 0.00258 0.00070 0.00000

0.00070 0.01456 0.01339 .0.00564 0.000941" 0.00023

0.00117 0.004,46 0.00399 0.00258 0.00000 0.00000

0.00094 0.00376 0.00258 0.00070 O. 00000 O0.00000

0.00023 0.00141 0.00141 0.00047 0.00000 0.00000

0.00094 0.00211 0.00235 0.00047 0.00047 0.00000

0.00164 0;00235 0.00305. 0.00070 0.00047 0.00000

0.00000 0.00681 0.00869 0.00352 0.00916 0.00916

0.00023 0.01104 0.01386 0.00963 0.01409 0.01010

0.00188 0.01104 0.01127 0.00822 0.00705 0.00423

0.00094 0.00399 0.00634 0.00470 0.00305 0.00211

.0.00047 0.00564 0.01080 0.01362 0.02583 0.00587

0.00070 0.00446 0.00470 0.00517 0.00446 0.00094

0.00117 0.00517 0.00235 0.00141 0.00047 0.00000

0.01245 0.08736 0.09864 0.06083 0.06670 0.03264

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00000

16.1-21.0 21.1-99.0 Total
0.00000 0.O00000- 0.00258

0.00000 0. OOOO 0.00798

0.00000 :0.00000 0.01996

0.00000 0.00000 0.03546

0.0 000 0.00000o 0.01221

0600000 0.00000 0.00798

0.00000D 0.00000 0.00352

o.00000: 0.00000 0.00634

0.00000 0.00000 0L00822

0.00000 0.00000 0.03734*

0.00094 0.00000 0%059891

0.00094 0.00000 0.04462

0.00047. 0.00000 0.02161

0.00000 0.00000 0.06224

0.00000 0.00000 0.02043

0.00000 0.00000 0.01057

0.00235 0.00000 0.36097.

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

.Q322.14-14

Amend. 3Aug. .1975



TABLEZ 322.14-13.1,

SEMI-ANNUAL JOINT FREQUENCY. OF WIND DIRECTIONA:ND ýWIND :SPEED' FOR
STABIL ITYy CLASS E

CRBRP METEOROLOGICAL TOWER,: 75:FOOT WIND LEVEL I .
DECEMBER 1,' 1974 THROUGH MAY' 31, -1975

WIND SPEED, KNOTS*

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

0.0-1.3

0.00118

0.00236

0. 00377
•0:00659

0;00753

0.00306

0..00283

0.00471

0.00494

0600424

0.00283

0.00283
.0.00212

0.0021.2

0.000283

0.00447

0.05847

THE TOTAL

1.4-2.9

0;00282

0;00728
0.01245.

0,:01597
0,.00705

0.00258

0.00235

0.00211

0.00235

0.00681

0.00822

0.00446

0.00352

0.00305

0:00517

0.00681

0.09300

3.0-4.7

o.00ooo

0.00211

0.,00611

0.00329

0.00094

0.00235

0.00047

0.00070

0.00188

0.00470

0.00728

0.0051•7

0.00164

0.00282

0.00493

0.00235

0.04674

4.8-6A 6.5-10.0

0.00000 0.00023

0.00023 0.00000(

0,.00000. .0.000,23.
0.00070o o.o0do0
0.00047 0.00000
0.00000 0.00023

0.00000 0.00047

0.00000 0.00023

0.00.023 0.00094

0.00564 0.01174

0.00845 0.01127

0.00282- 0.00258

0.00141 0.00070

0.00329 0.00211

0.00258, 0.00117

0.00047 0.00000

0.02630 0.03194

10.-16' 6.0

0. 00000

0 .. ýýoo j0.00000
0.00000
0,00000

0. 00000
0.00000.

0.00023

0.00000

0.O00047

0.00634

0. 00352

0.00070

0.00,023

0.00000
0. 00000

0.00000
0. 01151

0.0023

16.1-1.0

o~ooooo-
o.6oooo7

P0.0000

oipo~oob
0.00000

0.,00000

0.000000.00000

0 0.60004

o~oo~oob
0.600000

0.00000,

0. 006000

0. 0*0000
o0.-ooo0. 00047

-211-99.0 Tota l

0.O00000 0 00424...
• ' .•0000 0 'C,- 0) O1 99§•.i;••::•'

M-00000 '0 02256:

. 0.00000 0' 02655-,

S0 .00000 0.015 98

0.oo00000 0060823
40.0000,0 -.000635

0.100000 0.00776ý

0.00000 0.01081~

.0.9000&0 M,03993

091.00000 0. 04158
0.0;0000-, 0.01856

0.00000. 0.01340-,

.,0.,00000 0.;0168

..0.-00000 0"01410

0.00000O 0283
PERCENTAGE OF CALMS FOR THIS STABILITY IS:

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Q322.14-15

Amend. 3
Aug.0 1975
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TABLE 322.14-14

SEMI-ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND W,,IND SPEEDi' FOR,

STABILITY CLASS F

CRBRP METEOROLOGICAL, TOWER, 75-FOOT WIND. LEVEL

DECEMBER 1, 1974 THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

N
NNE

NE

ENE
"E

ESE

SE

SSE

SSW

WSW

W

WNW

NW

NNW

TOTAL

0.0-1.3

0.00265

0.00312

0.00430

0. 00594

0.00406

0.00712

0.00406

0.00618

0.01087

0.00759

0.00618

0,00359

0.o0171

0.00242

0.00453

0.00618

0.08055

.1.4-2.9

0.00117

0.00235

0.00470

0.00681

0.00235

0.00141

0.00047

0.00117

0.00188

0.00540

0.00517

0.00235

0.00047

0.00117

0.00164

0.00470

0.04321

3.0-4.7

0.00023

0. 00609

0.00094

0.00094

0.00000

0. 00023.

0.060000

0.00000

0.00094

0.00070

0. 00047

0. 00047

0.00070

0. 00070

0.00060
0.0 0634

4.8-6.4

0.O00000

0.O00000

0. 00000
0. 00000

0. 00000

0. 00000

0.00000-
0.00000

0. 00000
0. 00023

0.00188

0. 00000

0.00023

0.00000

0.00000
0.00000

0.000235

6.5-10.0
0.00000

0.00000
0.00000

o.oobooo

0. 00000

0. 00000

0. 00000

0.00000

0.000230

0.00000

0. 00000

0. 00000

0.00000

0.0 0000

0.00000
0.00000

0.0002 3

10.1-16.0
0.00000

0.00000

0. 00000o.ooooo

0. 00.000
o.o~ooo.
0.00000

o.odbooo
0. 00900

o.od0oo0.00000
0.o00000
0.00000
0.000000.0o000

0.o0o000

0.000010.

0ý.O060o0'. 00000
o:•oo~o0
0.00000.
o~ooooo

01.:0o6o0`00000O.-00000

0.0000,0
.0.00000

0. 00000

0.00000

0.00000

0. 00000

0.00000o.o0ooo0.00000

.0.00000

0 ;00000

o.oaooo0•o0000
01.000.00

0.606000

0;00000

0.600000

0.'000010

-0.000 00

0,o00000

0:00000

0.00000

0. 00000

0.00000

0.00406

.00547'

i0l0641'

0. 00735

0.01299

0.01416

0`01393

0.00641

0.00289

0.00430

0.00688

0.01087

•. 13269.

16.1-21.0 * 21.1-99.0 'Total

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00117

*1 knot = 0.515 m/sec; .1 knot = 1.16 mph

IQ322.14-16

Amend, 3
Aug. 1975



N

NNE

NE'

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

TABLE 322.14-15

SEMI-,ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR
STABILITY CLASS G

CRBRP METEOROLOGICALJ TOWER, 75-FOOT WIND LEVEL
DECEMBER 1, 1974 THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 1'6.1-21.0 21.1-99.0 Total
0.00215 0.00070 O.O.0000 0.00000 :0.00000 0.00000 0.00000 0.00000 0.00286
0.00121 0.00094 0.00000 0.00000 0.00000 0. 00000 0.00000 , 0.00000 0.00215
0.00098 0.00235 0.00094 o0.066600 0.00000 0.00000 0.00000 0.00000 0.00427
0.00403 0.00446 0.00000 O.OOOOO 0.00000 0.00000 0.00000 0.00000 0.06849
0.00309 0.00117 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00427
0.00802 0.00352 0.00000o 0.00000 0.0000 0.00000 0.00000 0.00000 0.01155
0.01037 0.00047, 0.0o0000 0.00000 0.00000 0.00000 .0.00000 0.00000 0.011084
0011.78 0.00141 o.o0ooo 0.00000. .0.00000 0.00ooo000 .0,00000 0.00000 0.01319
0.01272 0.00282 0.00023 0.00000 0.00000 0.00000 0.00000 0.00000 0.01578
0.01155 0.00939 0.00070- 0.00047 0.0000o 0.0o000 0.,00000 .0.00000 0.02212
0.00802 0.0051.7 0.00188 0.00070 0.00000o 0.00000 0.00000 0.00000 0.01578
0.00403 0.00211 0.00070 0.00000. o.oooo 0.00000o 0.00000 i 0.00000 0.00685
0.00309 0.00047, 0.00023 0.00000 0.00000 0.00000 0.00000 0.00000 0.00380°
0.00474 0.00164 0.00000 o.0ooo.o0 0.00000 0.00000 0.00000 0.00000 0.00638
0.00638 0.400235 0.00000.. 0.00000 0.00000o 0.00000o 0.00000 0.00000 0,00873
0.:00615 0.0.188 0.00000, 0.00000, 0.00000 0.00000o 0.o00000 0.00000 o0802
0.09840 0.04086 0.00470 0.00117 0.00000 0.00000 0.00000 0.00000 0.14513 -

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.0070

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Q322.14-17

Amend. 3
Aug. 1975



TABLE 322.14-16:

ANNUAL: JOINT, FREQUENCY. OF WIND. DIRECTION AND WIND SPEED IFOR

STAB-ILITY :CLASS A

CRBRP METEOROLOGICAL TOWER, 75-FOOT WIND LEVEL

JUNE 1, 1974 THROUGH MAY 31,.1975.

WIND SPEED, KNOTS*

(7

N
NNE

NE
ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4

0.00000 0.00000 0.00000 0.00000

0.00000 0.00000 0.00036 0.00024

0.00000 0.00012 0.00012 0.00059:

0.00000 0.00012 0.00095 0.001'19

0.00000 0.00000 0.00024. 0.00083

0.00000 0.00000 0.00024 0.00024

0.00000 0.00000 0.00036 0.00024

0.00000 0.00000 0.00024 0.00012

0.00000 0.00000 0.00071 0.00024

0.00000 0.00024 0.00059 0.00083

0.00000 0.00048 0.00095 0.00000'

0.200000 0.00024 0.00048 0.00000

0.00000 0.00024 0.00024 0.00012

0.00000 0.00012 0.00024 0.00012

0.00000 0.00000 0.00012 0.00036

0.00000 0.00000 0.00036 0.00036

0.00000 0.00155 0.00618 0.00547

6.5-10.0 10.1-16.0 16.1-21.0

0.00000 0.00000 0.00000

0.00000 0.00000 .0.00000

0.00059': 0.00000 0.00000

0.00119 0.00000, 0.00000.

0.00000 '0.00000- 0.00000

0.00000 0.00000 0.00000

0.00000 0.00000 0.00000

0.00000 0.00000 0.00000

0.00012 0.00000 0.00000

0.00012 0.00000 0.00000.

0.00024 0.00000 0.00000

0.00000 0.00000 0.00000

0.00012 0.00000 0.00000

0.00024 0.00024 0.00000

0.00071 0.00012 0.00000

0.00059 0,00000 0.00000

0.00392 0.00036 0.00000.

21.1-99.0 Total

0.00000 0.00000

0.00000 0400059

0.00000-0. oo00143

OO0000 0.00345

0.00000o .00107

0.00000 0.00048

0Q.00000 0.00059

0.00000 0.00036

0.00000 0.00107

0.00000 0.00178

0.i00000 0.00166

0.00000 0.00071

0.00000 0.00071

0.00000 0.00095

0.00000 0.00131.

0.00000 0.ý00131

0.00000 0;01748

C

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00000

*1 knot = 0.515 m/sec; 1 knot = 1.16 mph

Q322.14-18

Amend. 3
Aug. 1975



TABL E. 3214-7.

ANNUAL JOINT, FREQUENCYý-'OF :WIND.ý:D IRECTIONý AND WIND SPEED FOR
STABLTY CLA SSB

CRBRP METEOROLOGICAL TO6WER, W' 75R : fooT ,WIND.LEVEL
JUNE-1,,1974-THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

N

NNE

-NE

ENE
E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

0.0-1 .3
0.00001

0.00001

.000•01

0.00001

0,00001

0.00001
0. 00001

0.00013

.0.'00001

0.00001
0.000013

0.00001
0 .00001

0:00001
0.'00024

1.4-2.9

0.o0000

0.00000

0.00000.

0.'00024

0.00012

0. 00012

0. 00036

0. 00036

0.00083

0.00095

0.00190

0. 001 43

0. 00095

0.00000
0.0012

0.00012

0. 00749

3.0-4.7 4.8-6.4 6.5-10.0 10.1-16.0 16.1-21.0
0.00012- 0.00012 0.00000o o 0.000-0 0.000005
00005s9 0.00071% 0.''00024. 0:.0 0. 000' o 0.'00000
0.00202 0.00155 0.00036 :._ 0.500000 0.00000
0.00166 ... 0.00309, 000155 0.0000 0.O000oo
.166 0.00190, 0.00000.0 0.0o00o00. 0.o000•

0.00107 0.00012 0.00000 0oo0oooo00 0.00000
0.00095 0.00036 0.00012 0.00oo 0.600o00
0.00119 0.00000: 0.00000 0.00000o . 0.50000
0.00107 0.00059 0.00012 0.000o0 -0.o00000
0.00345 0.00226 0.00155. 0.00059 0.90000
0.00380 0.00166 0.00202 0.00059 0.100000i
0.00202 0.00071 0.00024 0.00036 0.00000
0.00131 0.00095 0.00048 0.00036 0.00000
0.00155 0.00071 0.00238 0.00036 O._o00"912
0.00095 0.00059 0.00143 0.00012 O'00ooo0
0.0011.9 0.00083 0.00059. 0.00000 0.00000
0.02461 0.01617. 0.01106. 0.00238 0.00012-

21.1-'99.0 Total.

0.00000 0.00025
0.00000 ~0.0U1016
0.00060 0.00393'
0.00000 0.00655
0.00000 0.00370~
p0. 00000 0.90132:
0.00000 0.00179

o:o0ooo0•6 ,;;oio'ii0.00000 0.002563

.0..00000 0._00881.
0,000Q0O 0.010i2ý

4. 00000 0:00477

0..00000 0.00405 "

0.00000 0:00512,
o0_0oo0oo oo.0032
0.o00000 0.-00.274

,0.00000 'O.:620.

0

THE TOTAL PERCENTAGE OF CALMS-FOR THIS STABILITY IS:. 0.00012

*1 knot 0.515 m/sec; 1 knot = 1.16 mph

Q322.14-190.

0 Amend. 3
Aug. 1975



TABLE 322.14-818

ANNUAL JOINT FREQUENCY"OF WIND 'DIRECTION 'AN DW1 D.'SPEED FOR-
STABIITY:CLASS C

gi~~i c....'

CRBRP METEOROLOGICAL -TOWER, 75 FOOT•WIND LEVEL

JUNE 1, 1974 THROUGH, MAY.".3-1, 1975

WIND SPEED, KNOTS*

0.0-1;3 1 .4.2.9 3..0-4.7 4.8-6.4 6.5-10.0.. 10.1-16.0

N 0:o00000 0.00012 0.00012 0.00000 0.00000 0.O00000

NNE 0.00000 0.00600 0.00024 0.0001_. 12, 0.00000 '0.00000

NE 0.00000 0.00012 0.00143 0.000036 0.00036 0.00000:

ENE 0A00000 0.00000 0.00226 0.00095 0.00024ý 0.00000

E 0.00000 0.:00024 0.00119 0.00083 0.0000 0.00000O

ESE 0;i.00000 0.00012 0.00083 0.00012 0.00000, 0.00000

SE 0.00000 0.00036 0.00000 0.00000 0.00000 0.00000

SSE 0.00000 0.00048 0.00083 0.00012 0.00000 0.00000

S :00000 0:00059 0.00143 0.00012 0.00012 0.00000

SSW 0:600000 0.00083 0.00202 0.00083 0.00119 0.00048
-SW 0.00000 0.00202 0.00262 0.00107 0.00238 0.00083

WSW 0.00000 0.00166 0M00190 0.00119 0.00036 0.00048

W :0.00000 0.00059 0.00119. 0.00048 0.00071 0.00036.

VWNW 0.00000 0.00024 0.00095 0.00095 0.00214 0.00071

NW 0.00000 0.00024 0.00059 0.00024 0.00071 0.00036

-,NNW. 0.00000 0.00012 0.0004.8. 0.00024 0.00059 0.000000.

TOTAL 0.00000 0.00773 0.01807 0.00761 0.00880' 0.00321

THE TOTAL.PERCENTAGE OF CALMS'FOR THIS STABILITY IS: 0.00000.'

*1 knot =0 0.515 m/sec; 1 knot = 1.16 mph

Q322.11.4-20

16.1-21.0

0:00000

0.,001000

0o,00000:'00000•

0.00000

0.00000

*0.00000.

0.00000

0.000o00

0:00000

0. 00000

0.00012

0.00000

0.00000
0.o00000

0.00024

21;.1-99.0 Total

0.00000 0.00024

0.o00000 O,_00036

0.00000 0.00226

0.00000 0.00345

O.O0000 0.00226

0.00000 0.00107

0-.00000 0.00036

0.O0000 0.00143

0.00000 0.,00226

0.0000 0.. 00535

0.00000 0.00904

0.00000. 0.00559

:0.006000 0.00345

0.006000 0..00499

0.000000 10_00214

0:00000 '0.00143
0.00000 0.,04566,

C'

K-

Amend. 3
Aug. 1975



TABLE .322.14-19

ANNUAL JO.I NTT FR E QUENC-Y, OF ~WIND DIRECTION 'A.ND WIND SPEED FOR

STABILITY CLASSD

',CRBRP', "METEOROL,"OGIC:AL ýT.OWER, 75-FOOT&WIND LEVEL

:JUNE: 1,$ 1:974 THROUGH MAY ,31 1975

WIN6 SPEED. KNOTS*

N

NNE

NE

ENE

E

ESE

SE

SSE:

S

sSW

SW
WSW

W

WNW

NW

NNW

TOTAL

0 0-1.3 1.42.9

o.Ooogi 6 .00190

0.060074 0:0023 ý8

0.00139 0.0547.

0.:00139 0:01-65

0. 00115 0..00428.

0.-00091 0.00369

0.00032 o.o0119
0:00103 "0.0:0262

0.00103 0.00333

0V.00067 0:00654

0.00103 0.00904

0.0017,4 0.00927

0.00079 0.00476

0.00079 0.00499

0.00091 0.00476

0.00186. 0.00595

0.01677 0.08181

-3.0~-4:.7
o0.'00036

0.002 38

0. 007,25.

06.010113

0.0023M

.0.002145

~01'66ý
0.00.2,50,

0,..001654

0.00.963

.0.0 08 44

0:ý00488

'0.00999

0.0P0499

0O.M0250

.067824

4.8-6.4
0.,00036
0•6oio' -.

0.-000262

0U.0000.

0,00024

0:00059

0:00511

0'.01046

0.'006,78

0.00309
0.00999

0.00476

0.00107

0.04946

6.5--10.,0
o0..o0012:

0. 0 oodo0
0,900012

0.00594

0: 00012:0.000246

0. 00095ý

0. 01 391

0.0 0678
0.00285

0.01474

0. 00511

0.00059

0.05493

10116.0 .161-210.- 21.1-499. 0 Total

0o0000 ooooo '00000 0.00365

0 00000 0:00000, 0700000 0.00686,

0.00000 0.00000 000000 00-oi:ooo63

.0.00000 0 .00000 10.00000 0 0.ý2636,

0 00000 0.:00000 :0.00000 0.00947

0 .ý00000 0.00000 0.00000 10. 007,33

0.0012. 0:0.0000 0.00000 0.00341

0.00•00. .0.00000 0........ .. 0. 0 .591

0.00024 0.00000 o.oo00 o0.00864

0.0000654 6 000012 0.000• 9 003397 "
0'.00939 0.00036 0.00000. 0.05383

0.0238. 0.100048 0.00000 0.03587

0.009 0.~00012 ' 0.~00000 0.01744

0.00452 0200000 0.00000 0.04503

0O00107 0.009000 0.00000 0.02160

0.,00000 W00000o 0.00o00 0.01197

0:02521: 0.00107 0.00000 ~0.30749

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00131

*1 knot = 0.515 m/sec; I knot = 1.16 mph

Q322.14-21

Amend. 3
Aug. 1975
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TABLE -322. 14-20

ANNUAL JOINT FREQUENCY OF jWIND ..DIRECT:ION ,-AND.WIND, SPEED FOR

STAB ILITY. CLASS ::E

CRBRP:METEOROLOGICAL -TOWER -75-FOOT iWINDiLEVEL

JUNE 1, 1974.THROUGH MAY -31,, 1975

WIND SPEED, KNOTS*

0

N

• NNE

N NE

ENE

E

ESE

SE

SSE

S

SSWssw

WSW

W.

WNW

NW

NNW

TOTAL

0.0-1.3 1.4-2.9 3.0-4.7 4.8-6.4
.0.00483 0.00416 0.00048 0.00000

.0.00483 0.00939 0.00321 0.,.00024

0.00591 0.01058 0.00654 0.00083'

0.01042 0.01593 0.,00380 0.00071

0.01292 O.00832. 0.:.00143 0.o00048.

0.00828 *0.00345 0.00166 0.00012

0.00460 0.00202 0.00059 0.00000

0..00519 0.00190 0.00036 0.00000-

0.00602 0.00309 0.00143 0.00024

0.00591 0.00749 0.00595 0.00357

0:.00448 0.01058 0.00761 0.00785,

0.00424 0.00416 0.00476 0.00333

0.00246 0.00321 0.00238 0.00178

0.00341 0.00297 0.00285 0.00369

:0.00460 .0.00369 0.00309 0.00178

:0.00745 0600880 0.00190 0.00024

0.09548 0.09976 0.04804 0.02485.

6-.5-100 10.1-16.0 16.1-21.0 21.1-99.0 Total

0.o0000 0. 0.000 .00 .Oooo 00000 O:VODOoo 0. 009477

0.012? 0:00000 . :,0.000 0.00000 .0.01780

0.o00036?ý, 0.00000o 0.00'O0o0 .. 0.00000 %.0.024•2 .422

o,0oPoi.2 0.00012. 0-.0000 0 o.'00000 0.o.03. 111

O b0000. " 0 D0000 0.00000 .0.00000 0.-02315,

0.00000 0.00000 0.00000 0.00000 0. 01352

0.00000. 0.00000 .0..00000 0.00000 0.-00721

0.O0000 0.00000 0.00000 0.00000 0.00745

0.00036 0.00012 0.00000 . 0..0000 0.01126

0.00630 0.00214 0.,00012 " 0.00000 .0.03,147

0.00606 0.00155 0.,00000 •0.00000 0.03813

0.00309 0.100000 0.00000 0..00000 0.01958

0.00119 0.00024 A0.00000 .00000 0.01126

0&00285 0.00012 0.00000 0.00000 0.01589

0.00083 0.00000 0.00000 0.00000 o0.1399

0.00012 0.00000 0.00000 0.00000: .0.01.851

0.02140 .0.00428 0.00012 :0,.00000 0.29394

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.01641

*1 knot = 0.515 m/sec; I knot. 1.16 mph

Q322.14-22
(

Amend. 3
Aug. 1975
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TABLE 322.14-21

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

ANNUAL JOINT FREQUENCY OF WIND DIRECTION AND WIND SPEED FOR
STABILITY CLASS F

CRBRP METEOROLOGICAL TOWER, 75-FOOT WIND LEVEL
JUNE 1 1'974, THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

0.0-1.3 1.4-2.9 3.0M-4.7 4.8-6.4 6.5-10.0 I0,J116.0 16.1-21.0 21.1-99.0 Total
0.00448 0.00143 0.600000 000000 0.00000 000000 0.00000 0.00000 oo0.00591
0.00400 0.00131 0.00012 0.00000 O.00000 0.00000 0.00000 0:00000 ý0.00543
0.00496 0. 00345 0.00071 0.00012 0.00000 0.00000 0.00000 0.00000 0.00924
0.00793 0.00630 0.00036 0.00024 0.o00000 0.00000- 0.00000 0•000o 0.01483
0.00745 0.00190 0.00000 0.02 0.00 0.00000 0.00000 0.00000 0.00947
0.00710 0.00095 0.00000 0.00000. 0.00000 0.,00000 0.00000 0.00000 0.00805
0.00626 0.00083 0.00012 0.00000 0.00000 0.00000 0.00000 0.00000 .00722
0.00781 o.o0010 7 0.o0000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00888
0.01019 0.00166 0.00036 0.00000. 0.00000 0.00000 0.00000 0.00000. 0.01221
0:00710 0.00452 0.00071 0.00000 0.00000 0.00000 0.00000 0.00000 0.01233
0.00567 0.00404 0.00143 0.00083 0.00024 0.00000oý 0.00000 0.00000 0.01221
0;00496 0.00214 0.00000 O. 00000 0.00000 0.00000 0.00000 0.00000 0.00710
0.00293 0.00059 0.00024 0.00000 0.00000 0ý00000 0:00ooo 0:00000 0.00377
0.00377 0.00083 0.00012 0.00012 0.00000 0.00000. 0.00000 0.00000 0.00484
0.00436 0.00131 0.00024 0.00000 0.00000 0.00000 0.00000 0.00000 0.00591
000817 0.00428 0.00000 0.00000 0.00000 O. 00000 0.00000 0 00000 0:01245
0:09714 0.03662 0.00440 0.00143 0.00024 0.000 0.00000 0.00000 0.13983

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.02033 ' : "-

*1 knot = 0.515 m/sec; I knot = 1.16 mph

Q322.1.4-23
Amend. 3
Aug. 1975



TABLE 322.14-22

ANNUAL JOINT FREQUENCY:OFWIND DIRECTION •AND IWIND SPEED FOR

STABILITY- CLASS G

CRBRP METEOROLOGICAL.TOWER, 75-FOOT WIND. LEVEL
JUNE 1, 1974 THROUGH MAY 31, 1975

WIND SPEED, KNOTS*

ci

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

TOTAL

0.04I'.3

0. 00200

0.00140

0. 00211

0.00425.

