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i. Ir!-r oduzt~ion

The formal licensing review of the Clinch River Ereeder

Reactor (CRBRI was .nittiated with the submitt.;.l of the

Preliminary Safety Analysis Report in 1975. This reactor

differed from cc=-ercial light water rea-.tors in several

important areas, one of which is the use cf sodiu- coolant. In

the initial a-plicationr p-crt, emphasis wis placed on

reliability analysis in the develzopment oi the safety-related

design considerations for the plant.

One of these safety analyses considered the accident

scenario for a hvputheticai core disruptive accident (FCDA). One

scenario postulates that the reactor vessel is broached along

with the guard vessel and cavity cell liner. This postulated

series of events places b- B corncrete in contact with hot sodIju

r..tal. An understanding of sodium-concrete interacticns w;s

necessary to assess such safety related concerns as hydrogen

generation, with its attendant explosion risk, gas generation

which could over-pressurize the containment bui.lding, degradation

of the concrete which could lead to penetration or structural

collapse, and, finally, the energy release from sodium reactic'.s

which under some circumstances wcold rival the cecav.' heat.

Several orcanizatifors initiated studies of •zcium-•:,ncrete

interactions. ThL. two principc.l ivestiQJ'or• we.re Faa

Njzttionr~al Laboratori c- and the. Hanford Fncin-,5ery -j '-N o'> r

Labcratory (HEDL) Altogcth r, mor, than !00 5' oif a a:t r'



intcractions. These tests examined concretcs similar to those

us~ec at th- Fast Flux TeLt Pacility (FFTF) and proposed for use

at. C' rinch River. The experimental results varied co.nsiderably,

cven under what appeared to be similar initial conditions. This

variation is not completely understood and is the principal

reason for concern about predicting long-term effects of a large

sodium spill.
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2. Review of Sodium-Concrete Experiments

Several years ago, the authors had the opportunity to review

the sodium-concrete experimental data available at that time

(Reference 1) Since then, a substantial nurr,,r of additional

experiments have been conducted but only a few of these have

examined limestone concrete. In three years Sandia nas conducted

only four additional large scale limestone concrete tests and

HEDL has conducted only six tests.

Results from the limestone concrete tests at HEDL are

sumnarized in Table I and results from Sandia's tests are shown

in Table II. Blanks in some columns for certain tests indicate

that no inforration has been made available. Some Sandia tests

show two numbers due to changes in the numbering system for these

tests. The specimen thickness, area and orientation are

provided. Soaium temperatures, masses and depths are also shown.

Information is given on the test duration, whether or not an

exothernzic reaction was observed, hydrogen evolution, the extent

of penetration and whether or not noises were observed suggesting

a vigcrous interation.

Other, smaller scale tests, conducted elsewhere are not

listed although information concerning these tests can be found

in References 2-4. Only limestone concrete data is listed in

these tables. While many experiments have been conducted with

ctner concretes, such as basalt concrete and magnitite concrete,

it is felt that the various types of concrete are s2gnificantly

differcnt materials which must be treated scparatc2y. it i-
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Tab.e I. :iriL Sodium-Limestone Concrete ITnteraction Tests

T " corn:cr,- T-,'e!/

Lim- stone
3f19

Sr-5 - Limestone
30

$CI-S Limestone
30

SC-0 Limestone
30

30

SC-12 Limestone
30

4.3.15 Fri Naoelf

-'.1 •inestcne

4?. 15 Pg NaOH

S- lY !.iestone

-!e ston-

2s.irfAcp Aren,rn
(Orientation)

0.092
(Horizontal)

0.092

(Horizontal)

0.092
(Horizontal)

0.092
(Horizontal)

0.092
(Vertical)

' 0. 092

(Vertical)

0.092
(Horizontal)

0.092
(florizontal)

0.092
(Hor izontal )

0.092
(Horizontal)

TemTporature
Ave, *C
( Mn x )

677
(802)

871
(871)

871
(871)

871
(871)

871
(1093)

871

(954)

871
(932)

871

871

677

Sodium
Mass, ko/
(Depth, cm)

22.7
(25.4)

22.7
(25.4)

24.4
(27.3)

23.6
(26.4)

18 .-i
(20.3)

19.1
(21.4)

22.7
(25.4)

22.7
(25.4)

3.15

22.7
(25.4)

Exothermic
Peaction

Yen

No

No

Yes

Yes

Yes

Yes

Leng(th
of Te!t

(hr)

2

2

8

24

8

24

26

Hydroqen
Fvolven

k9

0.18

0.10

0.26

0.28

0.25

0.2Y

Yes

Pen,:trati..n
Max.
cmn

8.4
(6.1)

4.3
(2.5)

4.8
(3.8)

5.3
(4.4)

13.0
(8.9)

14.0
(9.2)

7.G

(4.4)

7.6
(5.7)

5.0
(2.5)

6.4
(3.8)

Noise s
(Pops,

l'hmps, etc)

Yns

No

No

No

Yes

Yes

Yes

24 Yes

8

8

No

Yes
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Table I. HEDL Soditu-Limestone Concrete Interaction Tests (Cont.inued)

7r 4 C7ý!-rsete Type!
r -.icknf s, c

2Surface Arpa,m

(Orientation)

Temperature

AVE'. 'C
(Msx)

Sodium
Mass, kq/
(Depthcm)

Exothermic
Reaction

Leng th
of Test

(hr)

Hydrogen
Evolvoii
kq

Penetration

Max.
cm

Ncises
(")ops,

Pumps, etc)

* --- 4 Limestone,30 cm 0.092
Maov, i0 cm
Steel, I cm

- (5 cm hole)

.-TF-6 Limestone, 61 cm
MqO, 10 cm
Steel, 1 cm
(15 cm hole)

.... 2 LiLmestone, 61 cm

CT-1' Limestone, 61 cm
19 cm Peirlite

(Horizontal)

0.836
(Horizontal)

871

820

22.7
25.4

a Yes 2.5/1.8

7.5/5
454/
(70)

454
(70)

Yes 15 Yes

0.836
(Horizontal)

0.092
(Horizontal)

O.0-2

0Horizontal)

0. 0O•2
(11ori zontal

475
(801)

593
(871)

893
(871)

593
(871)

Yes 100 Yes 7.5/5

46/? 48 Yes

-'e 61 cml

cor~cr-te
(-'iu"' 1 :ritvri)

46
(51)

46
(51)

100 Yes

1.3 cm
+ iO cm
Pearlite

19 cm

32.5 cmYes 70 No
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Table II. Sandia Sodium-Lime!;tone Concrete Interaction Tests

P i *'Z 3

F4, * S4

Thic~eT, 
'~

-_'P3p Limestone
30.5

CRPSRP Limes•tone

CPPRP Limestone
38.1

CPBRP Limestone
38.1

CRBRP Limestone

I.S5 reuqed
36 Ko NaOH

2? T.n P Lime stone

9. 11.• ; L- mestone

2
Surface Area,m2

(oric Itation)

0.29
(Horizontal)

1.17
(Horizontal)

1.47

(Horizontal)

0.65
(Horizontal)

1.17
(Horizontal)

1.17
(Horizontal)

0.6S
(Horizontal)

o.65
(Horizontai)

Temperature
Avg., OC

(Max)

550
(H0o)

550
(800)

550
(740)

540
(450)

540
(460)a

0
(700)

550
(450)

600

60O

Sodium
Mass, kq/
(Drpth, cm)

21
(8.6)

108
'(11.2)

186
(15)

188
(30)

186

186

127

182
(35)

182
(38)

Exothermic
Rleaction

Yes

Yes

Yes

No

No

No

Moderate

Yes

Yes

Length
of Test

(hr)

22 min

45 min

3 hr

4 hr
(8 min)

2 hr

8 hr

52 min

3.4 hr
(5 min)

25 sec

Hyrdrogen
Evolven

kg

Yes

Yes

Yes

Yes

Yes-H2 ex
T + 2 min

Yes-H ex
T + 36 se

Penetration

Max.
cm

8.3

9.1
(7.6)

15.2

0.5

Slight
(0.5)

Slicht
4<i)

1.0

p 4.5

Noises
( Pop5,

"'Impsm, etc)

Explosiolt

Yes

Explosion
I.rg spalled
chunk

Yes(once)

No

No

Explosion
terminated
exp. after
25 sec

r-1-3w,- Liner

"_ h-estoue

0.6,5
(Horirontal)

0.65

665/575
I F2
(38)

68+68/29.1cm

-3.2-
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Table II. Sandia Sodium-Limestone Concrete Int.raction T, .I-s (Continued,'

- f i>ncrr-ý Type/
- Tickne~ss -T"

Surfar-e hrea,m2
Temperature

Avg, 0C
(MARX)

Sodilm
Mass, kq/
(D,;pth, cm)

rxother51- C
Peactioll

Length

of T(r)
(hr).