ý0'. 00449

0.01068

0.00949

0.01115

0.01246

0. .01068

0.00770

0.00378

0. 00259

0.00425

0.00580

0.00735
0. 10023

1.4-2.9

0.00048

0.00036

0.00131

0.00309

0.00166

0.00285

0:00059

0.00095

0.00202

0.00690

0.00321

0.001,07

0.00048

0.00119

0.00214

0.00250

0.03080

3.0-4.7

0. 00000

0.00000

0. 00012

0.00000

0. 00012

0. 00012

0.00012

0. 00000

0.00048

0.00059

0.00036

0.00000

0. 00012

0. 00000

0. 00000

0:-00202

4.8-6.4 6.5-10.0

0.00000

0. 00000

0. 00012

0.000000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00024,

0.00000

0.00000

0.00000

0.00000

0.00012

0.00000

0.00048

0.00000

0.00000

0.00000.

0 ý000000

0.00000

0.00000

0.00000

0.00000

0.090000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

0.00000

10.1-16.0
0.00000

0.00000

0.00000

0.00000

0. 00000

0.00000

0.00000

0. 00000

0.000000

0.00000

0.00000

0.00000

0.000900

0.00000

0.00000
0.00000

16.1-21.0

0.00000

0.00000

0.00000'

01.00000

0.00000

0.00000

0.090000

0. 000010

0.006000

0.00000,

0.00000

0. 00000

0.00000

0.00000,

0. 00000

0.00000

21.1-99.0

0.00000

'0.00000

0. 00000
0.00000

.0. 009000. 00000

0.. 00000
0.00000

oeooQoo0.00000

.0;00000

O. 00000

00.000000.0D0000

.0.00000

Total
0.-00247

0.,00176

0."00366

0.00735

0.00628

0.01365

0.01020
0.,01 210

0.01448
0.091829

0.01151

0.00521

0.00307

0.00556

60.00806

0.00984

0.133.53

(2

THE TOTAL PERCENTAGE OF CALMS FOR THIS STABILITY IS: 0.00725

*1 knot = 0.515 m/sec; 1 knot c 1.16 mph

Q322.14-24

Amend. 3
Aug. 1975
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TABLE 322.14-23

SUMMARY OF STABILITY DISTRIBUTION FOR P.M.C. ON-SITE

METEOROLOGICAL DATA

Stabi l ity
AT200-75, 75-ft. Winds

June 1, 1974-May 31.,1975
AT200-75, 75-ft. Winds
Dec. 1, 1974-May 31,.1975

AT200-33, 75-.ft. Win
Dec. 1, 1:974-May 3-,

A

B

C

D

E

F

G

~ I

1.
~' k

4:h

I,

1.75%

6.21%

4.57%

30.75%

29.39%

13.98%

13.35%

100. 00%

4354%.

96.00%

1 .08%

4.92%

4.71%

34.-56%

28,21 %

11 .48%
15. 04%

100.00%

0..23%,

97.71,%

1.72%

2,63%

4.93%

36.1 10%
26..84%

13.27%

14.5.1%

100.00%TOTAL.

Calms

Data Recovery

Cs

-a.

~JC~)
U,



0 Question 322.15 (2.30)%

Provide information preferably in the Tables, concerning whether-thepercentage of caIms li sted at :the bottom of Tables 2.3-21 through 2.38-36
aire: also included:in the main section of the Tableand, if. soith eimeithodby wh1ich the .cal'msare distributed amog the differentwinddirection ,
categories...

Response:

The total percentage of calms listed at the bottom of Tables 2.3-13through 2.3-28. are evenly distributed throughout the various directiongroups in the first wind, speed category,.:- The distribution is done by'using the total percentage of calms for, each stabi-l~ity andldivi ding iby,the number of wind direction groups. • This one-Osixteenith of the calmpercentage, is then addedto each s ls a o
knots.

Tables 2.3-13 through 2.3-28 list separately the. percentage ofcalm winds added to the first wind speed category 'for 6each ,dfirection• .

1 38

138

0

Q 322.15-1
Amend. 38
April 1977



Question 322.16 (2.3.1&4 2.3.2).

With the exception of .the. tornado, provide :a summary of a 11 meteoro.1 ogicalcondi tions (e .g. 100 year recurrence 'sustained Castest mile-)wiAWnfd- speed-, .maximum and minimum ambient air temperatures) used as design basis consi-.derations for the plant and include appropriate cross-references. where
design basis meteorological conditions vary for different plant systems,the applicable conditions should be presented.

Response: 
[7

The response to this question has been incorporated into Section 2.3.2.5.

C) Amend. 27
Oct. 1976

Q322.16-1
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Question 322.17

The .response to. item :322.14 Jindiicates tha.t•a temperature ,sensor malfunction
went undetected for a six-wee:: period irO• O• ber. and&ý:v&m:••':of 1974.n•n
viwofte statement made in Secti on -2.3.3 '6f tJh iPSA W pg 2.3-13 that.."The s~i te is S.... i n' ..... "i d
"The ite sOinpeted week~ly by- an eletrka'egiee'r an is mn

technician to ensure all instruments are ih' good. workin'order`6'a ' rovie:d
information explaningýhow,.the sensor malfunction went: ,undetected for a.six-week period, andindj cate what additifonalmeasrea s hakvebeen taken to
prevent similar occurrences in the future .

1. The 33-foot temperature data were invalid during the peri.od'October 19',
1974, through, November. 29, 1974., due -to a f a!iureof the" .pirator motor,
in the temperature sensor shiel'd. Severa. ýfa:tor con,'tributed the
length e p od between the failure andithe repair o e•eeaspiraator
motor.

a. During this period, no 33-foot temperature data' analogstrip chart
recorderwas -instaf-lled. Thus, field mainte.nancep p.rsonne. had no
on-site source of hourly average, 33-.fotteriperatuire data.. Therefore,
an on-site comparison to detect`a data "a~bnormality could not be made:
between the hory vrge7-fo ata (o6ýn, stip 1chart recorder)a te hou a:ag 3f data (iotosri ,;.•recor

b. A system to monitor aspirator motor opre io tfn a4'n •d'• • ispltbay"' df1 a, a lbnormal
operation was not installed.

c. A computer rpri.nftout, of the Oc tober and 'Noemberi1974 data aS not

available ut-il mid- ýDecembe T974,,. ;. Upon.,.re'cip" -the* dt'a W a7s im'mbediateyly
reviewed and, the-t 33foot, t~ernpe'at'ure:, dta'-& abnormalIly was, detected..Field maiAntena'ncepe r•sonnel in the m-eat hie i had' detected and"
corrected the a'spirator moto-r fa•ilu ur in•',a txowerclimb t& exhange
wind sensors:.

2. A number of steps have been taken to prevent reocc "rrencef a engthy
period of invalid data.-

a. Analog strip-chart recorders are now, in operation for all, data pointsbeing recorded at CRBRp. They provide a backup data record for the
Pul.se-O-Matic• (POM) ,data logg'ng stem whi us e ape
cassettes. Data recorded on both magnetic tape and onstip charts
are: Delta T 200'-751.', 75'T, 33'T,. 33'. dewpoint; and- wind speed and
direction at 200', 75', and 33'., Station /service procedures proide
that strip charts are removed weekly-and that spot checks of data.
logged on these recorders be reviewed onsite at least once per week

Q322.1 7-1
Amend. 13
Feb. 1976
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adcompared withal list of meteoroloia odtonv1 idity
'5tes. Any de.t.c.d o bnditi'on that ind cat ies,,Jnva lia' is

reported :to.-maintenance !personnel •who 0repa•ir 'ais e-qi•-e . ..red. and .
recalibrate.

b. A system has .been installed to detect and .di.sp•lay abnO l
operation of each aspirator.motor. This .will prov-oide' ýearly " :

detection of aspirator failure duri-ng the frequ'ent :'stati.on
inspections by service personnel. The system monitors the
revolutions of the fan and lights an alarm lampwhen the.rpm
is abnormal.

c. Service ,or maintenance peirsonnel visit,.the, station 'at least two
days per week andcompare current datwith 6bs§e'rved meteorological
conditions exi.sting during the visit. ..

Maintenance personnel visit the station at least once per week for.
data comparison as above :and t ore detailed equipment tests,.
.Eac~h month signal conditioners, chart d ,and magnetic
tape recorders 'are 'Checked aInd ca•ioa:ited.

d. Magnetic tape.processing-anda'data printout are hanledon a high.,
priority basis to shorten the ,peri od-be'for e daiat..a re :revi-ewed in'
deta4i~l by a, meteorologist. "

e. A NOVA data logging system will be instal led by 'March'•-, I197t6.
This system includes: (1 ). a minicomputer whitch Icontols the
syste m and- peforms cal:culatitons; (2 a' di gital v, mter (DM)
wich : hdigiti zes :.data directl]y without a' signa i ti'oners (except
Wind. speed'); (3)a tel etype with ;paper.tape-, pu nuc6h.D•igital
pr i'nto ut of hourly aver'ages of :ýdata ..and :instintaneousedi.;glita.l1 -
display of data Treadingswill b a his will
provide- more accurate data than the strip-chart pen traces for
onsite data evaluation. Service, maintenance, and, data review
procedures indicated in a, b, and c above will also apply to
the NOVA system.

f. POM system magnetic tape cassettes are removed-monthly for data
processing. NOVA system teletype paper tapes will be r'emoved'

weekly for data processing. 'NOVA .system paper tape processsing is
less complex than that for the magnetic tape and "therefore ,,data:
printouts are 'availabl e after Iless processing time. : The NOVA:-,

system data printout will be reviewed by a meteorologistmore
frequently and with less delay than the present POM system data.

(

Q322.17-2 Amend. 13
Feb. 1976



a
Question 323.2 (2.,S1.1)

Provide a regional geolog~ic cross section which passes through the: sitearea.-and includes the Valley.and Ridge and Blue Ridge provinces. This,cross section should show the relationshiip of surface.structures inthfs region to the regional geology, including "basement" geology.

Response:

The response to this
59[ 2.5.. .1.2.

question has been incorporated into revised sectiion. ..

0

0•

Q323.2-1
Amend. 59
Dec. 1980
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Figure 3. Section showing the present structuralconfiguration across a portion of the southern Appala.chians, as intcrpreiedby the writer. Interpretation wasmade from geologic and geophysical maps by Stuckey(1958), King (196.4), Watkins (1964),. Neuman andNelson (1965), Overstreet and 'DBe(1965b), Livingston(1966), McKniff ('1967), Wildcn and others (1968),llatcher and Griffin (1969), and 11atcher (1971b). TFNTallulah Falls N;Appe. BZ-JBrevard Zone. TF-TowaligaFault. PCb-earlier Precambrian basement rocks.

PCbms-carlier to late Precambrian basement and meta.sedimentary.and metavokanic rocks. PC-Ocoee Se ricPbmi-late Precambrian metasedimentary and mcta-volcanic rocks. PC-Cims. nd.'PC and 'msvi- Lte Pie.cambrian and Cambrian mesetdimentary and nctaa.vol•cnc rocks. iZi-isaeozole intrusive rocks. Cch-Chilhowee 'Group. Cs-Shady Dolomite. Cr-RomenFormation. OCk.Cc-Knox and Cona:sga u Groups.M;0.O-middle Ordovician iChickamauga Group :rocks.KT-Crctaceous and: Tertiary sediments.

NOTES: I ) ONLY NORTHWESTERN 
PORTION OF PROFILE SHOWN21 MODIFIED FROM HATCHER (19721

Q323.2-3

Figure Q323.2-2

Amend. 7
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CRBRP
SITE

UtNW

ýA

CROSS- SECTION ILLUST RATES THE ,:THIN -SKINNED".HAYPOTHIESIS "OF'THkRUST FAULTING.

HYPOTHESIS SUGGESTS A MAJOR DECOLLEMENT ABOVE THE LEVEL OF THE BASEMENT.

THIS

(

NOTES: t) CRBRP SITE PROJECTED ALONG STRIKE

2) MODIFIED FROM RODGERS (1953).

KY. GEOL. SUR. SER. 9, SPEC. PUB. I

Figure Q323.2-3

Amend. 7
Nov. 1975
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Question 323.4 (2.5.1.1)

Provide information on the extent and nature of the Rome Formation "solQethrust" in this area. This should include evidence such as seismic profilesor drill hole dataif available.

Response:

391 res2nse to is ,estion has been incorporated into revised Section
591 2.5.-1.1L2.

1
27

0

Amend. 59
Dec. 1980
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.01
Question 323.6 •'(:2.5 .1. .2)

Provide futher information on the. l.catlon6 of ýthe Rough CIreek andKentucky River fault ýzones. Inlude information concerstructural evaluation 'andhistor6 of tIhese .faul.ts..
Res~ponse :•.

The response .to this
Section 2.5.1.1.2.

question has been Incorporated into revised.

27

Q323.6-1 Amend. 27
Oct. 1976
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(160) Stauder., W..
1 970

(161) Stearns, R. G.:
.1972

(163) Swingle, G. D.
1959

(164) U.S. Geological Survey'

(165) U.S. Geological Survey)
1968

(166) U.S. Geological Survey
1968

•(167) U.S. Geological Survey
1968

(168) Tennessee Valley Authority

(169) Hatcher, R. D., Jr.
1972

.(172) U. S. Geological. Survey
1973

(and Nuttli., ON.W-) Sei'smic 'Studies:
South Central Illinoiis .:Ea"rthquake of ...'
NoVember..9,' 1968: .B of the.,
Seismological Society obf: America,,
Volý. -60 No. 3, p.980._

(and Wilson, C.W., Jr. Relation-
ships of Earthquakes: andGeology inWest Tennessee and'Adjacen" Areas:
Tennessee Valley Authority, .January...

Geology, Mineral Resources, and-
Ground Water of the Cleveland'Area,
.Tennessee: Tennessee:Depar-tment of,
Conservation, Divi-sion Of Geology
Bulletin 61, pp. 58,4 56-57.

Bethell Valley Quadrangle, Tenne ssee,
7.5-_'K Mnute Series Topographic Map:'
U. S., Department of the- I nfteri or,
Washington, D.C.

Lenoir City Quadrangle,. Tennessee,7.5 ~ ~ ~ f1 MiueSre ooraphic Map~
U.S. Department of the Interior,
Washington, .D.C.

CaveCrek Quadrangle ., Tennessee,,,7. :5 ."Min.ute ýSeries Toporahi M~p
U.S. Department of, the jineriorp
.Washington,, D.C.

Elverton Quadrangl e,. Ten'nsssee,
Minute* Seri~es Topographic Map:
Department of.". the' Interior,
Washington, D.C.'

7.5ý
U. S.

Watts Bar Nuclear Plant PSARIwith.
Responses to Questions and Amendment,

Developmental Model for the Southern
Appalal'achians: Geological.Society
of America Bulletin, Vol. 83,
pp. 2735-2760, September.

Preliminary Determination, of
Epicenters, November

Amend, 7
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(173) Chtnnery, M. A.
1969

(14) Bollinger, G. A.'
1973

(175) Bristol. H. M.
1971

(176) Sutton, D. G.
1971

(177) Bond,.D. C.
1971

(178) U.S. Geological Survey and
American Assoc. of
Petroleum Geologists

1962

Earthquake Magnitude and Source
Parameters, I Bullein of tehe
Se ismological. Society of America..
Vol. 9, No 5, pp .1969-1982, .

Oc~tober

(and .Harding,. SI.T. and-Langer,
C. J .).Maryviil.e-AlecoaI:-;Earthqýuake.e
Sequence of, November;LDe.embir .
1973.; Preliminary Report (subject
to.. revision): Department-of ."
Geological Science, V.P.I. and
State.University, Blacksburyt, VA.

(and Buschbach, T.C.) Structural
Features of the Eastern Interior
Region of :the United States: In
Backqround ..Materials .f.fo• -S im

o•n Futureyetro ' m7 Potentriolu
Z~f'NPCI'Rej''9 11nfi Basin,
tMnfmtt Aith and Northem ~art
of-Missliss 1pp4l Eajr~eqtjt, Il7inois,
TtEa~te: ~ooI icaY Survey Petroleum'
Bulleti'n 96, ̀ pp218

Exploration Potential of the Rough,
Creek Fault ,Sy1stem: in. P r6ceeddings
.of oymposnum' SIOM : Fuoture; Petroleum.

Bas in, C~i ndcnAtti Arch",. and. Nbrthern
Part of Miss'issippi- Embaymehnit),
Illinois State Geol ogicaSlSuVey
Petroleum Bullethin 95,pp. 69-78.

(and Atherton, E.;B•riston, H. M.;
Buschbach, T.C.; Stevenson,,D. L.;
Becker, L.E.; Dawson, T. A.;
Fernalld, E.ý C.; Schwalb, H.;

-Wilson, Eu, N.; Statler, A. T.I;

Stearns, R. G.; and Buehner, J. H.)
Possible Future Petroleum Potential
of Region 9 (Illinois. Basin,
Cincinatti Arch, and Northern Missi-
ssippi Embayment); in. Future
Petroleum Provinces of the United
States-The'ir Pot-no il,
APIMemoi'r, 15 ol 2,ý pp.
1165-1218

Tectonic Map of the United States:
George V. Cohee, Committee Chairman
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Question 323.8 (2.5.1.1.4.1)

Locate northeasterly trending small caves on regional and' subregionalgeologic maps.

Respons~e:

The response to this question
2.5.1.1.4.1.

has been incorporated in revised Section

©

C)
Q323.8-10 Amend. *, 23

June 1976
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Question 323.9 (2.5.1.1.4.1)

This section states that only, a few small, diameter& 'holes were noted in
Unit A limestone* outcrop area. Describe these features and show locations
on the topographic or geologic map,.

Response:

The response to this question has been incorporated in revised Section
2.5.1.1.4. 1.

:27

Amend. 27
Q323.9-1 Oct. 1976
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a©
Question 323.22 (2.5.1.2)

Provide a regional topographic map showing nearest..towns, cities and
regional terrain.

Response:

The response to this question has been incorporated in revised Section2.5.1.2.2.
23

0
0

C
Amend. 23
June 1976.Q323-22 'I





Question 323.23 (2.5.1.2)

Provide a regional geologic map which encompasses an area about 5'milesfrom the site.

Response:

Illustration 6 of Supplement 2 is a geologic map-encompassing an area ofabout 100 square miles around 'the CRBRP site.

Amend. 7
Nov. 1975
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Ques tion 323i,24' (2.5.l1-2.3)

This paragraph refers to,
of geologic-formations.

Figure -2.5.6 as showingi aer .al -distributi on
Thiis should be ,Figure 2.-5. Please modify...

.Response: .

The paragraph which refers to the areal distribution of geologic
formations has been corrected to indicate Figure 2.5-5.

Amend. 7

Nov. 1975
Q323.24-I
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Question 323.25(21.5.1 .2.3.31

What is the 'age of the terrace material in the site area.? Discussany 'absol ute. age dating whichý re-la'tes, to these terrace dAepoits.
Response:

The information requested is provided in revised Section,2.5.1.2.3.3. 127

Amend. 27
Q323.25-1 Oct. 1976
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0J Question 323.26 (2.5.1.2.4.1)

0

Provide the. location of .drag folds, tight folds, and shears which occur in.the site area. P provide specific information: o0n the.character of theshea:rs and.the amount of displacement along these shears.

Response:.

591, The information reqouested is provided. in revised Section 2.5.1.2.4.3. J

Amend.
Dec. 1Q323.26-1l
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Question 323.27 (2.5.1.2)

Provide fold line trace of subsurface anticline on geologic maPp.

Response:

The response to this question is included in the response to Question 323.26.

Amend. 7
Nov. 1975Q323.27-1
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Question 323.28 (2.5.1.2.4.1)

Provide specific references for documentation of the lack of residual
stress alluded to as included in the Bellefonte PSAR.

Response:"

Reference to unrelieved residual stress was made in the Bellefonte Nuclear
Plant PSAR i.n two sections of the report. In Section 2.5.1.2.9, Evaluation
of Geologic Conditions, page 2.5-13a, dated 10/10/73, the following was
presented:

"There is no evidence at *this time to assume that
unrelieved residual stress may be found-in the bed-,
rock.. Core discing, which is indicative of stress zones,
was not encountered, and no difficulty was experienced.
in introducing a 2.54 inch televisionlinto the 3.:0 inch.
holes."

In Section 2.5.4.1, Geologic Features, pages 2.5-26 and 2.5-27, the following
was presented:

"No. specific investigations of residual stress accumulations
in the foundation strata have been made. Experience.at
numerous previous major construction projects in the. region
has shown that this is not a consideration. Such stress
effects as."popping," rock bursts, and foundation "heaving"have never been observed and there is no reason to assume
that-they will occur at this time."

The foundation rocks for the Bellefonte Nuclear Plant are the same as the
foundation rocks for the Clinch River Breeder Reactor Project, the Chickamauga
formation of Middle Ordovician age. Tennessee Valley Authority has indicated:.
that their experience in numerous previous major construction projects has
shown that unrelieved residual stress in the bedrock is not a major con-
sideration. In addition, TVA has contacted the Tetnnessee Department of
Highways concerning their experience in major construction projects in the
Valley and Ridge Province. The Tennessee Department of Highways has
indicated that they have not observed residual stress effects in the area.

0 a Amend. 7
Nov.. 1975
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C)
Question 323.29 (2.5.1.2)

Provide a definition of the term minor dislocation" and if they are faults,provide information on their locations and amounts and directions of displacements.
Response:

The response to this question is included in the response to Question 323.26.

Amend. 7
Nov. 1975
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Question 323.30 (20,5.1,.2).
Clarify the term'oIffsets' and describe the marker beds or units which are

displaced.

Response:

The response to this question,:is included in .the response to Question 323.-26

Amend. 7
Nov. 19751Q323. 30&1
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Question 323.35 (Figure 2.5-10)

Explain the existence of several 10 foot clay seams noted in several Ibasehole logs. Show all shear zones and large cavities on geologiccross sections.

Response:

591 The information requested is provided in revised Section 2.5.1.2.4.4.1

27

0

C
Amend. 59
Dec. 1980Q323.35-1



0 question, 323:.36-,(2.5.4),

Page 2.5-32,? 1st-pairagraph 
:.states' that site plot and- profilesare 

shown

on Fi gures 2.5-20 ý.through 2.5-24. This sshould be Figures :2.5-24 through

28. Please modify..

Response:

The :paragraph 
which refers to the site plot and profiles has been corrected.

to indicate Figures 2.5-24 through 2.5-28.

Amend. 7
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a Question 323.37 (2.5.4.2.1)

P Page 2.5-35 1st paragraph .and Figure 2.4-33 give summary information onthe Q D evaluation. Please indicate Q D and core recovery percentiles on

the boring logs.

Response:

The percent recovery and rock quality designation (RQD) for.borings 25

591 through 105 and 127 through 149 are provided in Appendix 2-A.

0

Amend. 59
Dec. 1980
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Question323.3812.5-'5"1. )

Pae .542ispaaga~ satsthatý Class. 
strtuctural backf il 1,information

will .be poded at aaer date..' This Iv ,, atil is requiresud• •rr .t

~ompletio nof our review in sufficient time to ealuat te sl.lnc Pudrovide"

a schedule for the submittal of information on
sources, mechanical anal!yses, compaction data, permeability, densiy,-

dynamic and static test results performed ,on samples compacnted"todesqn"
...l control information. In lieu of. ynamic testing

thesappiicant should Commit, to emplace backfill compactedto 85% relativethe applicant shod crm• w ,• -- db"mdfe rctor,ý wnidnev~er .

density:or to 95% of maximum as determined by modified• Pr whichever

produces the best results.

R e s p o n s e : . . . .. . ... ... . . .... .1 ...

The requested information iS provided o .5.4..12

iAmend. 27Oct. 1976
Q323.38-1
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Question 323.39, (2.5.4.12)

Page 2..5-47, last: paragraph, mentions that c'areful control will beexerci sed. during,'. excava ti'on to ensure that minimum disturbance willoccur during blasting. Describe the procedures and criteria for
this quality control.

Response:

The response to this questions has been incorporated in revisedSection 2.5.4.12.

Q323.39-1

1-27

Amend. 27
Oct. 1976
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Question 323.40 (Appendix 2A..)"

Page 2A-3, show .the. locations of each. fluid, pressure test on the logs,,and

,give the results of each test.

Response:

The location and result of each fluid pressure test (packer :test). are shown

on the Graphic Logs and are listed on Table 2.14-17. The packer test results .

shown on the Graphic Logs are presented as the "take" (in gallons per minute)

and the corresponding pump pressure (in psi) for each test. Both singl eV

packer and double packer tests are shown on the Graphic Logs. The results.

of single packer tests are representative of the entire open-.hole isection, .

below the test level. The results: of double packertests ar -eresentati. e

of the interval indicated by the brackets.

Amend. 7
Nov.,1975

Q323..40-1
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Question 323.41 (Appendix.2A)

Page 2A-5. Provide copies of .the.recorder charts obtalined iduring the insitu 3-D velocity survey.

Response;

Copies of the Elastic Properties Log for each boring surveyed during thein situ 3-D velocity testing program were provided to Mr. R. Jackson, NRCgeologist, on December 19, 1974, in a meeting at the CRBRPsite.

Amend. 7C } 
Nov. 1975.
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Question 323.42 (2.5.2.6) .

Discuss. the Maryville, Tennessee, earthquake (its focal depth and s.o urcemechanism), of November I, 1973 inh the context of. ,the- geologicstructurefthe :.-Va lley and Ridge5:provinceiand-your statement thatearth.uakes-• ir -th-sprovince aref "well wi~thin the basement, .rocks:".

Response;

The Maryvi.l l e-Al coa, Tennessee earthquake occurred.. at -2:48 ýa.-m. EST, November30, 1973 at latitute 35.80 North and longitude 83.96 West. Intensity reportsfrom surrounding communiti~es .-determined ,that the: earthquake felt -ared :was.sabout65,000 square kilometers (25,000 square miles) and that the ep~icentral inten.
sity:was VI MM. The nearest seismic recording station to the epicenter , that'recorded the earthquake was the Cumberland Plateau Observatory which is 90miles ;west of the epicenter:.:

The U. S..GS.. Preliminary -Determi;nationo of Epicenter (PDi), has`reptedithat•this, ,earthquake had a 1magnitude (mn)5'.-of 4.6. The PDE also -lisoi'4s ftheep,
of focus: f or' thi s ýevent ate et-f27kloees(~0 et o'thbssof 18 :phases from rregional Aseismograph station-records. hTheseismogtfajph :
data -had a. s tandard ýdeviation ;o.of 0.4,-, whic h, iplies-an accUraicy"of 6--;k*i1b---meters'. Thits ipreci4sion i.sý inadequat to specif -y theca ephowever, it is implied that the focal depth is probab-lybelow the sed ment -taryrock sequence. 

-

In addition to the PDE 1:report,, depth est'imates of -12 aftershock obser,.-vationsare available (Reference 174). The aftershock reports are based on dt fiomportable seismographs that were set up in the epicentral area as well as ifro(m-
the regional seismograph stations. Aftershock depths ranged from 3.1 to25.1 km (10,000 to 80,000 ft..). These depths are consistent with the-contention that Valley and Ridge earthquakes originate in the ba~sement,.. T.he'
depth estimates of aftershocks are dependent on the accuracy of the, velocitYmodel and the location of the recording stations. Therefore, they may'besubject to about- the same degree of precision as the PDE focal depth estimate -. .
Reference 174 states "...the determination of accurate focal depths wasprevented by the small number of stations.(5) and the absence of a station inthe northeast quadrant. The epicenters are estimated to be accurate to
+ 5 km. It is not possible to reliably estimate the accuracy of the focalaepths. but the better determinations. '.. would indicate.a 3-4 km depth. . .Recent discussions with C. J..Langer of the U.S.G.S.. and G. A. Bollinger of "
Virginia Polytechnic Institute revealed that additional instrumental after-.:..shock data have been obtained subsequent to the preliminary report of February1974 on the earthquake. These new data result in revisions to the preliminary
report that was presented at the Seismological Society of America 1974Annual meeting (March 25 - 27 at Los Angeles).
Although the PDE focal depth estimate and the depths of aftershocks of the
Maryville-Alcoa earthquake are imprecise, both data sources support the con-tention that the earthquake originated below the Rome decollement.

C}Q323. 42-1 Amend. 7

Nov. 19750.

- - - - - - - - -

•



Information,-regarding. the sourceý mechani sm* of .the.e.earthquake s-avaiabl.e
from Reference 174. Based on 17 :regional -recording-sta-tins and measured-
pressure wave first motions, two fault plane solutions were. achifeved"":

2).
Reverse Faulting
Normal Faultingýý

Strike N 350 W, Dip 410 ..NE
Strike N9 490 E,. Dip 700, .SE

The..spatial, distribution of: aftershock epicenters does. not favor one solUtion
over the other. Neither of the fault plane :solutions are 'consistent with .:the
Valley and Ridge sedimentary structural trends..

The geology of the Valley and Ridge ,has been. studged by, umerous g iStsfor over 100 years. During this peri'od,no d been revealdthat
.suggests surfaceý faul ti ngi is :occurring. 'hEven .,'Eein ým'the e p-icentr aM•l ar'ef••,
historic7 earýthquakes, there-is dno.raev6idn os•scesrf- a :No. :...
ev1 dence of ?surface faul:ti~ng-e•xist's.in.th.area of the Marvyv;vlAleca '' 0 -
earthquake: faul-t plane projec~ti.onsI. :The, fau.lt-- associatedwi.th -ýthenMa Tyv.e-
Alcoa earthquake is 'unre.lated to.-any. observable, reg-ional; fault,.:becuse::.ý,
1) 'fault pl ane .sol•uti ons yiel~d: attiztudes icohtrary totheiregiýonl t•ren•and
2) surface.faulting does, not occur.

References used are .isted at the end of Question 323.6..

Amend. 7
Nov. 1975
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Question 323.43 (2. 54Y.1. 1.42)

Provide further information and clarification of the several unexplain-
able "sifgnals" which were detected during monitoring of several injection
episodes-. This, information should include occurrence of signals on the
well-head pre.ssurea-timplots. Provide relevant seismograph records which
show background seismicity and "signals," as well as a map of well
locations, with accompanying noise generating equipment and sei-smograph
station locations.

Response:

Information: ,regarding sei smic moni tori ng:of: the. waste i njections has been
provided by Mr. W. C. McClain, HeaTth PhysicsDivision, Oak Ridge National
Laboratory. In a meeting at the ORNL offices on July 9, 1975, Mr. ,McClain
proviyded information.relative to the injections from the projet files
and from ihis :no .tes and recollection of the operations. The contents'of
this response are based on the information obtained during this personal
communication (Ref. 188) and the information contained in publications
and articlesý about.the injections (Ref. 133-149).*

Seismic monitoring:operations were performed for injections made during
the period :from November 28, 1967 through December 5, 1972 (ILW-3 through

ILW-i).Sevralune6xpl~a~inable, unusual. or unidentifiable "si'gnals"
were detected, received or recorded during injections ILW-3, the water
injection, test', ILW-4, ILW-5, ILW-7.

The first seismic monitoring operati.ons were conducted during injection
ILW-3 on November 28-29, 1967. The' seismilc monitoring was performed by
increasing the ga~in and chart speed of. the ORNL seismograph (station ORT))
l oca ted: about'one mile from lthe injection well. The location of the ORT
seismoqgraph: station with.:respect to the injection well is shown on
Figure Q323.43-1.

The seismograph monitoring-records obtained during the injection were
examined for any unusual signals, •especially those-of higher, than normal
frequency, which would imply a nearby source. Results of this examination
are summarized below.

1. There was a considerablelamount of noise of about. 8 cpsnfrequency
suuperimposed&on ,the normal seismograph record throughout, the whole
two days. Some.of.this noise occurred during. actUal .pumping and
some was not. This noise-usually arrived in either short bursts 'of
approximately 40-second-duration or as a long wave. train lasting
from 4 to 7 minutes. This type of disturbance had been recorded
occasionally in the past but rarely more than two or three of the
trains per month. It was believed that this noise was related to
operation of the high-pressure injection pump (but not necessarily
actual pumping) in some sort of resonance with its foundation, the

* References 133-149 are identified in Chapter 2- Supplement 2, page 97.

Q323.43-1 •3Amend. 3
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injection well, or both. The short bursts would then represent
a speed change passing through the resonant frequency,.-whisle
the longer periods would represent.a short time of operat-ion
at or near the resonant frequency.

2. There was noise of 8 cps frequency and 10-second duration hob-

served at 1533 hr. (EST), November 28., 1967. Thisnoisewas.
isolated and had a high and regular amplitude.

3. At 1455 hr (EST) November 28,.1967, there was a.90-seconddura-
tion wave train of 3 cps energy. This signal had a relatively
constant amplitude.

4. On three occasions (beginning at 153420 .hours, November 28, 1967
and 125300 and 155530 on November,29, 1967) there was a period
of 8 cps noise, similar to that described in item 1, whichK
lasted 1 to 2 minutes and then changed incharacter, becoming
larger. in :amplitude, lower.ný frequency, and' ,more ragged for
about a minute. This wave train ,thenmreverted to noise similar
tod the usual, item 1 noise for- several more minutes.

Figure Q323.43-2 and 3 are plots of well-head pressure-time.-rela~ti~on-
ships observed during injection ILW-3. Superimposed on these figures
are the occurrence of signals described .i-n items: 2 through.4 dilscussed
above.:. Figure Q323.43-4 and 5 are copies of the seismogra-ph records
obtained during monitoring of injection. ILW-3. .

Seismic monitoring operations performed during the water injection test:
on December 13, 1967, were .as in ILW-3 (station ORT was operated
at an increased gain and. chart speed). Results of examination of the
seismograph record are discussed-below.

1. There were three periods of 8.to 9 cps noise (at 1306,, 1446, and
1500 EST) of the type attr~ibuted to the operation of the injectioon
pump. The amplitude of these 3 to 5 minute wave trains was mUch
less than observed on -the previous occasion. The reduced ampli-
tude probably resulted because the water; injection test was
carried out using pumps mounted on a truck parked at the plant..
Pumping during the prior injection (ILW-3) was carred out using
the principal ground-level, injection pump.

2. Signals resulting from local blasting operations and one teleseism
were recorded during the injection. After removing these events
from consideration, there remained a total of 25 unidentified
signals. These signals were divided into three groups primarily
on the basis of their envelope amplitude according to the following
criterion:

Q323.43-2. Amend. 3

Aug. 1975
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Type, A_. Hig hiAmp litude: ea sil y recog~nifzable, definite signals,
with an 'amplitude at- least four to .fivetimes background noiselevel anda duration of abou t 20 seconds.• e ý,a h -.. On n .. s. , '-. .

Type A Iow.' ATiude definite signals of the same type butwith.a..'ch.s..amplitude (two to three .times background),
makn .g dis'criminpation diff icul:1t.

Te....VB- very. strong signals: with amplitude more -than ten; .ti mes
background and of much longer duration.

Figure Q323.43-6 is. a copy of the seismograph record -obtained Adu ring
the water test injection. Table Q323.43-, l i sts the unidentifiable : e
signals isby: their; appr•xi mate ý times, durat:ion, and the coincident
pumping rate. Figuýe Q323.43-7 i.s, a'.piot o f well -head pressure-time
relationships observed' during thewater inj ection test and hOws
th e :o fth-e ccurrence :ofA te sig -l ýdescriedav.

Seismi C: Moni toringopetdtifn6,, -e:re performed during i~nJection ILW-4
on April 3 and 4,; 196'8., -by usingtw shortperiod,,seitsmometers whichwere instal ed at the hydraulic fadc turing plant -site The sei-smo-
meters .were. instale on th1onrt eveling 11b7nh mak stations
at points C-4 and B-5, as s h.own "by 'Figure Q323.4-3-4. The short-period
seismometers used,. . eforthmonitoring- opeati ns we'erthe t :short-period-.
sei smometer _fr 'th OeRT .sittion and a short-period sei:smm6ter
that:wasspe.cificlly purchased forthe 'monritoring operations.

Condi tons for detection of ýselismic sijgnals were less t-haan ideal during
injectýion .ILW,4.; hein.ecion nwasmade through.anexisting slot
in the well casing and& presUmabl.y J.in~to the fracture into which
the water injectiohn'test, had been' performed.. This condition, based
on r esulits :.o"f.the :first ;two se~i~smi-c -,.tes;ts•,.was .expected to produce alower l evel of seismic. S.ignal generation than an injection into un-
fractured rock. In addition., abnormally hi gh background noise result-
ing from gusty winds, operation of one of the seismometers at less
than its highest -capability, and ,heavy ground shaking by the. injection
pump provided conditions that were less than ideal for. detection .of
seismic signals.

The ,sei~smic signals obtained during :the monitoring operations were
examined and all .signals which could: be readily identified as
origi nating -,from local blasting operaitions.,or distant earthquakes
(teleseisms) were eliminated from consideration. In addition, -the,
signal s previously identi fied :as possibly originating from operationof the high-pressure injection pump at certain speeds were positively
identified and were also eliminated. A total of 51 unidentifiable
signals on the records of the 8 hour 32 minute injection period .and
18 such signals for the 7 hour period following completion of the
injection remained (Ref. 188). Of the signals occurring during the
injection, only nine had sufficient amplitude and character to be of
interest (Ref. 188). However, it was not possible to correlate any
of the signals with the various phases

Q323.43-3
Amend. 3

Aug. 1975



of the pumping operation nor to identify any. of them as having
originated in the area (,Ref.,18. 8
Figure Q323.43-9 and 10 are plots of. the",well-head .pressure-.timie
relationships observed during injection ILW-4. The occurrence •
of the signals desCribed above are not shown on the pressure-time

plots for injection ILW-4, since listings.'of the time-of-the e'vents
could not be located in the files (Ref. 188). However, Figures Q323.43-11
through 16 are copies of the seismograph records obtained
during the monitoring of injection ILW-4..

Seismic monitoring operations were .performed during injection ILW-5
on October 30 and 31, 1968, using.the two vertical short-period
seismometers that were used during injection ILW-4. However, the
seismometers were located on concrete leveling bench.marks A-7,and
*B-5 during injection ILW-5,:as shown by. Figure Q3231.43:"17..

Injection ILW-5 was made into a new 0sThot.in ý:the well• ca~sing,;-,and.-
presumably into a new fracture. Injections of thi sý.- type ..general..ly
appear'to produce both more,'and betbter:semic siTgnal s han an injec-:
tion into a fracture which had been used previously." In, addition,
the .factors which produced theless than 'ideal seismic monitoring
conditions during injection ILW-4 -were eiýt0her absentt or }r•educed.

The new slot in the i njectionwel .casi~ng was made on Gctober 30,
1968, and the fracture 'process initiaited! by pressurizing, the well1
starting at 1703 EST. The .:pressure was increased to 5000 ps i, over
the next 5 minutes and held for the.next 12 minutes. At 172010
the, fracture initiated as indicated by. a change in the sound of the
pump motor. Also at '172010 a defini te .seismic signa&l of: 25, ýsecond
duration was received at both seismometers. .Pumping into the::
fracture.was, continued for 11 minutes', during:which time. there was
one muclh larger amplitude seismic signalý received (at 172930:) lasing
90 seconds. The signal coincitded with an increase in the pumping
rate.

The waste injection and seismic monitoring operations started at: ,
0936 EST on October 31, 1968. Beginning at 093605 EST a teleseism of
about 6 1/2 minute duration from an earthquake in the Caribbean was
receive on the monitoring system. This signal would have masked any
local microseisms during this period, which was the initial stage of
the pumping operations.. Table Q323.43-2 lists those signals obtained during
the injection period which were recorded with differentg features
at the two seismographs. The table lists the signals by time :(EST) and
contains a description of the signal. The ,occurrence of the signals
are shown on Figure Q323. 43-18, the well-head pressure-time relationship
for the injection. Figure Q323..43-19 through 27 are copies of the
s.eismograph records obtained during monitoring of injection :ILW-5.
These records contain time markings which are based on GMT.

The Rock Mechanics Laboratory of the U.S. Bureau .of Mines provided all
of the equipment to detect, amplify, record on magnetic tape, and
playback through a high-speed recording oscillograph the seismic , .
signals generated by Injection ILW-6. The detection equipment primarily

Q323.43-4A Amend. 3I
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consisted of seven vertical, velocity transducers, havinga frequency
re s ponse of abou t 1.00 o.cps :, whi1swch were installed at leveling bench
masrksA-3, A-5B- D-3 and D-4, as shown by Figure Q323.43-

* .28.

Duringthe injecti6o:, noise level s related to6:the operation of the
many diesel engines, pumps., ai.r compressors., etc. iimited the gai•n %
'which could be attained on the seismic ins'trumnts tabu .5 0

(on previous experiments, the ORNL seismographs had been operated at
gains of: about.,-l0.,000). Initial, monitoring of tfhe transducer output
quickly inditcatedtthat.. very few siignais were being recorded..Con-

sequently, two of athe .velocity tr:ansducers werreplaced by accelero-
meters. .(capable of -detecting s~eismi c, <•signals, with frequencies greater,
than several-thousand cps).taped.to the" well casinigs at the,,Joy wel and
at wel1 220-S., -At-this. same -ie aot t hrehusitte nc

tin)a 0-gamchre asfieýi te o "wella a. depth of _1000.
feet to provide a cal•itbration. of the: sei1Smic -a:rray..and'tO permical
culation of thel. transm•ission tveloci-tyod f t•h o sig s-rrii.ng from
• thevicinity o'ft the fracatu n 8an" to .estimate' the energy- o.f the sou ce
f unctilon.

!Detail-edexamtination of th eodpoue yijcinILW-6 revealed

that quite, a few events were picked up.but that all of-thm cOUld
be accountedfory causes othea r than the hydra'uli c fr a uring (Ref. 3)..
The ýcalibrabtibn shot in-the Joy we'l was ecoded.only throughbthe
accel.ero•meer,• attchead'to theý ywellcas•ing. not at any of the
other .tra•nsduncers.e The' output from tlthis accel6'erometer was alsd
monitored, using, earphones. forseveralhours late.in the injection.. Thi.s

moi 'rn indcaed a' cosdrble amount of ow- mplitude' seismic
activiy, whch wa prbalybing t ransmitedup the steel well casing:,

consisting s i pops,: angs, crackles-i growls, gurgles, sl oshes, and
spl ashes:. All oftee osscan b~e attributed to the-hydraulic 'frac -
turing operations.ince output fr om ,the instrumen.t was absolut••ly
quiet the following day.
Century:-,Geophysical Corporationof Tulsa, Oklahoma assisti with the

seitsmic monitoring and data analysis carried out during injection ILW-7
on September 23, 1970. An array of five short-period seismometers (four
vertical and one horizontal) with natural periods of 0.5 sec. 'were
installed at .,the:,ODRNL site according to the layout ,shown on Figure Q323.43-29.

This: .array, .was operated continuously for 3 days prior to, during
and for 3 days, after the injection by, recording al.l seismometer outputs
and timing signals on magnetic tape.

Playback of, the magnetic tapes.through a recording oscillograph-,,indicated
that the background noise was completeely. maski ng, any, seismic signals.
However, by filtering the records by filters withadjustable cutoff
frequencies, a number of seismic events were revealed in the records.
Table Q323,.43-3 lists the distribution of the seismic events dis-
tinguished during the 168 hours of continuous recording.

() .. Q323.43-5 Amend. 3
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Twenty-nine .of the 89 events occurring on the .date of the injection.
were selected for analysi.s..The arival timesof these sighal s were -
picked independently by'. three:analystsand the resultsavýeraged to

1 msec. (This level of accuracy.was.Uti lized in s~p.ite of the fact
that the true resolution was estimated to be ±5msec). These
arrival times were. then, used, along with the seismic transmission.
velocity model derivevd from the geologic log of the" Joy, wel l, ',to
calculate the paint source of•each event. Table Q323.434 lists:
the calculated foci of the 29 events.'

Injections performed during the period extending from September 29
to..December 5, 1972, (ILW-8 through ILW-ll.) were moni.tored:;by
Senturion Sciences, Inc., of Tul~sa, Oklahoma. Seismic arrays• consis-_
ting of six seismometers were used during each of thefour- injections
as shown by Fi gure'Q323.43-30 thýrough 32.. Despite the .array .con-b:-
figurati.ons or. the incorporati on..6f,, adown.::hole ssei smometer",-.(,duri;ng' .ii:.
( 4LW-l!), induced seismicity generated by injectin fluids during~th•
1972_tests was not found.'

Detailed seismic monitoring of waste' injec't io6ns: hasý been suspeded.
However, the new ORT station is operational (see Question 323,.4'4•)and"
should any seismi~c events. that.are above noise levels be proviided
by the injections, records woUld be otainhed" in the course- of normal
station. operation.

The seismic. monitoring operationswere initially begun in anp attempt
to determi ne .the -orientation ;.nd l;ocation of fractures induced by :
the injection of was tes. However, since the moni'torinhg1 opera-t-ionis
did -.not provi de .an', accurate, consistent, nor reiable meaans61
detecting grout sheet extentionS, this metho&!of- moni toring was s-uspended.
The success of the monitorifng :technique wasý lniitied, by fs fac tors
inherent with the waste i njection pcess and :the host r•ck- formation.
Failure or only marginal.success in detecting s-ignals at .the surface
near the waste injections was probably due to a combination of:,

I. Only relati.vely low amplitude signals are.generally produced by
the extension of a propagating fracture. The seismic enrergy
resulting from-the :extension of a propagating fracture is apparently
very small.

2. The transmission properties of the rock overlying the.grout sheet
are very poor. In addition, the plant site is covered-by a rela-
tively deep soil mantle. The relatively poor transmission proper-
ties of the materials overlying the grout sheets was evidenced by
failure of all the.ground surface seismometers to pick up signals
from the calibration explosion (consisting of approximately 300,000
ft-lbs. of energy) during injection ILW-6.

Q323.43-6 Amend. 3
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3. The backgon nis d urin anijection is relatively high.
Howeverthis noise is a consequence of the injection process
and ther does not a ' b w t e e

4. Equpment limtins, such as the time relution capabilities,
a ndthe, gain limitations:.resulting from'high noise -evels -make

detection of %the .-apparently. low ampli tude.,and -ow energy seismic
signals from the injection.difficult, if not :imposslible to detect.

The principal features of the hydraulic fracturinq surface pl-an.t :.
faci i ty areshown in '2 their relative locations in Figure Q323.43-m33

A pictorial representation.of the surface.:plant and the: injec-ted:grout
sheet is shown. by. FiguO' Q323.43-3 4 . Thes illustr a tirIo ns sheW the

l n of noise generating equipment-that are permanently,-n-al]id
tthe pant. Other, (nob:lenopi' se generating equipment 9 su as
auxi~iar~y •pUmps., air.mpr~essors!.diesel.-gines, etc., are, also

occasionallyl used A.dur ing- n. an i nject... lo

Seismograph moni tori ng records (Figures Q323. 43-4 thr Qough 6, 11.-through 16,

and: 19:through 27) ...haive :.been forwarded., under. separaite cover., A.I ist-.-

these Figures, is provided 'on pages Q323,315 ,:aft- O: - :.43-16.

C, Q323.43- 7 Amend. 3
Aug. 1975

~1~' 
-~.....3p<.~~ -



Li st of Unidentified Seismic Si.gnals
from Water Injection Test".

Time Durationf Flow Rate
(EST:) (e.) (gpm)

Type A Low Amplitude

1352 .0 7.5
1359 40 40
.1419 .40 1 O00
1520 20 .40'

1 525 20 40
1809 20 40-

Type A High Ampl iltuede

1302'. 35 *

1318 35 7.5

1347 20 40
1439 90 250 **

1449 10 250
1537 20 100 ***

1554 10 100
1611 5 250
1717 25 10
1722 90 250 ***

1728 40 250
1738 15 250
1748 50 250
1902 40 250

Type B

1558 I10 250 **

1626 90 40
1632 90 40
1702 150 100
1734 60 250

*Coincident
**Coincident

gpm
***Coincident

gpm

with breakdown
with step from 100 gpm to 250

with step from 40 gpm to 100

TABLE Q323.43-1
Source Reference 188
Law Engineering TestingQ323.43- 8

Co.
July 1975

4
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TIME (EST) 
SIGNAL DESCRIPTION-

:095545 A train of short (10 .to '30 seconds) high-frequency(6.0 cycles/econdting 
a total ofabout -4 minutes. -Seis A. (north) has much largeramplitude and much more detail than. Seis B (east).

101900 .Very similar to above, but the- 6.0 cycles/secondsignal is nearly continuous for 8-minute duration.Seis A again is much larger-and more detailed,than Seis B.

105500 A short (30 seconds) burst of high-frequency (6cycles/second) signal which does .not have the sameappearance as the preceding. Seis B has nearlytwice the amplitude and much more detail• than SeisA.

113500 Forty-five-second duration' signal, same as 105500.
120930 A small, short (30- second duration) signal, similarto 105500, except that Seils A has more amplitudeand considerably more detail than Seis B.
130400 One-hundred-second duration signal. On Seis A itconsists of an. al:most conIt inuous train of high-amplitude ( 5xbackground) very high-frequency(about 10 cycles/second) -signals. On Seis B itconsists of short bursts of low-7amplitude signals(2X background) of about the same frequency... Verydistinctive difference.

141320 Throughout the pumping period, but especially in
141430 the 20-minute interval following .1413, 'there are141630 many (average about 1 every 2 minutes) very short143230 (1 to 3 seconds) signals of .only a-few cycles151420 duration, of which these are typical. Usuallythere is a larger, more detailed signal on Seis Athan on Seis B; occasionally, there is no com-parable signal at all-on Seis B; sometimes (1/4to 1/3 of the time) the signal on Seis B is largerthan Seis A.

150300 Fifty-second duration signal, similar to 120930.(A is greater than B.)
153900 On these three occasions, a quite large signal153930 was received with about the same average amplitude175700 at both seismometers. They are included becausethe details of the wave are recorded at the twosites are completely different.

Q323.43- 9
TABLE Q323.43-2
SOURCE: nvrEUiENcE c 8
LAW UNGINEERING TESTING Co.
JULY 1975
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C

Frequency of Occurrence

liumber of
.Date Events

September 1970

20 .21
21 23
22 25
23 (waste injection) 89
24 28
25 31
26 .21 (

Q323.43-10 ''TA1LE 0323.43-3
SOURCE: REFER ENCE 1.43. PAGE 22

LAW ENGINEERING TESTING CO.

JUL, , Amend. 3

Aug. 1975.
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X Y De pith
Event (ft), (ft Remnarks

Rejected

F
I

-K"

T
V
y"

AA

Cluster I

G

L
M
N
Q
.s

w
z

BB

Cluster IT

A
H
U

:x
CC

Cluster III

B

D
IE

Cluster IV

0
P

5,129
7,9949
2,680
2,835
1,414 9
4, 196
2,i80

13,733

-I ''., || 6
2.,500

- 396
718

- 159

10,1,09
1,080

10,,49

5,240

1,814"

59
3,517
8,325

100
11,190

Refracted,

Out.. of .-a"rea. . i
Out :of ar"ea.

Out" f ar•eýfaa.

Out of:b arFe a. :

5, 539

35,202
3,44,7
3,:448
3,646
3,662
1,663
2,783

2, 94 1
3,787
2,891
3,811
3,832

2,734
2,762
2,662

2,844

2,183
1, 828

1,822
2579

:2,89
2,173
2,160
1,935
1£,758

1, 966
4,490

1,199

1,641
1,980

2t,.127
1,780

1,424

1,268
1,245
1,042

1,1465
931

2, 7

11,792
1,84:35
1,895

1,681.
1, 095

1ý1,460

844
7228
823
4e17.
730

758
7o06
613
556

774
743

Q323.43-iI TABLE n323.43-4
SOURC": REr4IFrNCt 143. PAGE 24

LAW LNGtNEEIIING TESTING CO.
JULY 1975

Amend. 3.... Aug. 1975
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FORWARDED UNDER" SEPARATE COVER

0 Figure Q323.43-4

Figure Q323.43-5

- Seismograph Record for ILW-3
11-128-67 0930 EST to1 056 EST :and

1:230 EST to. 1735 EST

Seismograph Record for ILW-`3
11-.29-J75 0900 EST to. :1710..: EST

Figure Q323.43-6 - Seismograph Record for Water Test
12-13-67 1236 EST, to,2044 EST-

Figure Q323.43-11 -

Figure Q323.43-12 -

Seismograph Record
4-2-68. 1505 GMT
4-3-68 1850 GMT

Sei smographRecord
4-3-68 2210 GMT
4-4-68 1320 GMT

for ILW-4. East Seismometer
to 1928 GMT and
to 2208 GMT

for ILW-.4. East,, Seismomete'cer ..'
to, 232 GMTand
to, 1942 GMT

Figure Q323.43-13 -

Figure Q323.43-14 -

Seimograph Record for
4-4-68 1945 GMT to
4-5-68 0001 GMT to

ILW-4 East Seismometer
ý2400 GMT and
0405 GMT

Seismograph Reocrd
4-3-68 1332 GMT

1850 GMT

for ILW-4 West Seismometer
to Unknown and
to 2320 GMT

Figure Q323.43-15 - Seismograph Record for ILW-4 West Seismometer
4-4-68 1320 GMT to 2118 GMT

Figure 323.43-16 - SeismographRecord
4-4-68 2120 GMT
4-5-68 0001 GMT

of
to
to

ILW-4 West Seismometer
2400 GMT
0542 GMT

Figure Q323.43-19 -

Figure Q323.43-20

Figure Q323.43-21 -

Figure Q323.43-22 -

Figure Q323.43-23 -

Seismograph Record for ILW-5 East Seismometer
10-29-68 1330IGMT to 2100 QMT

Seismograph Record for ILW-5 East Seismometer
10-30-68 1430 GMT to 2305 GMT

Seismograph Record for ILW-5 East Seismometer
10-31-68 1300 GMT to 2117 GMT

Seismograph Record
10-31-68 2120 GMT
11- 1-68 0000 GMT

Seismograph Record
10-31-68 1301 GMT
11- 1-68 0000 GMT

for ILW-5 East Seismometer
to 2400 GMT and
to 0617 GMT

for ILW-5 East Seismometer
to 2400 GMT and
to 1615 GMT

Q323.43-15 Amend. 3
Aug. 1975



FORWARDED.UNDER SEPARATE COVER

Fiigure Q323.43-24 - Seis mog raph" " .. .. 0-?9-•68!i:: Record for ILW-5 North Seismometer - ,
1330 GMT to 2100 GMT -

Rpcord for ILW-5 North-S•ismometer
1430.GMT tO 2305 GMT

Figure Q323.43-25,-

Figure Q323.43-26 -

Figure Q323..-43-27 -

Sei smograph
1 0-30-68

Seismograph Record for- ILW,5 North Seismometer
10-31-.68 1252 GMT to 2109 GMT

Seismograph
10-31.-68
ii.- 1-68

Record for ILW-5'-North Seismometer
21.13 GMT to 2400 GMT and
0000 GMT to 0605 GMT

N .27 ']. ' p,]<::7.(7•<{'',7 #T•

C

Q323:.43-16
Amend. 3
Aug. 197.5

• : ,. 
." -. ,.,. .'-,.;, " : "



k,.2

3'

0 ("111, *0 0

3500

3000

0.

(Jn
0,

IL

a.c
(A)

2500

2000

1500

10 00

WATER TEST
DEC. 13, 1967

__________ _________________' __ ____________________ _____________________ _________'___________ _____________________ ____________________

1300 1,400 1500 1600 170,0- -1800 1900 -2000

CLOCK TMEIM E.lST)
NOTE - X

UM CD

'.0

INDICATES SIGNAL OCCURRENCE
REFERRED TO* IN'THE- RE'SPODNSE FItG UR 'E 0323.43-7:

S~u'R ICE: RE-FEfENCE.1,98
LAW ECNGINIEER ING TESTING CC

JULYA 975.



~¾

4,4

~' '4

444
44 '4

-44 -' 4

'44

4'4 -'
4,,
444 4-4

444

'"44

'4 4 y-4

04.%r. tA.f~

0- M

o.0.',-

oh- ;y A-4

0..1 f.

1. . 0" "l'•
0, 2

v

'-, '-

co)

xt4 .

A

JI" M-1.:0 0' ,

0:-
0 on 3 0 ' 0ý 0

c: 4

0' "

0-5.

0'- 6

oý1 -o , '-,

Fig. I i . [.I% fou ~t oflevel~in~g hcriuti I2I.Is al the hy- 11i fahirilig pidill.

NOTE - X.INDICATES SEISMOMETER LOCATIONS FOR

INJECTION ILW-A4. (REFERENCE' 88)

CL CL

1. L

FI-GURE- Q323-343-8
SOURCE RErERENCE 136. Pi

LAW ENGINEERING TESTING..UL .. ' . ...........75• E•_;I 6 .~

0



A,

¾ I

¾'

I"

4

3

3
0.

IJJ

wILa. 2•

121-Q 2

@0 *0

000

500

1500 [
1430 1500 1530 1600 -630 1700 1730 1"800

rfl (~

-a.
'.0

CA)
U,

CLOCK TIM E (EST.).

'rNG 
R

¾ FGUE Q323..43-
"SOURCE: REFERENCE1 88~

ýLAW ErqGINEEHli4G TESTING CO

.JULY, 1 975



N .3000

ILW - 4
N APR. 4. 196.8

2750 _ _,__ __ _ _.._ _.

N'

...... _ n 250Q0VN

I,. 2250.. ..

N -•

N'> 2000 _,_ _ _.

.C.

800 900 .-t 000 1100 1200 1!0 400 .1500

:i::•i CLOCK TIME (ES'T- . •

•"~ .I "FGU RE 132:3. 3:; 10
-4 SOURC•E: •1•F RE C I8 "
N LLAW EUN, TESTING C(

;-% :,i " . .. ."JULY 19,75 :

U , . : . . : .



I
'N

'N1

K.. ~

C,

@0© @0 @0©

ORNt L)* .5"' '*. ;

0A-t9

KA-7

OA-6

Oiux. A -5

OA-f,

04UX. A-4

OAU/f. A-3

0O1-3

/V

A-20 OE-4
0C-2

JOY WE Lk 0'D i ~06-1

IN'JECII0?N WELL

0 OR-3 0 0<
0C-A

M3i

m-d

OC-5 00-1

, 0C-6

D-40 OD-3 00-2

0D-7

00-7 0 200 400 600
I I. l J.
r[EGE. I

Fig. I I .Layout of Imding bendiu mjarks at (lie iydra'ulic fractu~rfiiV~ilaii.'3

NOTIE - X IND ICAT ES SE IS MOMETER LOCATIbONS FOR-

INJECTION ILW-5. (RE•ER•E•NjE8)

(M ID

m.

14

fIGUFq Q323.43-17
SOURCE: -REFERENCE 136. PA(
LAWLENGINEERING TESTING C



N

4000

3500

3000

(rJ

1<2500

2000

1500

1000

CL

* =

1000 1100 1200 130.0 1400 1500 1600 1700 1800 *1 !~

CLOCK TIME (EST)
NOTE- X. INDICATES SIGNAL OCCURRENCE

REFERRED TO IN THE RESPONSE FIGURE 0323.43-18
LAWOURC E RIEN'ERENSETI8 •

JULY 1975

0e(ý



AA

o, .

XC

@0¸ 00 @0

ORNI L)Al. M, -V, 4 Q

OA-9

0" 8

At.

04- A
011UX. A-5

04UX. A-4
0,1-4

OIiIY A-3

f.0P ,-4
2OC-2

INJECII0N WELL
CC- 0 4-'o

:jo r l W I o 0.1 ,i oil-I. . . I S I.0
CA)
r%3
CAi

I%3

.OC-4

Oc--5
x OR-3

4~ 0:

lIAt55 0 e, ~0•-8 OC-.?
or. -6

OD-I

~0714,0 06-3 00O-2

CD-5

o D T

o1 ? * (.2o 430 600o-

rEEr

Fig. II. Layout at k~vdasii~ benc h alrS j the hyraiutic fraictir iiig pwiat

NOTE- X INDICATES SEISMOMETER LOCATIONS-FR
INJECTION- LW- 6.(REFERENCE 188)

(0 CD

0~

(0
~J(A)

u-I

FIGlURE Q323ý.43-28.
SOURCE:-. RVEERENCE/1 36, PAG
.LAW ENGINEERIGTSNGC

JULY 1975 ~



0Rt.L.DWG 7--5:8 i*2:Q

VE7R§TICAL
:SE I SIAMI/E TER

1448 ft

.VERTICAL AND RADIAL

SEISMO•0METER530
1035 ft

Ill 1CrrTIK1 MCIe I

.5 ----- SEIS.O,•, MlER

.. 'IJSTRUMENTATION.

VERTICAL
SEISMOMETER;" ./1 I I"

I 1
I.
I

/
/

S15/6 ips FM/DIRECT MAGNETIC TAPE RECORDER

7200 ft i-ml TAPE ON 14-in. REEL

5 0.5 sec NATURAL-PERIOD SEISMOMETERS

5 115-db DUAL-OUTPUT SOLID STATE AMPLIFIERS

I WWV RADIO (BCD PRESENTATION OF day, hour, minute, and second)

1 LOCAL TIME GENERATOR, RESOLVING .I msec

LIGHTNING PROTECTION EQUIPMENT AND CALIBRATION GEAR

i POWER SUPPLY (BATTERIES NOT GENERATOR) REQUIRES

26 wafts FOR OPERATION

Fig.r 7. Seismnometer Array and Instrumentation Configuration

"(Century Geophysical Test).

C

( .•

Amend. 3
Aug. 1975

Q323,.43-24
FIGURE 0323.43-29 .

SOURCEZ IkF[rEENCr 143 . PAGE 21

LAW ENGINEERING TESTING CO.

JULY 197SS

.•"i••••7 7• • _.;• • •.7:... ..... ,...,



0

II

I- .1 '~
I- j~*T-~
* .- ;- i I*

•l

:1

Ij t

~ I
-J8.*

I.

1~

I..:

i'.

8:..

,.

I - -t . -.- . . - . .I ..

.~' i;

I I:
liii ii

* ' Ii *I I
; ~j ;! f ~.

Iii ,1~J -j I

I: .~ I....

I!
3So

* 3a ~ pa
I.

I1

|t

.a oi

LL ~ i I -.

T ~ LrH1-F -8
-f`I -- 71- r eo 8 f~*-*

III . 19.;

-17 - - -577F 
C T

-4AtL .. T1 o7 .1 - .-
r-~, 

7
L F ' r ~ 3 I TT.7"t 

I

- -4-_ UT 4i{{ ~ fX[ 6Eiii40-

I 2_

A-

. T,
L1; T LiI- -I Ill' i-j~;i

I~o I~H~
~-ti-h i

I.
*8 I

I. I I I I~
liii I

1.11.
~ ; 1:

-. ~ 8
'II-' r

H.1 ..i±-YI
INJECTIONS ILW-8 & ILW-9

Amend. 3
Aug. 1975 Q323.43-25 FIGURE Q323.43-30

SO U IC F: : 14E FE I? [LNC.C , 1,88
LAW ENGINEERING TESTING CO.
JULY 1975



* .. T-l

~44 ~
+ 4.

t

I I I T

• •| •,-•" --I T £ w

J.II

7'

I HT2,

-Z7

Zto

% lZO 17 I ii

I.

8.

I

.1-I *I

I i

II I ~ [ -~

!'~ 1

1 -. I~

70-a OS8

'It]

b ~

-49
j- 7-1 

r
11

.tjLJ j~ ' *8**

~ ~'-Vt
& II

I 

I

I

!

* I

I I

'II'

I
0:I

MA~ f~

II-

too

-7 -

* . t 'I* II

*1
I14 I! r

.30o

'it

V~Iz

'15 1

(I

T I.
a . H

I, iIalO-'03too

* *~* 1
.1:. I1W sob -t

i!Z t
I

I a

**8

I

I,

I

I~

.-=icalcf

INJECTION ILW-1O

Amend. 3
Aug. 1975

Q323.43-26 .FIGURE Q323.43-31
SOURCE*7 REFERENCE• IS8

LAW ENGINEERING TESTING CO.

JULY 1975



0 ' • * *L '' | ' ' * ' O ' l l' i ' i I
I ______

I.

.o-

"I.

l~ J I * 0li'

2- ,'--t'--~ -

/ !I.'..., 1 I i I .I
t-Iii

T -- ;,;r•

I. 'I. li!: ; :V~
-I

*I
II:
I- i t I.

i. I.

a.

"7*I

330"

----- 4--

>!F•T

I i I /o

I.1 I j 5 i ' ! =

.; I

' . 1 /'..
r -j: -r I .' I ; I I , I t .

f

05
g3o

Ill,oi ,.•.L: •:
*, i: /,;4.7;;. .!

- .". s: 0

0- " -" -;-

.i •\"

I17 .: *

* T~r
.1~

* *1
:i!ii,II,

III
i

i!:¸
•l.:'llllllml-- .. ,-.

I-

LLWLLL
2
miJ~~j~i4.

* _ i _____ . . 2.~.L 1.

I

LFhti4z4

~

t 17
-L'

17i:f
_L .

-~ . 4

4.. : iO :"

I- " . 0 '-- . ..

2710 A- - |L L

1I.0 -. 7

10 I . 1 I t r T
"- ! is0";

"'1": " -.- .... .!--, L.

_i--- '.1-

LL.
, ....

i--.I Li'L 1

-FF1-i-iH Il

'-* 30Io 330 '30
K-IL --. --

1', f210 50 -
-I .. . . .A:.-"-7 . :C ! F : i i ij ...

K]'- i '; fL#k'LL[••4i":.' ""( U ":0 ::'a

1 I

Ii-. I- ---- --. ' I - .-'-l_;_ ._ i.it~-4-L----,.L--14-4-L--!LAL111 -2a

,'I--I-

+ý -F.- tF
'-5 -

= I

I I

-1-- r
IlL _

*. 71
II_ . •*•. , '-I _• -- .•q T -_I _ .. -

IZL4 14

INJECTION ILW-11

Amend. 3
Aug. 1975

FIGURE Q323.43-32
SOURCE: REFERENCE 168
LAW ENGINEERING TESTING CO.

JULY 1975
Q323.43-27



ORP~i-LR - DAG ?13(.5H

r% (kvA'ivE E7 M'ER

(A)TAN-' 4~j IINJECTION.

-. F-] &-~OF; A

Puiý.PUMP-

0 40 20 30

f LL T

Fig. 7. .1 you1 of tile he iydraiulic fracuic n n plianit.

to CD

.- FIGURE ,Q323.43-33

LTI 
SoURCE: REFERENCE 136,PAGE 10
LAW EN61NEERING TESTING COI.

JULY I975



0

ORNL-DWG 63-3830

DRY SOLIDS STORAGE BINS

WASTE

GRAY SHALEI

LIMESTONE BED

RED SHALE

ORNL Fracturing Facility.

FIGURE l323.43,34
SOURCE: REFERENCE 147, PAGE 7
LAW ENGINEERING TESTING CO.
JULY 1975

Q323.43-29 Amend. 3

Aug. 1975

',-,-....~



QOuestion 323.44- (2.5.1.1.4.2)

Provide complete information on the sensitivity of tie short period
seismographi sation (ORT) located at ORNL (Oak Ridge.National Labora-
torlies)..

Response: (References are identified in response to -Q323.43)

Seismograph station ORT was operated from July, 1967 to -May, 1973
with a single component short: period seismometer. This. station, or
components of the station, .were used for seismitc monitoring. oper-
ations during many of the injections made in this time period.
Table Q323.44-l lists the available information about the station
(Ref. 188).

Station ORT. was reopened with enlarged capability on.February 9, 1975.
Table Q323.44-2 lists the available information about the reopened
,station (6Ref. 18,8) Figure Q323.44-1 and 2 are the frequency response
characteristics •ofi the seis.nommeter at the new station (Ref. 188).

The reopened station is located at a different site than the prior
station. Figure Q323.,44-3 shows the location-of the stations.

Q323.44-1 Amend. 3

Aug. 1975



STATION: Oak Ridge, Tennessee ABBREVIATION: ORT

OPE.ATED BY:Hiolifield- National Laborat!

(former'ly Oa:k Ridge ilNational Laboratory

July 1967 ADDRESS: P. 0., Box Y, Bldg. 9104-3

May 1973 ... Oak, Rijdge, Tennessee 37830,:
DATE OPEN:
DATE CLOSE:

GEOGRAPHIC COORDINATES:

LATITUDE: 350 55' 24.7" N

840 18' 42.5" WLONGITUDE:

ELEVATION:

FOUNDATION:
FORMATION: Limestone ledge in

Conasauga shale

262 meters
GEOLOGIC AGE: Cambrian

0

INSTRUMENTATION:

TYPE

Moving Coil
(Geotech-18300)

-SEISHMcRETER
CW~. T

GALVO
Tg

TYPE OF
RECORDING

MAGNIFICATFI•ON

Visible
- Heated PenZ 1.0 -.100,000 @ 1.0 sec

K

TIMING SYSTEM: Geotech Model TF-110 with quartz crystal frequency
controlled power to all instruments.

RESPONSE CURVES: None available

SHORT HISTORY OF STATION: Station opened using almost entirely used and

cast off equipment. Closed of exhaustion.

RE{ARX: Records avaiiable upon request.

TABLE Q323.44-1
SOURCE: IREFE:RENCE 188

LAW ENGINEERING TESTING CO.

JULY 1975Q323.44-2

Amend. 3
Aug. 1975



STATION: Oak Ridge, Tennessee - ABBREVIATION.#. ORT

0
DATE OPEN: February 9, 1975

GEOGRAPHIC COORDINATES:

LATITUDE: 350 54' 34.2" N

LONGITUDE: 840 18' 17.4" W

OPERATED BY: HoWifield National Laborat(formerly Oak Ridge National Laboratory)IADDRSS: P.. .."Box Y, Bldg. 9104-3
Oak Ridge,-Tennessee 37830

FOUNDATION:
FOR•ATION:i Knox Dolomi te

GEOLOGIC AGE: Ordovician
ELEVATION: 370 meters

INSTRUMENTATION:

TYPE
Moving Coil

(Geotech-18300)

SEISHa~ETER_
CCOM. To

'GALVO
0 Tg.

TYPE OF
RECORDING

Visiblb1e-'
Heate~d Pen

MAGNIFICATION

60,000 - 120,0001@1.i0! :sec • ": ,

4@ 000 s 100,000'
0: 1.0 sec,

z 1.0

1.0e
Moving Coil

(Geotech-18300)

Moving Coil.
(Geotech-28280)

TDIiING SYSTEM:
controlled

N,E Visib1 e-
Heated Pen

Visible-
iHeated Penz

Geotech Model TG-110 with
power to all instruments.

quartz crystal frequency

RESPONSE CURVES: See enclosure

SHORT HISTORY OF STATION: Station operated July 1967-4ay 1973 with single
component (SP-Z). Reopened with enlarged capability.

REMARKS: ',Maximum convenient magnification not yet determined, but willvary with seasonal background noise levelswithin estimated range.'Long-Period not yet installed. Estimated March 1, 1975. Willsubmit supplement sheet.

0
Q323.44-3

TABLE q323.44-2
SOURCE: RHt-IF lNC $:as
LAW CN(;IN-LEHING Tt±STING CO.
JULY 1975. A 3Amend. 3Aug. 1975
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tQuestion 323.45 '(2.5.2. 2,3)

Provide-, all" avail'able ý'data used to. develop r•adoiometrit ,es f mylon-
ites,. along the Copper"-Creek Fault. Thisinformation shouldinclud•e
mineral' analy~ses, ýnumbIer of samples tested , radiogenic argon and, the

nam o te abraory 'ha comlsed-these tasks. A-discjs',sion 'of
the validity of util zing the potassi u um-argon dati:ng methodiIpi'ý-,inthese.
rocý types, should. be, 'provided ýfor evaluation.

Response:.

The response to this question has been incorporated in revise
2.5.2.2.3.

d Section- 1::

Amend. 27
Oct. 1976

2~Q323.45-1



.Question 323.46.

The SSE intensity at the Clinch River site is an. intensity VIII (MM).' The>
applilcant".has, used •theempirical -relatiionship-between.- intensity and accele-
ration -developed by. Gutenberg ..anid. iRichteri (Bullietihn iof .the SSeismological
Socie ty of America, 1956) Ato 8determine -thep appropri ate accelerat • forseismi c design for the SSE intensity. A -ecent:. reeva l uation .of th iis.;rýie-ý.

lationship by Trifunacand Brady (Bull eti n..of the Sei smo'l ogica 1 Societyý of
American, 1975) used tie .extensive additional ,data. that has. been obtained
since the Gutenberg-Richter study. Because the Trifunac and Brady study.is
based on a much larger-data base and since the result is .significantly r
different from that previously obtained by .Gutenberg and Richter, the SSE
acceleration for the Clinch River site should be reevaluated, using the
Trifunac and Brady curve. The value obtained from this reevaluation should

'.be-used as the acceleration..for seismic design unless a demonstration of
.why it is not appropriate can be given.

Response:

Before a reply is provided.to the above question,.one correction shbuld be
noted. Theapplicant did not use the Gutenberg.and Rich.ter relationship to .
determine the appropriate acceleration-for seismic-design for the Sa fe-.Shutdown.
Earthquake (SSE) as stated in the question. The Coulter, Waldron.and: 'Devi n•e•e
intensity/acceleration relationship was used for the CRBRP because it wa. es .the.
prevailing relationship acceptable to NRC, considers site characteristics, and-,
results in a more conservative acceleration than Gutenberg and-Richter.

Introduction

The Modified Mercalli intensity scale purports to distinguish clearly dis-.
cerabledifferences in earthquake damage for each progressively higher rating
on the scale.. As such, each rating includes a range of damage• criteriia., many
.of which overlap with adjacent intensity ratings on. the scale. This -concep t`

is integral to intensity-acceleration relationships such as theTrifunac-"Brady..
relationship where acceleration is related to intensity by a straight line.
function on a semi-log plot. The Trifunac-Brady correlation was. arrived'at
by plotting all intensity data at the'mid-range value and developing a
least squares analysis of the data resulting in a straight line relationship
as shown on Figure 3 of the Trifunac-Brady paper (Reference Q323.46-l).
A study of Table 3 and Figure 4 of this paper indicates that the scatter of
accelerations at a particular intensity is partially due to the inability to
account for the continuity, or overlap, of intensities.. '

In. order to utilize intensity-acceleration relationships such as Trifunac-
Brady or Neumann,.it is necessary to understand that a g iven intensity covers
a spectrum of damage. Therefore, in order to determine accelerations which
are .appropriate to intensities at either the high or'low ranges.of this.

spectrum, it is necessary to either utilize the function at points inter-
mediate of the intensity scale or to ignore the function and consult the.
spread of accelerationsat a given intensity and select the acceleration
appropriate to the highor low intensity. The second of these alterna-
tives is the more consistent with the concept of intensity. Further, it.
avoids the confusion associated with the validity of sparse data at'very
low and very high intensities and avoids the lack of agreement among
practitioners concerning the shape of the function at very low and very high.
intensities. However, in keeping with the NRC staff position that the straight
line function be utilized, the applicant has conservatively applied the
former alternative. . .

-Amend. 14
.Mar.ý 1976Q323.46.- T



In assessing damage reports-andassi gning a Mod.i:fied i'iMercallitInte nsi'ty
rating that is .to be. utilized."toselect an acceleration ("g. value).for seis-
mic ana l ysis of structures and Lequi pment , it i necessry.to recognize h t
the. intensity rating covers a. range of damage and that it its therefore neoes
sary to establish the.point in the range of .a given-intens:ity that best des-
cribes.the damage from that earthquake.

C

It is clear from the above that an earthquake rated, .for example,
can be anywhere within.the range indicated by Fig. Q323.46-lA..

as.VIII (MM)

Range. of. VII - Range of VIII

WeakStrong

Mid VII

VI... •VI.I VI I IX.
MM INTENSITY SCALE "

Figure Q323.46,IA

From this figure it is also.Seen that an earthquake with an intensity at the
top end of theVII (MM) range is coincident with one.at the bottom end of
the VIII (MM) range. For.the purpose of the PSARand-the applicant's report
evaluating the intensity of the Giles County earthquake (Ref. Q323.46-2)
this intensity has been called VII-VIII (MM)

An alternate approach resulting.in the same conclusion.is to enter an accep-
table accelerationmcorrelation at the conservative unit-intensity VIII (MM)
and select a point in the envelope of data applicable to the range in
acceleration values appropriate for that intensity. ..These values are con-
•sidered to vary with the range in engineering site characteristics deter-
mined for the foundation strataand number of Modified Mercalli indicators
applicable to the site conditions representative of the epicentral region
where the maximum historical earthquake has occurred. This.approach is.
shown in Figure Q323.46-1B.

Q323.46-2 Amend. .14
Mar. 1976.



IStrong VIII

E'atr thquake
Damage I IYid V IIII

I W ek VIII

VI VII VIII I X

•Ea rthquake.- s S-, 'w

Fig u .46--.B

'The followin disse fi t te: ap propriTate partf ofIthe- MM ra nge to' :use-forteSSE :fo~r the !CRBRP'-in dr'der to eneran -'.i~nt~enýiftY-y/.a.ceel~et~aion-eatos
Ne xt,: two-'-' s i' Pminet procedures are describ ed to deternieh plcbe 'g value,~nit is shown that the.same results are obtained utilzing the, applicant'soriginal approach presented 'i;n the PSAR ýor the .,approac,.suggested-by theNRCStandird :Review Plan o•nVibratorydGrdoundM Mi.rn A :(which wasissuedsbsieqent
to smubmittall of the: PSA.R).

Fina-laly, the resp6hose.di•scusses ýýtheý'. precedent-for: usingýthe resultilng acceer-ation value of O.18g and concludes that this .val~ue:isapp'.rpriately scon1servative.

Earthq uak.nteInsity e.. . .

'.The maximum hist, orical_ earthquake nthec Southernn-Appaachian.Tetnio.cP.ýovince.is-theGiies County, Vy, ginia earthquake,'whichoccurred.---on May 189T..,-, This,,
earthquake i-s, inthe .opin•ion ýof the..applitcant;, I•-maxiýmu.m.uim ntensi1ty,,V.II.!wII.(MM) (PSAR Section 2.5.2.9), or a weak VIII (MM). The National Oceanogr~aiphicand..Atmospheric Admini-strationý (NOAA) docum ent ""..Earthquake.Hi•storyftheUnited States"' lists:the -Giles[:'County earthquake as :i.ntensity•I I:(MM),
although the: applicant-understands ;that-this listing of.,VII (MM-).-,j is atypographical error,..and'. that NOAA officially: classifies this earthquakeas VIII '(MM).-

The applicantt conducted-,' an independent, investiga.tion, of the, Gi.Gles County earthquakewhich showed-that .,all "of .the- Modif.ied-:Mercal~li-:- -Intensi.tyindicators lea.to "
.the conclusion that the Giles County earthquake was an intensity VII (MM)except :one -item, which was- not verifiab.l e. The. report, of thatinvestigation(Reference Q323%.46-2),, prepared ,by-.Law Engineering Tes.ting Companyi •n con-junction .with Burns and 9Roe showed:-that :there wereO only 2ut of 18 in-,
tensity VII :(MM) indicators found .(excluding ,the-,.-i~nd•:icator -rela~ted, tomo6torcars). However:, in order -to-,apply. a .,degree ofl, conservatiwsm conmensurat•i with.nuclear power plant praCtice, the .applicant concluded'.that,- for.the purposes
of plant design, the Giles County earthquake would be. considered as..VIi-VIII(MM) or a weak VIII (MM).(3

Q323.46-3 Amend. 14
Mar. 1976
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To confirm its conclusions, the applicant sought the independent advice of
the three eminent geologists and seismologists who arevhighly experienced with
respect to earthquakes in .the Southeastern United States. These are::

Dr. G. A. Bollinger - Sei-smologist, Professor at lVirgintia.Poly-
technic Institute and State Uniesiity.

John M. Kel.lberg - Chief Geologist, Tennessee -Valley .:Authority

Dr. L. T. Long - Seismologist, Professor at Georgia
Institute of Technology

Each of the experts concurs with the conclusion that the correct assignment
of maximum intensity for the Gi-les County earthquake is not greater than
VII-VIII (MM).

In the meeting with. NRCon August 15, 1975, (Ref. Q323.46-3) Dr. Stepp of the
NRC staff expressed.the opinion that a more thorough evaluation of. the 'obsere ,.r -
ved damage may result in the lower-rati ng,.. but that :the appicant needs.to

.provide the data and jus-ti ficati.on. The NRC staff stated that•ta.fi nial
dec~i s ion otn hi s- matter would not bemade by NRC prior to COnsul:tation-with

NOAA." The data and justifi~catilon requested by -N•C was,; submittedl to NO•A• by
the.applicant on October. 2, 1975..(an earlier revision ofReference Q323.46-2),.

A meeting between..CRBRP Project and NOAA-representatives was. held on November
13:, 1975 to discusesI Ref. .Q323.,,46- 2. Genera aglreement. .was, reached between- ,the
appli~cant and the NOM representatives and was documented (Ref. Q323.46-4)
that the Giles County earthq uake, is a weak VIII (MM) and should be considered
•to be at the. low-,end of the range indicated in Figure Q323.46-lA'above for an (
intensity VIII (MM) earthquake.

Subsequent to the November 13, 1975 meeting with NOAA.repoesentatifvesz, _but before
NOAA issued an official. letter of confirmation, it.was detemined that ilt would not
•be.NOAA but rather the United.States Geological Survey (;USGS,:)thatwouldbe the

determining body for the Giles County earthquake -classification.' The l.applicant
then submitted its report (Ref. Q323,.46-2) to USGS on .December 1,7, 1975,.

The USGS reply (Ref. Q323.46-5) concludes that the assigned maximum intensity
for the Giles County earthquake of.VIII (MM) should not be revised. This,
conclusion was based on 1) the data reviewed by USGS which shows two attributes
of an intensity VIII (MM), and 2) USGS does not intend to classify eqrthquakes
with split intensities, i.e., VII-VIII (MM). However, the NOAA :evaluation which
is. made part of the USGS report, states "It seems obvious now that the MM. scale
needs to be reconsidered and potentially revised to treat intensity.or acceler-
ation in finer steps or to improve the definition of the steps."

The USGS report forwarded by Ref. Q323.46-5 recognizes that there, is a degree
of earthquake intensity within each intensity range. However, since the-,
current Modified Mercalli scale6does not account -for this variation, the

.. reporters were constrained to assign a single intensity classification to the.
earthquake. In using this approach of:assigning only whole number earthquake
intensities, the location in the range of earthquake damage must be accommodated
by selecting an appropriate acceleration within the intensity VIII (MM) range as
shown on Figure Q323.46-1B.

Amend. 1.0

• Q323.46-4 Mar. 197•
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A number of intensity-acceleration relationships have been plotted as linear
functions which do not provide for a variation iin 'accelerations at a given
intensity..as .indicated on Figure Q323.46-lB. However, an equivalent method
of accomplishing the objective of accounting for a range of accelerations
associated with an intensity is to, enter, .,the intensity scale at a higher
or lower value than the wh6le, number intensity. The applicant concludes
that for the SSE earthquake the appropriate ordinate• in an intenSity-accel- ..

eration plot is that ordinate corresponding to a weak -VIiI`(MM), as des-
cribed in Figure Q323.46-lA and applied in the following._discussion of
correlation of intensity with accelerations.

Correlation

The method the applicant originally used to determine ground acceleration as
discussed in the PSAR was.the Coulter, Waldron, and Devine intensi-ty/acceleration
correlation. In using this correlation the applicant added further conservatism
by entering the Coulter, Waldron and Devine relationship att one-half intensity
above. V I I -VII I ( (MM), and- reading- up-to the midrange cu,rve which is appropriate .
for the Clinch River foundation, strata (siltstone). This yielded an acceleration,
of O.i.8g. whereas the actual intensity of the Giles County earthquake would have
yielded a value of O.13g; clearly .0.18g is therefore a conservative value.
Figure Q323.46-2 below illustrates this' pointý:

.Resulting
Conservatism

. .0. - -1 7-oul ter, Waldron and Devine Curve -

o.13g - - !- _

Accel erat ion
Added Conservatism i.n IntensityII

ýVII VniI GilIes County. Earthquake
Intens-i ty-Modi fi ed Mercal 1 i

Figure Q323.46-2

The NRC Standard Review Plan on Vibratory Ground Motion issued in June, 1975
indicates that it is acceptable to use the maximum historical :earthquake.in-
tensity for design purposes, if a conservative correlation such as Trifunac-
Brady or Neuman is employed. Figure.Q323.46-3 below illustrates the conser-
vatism included in the Neumann (or Trifunac-Brady): correlation compared fto.
Coulter, Waldron, and Devine, and shows that use of the Neumann correlation
results in increasing the-design acceleration from O.13g to.O.18g for a weak
VIII (MM). Thus, an appropriately conservative des~ignacceleration of O.18g
can be obtained by providing added conservatismjin either the SSE intensity or
the acceleration correlation. However, the compounding of conservatism by
applying both of these methods need not and should not be accomplished.

Amend. 14Q323.46-5Ma.17



TRIFUNACBRADY OR

O.18g ~NEUMANN CURVE WLRN
CO.SEPVATIS

COULTER,WADO
ADDEVINE CURVE

'0.13g - 4•

1 ADDED CONSERVATISM IN CORRELATION

-0 GILES COUNTY:EARTHQUAKE,

INTENSITY (MODIFIED rERCALLI)
FIPME Q323q6-3

The applicant used the Coulter, Waldron, and Devine correlation as its basis

for determining the ground acceleration,-because of-its general acceptance in

the industry and recogniti on of variable foundationd characteristics. However,

because the NRC Standard Review Plan prefers the use of the ma-ximum hirstorical

earthquake and a more conservative intensity/acceleration relationship such as

Neumann or Trifunac-Brady, rather than an earthquake intensity with added con-

servatism and the Coulter, Waldron, and Devine curve, Section 2.5.2.10 of

the PSAR.has been revised to include NRC's new method, usinq a weak VITI (MM)

for the SSE intensity.

Precedent

The acceleration value of 0.18g for seismic desLign of the CRBRP is supported

by precedent for nuclear power plants located at nearby similar sites and

previously accepted by USGS, NOAA and AEC. Specifically, this acceleration

coincides with the SSE acceleration approved for the TVA Sequoyah, Watts Bar

and Bellefonte nuclear stations in 1970 through 1974. The acceleration for

these plants was based on the Giles County, Virginia earthquake. Figure

Q323.46-4 shows other plants in the area and the design accelerations used.

Summary and Conclusion

In summary, the applicant considers that a ground acceleration of 0.18g is

a proper, conservative value for the SSE because:

(1) Our investigation into the-Giles County., Virginia earthquake

of 1897 (Ref. Q323.46-2) supports a maximum intensity••rating

for this earthquake of VII-VIII (MM).or a weak VIII (MM) as

shown in Figure Q323.46-1A. This research is the most exten-

sive performed to date on this earthquake.

Q323.46-6 
Amend 14
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(2) To obtain the ground acceleration, we have complied with the NRC
Standard Review Plan .and used a conservative "'ý(Neumann) correla-
tion between earthquake-intensity. and ground .acceleration as
well as our original method, which gave the same value. The
applicant has revised the PSAR to include the use of the
method contained in the NRC Standard Review Plan.

(3) The SSE acceleration proposed for CRBRP is consistent with ground
accelerations already approved by NRC for other nuclear power
plants in the same tectonic province.
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The "t" testwas: used to determine if the observed difference' inmeannumber

of occurrences for the varous periods were. sta, istýica I y' signifcant. 'ThiS .
test was-chosen because of its wide usage in statis.ti al h'ypothessi.testin'g,
:and, becauqse.it. is. asymptotically distri-bution-free- anduit•hushe re."t• ob..
tainedfr fbrom''theO testýi aire, not unduly influencedby assumption!o h a
of the population-from which the:sampees were drawhn (Ref. Q323.47-).
Procedures for applying the "t" test are-, gi ven. i h Reference'Q323.7-- . "

Results

The interpretation6of the seismographs began with an inspection of those'
portions of the records least influenced by Cultural activiiti es. NoIsignals
with S-P arrival times of three seconds or, ess were--found nthes o.t Ions
of the seismograph records. Since,.natur&a.lly , occurring-,sei'sm&•S1i ignals are,
expected to occur randomly, the lack of signals duri hng :th6e' quiethors 'of
the weeks'tl early- show that no local, natura e.-eism&c events•- :are' occ ri
in the region..

Figure Q323.47-2 is a, histogram of numbers of'-sei smic event urnri. ,g dur"ing
the day for the nin;ty-five (95) day dat`a bsse used. Of-'t.her4•,•veniits
catalogued, aIl but seven occurred between 8:00a.m. and 8:00 p.m. Sixty-four
events occurred between 5:i.00' p.m. and 6:00 p' m. For the purpose of this
study, we selected the.workin hours from 8:00 a.m. t...8:00p.m. la ti.

Some sig'nial.s were received at ORT at hours adjacent to this'arbitra ..ily.
selected interVal.; however, the signal s received have: dharacteristics:
similar to those induced during working hours.

The statistical tests agai~nst. noh-woking periodsactual•ty dincde thb :.
signals Which border the working interval. The dta,"s tht r ra of
occurrence du:rinworkng hours is much 'larger than trhe rae'e6 ofocurrnce
during non-working hours. However,i the"woing hoursine•rvial u d,•o b•e
more accurately defined, the rate of occurrence durgiýýng'n..n' on- working IC` h 'os •
would be zero.

Using the statistics in Table Q323.47-2, statistical tests were performed,ý.`_..
to determine if PN<11S and .N<Pp+s, where the. symbol p represents the means.
for the data sets,.N, S,.or P+S given in Table Q323.47-2. Thesetests were
made at a 95% confidence level, and in addition , the. actual confi ence ,eels-
of the tests "were computed. The actual confidence levels tof th'esetests"are
indicative of the minimum probability one must'accept of falsely 6 nclu'ding"'
that VN<pS or V N<1'p+S (injection or shut-in increases seismicity) in "order to".-
conclude that such an increase has occurred. The results of these. aalses'
are presented .inTable Q323.47-3. The actual confidence levels ofthesetestst,'
as presented in Table Q323.47-3 strongly indicate that the mean of the "N" data,"
set is not smaller than the means of the "S". or "P+S. data sets for either worki-ng.
or non-working periods. For example, one must be prepared to falsely state, that:s".
JN<P"P+S 84 times out of 100 tests before the present data can be interpreted to
support the contention that •N<IP+S- One must be prepared to falselystate.
that PN<vS 80 times out of 100 tests before the conclusion PN<PS can be. in-i
ferred from the present data. Obviously, the data do not support the con-
tention that uN<iS or PP+S. 17
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The likelihood of making a type I error, that is, falsely detecting a diff-
erence in means when no such difference exists, has been discussed above.
One may.also ask the, question!' What i s. the ýlikelihood. of fail'ng to. dete ..ct.
a difference when in fact a difference exists,?".. A' failure to. det6ct a ý,real
difference in means is called a type II error., The likelihood1 ofmaking a '
type II error is.a function not;.only of the data statistics,, buti also •f'the "
real difference: in means and the-leVel of confidence at whichM thestai"s.-
tical test is conducted. If' the- likelihood of maki ng a type1 lIerror is
examined under the assumption that the test is conducted at the actual
confidence level of the test, then the likelihood of failing. to detect al
pre-selected difference in means is equal to the probability of occurrence of
the observed difference in sample means. This probabilitywas computed for
pre-selected differences. in means. The results of these computations are shown
in Figure Q323.47-3. The-results presented in Figure Q323.47-3 pro.vide:-.
further support to the contention that the means of the S and. P+S daa,a, sets
are not greater than the mean of the N-data set.

Even though the ORT data indicate beyond question that the6s6.ignls rece&ived:
at ORT :are a result of cultural. effects, for the sake. of' cofufiipite conser-•r
vatism those signals which were identified as being: close to the' seimograph
.were analyzed as if they could have a seismic origin. In order to.comp'are
the differences in the mean number of events which' were received at ORT
during injection (P&S) and non-injection (N) periods a: history of ear10th-
quakes induced by pressurization, was identified. "Such a history is dqcu-
mented in the March 1976: issue, Of Science, "An Experiment- in Earthquake:
Control at Rangely, Colorado," by Raleigh, et. al. This documenta-tion.shows
that when fluid pressures are of a sufficient nature to induce' se i smicity, theb
mean number of earthquakes increased from 2 or 3, per month t`o as. much as
170 per month, an 85 fold increase. When the ORT data is compared' for a
difference in means equivalent to an 85 fold increase, the.probability of
fail.ng to detect such a difference in- the means is es.sentially .zero. The 0
ORT data clearly indicate a large difference in means, such as. that whli-ch was
found to accompany the induced seismicity at Rangely, has not occurred as a
result of the ORNL injection well activity. The Rang~ly data thus provide
further confirmation that the ORNL injection wells.are not inducing seis-
micity in the area.

Conclusions

Records were available to coverall of the injection periods. Therefore, this
study encompasses all of the:data for injections. The selected sampling of non-
injection periods was frequent enough to provide representative results-.

The statistical comparison shows that the seismic signal-s recorded at ORT are
independent of breakdown, injection or set up activities at the ORNL injection'
well. The clear trend for signals to occur during the working hours of the
week shows that those signals which are received are associated with man's
activities. -The pressurization at the injection well continues throughout
the non-working period without an increase in frequency of non-working
period seismic signals. Therefore, it is concluded that the injection
process is not one of the activities which affects the signal frequency. 17
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The "t" test was used to determine if the observed differences in mean number
of occurrences. for. the -various,, periods were stati~stical.ly signifficant. This
test was chosen because of its. wide usage., in stati'stical' hypothesis testing,
and becauseiit is asymptotically distribu•tion-free and thus the results ob-
tained ..fr'om. the test .a:re not unduly influenced by assumptions of.the character
of the population from: which the samples, were drawn (ýRef-. Q323.47-1).
Procedures for applying the "t." test' are given in Reference Q323.47-2.

Results

The interpretation of the seismographs began with an inspection of 'those
portions of the. records least influenced by cultural activities. No signals
with S-P arrival times of three seconds or less were found in these portions
of the seismograph records. Since naturally occurring seismic signals are
expected to occur randomly, the lack of signals during the quiet hours of
the weeks Elearly shows that no local, natural seismic events are occurring
in the region.

Figure Q323.47-2 is a .histogram of numbers of seismic events occurring during'
the. day for the ninetye-five ( day data base used. Of'the'204'v'nts
catalogued, a'll bu tit seven occurred between 8:00 a.m. a.and 8:00 p.m. Sixty-four
events occurred between 5:00 p.m. and 6:00 p.m., Forthe purpose of this
study, we selected the working, hours from 8:00G a.m. to 8:00 P.M. local time.
Some signals .were, received at ORT at .hours adjacent to this arbitrarily
selected interval; however, the signals"received have characteristics
similar to those induced during working .hours.

The statistical tests against non-working periods actually include those
signals which, border the workfng in'terval. The data show that the rate' of
occurrence during working hours is much larger.than ,the rate of occurrence
during non-working hours. However, if the wo-rki6ng 9hours interval could be,
more accurately defined, the rate. of occurrence .. during non-working hou rs
would be zero.,

Using the statistics in Table Q323.47-2, statistical tests were performed
to determine if IN<IS and pN<1P+S, where the symbol 1 !r'epresents-the means.

for the data sets, N, S, or P+S given in Table Q323.47-2. These tests were
made at a 95% confidenceilevel, and in addition, the actual confidence levels
of the tests were computed. The actual confidence levels of these tests".are
indicative of the minimum probability one must accept of falsely concluding
that IN<PS or pN<PP+S) (injection or shut-in increases seismicity) in order to
conclude that such an increase has occurred. The results of these analyses
are presented in Table Q323.47-3. The actual confidence levels of these tests
as presented in Table Q323.47-3 strongly indicate that the mean -of the "N" data
set is not smaller than the means of the "S" or "P+S" data sets for either workinc.
or non-working periods. For example, one must be prepared to falsely state that
"N<pp+S 84 times out of 100 tests before the present data can be inter.,preted to
support the contention that N<zP+S One must be prepared to falsely state that
4N<v• can be inferred from thd'present data. Obviously, the .data do not support
tRie ontention thatpN<1s or P+ 17

Q323 .47-3

Amend. 17
Apr. 1976



The likelihood of making a type I error, that is, falsely detectihng. adiff-

erence in means when no'such difference exists, has beenh'discussed 'above. -
One may also ask the question" What'is the likelyhood'of fail~ing to detect

a :difference when in fact a difference exists?". A.failure to detect a real"
difference in means is called a type I I error. The ikedlihood of maki ng a
type II error is a function not only of the data Statistics, but' also O. the
real difference in means and the level of donfidence atwhich the statis-,
tical test is conducted. If the likelihood of making a type II error is
examined under the assumption that the test is conducted at the actual
confidence level of the test, then the likelihood of failing to detect a
pre-selected difference in means is equal to the probability of occurrence of
the observed difference in sample means. This probability~was computed for
pre-selected differences in means. The results of these computations are shown
in Figure Q323.47-3. The results presented. in Figure Q323.47-3.provide
further support to the contention that the means of the S and P+S data sets
are not greater than the mean of the N data set.

Even though the ORT data indicate beyond question that the, signs rceived
at..ORT are a result of cultural effects, for the sake of complete conse.r-
vatism those signals which were identified as being •lose 'to the Seismograph

were analyzed as if they could have a seismic origin. In order to compare
the differences in the mean number of events which were received at ORT'-T
during injection (P&S) and non-injection(N) periods, ahistory of eah-
quakes induced by pressurization was identified. Such a history i~s docuu-
mented in the March 1976 issue of Science, "An Experiment in Earthquake
Control at Rangely, Colorado," by Raleigh, et. al. This documentation shows.
that -when fluid pressures are of a sufficient nature to induce seismicity, the
mean number of earthquakes increased from 2 or 3 per month to as much as .
170 per month, an 85 fold increase. When the ORT data is compared for a.
difference in means equivalent to an 85 fold increase, the probability of,.,,
failing to detect such a difference in the means is essentially zero. The
ORT data clearly indicate a large difference in means, such as that Which was
found to accompany the induced seismicity at Rangely, has not occurred as a
result of.the ORNL injection well activity. The Rang~lydata thusprovide
further confirmation that the ORNL injection wells are not inducing seis-
micity in the area.

Conclusions.

Records were available to cover all of the injection periods. Therefore, this
study encompasses all of the data for injections. The selected sampling of non-
injection periods was frequent enough to provide representative results.

The statistical comparison shows that the seismic signals recorded at ORT are
independent of breakdown, injection or set up activities at the ORNL injection
well. The clear trend for signals to occur during the working hours of the
.week shows that those signals which are received are associated with man's
activities. The pressurization at the injection well continues throughout
the non-working period without an increase in frequency of non-working
period seismic signals. Therefore, it is concluded that the injection
process is not one of the activities which affects the signal frequency. 17
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0
Based on discussions with the NRC staff .on AprIl 7, 1976, .further assurancewas needed that future, injection well operations would not.in.val idate thleconclusion drawn above.

This assurance, in ,the form of a geographi ca 1 geologi cal-,,and operationa.envelope Witthin -which all - future well .opera-tion wou'ldbe -rcted, isprovided in Exhibit A of this response, as well1' as•'a conmitment to notify~NRC.p rioto any,, proposed 0operation ouitside' f 'this env4 el)op e Tiis envelpe also encompasses all injection operations to-"date. The approxmate geo-graphical bounds of the envelope is illustrated on revised Figure Q323.43-1

17:

'A'
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Date
(Universal

Time)

Time
(Universal

Time)
S -

(iSeconds•): !• :
Injection aind
.working stat4us, C

FEB. 10

14

15
19
20

22

MARCH 1

6
12
26

27

31

13:03:42
16:41:53
16:50:41
20:12:56
16:07:18
22:19:3(5)
13:39:47
15:11:47
20:36:40
20 : 44 :35
19:02:23
22:14:31
21:18:19
10:55:58
22:43:13
23:57:017
12:03:20
14:31:30
15:02:22
21:32:3(1)
22: 36:50
23:16:411
15,:.499: 36
16:01:30
19:14:43
19:27:26
19:30:50
19:46:03
18:53:.36
19:33:56
21:08:07
21:55:04
14:50:59
15:48:16
21:28:35
21: 33:11
15:47:41
21:29:08
21:27:33

2.1•0 a,.ý8

(1.8)

(3.)
(.-8)
2•.

2.2ý

.3.;

(3.)
3.
(2.)

3.

(2.8)

(3)

2.8
(3.)

3.
(3.)

3.
3.

NA.
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
.NA
NA
NA
NA

NA
NA
NA

NA

PA
PA
PA

SA
SA..

APRIL 1 (
5

12
15

22

28

29

30

L E G E N D

N = Non-Injecting Period
P = Breakdown and Injecting

Period
S = Set-Up Period-
A = Working Period
B = Non-Working Period

( )= Approximated

TABLE Q323.47-1

LISTING OF SEISMIC
EVENTS USED IN STUDY /.
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tuniversal (Universal S - P Injection andTime) Time) (seconds)! working status1ay 11:331:59 
SB

18 :-14:-. 04 1.2 SA19:50:08 1.2 SA21:29:15. 2:. 5,'SA2 15:26:42
16:23:02 

SA16:26:10 (1.) SA16:27:56 2.:2 SA21:26:05 2.3 SA3 17:55:24 2.8 &SA19:27:58 
SA19:36:57 
SAý5 162:7(.)SA

2i:28:42 2.7 SA7 22:01t:7 2.6 SA8 17:43:29 2. 5 SA1214:'35:17 
2. 8 NA20 210:34:3,9: 

NA26 15:47:38 1.2 NA21:04 : 24 2.2 NAJune 5 19:34:13 2.4 NA22:00:224 (2,3) NA14 1'9:28,: 08 2.0 NA16 18,:34:49 (.8) NA21:38':.32 1(2.2): NA17 00: 36:19 3. NB18:09:92 3 
NA19 16:03:32 ('3.) PA20 15:16:04 
PA21:28:55 '(2.5) SA21:30 :0O 3 SA24 21:23:42 
SA25" 19:14:30 1.7 7426 16:03:58 2• SA27 17:47:13 1.8 SA19:10:28 1.8 SA20:"47:30 2.0 SA28 18:58:42 (2.5) SAJULY 7 15:52:,26 3. NA11 17:14:20 

NA18:02:02 2.2 NA20:55:12 
NA21:59:20 
NA16 19:34:52 2.5 NA20:09:20 2.'5 NA21:08:49 
NA21:57:03 (1.5) NA17 2 :16-: 23 
NA

TABLE Q323.47-1 (Cont'd.)2Amend. 
17,Q323.47-1l 
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Date
(Universal

Time)

Time(Universal

Time)
s- P

.(seconds)
Injection and
working-status

JULY 21

22
26

31

AUGUST 15

16
20

21
25

26

16:48:43
20:42:29
21:10:33
21:26:41
15:21:45
16:01:56
20:45:32
21:26:27
21:46:12
18:40:42
18:55:17
21:04:51
21:•14:52
21:22:1 6
21:22:57
21:25;:4;6
17:2;0:04
18: 215: 1

19:21:0-6
20:16:15
21:27-:22
12:25!:1 4
18:19:4R5
21:03:.49
21:36:32
10 :49 :34
16: 02: 21
16:06:38
19:16:38
20:02,:29
21:13:37
22:05,:07
22:08:33
13: 21:16
14:22:51
18:34-:36
20:20:34
20:38:25
20:51:08
22:08:44
22:24 :29
19:50:08
20:05:03
21:10:.28
21:10:54
21:11:55

(2. 5)
1.

(l.5)(1.'5)
(.8)
(.8)

1.

.2.5

2.

2.3

2.7

(2.18)

2.5

2.3

2.2

2.7
3.

3.

NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
.NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA

(

SEPT. 4

9

\

TABLE Q323.47-1. (Cont'd.)
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,C u• Time(Universal (Universal 
S R njiTime) Time) (secon s)j eotr ion statds0

SEPT. 15
19

20

29

30

OCT. 4

13:11:;56
17:45::15
20: 41: 53
20:48:38
21:03:59
21:19:24
21:24:56
21:29:04
22:07:39
22:19:48
00:01:25
17:23: 46
18:30:50
16:00:18
16:38:54
21:28:51

21: -30:56
14:00:37
14:02:16
19:30:10
191:31:03
20:4T:18
13:10:56
14:44:i27
17:51: 20
11:30:32
41:4.6:18

15:17:06
.16 :23: 32
19:44:28
22:01:54
22:16:37
22:17:26
22z30:40
2 2 -:3.1:07
19:27:10
20:22:15
20:44:44
22:46:19
19:33:22
20:43:02

10
14

15

20
24

29

30

31

(2.5)

3.
3.

3.-2.7

2.9

2.9

2.5

(:2.6)
(1. 2)
(2.4:)
(2.2)

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NB

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA'NA

NA
NA
NA
NA
NA
NA
_NA-

PA

PA
.PA
PA
SA
SA

Q323.4 7-13
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Date
(Universal

Time)

Time
(Universal

: 1,Time) . 1
S-;p

'(seconds)
Injection and
working statuAs

NOV. 1

3

4

5

6
13

14
18

19
28

20:30:29
20:-38:22
18: 46:: 15

16:00:12
22:31: 34
14:57:08
16 :0144
22:27:33
22:34:00
22:42:31
21:07,:59
13:35:30
19:29:-06
22:06:12
22:1-2:1226
22-:12::4-4
22:14:04

22:26:53
22:48:26
15:42:39
19:44:11
22:08:,00
22:.32:32

17:00:07
18:30:13
20:23:43
21:05:52
23:01 1:55
00::51:46
12:25:38
15:12:55
16:10:59
17:55:29
18:58:38
21:01:40
21:59:48
22:14:17
22:15:32
13:04:35
13:05:56
20:28:05
20:23:48

3.

(3.)

(1. 2)
(2.1)

(1.8)

3.)
2._4

(3.)
2.6
3.0:

(3.)

3,3;
(3.)

3.

3.

2.8
2.8
2.8(2.4)

SA
SA
SA
SA
SA
SA
SA
SA
SA
SA
SA
NA
-NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

NA
NA
NA
NA

NA
NANA
NA
NA
NA
NA
NA
NA
NA
NA

i

(DEC. 3

4

8

-9

13

TABLE Q323.47-1 (Cont'd.)
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TABLE Q323.47-2

MICROSEISMIC SIGNAL FREQUENCY
STATION ORT

N
(Non-.Injecting

Periods)

MEAN
A VARIENCE

NO. 'EVENTS
NO. HOURS

MEAN
B VARIANCE

NO. EVENTS
NO. HOURS'

.2526

.4387
148
586

.0066
.0066

6
909

P
(Periods Under

Pressure)

.1731

.2244
9

52

0
0
0

4-8

S
(Set up
Periods)

.1802,
.2389

40
222

.0031
.. 0031

1

323

P & S
(Pressure and

Setf up Periods
-ýCombined)

.1789 -

.. 2-353
49.

2 274

.. 0027
.0027

371
371

,C,

A = Working Period

B = Non-Working Period

ko



TABLE Q 3 213.47 3 •

RESULTS-OF HYPOT-HE-SIS' TESTINGS (W "I,

XNA<•SA P~NB <1 SB INA<' (S+P)A 1NB B S+!ý

Does difference exist
at 95% significance
level

Actual level of test

No

.05

No

.20

No

.03

No

.16 '

(

Amend-..17
Apr. 1976
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UNITED STATES•- [W ' \ ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
OAK RIDGE OPERATIONS0 P. 0. BOX E 

AREA CODE 615

USA 
OAK RIDGE, TENNESSEE 37830 

TELEPH0N 483.8S
Lochlin W. Caffey, Director, Clinch River Breeder ReactorPlant Project Office

PROPOSED RESOLUTION WITH NRC ON ORNL INJECTION WELLS
Reference is made to your memoranda of January 27 and April 6, 1976,as well as our discussions on the above subject. We are pleasedito,learn that, following discussions with NRC, an acceptable resolutionof the seismic issue related to the ORNL injection .wells appears
imminent., '• ."", : - :•;{~~i{~i~ •{!,,i;}~i:i}!iJ. ~-i

We are in agreement that NRC needs assurance that future hydrofractureoperations wi ll ý be carried' out wi thin a, defi ned' envel;ope of condi tio ns -
geologic, geographic, and operations. We believe the following willestablish such an envelope of conditions as well.as' fulfill .oourcommitment in this matter:

All future ORNL hydraulic fracturing.waste disposal operationswill be carried out in that portion of Melton'Val:l'ey enclosedby the following four coordinate points (based on-the Tennesseestate system of rectangular coordinates - topog raphic map ofMelton Valley, ORNL D26364): (N. 557,800, E 2,498,500); (N 557,800,E 2,499,400); (N 555,500, E 2,497,600); (N .5541,900, E 2,498,500).For ready reference this area is roughly sketched on the enclosedcopy of a map identified as Figure.Q323.43-12.which was suppliedby your office. The portion of the Conasauga formation utilizedfor this purpose will be limited to the approximately 300oft-ofred shale occuring between the rome sandstone and the three lime-stone beds used as stratigraphic markers. Future operations willbe restricted to those locations where this particular stratum-occurs in the range 500 ft to 1500 ft below the land surface.Furthermore, all operations will be conducted such that thestatic injection pressure (injection pressure extrapolated to noflow conditions) will not exceed. 3000 psig as measured at thewellhead annulus.

In the event ORNL desires to perform operations or experimentsoutside the above described envelope at some time in the future,NRC will be appropriately notified.

,-• •-- ,. . ,
.

Q323.47-17 
Amend. 17

Apr. 1976
Li
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C

Lochlin W. Caffey - 2-

Please do not hesitate to let us know if additional information,
is desired.

4~ R. J. Hart
ORR:EHH Manager..

Enclosure:
Cy of Map

cc w/encl:
C. A. Keller
J. A. Lenhard

(

Q323.47-18 Amend. 17
Apr. 1976
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.Question 323.48

If the results developed in response to item 323.47 are not sufficiently
complete and conclusive, a microseismnic monitoring program will need to be
established. This need will be determined by the following:

1. The data are inadequate to permit a decision at the
desired level of confidence;' or,

2. The rates of activity at the desired level of confidence
are significantly different for the differing time periods.

A mircoseismic program will be required, using a very dense network of high
gain portable seismographs, to monitor an injection(s) to develop the
necessary data at the desired level of confidence. The purpose of the
monitoring will be to determine the relationship, if any, between the
microearthquakes triggered by the injection activitiesand the geologic
structure(s).

.The required monitoring period would have to extend from one month priorr to
start of injection activities until such time after uncapping the wel:l that
the microearthquake activity has returned to its pre-injection level.

If the results of your response to 323.47 indicate a correlation between
microseismic events and injection activities, a complete data set (pre-
injection through post-injection) would be required. Since injection occurs
infrequently, we strongly encourage and recommend that pre'liminary.planning
of a monitoring network be initiated without delay. Furthermore, if your
response to 323.47 is not complete at the time of the next injection, it isS our position that the network be installed in order to monitor that injection,.
Alternatively, a commitment to terminate injection operations prior to
operation of the CRBRP will be sufficient to resolve this issue.
Response:

The results developed in response to item 323.47 indicate completely andconclusively that no correlation exists between ORNL injection activities and
microseismic activity in the site vicinity. Consequently, the establishment
of a microseismic monitoring program is not necessary.

Q323.48-- Amend. 12
- Feb. .1976



Question 324.1 (2.4.13, 2.5.1.2.4,4)

The location of the groundwater. table is not clearý;-to .taiid i nter-pretation,
show the water table on the: geolog-ic profiles.- shown.in Figures 2.5-7 through
11'. On page 2.5-18 it is stated that generally the groundwater el-evations
•coincide with the top of continuous rock, however, the logs of the borings
and geologic profiles indicate the water table-varies as much as 10 feet
.above and below the continuous rock line. Provide clarification in the PSAR.

Also, the groundwater data does not reflect groundwater conditions in-the
alluvium and weathered rock sufficiently to permit an evaluation of the'
.quantity of water tha t wil.l have to be. pumped for construction "dewatering.
Packer tests were generally conducted below the level 0of'continu-ous rock

:and don't provide quanti-tative.-.data . particu~larly.inareas heh.sýre the rock.
weathered quite :deep. Other data.on groundwa ter inhe upp•r zones is from

the observation wells w I hich. 'onlp d . t.ti.on. Discuss
your construction dewatering program and' provide an upper l1imi't estimate'bf
the quantity of water to be handled.

Geologic profiles, Figures 2.5-7 .through. 11, have been; revised to incl.ude
the :groundwater table as recorded on January 6, 1975 . cl.arification of
groundwater level readings has been provided i'n Section 2.4.13.2.,2. A
discussion of the construction dewatering program and an upper limit estimate
of the quantity of water to be handled has been provided in revised, Section
2.5.4.5.1.4 of the PSAR.

Q324.1-1 Amend. 25 .
August 1976

- -~
S 2~ *-S.~-~V~&'V,.,.> ,-.,,,-

- '-5'--- - -5-



0 Question 324.2 (2.5.1.2.4.4)

Weathering. Continuus rock is defined as rock which doesnot con ta inany Signi ficant weathered or solutioned discontinuitiesh. Thi • dfinitionappears ambiguous. On examination of.the boring logs and geologic profiles,1.we nolte a considerable. variation in relating the lower limits of weat•hErinfgto the top of continuous rock. The level of weathering in the logs forboring 41, 46, 54 and..55, for example, could be interpreted to be as m.uch as15 to 25 feet below the top of continuous rock. Discuss more specificallywhat constitutes continuous rock and discuss what criteria will be used toestablish this grade in the field during construction.
R e s p o n s e : ' .I . + . . . • • . • , .~.:

A more specific discussion of :what.constitutes continuous rock is providedin -revised Section 2.5.1.2.4.4. A difscusi othe criteria whichiwill be.used., to establish this grade in the, field during construction is providedin Secti~on 2".-5.4. 5. 1.3. 25

6

C!

Q324.2-1 Amend. 25
August 1976

A 
flog, "y.,-~



0
Question 324.3.(None)

The depth of weathering in the Unit. "A" limestone is highly varijable6ý"-. We "W ...are most concerned about the.northwest edge of the plant island and emergencycool.ing tower where the limits of weathering in the Unit A liimestone :..extends-very close to foundation grades... Also of:concern, is the emergency.coolingwater tower which will be founded. near the limits of weathering in the Unit Asiltstone at Elevation 765.

The foundation excavations should be exploratory, recognizing that finalgrades may locally be considerably lower than what is shown on' the d.rawings.Establ ish and describe in -the PSAR a foundation verification program, to Ibeused in the field during construction .to.,deterMmine final foundation gra•d'es•;Include in this program provisions for:additional borings during construucotionto investigate local weather fng features.

Response:

A description of additional borings. taken along theonorthwestedge of •t "plant island- to establish the depth of weathering in ithat aease isprovided
in revised Section. 2.ý5.,l.2.4.4 of. the PSAR.. The"-proposd foundation, verifi-cation program for the Nuclear Plant Island is described in Section 2. 5-.-4., 5.14. 3of the PSAR, respectively.

25

Q324.3-1 Amend. 25
August 1976



Question 324.4 (2.5.4.12)

It is stated that the final 18 inches of rock -abovedesign.grade will be-:.removed.by controll-ed means. Describe how this will be accomp•ishe•dparticularly if the bottom 18 inches is in hard rock .
.Response:

The information requested is provided in revised Section 2 5.4..5,1.3 of thei "
PSAR. .. 25

Q324.4-1 Amend. 25.
August 1976
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Question 324.5 '(2.5..4.12).

Describe the program you- propose for fo.undat:ilontreatment, 4inclu-difngh-"g. -. ireq irements for dental Work, grou:ting, foundati on: protection,_ ad.foundationcleanup.

It is stated that localized solution zones will be.. treated individually asthe excavations proceed. Discuss how these features will be treated.
Response:

The information requested is provided in revised Section 2.5.4.12 of thePSAR. 125

0

Q324.5-1 Amend. 25
August 1976
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Question 324.6 (None)

Both the Unit A andB limestone contain sol ution:; zones. withinn the depth of
weathering. We are most concerned about the Unit.A formation-which dips
beneath the Category I structures. Solution features: may be very unpre•-
dictable and are often found along joints in limestone rocks below th.
depth of weathering.

The boring program, conducted on the northwest edge of the plant island
area indicates that solution features are present in the weathered zone.
However, the same intensity of investigations were not conducted beneath the
Category I structures or in the unweathered zone of rock.

Discuss the supplemental exploration programs planned to be conducted .
during construction to investigate the presence of solution features beneath
Category I structures. Indicate the• scope of these investigations, methods
to be used and remedial treatment proposed.

Indilcate and discuss the ýscope of investigation completed to evaluate the
significance of sink hole depressions shown on Illustration.7 of Supplement 2.

Response:

The information requested is provided in revised, Section -2.5.1.L2.44 and
2.5.4.5.1.5 of the PSAR. [ 5

Q324.6-1 Amend. 25
August 1976



0 Questi on 324.7 (2.5.4.5)

Structural .Fill and Backfi-llI•. *More testing'should bec6ndiucted to determinethe6dynami c and static properties of the grahultar' class A structur fil ,and backfill. The'dynamic te s g programh houl be conducted in: co tion
wi th :dynamic analyses to evaluate' hte•effects of :theý SSE on the. c:ass Assstructural fill and backfil:l. The dynamic analyses should be conducted toevaluate liquefacation potential, dynamic lateral loads and possibledensification of the class A structural fill and backfill. Provide (1) alltest data, (2) a description of the analyses used identifying input andassumptions, (3) the results :of the studies completed and your conclusions.
Response:

The information requested. is provided in revised Section 2.5.4.5.1. of,the PSAR

0 Q324.7-1 Amend. 25
August 1976
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0 .Question 324.8 (2.5.4.5)

Paragraph 2.5.4.5.1.5, should define the material to be used for class Astructural filI and backfill (gradation and Atterberg limits). Discusshow compacting the-class, A structural:. fill and back fill to 95% maximumdry density determined by ASTM Test Designation 1557-70,me.thod willI pre-clude liquefaction and/or excessive settlement of the structural filland backfill under the SSE loading.

Identify the studies and analyses which were conducted to determine that95% of the maximum dry density as determined by the above method wouldbe adequate.

Describe the "detailed investigations" being conducted to determine the
dynamic properties of the class A structural fil.l and backfill.
Response:

The information requested i's provided in revised Section 2.;5.4. 5.1 .5 ofthe PSAR.

Q324.8-1 P
A

1 25

nmend..-2 5
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Queston 32410 (3.7 1.6).

(a) Indicate if the effe ct.of the structural soil :backfillII around. Cate-gory I structures was considered in th. sil structure 1interaction
uanalysis. What assmpti1f,,s were:made?

(b) The: Category I service water piping is to be founded on 50 feet ofClass "'A" fill. Identify the analyses used to estimate pipe settle-.
ments and to :eval ua te its response to dynamic loading. Specify your
design criteria, estimated deflections, displacement, settlement,
and margin of safety.

.,Response: . .

(a) The informati.on requested i.s provided in revised PSAR Secti6on-3.7.1 6.f.
(b) The information reques•ted. i-s5provided fn rvsd Setnre queS'td::i~siPO~i~idedin r ev~i~se ci•tfli•• !2.'•i:!! i

-on _5

Q324. 10-1
Amend. 25
Aug. 1976



Question 324.11.

During construction, after excavation and before structural concrete,!is
placed, the staff requires that the Project prepare and submit for review,
a summary report which describes actual foundation conditions encountered
during excavation. This report will be reviewed by the staff to confirm
that your estimate of foundation conditions have been actually found and
that there are no significant changes that require design modifications.
The following information should be included in the report:

(a) Results and logs of additional investigations, including the
airtrack exploration holes, geophysical logs, and core borings..
extending through the Unit "A" limestone on-the -western boundary
of the plant.,

Describe and interpret evidence of s6olutioning, and•-. any other•condition whichc~-ould adversely. impa• t•fOunda t0io _Aiity.

(b) Details of required foundation treatment includi ngcorrective
excavations, grouting, dental concretel and leveling iýconcrete.
Information should be provided regarding actual treatment of
excavation walls and the foundation.

(c) Geologic-mapping of the excavation.

(d) "As constructed" excavation plans, sections and profiles.
Include contour maps of excavations.

0 Response:

The Project will prepare and submit for review before structural
concrete is placed, a summary report describing actual foundatiion
conditions encountered during excavation. The report will include the
information requested by the NRC Staff as described in the above,
question..

Amend. 35
Feb. 1977
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Question 324.12 .(2.5.4.5)

Describe in detail the
be enforced during the
The description should

quality control and quality assurance programs to
placement of Class "A"'structural fil and6b'ckfil.
include testing methods and frequency-of testing.-

Response:

The quality assurance program to be implemented during .placement .of
structural fill and backfill is described in Appendix :F,.• ."A"Description
of the. Constructor Quality Assurance Program", Chapter 1. 7Quaal'ity•'
Assurance.

The specific ati~ons -will provide requi rements for ,ýthetest mehods and
,test fre'quencies dur'in the p-lacemnirt. of struc~turlfilaidbcki
These requsirements will be .designed, to provi-de assurance that required in-
place densities are achievedand : 6verified.and will"be in -ac cdacth
recognized-codes:and standards which are appropriate for the areas being
fi lled or backfilled.

Amend. 35
Feb. 1977Q324.12-1



Question 324.13 :(2.5.4.5),

Because backfill 'is being specified to be compacted to the Modifi:ed ASTMStandard (ASTM Designation 1557-70), the staffrequires that the at rest
lateral earth pressure coefficient (Ko) be assumed to be 0.7 to account
for pressures generated by this heavy compaction effort.

Response:

The at rest lateral earth pressure coefficient (Ko) will be assumed to be.
0.7 as required.

Amend. 35
Feb. 19770324.13-1
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C Question 331.1 (12.1.1.2, 12.2.1, 12.3,1)

Provide, as a primary design and program objective, a management commit-ment that radiation exposures to plant personnel will be kept as farbelow regulatory limits as practicable, as recommended in RegulatoryGuides 8.8 and 20.1(c) of IOCFR20.

Response:

49 1Detailed ALARA objectives and commitments are provided in Appendix 12A.

CI
0

C .. Amend. 49
April 1979
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Question 331.2 (12.1).

Describe in detail the specific Steps to be taken to follow the guidance
given in Regulatory Guides 8.8, 8.10,-and 1.8 (except that which has
been superceded byGuide 8.10), to the extent that provisions of those
guides apply to the proposed plant, or provide descriptions of specific
alternative approaches to be used. Discuss relevant radiation protection
design aspects of refueling, fuel handling and storage, radioacti-ve
material handling, processing use, storage and disposal, maintenance,
routine operational surveillance, inservice inspection, and calibration,
as well as response to and cleanup following postulated accidents.
Reference may be made to material in other chapters of the PSAR. This
discussion should describe the design features. of the systems related-to
the l-isted activities that assure that radiation exposureswill be ALAP
during the activities.

Response:

The management of the CRBRP Project is.committed to designing and, opera-
ting the plant such that every reasonable effort shall be made to keep
radiation exposures to plant personnel as far below regulatory limits as
is reasonably achievable. This commitment and ALARA measures are stated
in PSAR Section 12A. Expected man-rem exposures to plant personnel are
discussed in PSAR Section 12.1.5.

Additional details of CRBRP design and project management regarding
ALARA considerations and Regulatory:Guides 8.8, 8.10, 8.19, and 1.8 are
provided in responses to NRC Question 331.17 and PSAR Section 12.
Information on ALARA considerations in system design are provided in the

49 response to Question 331.4.

Amend. 49
April 1979
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Question 331.3 (12.1)

0

Describe the following policy and. design consider.ati'.ns.as each rel•ates.to. assuri ng. that occupational radiation exposures:'willbe ALAP: manage-ment policy and organizational. structure, and faci.lity and equ.ipmient de-sign considerations. Give illustrative examples of how the design is.directed toward reducing the need for maintenance and reducing the radia-tion levels and time spent where maintenance is.required. Describe pro-posed procedures to assure that preliminary and periodic'design reviewswil:l, be, conducted by comparing health physicists (with the support ofother specialists) before and during construction specifically to ensure..,that occupational exposures will be ALAP. State the manner by which theseýreviews will be conducted.

Response:

Information regarding the ALARA policy and Project XALARA, reviews, is, pro-Ivided in revised PSAR Section 12A and NRC Question/Respon'se 33'1. 15.'Information on ALARA considerations in systems: desidghn is: provided in4Sresponse to Question 331.4.

Amend. 49
Q331.3.l April 1979Q331.3-10
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-Question 331.4 (12.1)
In the course of designing facilities .and equipment-and ideveiapingpa-ns'

and procedures, it is necessary to think throug heach process with re• -gard to maintaining occupationall radiation exposuresalS farbelow reg-
ulatory limits-as, practicable. Nomally this :process wi'• l rei••nt
changes in designs that had been prepared. without ,oregard to these.con-
siderations.

Describe illustrative devel opmenta l design Changes ,resultingl from your.
ALAP review which have resulted in reduction of projece, exposures
for the following operations:

1. operation of the liquid radwaste system, incuing.- flushing
resin beds, draining tanks and sumps and relaing fil.ters,.

2. maintenance of radwaste system, including .'weldinigispe•ton` i
cali brati ons, leak-! repai rs, valve repair, an..p'acemeto -
components.. , . .

3. maintenance on gaseous radwaste system including work on :-RAPS,
CAPS, and vapor traps.

4. solid radwaste handling, includi:ng-hauling, phing,i moving .and
loadi~ng of radwaste drums, filters•, resins;,. nd'. Ont6amiintd"
parts of various.syst-6ms.

5. closure-head- operation`s:, removing the moisture ýe6epaator
steam dryer, core instrumentation, decoupling the control rods,
reassembly of instrumentation, and control rod, dr ives, bo.lltttensioning,.and uJpei•. cavity decontaminatin.

6ý~~~~~ ..uen in. A",. hr

6. refueigc,including discharging fuel fromthe core,, moving,"
reloading, inspecting fuel..

7. in-service inspect~ions, including removal of ..insulation,
testing of components, and replacement of insu1ati~oh.

8. control rod drive maintenance including inspection,
removal, overhaul and replacement.p.

9. maintenance work on'large equipment, including items.in
containment and turbine buildings,. such 'as""recirculation
and reactor coolant pumps, valves, steam generators, turbines,
bypass valves, condensor, condensate demineralizers, etc.,.-
Specific activities may include. routine maintenance such
as" changing packings on pumps and valves, inspecting, searching
for steam leaks, greasing, changing oil, work .on controls, over-

hauling after removal, checking motors, testing, and disassembling
and reassembling.

Q331.4-1 Amend. 20
May 1976



The Speifiic questions in 331.A4' are answered as follows:

1. L•quid . Radwaste. System .Oerations - The deslgný andý operatfon"
oT the iiquia waste, system is daiscussed itn detail in PSAR,
Chapter 11.2. As noted.,in- thits chapter, .ýthe system•, is r;designedto minimize the radiootgical impact of the: pliant on the-
environment and the rad'diation hazards to plant, personnel;.

Specific design features incorporated in: the liiquiTd..
-radwaste: system- to-achieibve ALARA, -rad iation. exposue
dur4inhg: opera-ti;on are -as foll:owsr:

A'. Ro~utine pe6rat~ions are conduc~ted re~motely wththe -contro l -center locat•ed In •a Zone radation,.
area.

b. Periodic valve manipulation required for.operation
is done in .corr:idors outsiýLde" of :celS housing th'e'
contaminated, solut ions.

c. All pipi•ng systemfs have lo6w podint drai 'ns-which
all Iow comp-le-te drainage of flush liquidsý. Sh.iieliding.
is pro§: cvi~ded fo~r cell!' .bpipes: transf~erri'ng hig ati`Vi-ty.

d. All cells are pvidd wtfoor. drai?-nsý_•.,e. .c ting

to smptoallw pile lquids: to. be removed fr=
the ce l1 Aill c ellI floors ifn the radwaste,area
are -.paintedbwdith epoxy f, or .,ease of decontamina:tion
after a spill.

e. Filter cartri-dges are re oved .remotely and the,
cartridge is0placed 'in a concrete-lined 55 gallon
drum. Thi's drum is shuttled -remotely to a .;position'-
in the solid rad8waste. a rea, and .then-remotely to the.
drum storage area:. Concrete-lined drums carrying.spent
filter cartridges are handlled: in:. the same way. :as ýother
solid radwaste .drums.

f. Spent resin is sl:urried and transported to.a decanter
in 'the Solid Radwaste System.. The spent-resin i-s,' con-
creted 'with :minimum radiation: exposure in the -same

way as concentrated liquid waste in an :automatilc
sequence of operations (see Response 4),.

Q
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2. Liquid Radwaste System. Maintenance. -The followi-ng specificdes ign features .,,are,. included -to n•hance;. system maintain-...abili ty and .to .red u~ce i.pe~rsoqnnel' radiation exposure:,
a Tank inspec tion in individual' cells can be ac'-`complished only. when tanks are empty.. ,Sprinklersare.!povided ":to wash down internal. walls in .the ..Collectionand concentrate: tanks, prior to maintenance. The washingremoves the radioactive surface contaminants and minimizesthe radiation exposure during maintenance. .Theywash wateris sent to low activity level sub-systems for.-collectionand further processing.

b. Major components in the system such. as evaporators- are sk-1id..,mounted. Access.for, thei• removal.is,,prove•J •by separathatchesin, the opiera~tingfor

c. Small components and tools can be.decontaimirnated: in .,theDecontami nation Facility prior to their repair.or use.

3. Gaseous Radwaste System.Maintenance - The engineering performance,goals in the design and de,velIopment, of the ;Inert Gas Receivings-.and•Processing ( SGRP) System hebeen•• to en n re•• at radi.oactivegases in the CRBRP are safely contain.ed; rel.eaqs'ei,6 of gaseousradioact-ivity to the environment is as low as is -reasonablachievable and occupational dose of eso is as owas is achievable. (ALARA).. The system perfor'mance goal s haveled initially to the selection of the chemical' and physicalprocesses descr.ibed in Sections .,ý9.5 ,a'nd 11.Ill,3..oif 'the PSAR. The0 goal of. minimizing occupational ,dose.!haslbeen pursue:dcohcurrently.and is continuingý. -'As a .consequence, IGRP Pc.oýmponents -wh-itchcontain radioactive gases, .even in small :,amounts, -•are .housed inshi.el d-wal , 1cel l s. Service lives of expendable.components (vaportraps) have. been .considered.and redundant components have beenprovided when 6necessary to ensure that the minimum.replacement-
time period will be at least one fuel cycle so. that replacementand/or maintenance can be performed during refueling and periodsof.low radiation.

Each of the filter vapor traps in the two continuous-flow covergas circuits are housed in separate cells. Thus, in the eventit becomes necessary to replace one or more traps in order to coA-127 tifnue reactor operation, the replacement can be carried outat power operation with one cell shutdown.

As a part of the. selection of the process design of the IGRPSystem, the piping for these vapor traps and other componentsin the IGRP. are fitted with fresh argon purge connections topermit the displacement of the normal radioactive process gasfrom IGRP components. This purge gas is treated in the cellj ,atmosphere processing system to remove radioactivity bef6rethe gas is released from the plant. This approach is a meansof keeping the.exposure of maintenance personnel at ALARA
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conditions. In all cases., the maintenance procedures will
include purging of all'components and piping prior to"
inspection, in-place maintenance and/or repair or replacement..

When IGRP components contain activity which cannot.be removed
by a clean argon purge, an evaluation will be made by the operating.
staff of the need for the use of portable personnel shielding.

The need for replacement of the diaphragms of the RAPS and
CAPS compressors has led to the location of each of these four
components in individually shielded cells to permitzreplacement
during power operation.

The RAPS and CAPS cold.tbox blowers 'annual maintenance operation
is another example-of thee- a ppli cation,:of•. the ýAzARA rincjip.l.e
in the design of the IGRP System. These blowers are housed
within their respective cold boxes. The maintenahce i-sequence
for the. routine lubrication andinspection o the blowers
and motors will involve, the use of .a permanently insta:lleed iron
shadow shieldfor the blower maintenance work -area. the 'thick-
ness of the shield is to be determined by the applicAt'i' ::6f.
the AL;ARA':.:Ipr.inci~pl'es for operating personnel., once: the zdeta'iedk.
configurati.on and source term is finalized. The CAPS no'rmal]ly
contain (under design base conditions) a muchv; lJower ,-burden'-obf
radioactivity, :and a fifferent, less damaging., mixture. Of iAso-
topes, and permanent shielding is currently not speOcifi~ed.

The IGRP System contains more than 2,000 valves. Most of these
are manual and a remain open or closed for long periods, of time.
Some :are on-off gas operated units and others are modulatiang,,
but self-contained. The remainder are gas operated modulati;ngcontrol valves. While all valves require periodic preVentive
maintenance, the modulating-type valve maintenance needs are most
critical. They require, as a minimum, an annual physical check,
and therefore, mustý be located in areas which permit personnel
access on an annual basis and in a manner to ensure ALARA
exposure. Judicious placement and shadow shielding,,'as required,
will be used .to minimize the radiation exposure of maintenance and
repair personnel.

4. Solid Radwaste System - The sol.id radwaste system..is operated
remotely from the radwaste control room using a sequence of
operations. The operation of-the solid radwaste system is based
on in-the-drum or ex-drum mixing with cement using 55 gallon
drums. In in-the-drum mixing, drums are prefilled with cement
in a low radiation level area and are sent to a wet filling
area for a'sequence of operations. But, in ex-drum mixing
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system the waste to be solidified is premixed with cement and.
•senttO, a wet filli•• ng.areafor a setl ectd equence of operations.The. sequence inc lUdes :pumping,:concentreated l-'iqu-id was•t•(i.e., 61
evaporator bottoms), filter sludge or•spen sin, in t

W1va wit or vitou ludge r spen rdrum,'tcementt , dru weghng pmpi~ng -a-ddi1t~ives,dr um z6ca'pping,'' drum tumb ling, and drUm .onit66iri t g.rlngi. All1 drium:.-
movements are-carried out remotely. The drums-of conenetrated
waste are loaded: remotely onto- a.. trailer .forl shi pmentto a .burialsite. :These desi.gn features wil.l mih'imize radiationi•eposureduring
drum handl-ing (ALARA).

Relatively small contaminated parts which"can betaccommodated in

55 gallon drums are accepted in theSoli RadWaste System for
temporary, storage and "dispoisal,. An"area' isro•v':ifdefor -the
tempor a ry. stor a Ia.,e _,of scpart .s in .1th Dru e-rag ~il
pending shi 1t to a1 disposlsie
such compOnents isremotely tcontro'l•ed f'rom •he RadWasti'•Cntrol.
Room.

Consequently, the major design fea tures in .ie 5•s1AI•'dwas te
sys.tem to achieve as loW as, reasonably Chi-able LAŽRA)
conditions are:

a. Remote operation from the radwaste 'contro lroom t ominirniie
the,: radiati:on: exposure during norma op 6rati'on.

Q b. The maintenance radiation exposures wilnlbe minimized by
ttremote :mixing of te- radioactive waste-wih the cement and,

allowi~ngthemixture' to solidify.
c.. Provisions of two.drumstorage vautsso• that eithe'r of the

vaul ts coul d be emptied before- entering or ma•• tenance.During normal storage cOnd itions,, low: leve.so: storage .
v ault does not need the emptying before 'entrance-for.
maintenance.

d. Design of shield thicknesses to provide 'adequate radiation
protection during normal operation and maintenance (as
described in PSAR Chapter 12.1)

•5. Closure Head Operations " The closure head of CRBRP i'isý. located
in the Head Access Area (HAA) of the Reactor Containmeht Building..
It differs significantly from LWR's in that much of the equip-
ment specifically addressed in the question is not present,
i.e., moisture separators and steam dryers.. Another significant
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difference fromLWR technology is 'that access is expected "
during ýreactor ful'l 1power.. operation.

Access to .theHAA :is made possible by controlling the radiation "
level through s•hieldig and ýcomponent design. iTherefoemai-
tenance activities associated with 'the control rod drive" mechan iqnsms,
'head. instrumentation and bolt tensijoning ýshould •esulIt in
-,comparatively smal1 'rad-iol:ogical. exposures.. Simillar. activities "
on LWR's often require reactor compartment ýentries.

The major effort to minimize man rem exposures in the HAA
ýhas centered around controlling radiation from co-ver .;gas .sources.
A 'total 6of thirty-two penetrations .exis~t in the :;CRBRP clei os ure
'head -astsembly.. Structural gaps in these penetratiofns, range lfrom
'sever&l m i. S to -severa inhe In siz and pro "d"'ia
e•akag•e .pa't-hs "f.or ,riadiioabactive cover gas. as wel6l as•a th .or

r44adiato streaming:. '<ah o

Several :.guidel ines to keep radiation exposures ALARA ;were ýestabl:i.'shed
eairly in the .cl:osure .head- penetration shield design"&e ort. The
most i.mportant of these was to limit the: impact ofrad'ioactive
cover ,gas on ýpersonnel exposure. This design obj6eCtive wwas
,accompinished -.bymaintnaiing: radioactive -cover gas at eIleVa'ti•ns
below the .top of the ~csure 'head by hermetically sealing .,t;he
penetrations, using doble"buffered seas and sod .ium dip seals
'for the rotating tpl~ugs. The. implementation of 'this, conhtrol
meIthod '(whitch, constitutes the priimary seal ýsystemni).obviat, ed the
,need for large, ýexpensive and 'bromplex bUl!k .shieldig structures
on the .closure head., and provides a zradioogical :envionment

consiis',terrtmwith ALARA tdesign "objectives. 'As ,a result, ALARA
,cnsiderations resulted inonl minor ddesign changes e•'`g., i.ncreas-
ing structural 'stee, thickness from 1 inch to 2 inches, minimizing
gap ,sizes (most.effective for sma'ller annular gaps :-where potential
-radiation streaming ;probiems -ex.isted, and combining shield
steps with controlled gap dimensions for -la~rge ahnnul-ar gaps
such as the ;rotating plugs. For..example, to minimize the
impact of radiation streaming ýon the HAA environment, 'the
rotat-ing plug design :configuration provides steps in the annular
gaps through the closure ,head assembly. The use of shield
steps i's ;estimated to reduce dose rates in the HAA from. 'l-00
mrem/hr to less..than I mrem/hr.

In .addition to :gas purges, sodium dip :seals, and mechanical.
:seals located in the closure head assembly, all ,major
.penetrations provide :a secondary seal system to minimize .cover
:gas leakage into the HAA. For example, bellow seals, elastomer
seals and conoseals are used in the CRDM design to complement ,the

,:gas purge and double-seals are employed as a secondary:seal system
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.for each rotating plug.to .complementAthe,. primary sealfunction,
of the sodium dip. -seals. These secondaryseals-arlocated
in the riser :assemblies- and include, double. "0"ringmetallic
seal s at the base, of each, ri ser, double infla tabl!e ,•el~astomer,,
seals above the, closure head, and double el astOmer Seails aI."t,"
two locations; inside the risers. Periodic leak ch c ecks .are.,
performed on all riser seals to .insure seal integrity. Double..
elastomer seals and swagelok fittings are employed in.the uppr.
internals structure and jacking mechanism design. The secondary
seal systems provide reasonable conservatism in limiting radio-
active gas leakage into the HAA.

In addition, the closure head bulk shield: design configu'ration.f
substantiaI lly reduces. the general area neutron/gamma•,l eve's

above the- closure head. Thi s reduction is accomplished by •a
total carbon steel ,thickness of 052" above the ,sodiumpool.
There i s al so a :B. C. shiield &codlar -surroundingthe reiactor
vessel at the base of the support ledge which l imitishne~uit•^bn
streaming into the HAA from scattering-in the reactor cavity
concrete, reactor vessel and guard vessel .

In summary, the penetration shield design permits l imited!,access
to work locations in ,the HAA during plant operationsand Ireactor
maintenance and satisfied ALARA.

* 6. Refueling and Fuel Handling Systems - The Reactor Refueling
System has been designed to maintain occupationarl radiation
exposures as .low as is reasonably achieved (ALARA). Ar.eview
of the recommended design practices listed in Paragraph C.3
of Regulatory Guide 8.8 shows that essentially _all i tems "in the-
list have been incorporated in System 41 design efforts.

The following design provisions have-been made to minimize
the radiation exposure -to refueling personnel:

a. The equipment is shielded to meet the radiation protection.
49 criteria in Section 12.1.

b. Doubleseals have been provided on all reactor re-
fueling-system equipment and facilities which contain,
radioactive materials.

c. For those facil.ities containing material which, if released
would exceed the limits of 1OCFR20, pressurized buffer gas.,has
been provided between the seals, both to minimize the amount' O--f
leakage and to detect whether one of the pair of seals has failed.
This permits. replacenent of the failed seal prior to an increase
in seal leakage.

In addition to the above items, a survey was conducted prior(-w. * to the initiation of conceptual design, to review past experience
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of fuel handling systems on. sodium-cooled- reactors, both fastand
thermal.. This review .in, dicated that,. the.majorityo fthe rad
iation exposure frrom.. irefuelý ing: system o'pera•tfifon was due to
either leakage-of radieactve .'gas, through seals,:or' contamina- 0
tion Of equipment. Contamiination is :primarily .ydue. .to,":sddfiurm-, . "
drippage, the making and breaking of connections %between -the".
movabl'e machines. and access partsý, such as in.the.reactor:or:
spent.fuel storage- tank. To-minimize- the amount-of radiloacti~ve.
gas leakage, double seals are provided. as described previously.

To reduce the potential- for radiation exposure due to'sodium-..
contamination, a number of design features have:been incorporated
in.to the design of. the EVTM;- core component pot, :and .f, looIr.

valves.. Thesefeat.ures wiJll..mi~nimize.:the amount% of: sodi',um -,
drippage, elilmiimna, te% spl'avs;hinig -:of drippingpi sodium localize .
the co1lectioni of ri ppage t'ospecifiedilocati ons, an miimize

the po-tentilalforreleasetotheoutside environment.ý..

The design features to accomplish the.'above objectivesý are, as....

follows:

a. A siphon has been added to the core .component ,pot, to
reduce the l6evel: of sod-iuml so" that when. thee: p6t.-.is :,.
lifted into the EVTM, the sodium will not overflow
from either: thermal expansion or sloshing.

b. The exterior surface of the core component po't .has,"
been des.ignedWithout.-protuberances:which could.cause .
spl~a~shing: due to sodium run-off from external, wetted.,
surfaces."

c.- The EVTM design incorporates drip pans to collect
sodium drippage from the core component-pot. The
acity of these pans is several times greater than
drippage expected during one complete refueling.

any
cap-
the total

d. The floor valve port hole is provided with a chamber at
its upper.surface and has no protuberances. Both features
faciliate runýoff. of potential sodium drops to the liquid
sodium containing facility underneath. The. potentially
contaminated area and volume between floor valve and
equipment mating to it are minimized, and the interface purged
before decoupling', to dispose of any contaminated gas.

In combination, the above features will reduce,.to as low as
is reasonably achievable, the amount of contamination reaching.
the outside environment from the interior of refueling machines
and reactor system or storage facility.
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7. In-service Inspections The CRBRP in-serVice i t. . . . .~~~~~ _I s n s~i. e , n s p e ~c i o n .:program is discussed in ,PSAR- Secqtion- 5•3.21., The-...
pprincipal emphasris.in the.program, Is placed on visual,

:condition inspection. Remote viiew'ing capabi liti es1iare• eir•
ýdevieloped to permi~t viewing theCprimary. cool~ant,2bounhdary- int h e P H T S * c e l l s a n d p i p e w !a y s . T h i s iwi li n cl u d e t•h e a bii:t y .
to view 'the annuli between anIHXor pump a..nd.its respective
guard vessel. ;

The radiation exposure due to visual in-service inspectionwill be low. This is based'on the'following..information::

a. The optical and cell inspection equipment for.;visual"
inspection will be :desirgned for serv'ice,: ...n., an, oqeratingnPHTS cel . The radiation protectionaffeorded by . ..systemwill, be cons sTent with the, requirementso
lOCFR2O .ard:, ALARA.s-

1b., -The:- inserv~ice,: inspections:4.wi.• .s omal ly'; be scheduled
to: :coincit•o with .refueling periods to-alow, for" decayof the Naz. activity. .

The outer surface of the. reacitor, vessel and. nozz'le6s", Aand,".the inner surface of the reactor guard, &,Ve-se.l wbe•l*s- ilds 1be&,,insp~cte d usngý surveillanc andj T i-ric1bspetio 6 ("SISIequipoment. Theý in-service inhspecti~on ýequ~i-pment,.ý.ýfor ýthe-r eac tor, vessel,/.guaird.:v~ess-el aýýnnul~us,. consisjts.ý$X o.f,ýa TýV- camnera.6,,.transporter, and cabling. to-.provide for icool~ing: andapprpria-te
electrical interfaces.

The -.1camera is mo u nted-,onn.ah tra nsporterwichmovesin.- --annul-us between" the reactor tve;ss :anead
PSAR -•Section 5. 2.-4.,5).-,. This inspectionw:l•1ie a.i•, d.cutdurinhg reactor .shutdown. -

The personnel radia-ti-on exposures associated withK.;a .vreactorvessel inspection using the SISI will be from shu-tdownradiation sources:present at the operating, flooriakdjacent to theSISI -entry ports. 1 The-,dose:rate from -,these. sources are:. *anti c-ipa-ted to be nearly background. -

JThe -remote viewing methods-being developed to :,perf o m,.in-service inspections will . provide features'-to~mi-nimize theradiation exposure. "

8. Control.Rod Drive-•Removal Operations - Removal of the. controlrod drivelines (for i:nspection, r:,epl acement.,-,storage) 'from thereactor vessel introducesa highly radioactive-.source into theHead-Access Area. Radiation analysis .were performed toWiestablishshielding requirements during.CRDL maintenance."operat-ions. and*to pinpoint potential problem-areas requiring special .radiation
control procedures.
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One analysis was performed -to define the •radia•tion enyv"ironment,
and shielding requirements for.CRDL tra'sit .throught e -
HAA.• The.:analysis• indicated the HAA would, be,.ahigh radiation
area.. during CRDL. transit, "which-. resul ted ,in :the e-stablishment.
of the HAA, as, an- excIusionarea, during the transient peo.,
Shield0 thickness, requi rementsý were estab.1ished f 6o cR..transi;t
to control general area radiation levels within design, limits
consistent with the ALARA objective.

An analysis was performed to determine radiation level~s during.
manual disconnect operations at the storage pit locations.
These operations require close access to the.CRDL and could
res-ult in high:exposure.leves unless appropriateradiation
controls are: implemented.. The, -assessment, of decay.time
effects. and!.the impact ýof fission/cor rosion produc. plate
out on CRDL s-urfaces,"i denti fied, potential -iraadiaztioncontroni,,.--

problems and- establlished :guidel•ines to minimi ze. ra'diation-
expos.ue level's,. ,Aseven, daydecaytime at the storage pits

was: estimated for CRDL ma~nua:l di~sconnect operati;ons, in order
to minimiZe personnel exposure levelIs:.

The impact of cover gas on CRDL maintenance. operations
was- al so :evalua6ted. To provide •A•iARA exposures,, ga~s-ý_ purges,
insiide te CRDMs will' be.mainain.ed for as loqng as,: severarl-

days fol-l'owi'ng: pliant shu'tdown.. The purge wtil- reduce,. thet cover
gas leakage to.the.,HA• by :maiinta,.ning, the: raw, cover.ggas eil.evati-on,

below the. top of the closure: head.. (

9. Maintenanc.e Wor k on, Large Equipment - The plant. arrangement for
CRBRP'-has-ý beende'vel'opee&,t to mInmze the, need- to "malht4-njti'

eqimn loae ihn:.; cell1s containi-ng- priima~ryý sodium,- ,systems.'
For- example, c6ntinuous. access- is provided to the -pimary
pump, motors because their cells do not.,conta~in• any, primar.y sod~ium.
Thus., all .normal maintenance activities on primary pumps. can
be performed in a lowradiation field -under controll'led: cond:i tifonsý.

The intermediate heart, exchangers (!IHX,) a re: accessible.-
for inspection and-tube. pl.ugging by removal1 of the:circular
hatch-above the IHX upper dome. Provisions have been:.made
to provide up to 3 inches of lead shielding around the worki-ng
area :adjacent to the ,IHX-X. This w1i.ll effectively: attenuate.
the. radiation from the sources in the piping, and. the: pump.
adjacent to the pit containing the IHX.

The auxiliary liquid metal ,systems. are arranged to minimi:ze. -

radiation-. exposures:, during maintenance and normal operational
occurrences by the use of the following design features,:.
a) shielding, b) redundancy in key components with each
component located in a separate cell, c) by using reach rods
or remote actuators on valves for this equipment, and d)
locating associated non-radioactive components in low~radiation
cells.
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A typical example of this design approach.is in.the ar-
rangement of-the E.M. ,makeup, pumps of the•overflow system.,
These •pumps are located in individual cells with no 'otherequipment, the valves are located in an adjacent valve
gall~ery,the power conditioning equipment is located i n a,.third cetll, and the control panels are located in a cellThaVing ,routine access during nonmal operations.

Access to cell s containine ratiloactive sodium Is requiredonly when equipment has fa1iled Routi ne moin tringis
conducted remotely. 'The number of minorfailures will bereduced by having redundant instrumentation on highly radio-active components., An-other -design feature which reduces re-quired access is the tanqk liquid level instrumentation which is,designed to be replaced through a removable plug in the cellwall

Wh'en sig-n~ifi Cant 'equipment failures do occur, personnelexposure i1 s m.inimized by al owing theNa 24-activotyto decay
to mfinimal levels before entering the cell, and by isolatingand drainitng equipment in the cell, when possible.: Equipmentis arranged in cells to provide straight pipe-le•gths sufficientto -expedite cutting and welding. Use of removable ,modular
insulation, With heaters: is provided to minimize maintenance time.

When a major component (primary pumpý, primary check valve, certainnon-core reactor internals or fuelLhandling equipment)
requires major. maintenance, provisions are being provided for theremoval an'd subsequent cleaning in the Nuclear Island GeneralPurpose Maintenance Equipment System. Key facilities in thissystem contain design provisions which are included for the pur-,
pose of. keepi.ng ;man remexposures ALARA. Provisions for eachkey facili ty are:

LARGE MAINTENANCE STAND

a. The stand is designed with a containment bagging cover
to control the atmosphere in the work area and-with anair lock entrance way to prevent spread of radioactivity
from stand.

b. Bagging and packaging capa4bilities are provided forcomponent handling to minimize hands-on contact and
prevent spread of radioactivity.

c. Life support and respirator protection systems are pro-
vided for maintenance personnel working within the LMS.
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L-9ARGE CMPONENT. CLEANING VESSEL "

a.S $ystem6 ope'rations ~are controlled from a Zor6e1 area
wiJ.'th `actc~ss to the vessel and ceH;I access. to-aý lone JI14
areas i's limitd' to periods when cleani ng operat~ions's
.are not in progress.

:b.i, Entry to the clea ning. -vess6el--pri.or tO o•r f1od •ig-
"ceaning 'a component"requires a tseuence ofopera-"
tions. Prior' to centry ýth e vessel walls-are cleaned by a
ri'nse sol ution. he contaminati on:level I f -he.walls will
bhe: de'termine from te ~Specif1ic actj'vity in- te I-rinse rsol-
ution.. Th is '6oper~ation will be repeated nti'l :uffcie~
reducio in leel s is achileved. The :N2; h~hiy ~lap
ai rborne ýradioaI.ctivity will be Ivented to the A&V I ys'teh'and'
relleased consistent with plant tech•n•que-specificlation..".
The inert.amospl'~ee 'wi 1 be repil'aced by Air. 'The'in-
ves~sel-atmosph'ere will be checked by suita~ble morvttors.;toý
as~su're ALARA, airborne radi-oactivity and sufficien~t oxygqenl
l~evels 'for personnel entry.

c. Components introduced into the vessel' will be '• ibags

or caskto minimize operator exposure and contamination
during handling.

d. Fl1oor valIves and adaptors wil-l be used for transfer of'
componenTs' into, the vessel when requi•red,.,

GENERAL iPURPOSE HANDI NG EQUIPMENT

a. Equipment dused .for 'non-rou tine-mainftenance2 ,opera'ti19ons,
e:.g., removal Of PHTS primary pump internail'•s'chek
valves, cold.:traps, EVST cold trap, and reactor. internal;s
will include shielded casksii, 's.h:ie;l'ded.?f~loor ,va6lves ... '
and floor adaptors, portable auxiliary .shiield iTng, and
a ýportable control .console to remotely.operate floor valves
and casiks.-

DECONTAMINATION FACILITY

a. The facility ,is .divided into .three rooms,. consisting
of an entrance chamber. (air lock), a wash. VauIt,'and
a decontamination bay. -Each room can be isolated from
the other rooms.

b. The interior of the rooms will be of sheetý :metal or
finished with a smooth non-porous coating to minimize entrap-
ment of contaminated airborne particles.

c. The H&V system provides for isolation of the atmos-
pheres in each of the three rooms. Air filtration
and flow patterns are directed away from doors and
ceiling access ports to prevent spread of radioactive
particles.

Amend. 20
Q331.4-12 May 1976



d. Floor drains and recessed removable floor. rails, with
drains in recesses, are provi-ded for decontaminationand minimize the potential for spread of radi~oactivity.

e. Bridge cranes are provided in the wash vault and decon-
tamination bay to minimize hands-on contact during
disassembly prior to decontamination.

f. Bagging capabilities are provided for items after
decontamination and prior to transporting..

g. Viewing windows are provided to all facility enclosed
spaces to provide visual inspection from outsiide the,
facility and enhance operational safety.

h. Life support and respiratory protection systems are
provided for personnel entry to the facility in the
event of a radioactive atmosphere.

Q331.4-13 Amend. 20
May 1976



Question 331.,5.
Specify the desi gn basis radiation level i n the hot laboratory and'in the
counting room during normal operation and, anticipated operational occur-
ren .ces.,,: Describe the facilities such as hoods, glove boxes, filters,
specia .handling equipm6nt, .and special shields .,related to the use of
sealed and unsealed special nuclear, source and by-product materials.

Response:

The hot laboratory and counting room are located within the radiological
restricted area of the plant services building. The radiation zone for
these facilities is Zone 1, which limits the radiation, level .to 0,?
mrem/hr or less. There are no significant sources of radiation in adjacent
areas of the plant services. or. reactor service building during normal
operation, which will be detectable in the hot' laboratory or counting room
facilities.. The- radiation level. will-be controlled by the size and nature
of the radiochemical sources. The. samPles will be shielded, allowed to
decay, or limited in mass (i.e., source intensity) to control the radia-
tion levels within the facility zoning criteria.

Both the hot laboratory and counting room are.approximately 40' xJ'8
in size and equipped with regulated power, air, gas, and water-utilities
as.- required. Air r:and gases from the vacuum pump wi-ll be vented through'
HEPA filters to the, plant ventilation exhaust system. The ventilation
exhaust from the hoods and the laboratories will be vented through HEPA
filters and a charcoal filter.

Special equipment In the hot laboratory is as follows:

1. Shielded glove box - to be used for radioactive sodium wok,.
The glove box will.be connected to a nitrogen.gas, source -for
inerting. The shielding should be at least four Inches of steel.
No water should be allowed Into the glove box. The working :area
inside the glove box will be less than a 4' x 4' area. A Mini-
Manip master slave manipulator will b-e installed in the glove.box.

2. Shielded sample storage cave - is used for temporary storage of
radioactive samples. The wall thickness will be not less than
12" of steel.

3. Oven - dual purpose vacuum ovens which are used for drying
either under vacuum or drying under standard atmosphere conditions.
The maximum temperature will be limited to 400*F. The inside
dimension of the ovens is at least 12" diameter by 12" deep.

4% Hoods -three hoods are provtded Cfume, isotope, And-safetrol).
The exhaust of each hood is 'filtered by HEPA and charcoal filters
to restrict laboratory radloisotopic releases.

Q331.5-1 Amend. I
July 1975



Several sources will be required for the calibration of the. counting
room equipment and other permanently installed monitors in the lplant.
The gamma sources are anticipated to be small sources Lrequiring only

"hand held" portable shields. A portable neutron source cask will be
available to transport a neutron source`(<5 curie) requi red to calibrate
delayed neutron monitor s..' This p>portable shieldl will be 36". in,,, diameter.
and contain borated polyetheylene as the shi eld material.

(
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Question..331.6 (12.1.3):

Describe the review process withl.regard to. approval of field i runpipingwhich carries or may carry radioactive materials. One-goal of. the review
should be to assure that occupational radiation exposures Wi~ll be as. low'
as practicable. In the description of the review, show clearly. how" .thi sgoal is achieved. Assurance should be provided that drawings showingthe desired routings will be issued to the field prior to fabrication andinstallation, and that subsequent changes to the proposed routing by'field personnel will require review and approval by the onsite healthphysicist or shielding engineer or other appropriately qualif-ied:.indi-vidual, to assure that unnecessary or unacceptable radiatio'n exp.ýoosur~ewill not result.

Response:

Piping carrying radioactive materials will not be field lrun, 'A fully.staffed field QA program at both. the contractor. level and, owner le•veIlwill ensure that the piping i s run according to. the om6e office drawings.Engineering site personnel are imifted, in writing, in the typeofchanges,
they are permitted to. approve. in the field. All' -other chagh•g, hih• i .include piping carrying radioactive materials, must be approved- 1in. ̀-1 thehome office.

.j

Revisions to this
A/E Shield Design

pipe routing
section.

will require review and signoff by ,the;

Q 331.6-1 Amend. 1
July, 1975
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Question 331.7 •(1 2.2)

Indicate on -the plan drawings (Fig, 1,2 and/or 12.1) locations of allsignificant sources, and typical or proposed: locations of. area mon.itors,airborne radiation monitors, and fixed particulate sampling Stations.identified in Tables 12.1-43, 12.2-3 and 12.2-34.

Response:

The plan drawings shown in Figures 12.1-2 through 12.1 19 .9entitled':"Plant Radiation Protection" have been updated: to ill•us,.trate propos.ed.area and airborne radiation monitors,. The neow.setýý,of "PI ant RAdiaidn .49]Protection". drawings now a re n u through, 121e19d. Note.that the. fixed particula.te. samplilng ,.s~tat-ions,...have been kKreptl 'aced byeport'abl&e,ai.r samppl ing units, as de'scr i'bed in the up -dited 'Section h 24 writeup.Since-the portable air sampling .uni.ts will ý-be locath te HM athýPhysicist, they are notshown on. the.ý revised"PlantRadicaton.Po•tion",.
drawings. Location of the area mnitors andon-ht00i:6nuous . ai r monito . e49j identified on Tables 12.1-48 arnd 1242-3. Tabl0e1.6:2-3A has been deleted.&.since fixed particulate samplers are no longer be~ing us'ed,

Amend. 49
April 1979C11
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Question 331.8 (L 2.1 .4.3ý, 12'.2.4.3)

Describe the .general nature of proposed cal.ibration procedures, anddiscuss the approximate expected calibration frequencies for thevarious monitoring devices.

Response:

Descriptions of the proposed cal ibration ýprocedures.and lfre•q' enc•••c Les-a"regiven in revised Secti ons 12-.1.4.3 and& L12.24.3,i••:.

Q331.8-1 Amend. 1
.July, 1975
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Question 331.9 (12.2)

Discuss provisions in the design..of ..the ventialtion system with respect tob,:

a. How fil-]ter housings are designed such tha~t filters can..be6 changed -witth-..,a , s low an:exposure as practicable and With mi~nimum. spread .oft radio-activity.

b. What provisions will be made. for instal.lation..of temporary flexibleducting to site of maintenance and repair activities which may resultin airborne activity levels.

c. Provisions in the design of the ventilation system arrangementofsupply and exhausts with respect to •maintaining radioactive airbornecontamination concentrations in areas occupied b' personnel as lowas practicable.

Response (a):

The response to this question is provided Jin the. response to RegulatoryPosition 2.j and 4a, of nRegua ltoYry Guide 1.52 -give i n .. . TabIe 6.3-1,"Conformance of the Control .Room Filtration System-with Respect to EachPosition of USNRC Regulatory Guide 1.52".

Response (b):

The response to this question is incorporated in revised SectionS 9.642;"Reactor Containment Building 1HVAC System" and 9.6.3 "Reactor serviceBuilding HVAC Systems".

Response (c):

The requested discussion is provided in revised Section 12.2.2. 25

0 Q331..9-1

Amend, 25
Aug. 1976
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0 Question, 331-.10,(12.2)

0>

provide vent ila tion system diagrams which- show the. location. of th. a":b rneradiooactivity monitors wi th respect to sources of airborne. co ntamfn•ti6nati•oand: ventilation system "filters. Include identification of all inflowand...outflow point -,on a .ubicle-by-cubicle basis. Label all flow rates, rooms,and points.of ai.rtransfer from floor-to-floor. Be sure to -indicate -te,location, type, and dilution! of all monitors and the flowrates of -thenormal containment clean-up system.

Response:

The revised HVAC system P&IDs, indicating the ventilation: system; iltersand the airborne radioactivity :monitors .ar.e pes.ntmed in Figures96•M-i44' through 9.6-1.5 and in Sections 9. 6.1Vs 9 .`6•.22, 9ý. 6. 396.ý•5 and 9,6.,6.

The plan drawings shown in Figures 12.1-1 through 1.2,1-19, entitled"Plant Radiation Protection", have been updated :to il lus tr ate proposedarea and airborne radia-tion monitors. The new set b••o .Plant Rad iation•o,491 Protection" drawings are provided in Figures 12.1-1 through..12.>1-19d.
The detailed HVAC system air balance, including suppl y•a-nd.a exhausit flowrates,infiltration and/or exfiltration flow rates and: the locati.Alon of.the air transfer points, on a cell by cell basis, will be presented.-in,the FSAR.

Amend. 49
Q 331.10-I1 April 1,979
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Question 331.11 (12.2)

Discuss any relative air pressure.:gradients between buildings in the'

complex which: may cause. airborne .radi oactivity to flow from one, building

to another.

Response:

The requested discussion is provided in revised Section 12.2.2. -25

Q331 .11 -1
Amend. 25
Aug. 1976
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Question 331.12 (12.3)0 Discuss the means to be .used to monitor airborne radioactivityin . each: area (f ixed., venti la tion system. mon itors, pot r tablAe, contin-...uous: moni tors,, routi ne .esurveys, grab samples prior to, entry, other).Provide the bas iS, :models and! assumptions used to establish-the.adequacy of the monitoring method in each area.

Response:

The airborne radioactivity• monitoring provided for the. CRBRP. isdescribed in detail in revised Section 12.1.4.:and Section,.12.2.4.The general design .criteria and philosophy, as well as s pe c ifi.c.-monitoring/sampling provisions are discussed in that section.

Figure 12.1-21 has been modified to indicate data recording by thePlant Data Handling and Displ System instead of by srip-chart 'recording, .and to elimi'nate buffers in the mohitor circuitry.Figures 12.2-1 and 12.2-2 have been modified to indicate therevised data recordi.ng provisi.ons.

Al

C Q331.12-1
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Question 331.13 (12. 3)

Describe administrative and physical measures that wil- be used to controlaccess to radiation zones above level II. Indicate on plant layout dia-grams the areas within the ,plant to which access will be .controlled andthe points of access. Indicate which areas or cubicles will receive whatkinds of barriers (doors, ropes). Describe how workers who are untrainedor unescorted, or who have no need to enter controlled areas, will bedenied access to those controlled areas.

Response:

Under normal operational conditions all areas wi th radiation zones greaterthan level II are located in the Reactor Containment Building, ReactorService Build ing including the Radwaste Area and the Intermediate Bay.Access to the Intermediate Bay: areas is through floor hatches requiringremoval of shield plugs or through locked doors. All access to theReactor Service Building and Reactor Containment Building is through thedoor located between lines R4 and R5 on line RA on PSAR figure I .2-11.All areas exceeding lOOmRem/hr (level IV and V) will have accessrestrictions per IOCFR20 Section 20.203. Access to H,igh Radiation Areaswill require Special Work Permits.. All level III .zones-,,will have accessrestricted by zoning and barricading per lOCFR20 requirements forRadiation Areas. Level II areas and areas adjacent to level III, IV,
and V areas are zoned as Regulated Areas requiring radiological trainingand a need for entry for unescorted access. Onl.y those, personnel re-.quiring unescorted access to the controlled access areas wi:ll receiveradiological orientation training. The plant security-system will controlaccess to all plant areas as discussed in Section 13.7.

Q331.13-1 Amend. 2
Aug. 1975



Question 331.14 (12.3)

Describe the space avai lable, for the necessary office activities (report
writing, library work, record-keeping, etc..) of the. proposed 6-p.erson.
health physics staff (Fig. 13.1-1), aside from the one 2-person office
shown in Fig. 1.2-32.

Response:

The..6-person health physics staff (Figure 13.1-1) is intended to. perform:
routine functional operations such as expediting work assignments,
supplying special protective equipment, performing laboratory work,
conducting general and specific plant surveys, and overseei ng'thefiety
of personnel working at specific work stations Jincontaminated areas on
special work permits. All routine record-keep•ing iiinvo.lve in these
activities will be handled by the 6-person heal th physics ostalff through.I.
the use of log books, standard survey forms, simplifie.d recoding forms,,
etc. These records will be-maintained by both .the 6-person . health physi•• -scs
staff and the clerk assigned to both the health physics laboratory and
office.

To reduce the necessary record-keeping required of such a staff, only
active files will be maintained in the health, physics area. Non-qac•ive
records will be placed in the QA records center (see Figure 1.232):::.

During times of special report wi
Lunch-Assembly room and/or the c4
of health physics handbooks and
etc.) can be accommodated in the
facilities are available through

riting, temporary use can. be made of the
onference room.. A smal1l acti ve .li br'a ry
reference material (books, tradejýournals,
health physics office. Support l'ibrar'y__
the central TVA staff located .offsite.

Q 331.14-1 Amend. 1
July, 1975
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Question 331.15 (12.3, 13.1 .3.1)

Discuss how the provisions of Regulatory Guide 8.8 and.8.10 are to bemet in the selection of health physics personnel, aswell .as those- ofRegulatory Guide 1.8 andSection 4 of ANSI N18.l. Identify a position.in the plant-organization with explicit responsibility and authority
for ensuring that exposures are ALAP. The indivi~dua~lin that positionshould be directly responsible to someone at a high.,imanagement leveland should have significant experience in power reactor health physics.

491
Response:

Information regarding heal th phys Ics
Regulatory. Guides 1l. .8, 8.8, 8.9, and1:2.3.1 and 12A.3.2.

personnel andhl :4e's the provisions of
ANSI N1'8:l.lis§! pbrovided in Sections,

CII0 Q331I. 15-1
Amend. 49

.Apr. 1979
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C Question 331.16 (12.3)

Describe the expected personnel traffic pattern thro'ugh the facilitparticularly through the health physics, laundry, locker room complex.Describe how the controlled access openings throughout the plant will-control personnel flow. Describe what provisions are made to assurethat radiation levels from the decontamination room and laundry roomswill not interfere with low level monitoring in the health physics area.
Response:

Information regarding personnel traffic is§ provided in detail in Section49 12.3.2.

C

C
Q331.16-1
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Question 331.17 (12.3)

Provide estimates of expected man .hours of.occupancy for the plantradiation areas and for areas with expected airborne rad~ioactivityconcentrations during normal operation and anticipated operational
occurrences.

Response:

Estimated expected man hours of occupancy for the radiation areas in theplant is incorporated in new Section 12.3.4 and new Tables 12.3-3 and12.3-4. I125

*Q331.17-l
Amend. -25
Aug . 1976



Question 331.18 (12.3)

(0 49

Provide the criteria for selection of portable and laboratory ý..techni-,cal equipment and instrumentation -for. performing radiation and. contami- .nation surveys, for. airborne. radioactivity sampling, Jfor. areavradi atiton;monitoring, and for personnel monitoring during noraloperation, *anti,-.cipated operational occurrences and accident conditions. Describe theinstrument storage, calibration, and maintenance facilities. Describethe health physics facilities, laboratory facilities for radioactivityanalyses, protective clothing, respiratory protective equipment, decon-tamination facilities (for equipment and personnel) and other contami-nation control equipment and areas that will be available. Indicatewhether., and if so how, the guidance provi.ded by, Regulatory Guides 8.3,8.4, and 8.9 has been followed or describe the specific alternative methodsused. Describe storage locations for respiratory protective equipmentprotective clothing, and portable and laboratory technica1• equipment andinstrumentation.

Response:

The criteria for selection of monitoring and laboratory equipment iscontained in the following Tables:

1. 12.3-1, Typical Portable Health Physics Equipment2. 12.3-2, Typical Health Physiccs Laboratory Equipment3. 12.3-5, Personnel Protection Monitors - Area Moni tors4. 12.3-6, Personnel Protection Monitoring - Continuous Air Monitors
Additional information is provided in Section 12.3.

Q331..18-I Amend. 49

Apr. 1979
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Question 331.19. (12.3, 9.1-3.1.4, 1i0;4.2.4)

Provide estimates of total man-rem doses expected to result from routineand in-service inspections and from transfer of spent fuel. Identifyapproximate expected dose rates and annual man-hour requirements.

Response:

The CRBRP in-service inspection program is discussed in PSAR Section5.3.2.1.3. The principal emphasis in the program is placed on visual condi,tion inspection. Remote viewing capabilities are being developed topermit viewing the primary coolant boundary in the PHTS cells and pi peways.Revised Section 12.1.5 provides the information requested.

Q331.19-1 Amend. 25

Aug. 1976
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Question 331.20 (12.3)
•Describe in detailf procedural andother controls that would prevent-thespread of radioactive contamination.from theR at .evc Bui
to~the cold laboratory*and"^.-.:.- : _ eactor Service Bui dng, ." .-
to. thetcoplabr . a cun g room (oFigure 1.2-46), and the office
areas, Justify placement of the .hot. laboratory adjacent to the counting
room, and the existance. of a direct-corridor.to the office area, apparentlynot requiring passage through the..change area. " ' " " nt

ReSponse. .

Additionalý information responding to th i s " • i.
sections 12.1 and .12.3.. i question s provided in revised

33,

133 50C

Q331- .20-1
Amend. 50
June .1979



Question 331.21 (12.3)

In addition to. the information to be supplied in response to331.19, provide estimates of total man"rem doses expectedto
from operations, maintenance, and radwaste handling.

i term
result

Response:

Estimates of man-rem doses for CRBRP from operations, maintenance,and radwaste handling are provided in revised Section 12J.5. 25

Amend. 25
Aug. 1976
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Question 331.22 (12.1, 12.2)

Your answer to item 331.1 is incomplete. Provide a copy of the material inTVA's General. Release Manual pertinent to assuring that occupational radia-tion exposures are low as is reasonably achievable (ALARA). It is not clearthat principal responsibility as applicant, and later as licensee and: plant:
operator, will always reside with TVA. Therefore, provide in 12.l.l,2a and12.2.1a of the PSAR, a statement of management policy to assure that.radi:a--..tion exposures to plant personnel will be kept ALARA. If the provOisinsIof.'-.Regulatory. Guides 8.8 and 8.10, to the extent that particular provisionsapply to the design and operation of '.CRBRP, wi l11 not be& foll-owed describe , ,specific alternative approaches -,to be :usled.

Response:

Response to this .question has been provided in revisions to Sections 12.1.1..2and 12.2.1 and in Appendix 12A (new).

(
Q331.22-1

Amend. 14
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Question 331.23 (12.1.3)

Include a discussion of the extent to which you wi.ll use", high,
temperature/high flow rate filtration, low Co759 primary coo6lant
surfaces and reduced stellite in contact with the primary cooant.

Response:

The response to this question is in three parts as follows:

.A. Filtration - High temperature/high flow rate filtration of the
primary sodium will be accomplished prior to initial •core loading.
Purification of the primary sodium by filtration is not incorpo.rated.,
into the plant design for use during power operations..

Core special assembl.ies will be inserted into normal .c:,Cor•,•e
control, and radial blanket assembly positi•ohs prior,: o.fuii•loading to filter any undetected or fine constuction debris

from the primary sodium. Filtration will be accomplished ̀ ýat the'
plant expected mass flow rate and temperatures of. 4000 g8ob.Fý.
The core assemblies will remove particles down to 104 microns.

B. Low Co-59 Materials - Stainless steel materials in the core
assemblies, control assemblies, radial blanket assemb1ies,
removable radial shielding, and upper internals have conýtrolled
Co- 59 content defined in equipment specifications:. The Co-59
level is limited by specification in component materials
consistent with neutron flux level and expected.material temperature..
In the high neutron flux regions (core assemblies),.the Cd-59 liit. -,
is .0.05%. It is estimated that havi.ng nominal (<0.2%) Co-59 1levelsý in
materials outside of the regions designated above willi increase,
the total Co-60 release by less than 0.25%.

C. Reduced Stellite Surfaces - The only Stellite identified
for use in contact with the primary coolant is in the
Cold Leg Check Valve as •indicated in Section 5.3.2.3.3 and
Table 5.3-6.

Q331.23-1 Amend. 11
Jan. 1976



Question 331.24 (12:.1.5)

For areas in which significant airborne concentrations of radioacti ve
materials are.expected:, provide estimates o~f thecohcentrations, man-
hours of. occupancy in each such area, and estimated man-rem doses,.

Response :

No area within the plant is an "airborne radioactivity. area" as defined
by paragraph 20.203(d) of IOCFR20. The head access area of the
reactor containment building is the only area of the plant in which
continuous (40 hours/week) exposure to. the environment would result in
a measurable exposure (100 mrem/year) due to airborne radioactivity.
Therefore, the head access area is the only area addressed by th.is response.

The estimated concentrations of airborne radioacti vity, inn the• head
access area is shown on, Tab6le:112.2-2 :of the PSAR. .'The: man urs of
occupancy in the. head .areai hlas-s.beeh, esti.mated• as .220 man-hours/quarter. "
This estimate of•occupancy ncTludes :1head.access area acti"viti!es- during-,
periods of reactor operation, reactor shutdown :and reactor, refueliing . -
(See NRC Question 331.17 for further details).

Based on this information, the upper limit man-rem dose due solely.to
airborne radioactivity is 0.21 rem/year.

Q331.24-1 Amend. 11
Jan. 1976
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Question 331.25 (12.2.4.1)

Continuous monitors on once-through ventilation. (12.2-3) and on
effluents (I 2.2-3a) are discussed i n 11 .4.2'.2. Provide suffAiciJent
information .about location, shielding, dilution factors from various
compartments, background radiation levels, andý detector and 'collector
efficiency to demonstrate a capability to.detect one MPC-hour (parti-
culate or gas) in any colnpartment or area for which the monitors apply.

Response:

Section 12.2.4, Airborne'Radioactivity Monitoring, describes overall "
monitoring for airborne :radioactivity in the CRBRP. Sub-section 12.2.4.?,.
Monitoring System Description, provides operational descrivti ons mo-f.i-the
various types of monitors to be 'used. The capabil ity _to .-,detect one

Hour in the applicable compartments and aeea'swilbeproVide'd:- The .
additional detailed informatison to ddemonsfrate, ýthis ...ca..abilit'.,is t.
currently available and will be ihcluded in the FSAR.

Q331.25-1 Amend. 9
Dec. 1975
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Question 331.26 (12.3)

The traffic-pattern you describein-your answer to item 331.16,. forpersonnel, through the HP laboratory to the locke6r room to:the RSB,appears to apply only to men. Women can enter their locker room di-rectly from the outside corridor, but not from the controlled corridor.Describe how comparable traffic flow control will be maintained forwomen.

Response:

Women traffic flow control will be.maintained in.the same manner as491 indicated for men (see Section 12.3.2.)

(:'
0,-

Q331 .26-1
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Question 331.?27 012.1)

Your response to item 331.2 is-.•inc6mplete... Describeiin detail thespecific"steps to be taken.to follow- the guidance given.in Regulatory
Guide-8.8 regarding .'the :following provisions, and& provide descriptionsof specific.alternative.approaches to be. used, t0-demonstrate that(Reference may be made to other chapters of the. PSAR):

(1) equipment that may require servicing will be-designed and locatedto minimize servicetime;

Response:
General service and access.design criteria are included in overall plantdesign requirements. Features specific' to indivi.dual-.' t re includedin the system design requirements. Examples -of overall plant.service andaccess design criteria are :as folllows:

a. All 1components shall be made-readil acessibea maintain-- able wIth a logical removal .path. Provisions shall beincluded, -where,: practicab~le6, for .isolating. ;6components to perimiftcontinued operation: of the plant. Pad- .eyes sh`al•l4 beo'strat i"g7i-pcally located in radioactive cells for installation of portableshielding or for mounting pipe restraints or-tool ing.

b. The plant design shall be suchbthat maintenanceý canw be .pelr-7.formed with adequate maintenance access for personnel and for0 reruired tool s and"with min imization- of scaffolding, rigging
and portable shielding required to facilitate the ;work, for:, botthscheduled and";unscheduled events. "

c. Maintenance access for servicing and/or:.removal or replacementshall be provided for each component that is to be maintained.

d. Clearance shall be provided between adjacent components and
structures for personnel access', installation and. operation•.of tooling, and' installation of temporary shielding. Over,-" head room shall be provided for equipment- removal and. replace-• ment. The following represents specific maintenance envelloperequirements:

-) A nominal 3'-0,' maintenance ::clearance space shall be-provided forall major components and piping 24" andSlarger.. -

Q331.27-lAmend. 30
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2) For in-service maintenance-requi:ring cutting and:
re-welding: of pipe, access space must: be provided6for "
manual and/or automatic cutting and welding equipment...The most, restrictive c.a-rance:i s, e0.xpected. to..., be,, for
.cutting the -pipe. .!ýSpeciflic access .equireme nts-asa,.:

function of; pipe •radizal :and ::axial. dimensions have been.:. -
developed for.. project use.

e. A minimum of 7'-O" clearance from the floor to any overhead
obstruction:shall be provided for all stairs,. walkways and
other: personnel access ways.

Item 2: equipment and components requiring servicing: will be.. designed to
be movable to the .lowest practicable• radiati~on .fields;'

Wherever possible non-radioactive plant components. a located in the lowest
practicable radiation field as a part of the overallg
".The ma.inenance system-design • criteria prov.iides fIo the:remoýval*and cleaning,,.

of several major components such as the PHTS primary, pump and check valves.
Theres pons~eto -Q313.4 discusses in detail the accessibilityand removab•1ilty

o.f -th e f61ollw"inhg, systes

a.. Liquid,- Gaseous and Solild Radwaste

b. Closure Head Operations .

c. Refueling and Fuel HandlingSystemso..

d. Control Rod Drive Removal .Operations:-

e. Maintenance Work-on Large Equipment

Provisions have been made for -remote removal of components from high radiation
areas, (Zones 4 and 5) to restricted areas (Zones l.. and 2). The design :require-
ments for..components within the reactor cavity: require.that all components
shall :be made-,as readily accessible and servi ceabl e as practical. Equipment
requi,•ing inspection and maintenance shal~l be arranged to reduce the diffi-
culty which .might resu•t from high radiation, levels,. high temperature sodium,
sodium frost, and radioactive, gas.

Examples of this design approach are the, flux monitor equipment (source,
wide range, and,-high l.evel power detectors) which can be remotely removed from
the reactor cavity, the lTquid level detectors which can be remotely removed
from the reactor vessel and.overflow vessel, and the detectors in the failed.
fuel detection system in the PHTS cells.

Item 3: the best available valves, valve packing, and gaskets will be.used
.to minimize leakage and spillage of radioactive materials;
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* Response:

The overal I. plant design ,criteria recognizes the importance of' "',best"grade components to minimize radiation exposure. Specifically,, design-dictated maintenance will be reduced• th'rough.application of fai l -,safefeatures, designatingýcomponents which require little or no preventivemaintenance and assigning tolerances which allow for use and wear through-out the equipment's useful life. The effects of redundancy requirements'--on maintenance of essential equipment shall be considered in the design...selection process.,

The specific problem related to valves is well recognized by, all systemsand discussed in'the response to Question 331.4; parts 3 and9.
The quality of the sodium. valves is considered to be the "best available".because of- the: designc rciteria, construction standardS, testing and QArequirements. It is a design objective that the valve assemblies require
no maintenance for the valve service life.

The valves will be constructed in accordance with the requirements ofSection III, Di vision l."of: the ASME Bo Ier and .Pressure oVessel.Cde. Thedesign pressure and temperatures are often higher than the- actu!alservice-conditions. The valves will be tested to verify their. designcharacteri.stics and to idetify any i nheret desigh probl ems.. A vIalVesw will be part of a documented quality assurance program in accordance with:Article NA-4000 of the, Code.

0Item 4: shield design specifications will limit void content;
The concrete shields will be constructed to minimize voids. Voids cand: be'-classified in two general categories: (a) those constructed, in shielpds•"to accommodate equipment penetrations and required duct work, and (b)those which occur due to constructability difficulties. The first ,class*is..discussed in detail in Chapter .19A of the PSAR.The plant.constru'ctabi.ity requirements, design, and-quality.control pro- 0
visions .a-re..comprnhens-ive1an will limit. theextent of unintentional voids.-The followingspecific requirements: reflect the.'quality control and, designsta~ndards being usd. to accompli this prpose:'

a. Regulatory Guide 1:69 "Concrete Radiation Shields for Nuclear.PowerPlants" is.a.p•Part of the overall plant design criteria. The guidanceprovided will be used in-the design of the concrete shields...i
b. The shield walls shall have the minimum rebar allowed by code.
c. All structural and shielding concrete shall be of high strength (4,000'psi).

d. High density concrete shall not be used unless absolutely required forC/ a specific small area.

' 3l.27 .Amend. 30
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Where concrete shield walls are required, their continuous distributions
will be assured by vibrating the concrete and by placing the concrete in -
6 inch to one foot lifts during placement.

PSAR Section 12.1.3 discusses design.basis which has been included in" the
shield design for possible shield wall irregul.arities...,

Item 5: interior surfaces as well as the layout-of ducts and pipes will 1
be designed to minimize buildup of contamination;

Response:

Interior surfaces as well as the layout of ducts and pipes will be designed
to minimize the buildup of contamination based on the guidance.of.Reference.
Q331 .27-1.

Among. these considerations for the HVAC design.are the following-:.

Ducts and casings will be designed to minimize,-the sharp turns, protrusions,
and crevices that can collect contaminates. Easily openable access -,doors_ 13
will be provided at strategic and accessible locations.in the ducts.1

Casings, filter mounting frames and ducts will be able to, withstand. anti-
cipated system pressures without distortion, fatigue, or.yieldingq: of,1sUch:.
maggnitude 'thatA inl1eakage or bypassing ofI the filters results.

Ducts will be sized for transport velocities needed to:.convey, .without:.
settling,,particulate contaminates. Ducts and casi~ngs-wi-ll be coatedi.:and/,or
painted with materials consistent :with corrosion that.can be expected.in:.•.
this particular application and with the size of the duct. Corrosion .and
radiation resistant paints and coatings, as a minimum ýwill meet the requi~re-
ments of ANSI N512 for "light exposure

The following overall plant design requirements have been included to limit
the number of undrainable locations:

Liquid-containing systems and/or components shall be designed to facilitate 131
complete drainage.. For components that cannot be completely drained by nor-
mal.. means., provisions.shall be included in the design .of the. component. to
peniit. use of other liquid removal methods utili zing maintenance equipment.

The design of sodium-containing equipment and/or components shall minimize
crevices and pockets which would make complete sodium removal difficult.

This requirement to limit sodium-containing. pockets also serves to. limit
potential crevices for solids. It should be noted that LWR type "Crud"
cannot exist in sodium mediums.
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The ducts used for environmental control of cells having significant.,
radiation sources are part of the Recirculating Gas.Cooling System (RGCS)..
This system cools the cell atmosphere on a recirculating basis. If the
cells require atmosphere. changes, this venting will be..routedhthrough the
CAPS system. The ducts .for the RGCS are designed to permitthe cont"ro of
contamination. These lducts :will not normally be ýcontaminated by'.anysifgni•-
ficant radiation source exceptfor noble gases re eased in the fuel handling
cell, and EVST. Associated cooling equipment located in. unshielded .areascan
be removed for de-contamination without releasing atmosphere."from the cells
containing radioactive sources. -However, the equipment is designed, to ibe re-
turned to service following the equivalent of a primary sodium spill-.which
is estimated to yield an equilibrium sodium aerosol concentration of 1-.0
Pci/cc.

Item 6: movable shielding and convenient means for its.utilization-wil,
be available for use where permanent shielding is needed-but
impractical;

Response:

The overall plant design criteria eequires the following provisions for
temporary shielding:

a. Radiation from sources within the cell shall be limited either by
removal or by permanent or temporary local shielding as required.

b. As discussed in item (1) all components shall be made readily accessible
and maintainable with a logical removal path defined and 'documented.
Provisions shall be included, where practicable, for isolating compo-

nents to permit continued operation of the plant., Pad-eyes shall be
strategically located in radioactive cells for installation of portable
shielding or for mounting pipe restraints or tooling.

c. As discussed in item (1) clearance shall be provided between adjacent
components and structures for personnel access, installation and
operation of tooling, and installation of temporary shielding.
Overhead room shall .be provided for equipment removal and replacement.

In addition the overall plant design criteria requires that in large areas,
such as a primary heat transport system cell, portable or permanently '31
installed.work platforms shall be provided as required.for maintenance
operations. These platforms can be used to support shielding and in.special
cases may be designed as a permanently installed maintenance!;shielding.

Item 7:- remote handling.equipment will be provided where it is needed
and practical.,

(3Amend. 31
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Response:

The overall .plant design requires 'that each .• systemi mconsider the following:

The logistics of all maintenance operati-ois sshallý be: considedr•d,'
including; the paths -all 'equipment-must foli'low; the availa6ility. ' -
capacity, lift, and area coverage"-ofhandling devices; port and hatch
size and locations; rotating.and other special handling requirements;
operator stationing with respect to •.safety and visibility; and
requirements for pits or other temporary storage of transfer areas.
Special equipment shall be :identified as required by each system,.*

Examples of remote handling equipment are given in response to Questiont
331.4; Parts 1, 2, 4, and.9.

Reference:

Q331.27-1 ORNL-NSIC-65, "Design,.Construction, and Testing of High-Efficiency
Ai,'r Filtration Systems for Nuclear Application" , Pg. 219,•
dated January, 1970.

(
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Question.331.28 (12.1)

49

Your response to item 331.3 is incomplete. Provide addition informationabout members of the TVA ALARA Committee, and any other personnel who areresponsible for radiation protection design review (item (cI, page-12A-3).Provide a tabulation for these personnel by position title, listing thenumber of years of health physics training and experience requirementsfor each.- Describe arrangements to assure that such radiation protectionreviews are performed throughout the design process and that adequaterecords are kept to document the completion of each such review.

Response:

The response to these questions are provided in Section 12A.

Q331,28-l Amend. 49
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The third level of review is performed at the formal component designreviews and is consistent with the Project QA requirements. The radia-
tion protection/shielding-designers at each Reactor Manufacturer and the.Architect Engineer participate in the appropriate "reviews and- mustapprove the shielding design of the component design before release.

The CRBRP ALARA reviews with the health physicists will be held atleast twice a year through construction, and periodic system reviews
will be conducted as described above. The first review meeting with
the health physicists on the ALARA committee has been held and comments
from the health physicists have been provided to the Project. These
comments have been evaluated and in specific cases, design change's have
resulted, in the other cases, a response will.be :prepared. for transmittal
to the health physicists.: ALARA rreview documentation will be maintained
consistent with the standard Project correspondence-and filing system.

Amend. 30
Nov. 1976Q331 .28-3