Hydrogen Penetration
r>volvcn Ma'.

kg cm

Noises
(Pops,

Bt•nps, etc)

SFT3

Limestone

Limestone

Lime qtone

Limeston-i

Li.n-e~tone

!,i!.. stone
* perforated
liner

0.072

0.072

0.072

0.072

0.072

0. 072

600/?

650/?

700/?

750/?

73/7

73/?

4.5/0.3

4.5/0.3

4.5/0.3

4.5/0.3

4.5/0.3

4.5/0.3

No

NO

No

No

No

No

7

7

7

0

0.5

0.5

0.5

-. ~:~OO1Set point
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particularly dangerous to attempt to infer the properties of one

concrete from another concrete.

Some of the earliest experiments tested very small samples

of concrete, typically I cm or I inch cubes. These samples were

immersed in liquid sodium. Limestone, basalt and magnitite

aggregate concretes were tested. It was discovered that all

three types of concrete would react with sodium and totally

disintegrate after several hours. In each case a certain minimum

temperature had to be exceeded before a reaction would occur. It

was determined that both the cement and aggregate reacted with

sodium at temperatures above the 500 to 600 0 C. range. These

reactions were exothermic with some differences noted which

depended upon the kind of aggregate used and the water content of

the concrete (Reference 2-4).

A larger group of tests was conducted at HEDL using ' ft.

diameter concrete surfaces which were exposed to heated sodium

(Reference 5). Usually, 22.7 kg. (50 lb.) of liquid sodium were

poured on these intermediate scale specimens coverino them to a

depth of 30.5 cm (1 ft.). Typically, the HEDL r•xperiments were

performed at higher temperatures than those at Sandia; in a

majority of the HEDL experiments the tests w~re conducted at

871 0C.

HEDL has recently conducted two large scale tests, LSC-2 and

LFT-6. In these tests, 454 kg. of sodium were poured limestone

concrete specimens with a surface area of 0.84m (one square

yard), forming a pool with a depth in excess of two feet. Tent

LrT-6 inc-luded a steel liner and a 10.2 cr,ý. thick )ay• r uf M:,,
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aggregate. All tests were conducted with the surface under

attack oriented horizontally, except for vertical tests SC-10 and

SC-12.

During the same period when the tests described above were

being performed, Sandia conducted a number of experiments on a

significantly larger scale. Typical experiments ha,-e involved

pouring approximately 180 kg of liquid sodium on specimens with

areas of about 0.5-1.5 sq.m. The sodium pool depths have

generally been shallower than in the HEDL tests and have ranged

from 8 to 38 cm. The pouring temperature of the sodium in the

experiments hats varied from 450*C to 760*C. Some experiments

have included steel liners.

'Historically, there appeared to be a substantial difference

in the results obtained by Sandia and HEDL. In the first three

large-scale Sandia tests, highly energetic reactions were

observed after an initial relatively quiescent phase. The

energetic reaction quickly consumed all the sodium and penetrated

as far as 15 cm into the limestone concrete within 3 hrs. In the

first four HEDL small-sc&le tests (I ft 2 ) on limestone concrete,

penetration of less than half this depth occurred over 24 hr with

an excess of sodium. All tests were made on horizontal surfaces.

The differences in results were initially attributed to

scale effects, since the surface areas in the Sandia tests ranged

from 3 to 15 times greater than those of HEDL. Significantly,

the sodium pool depths in the initial Sandia sodium pours were

approximately half those used by HEDL. Also, the initial HEDL

sodium temperatures were 300 0 C higher than thosc used by Sandia;
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it was thought at the time that the higher temperatures would

produce more energetic reactions.

Following these initial tests, the experimental results

changed. The fourth Sandia limestone concrete test employed a

0.5 m2 surface area and twice the previous sodium depth. A

penetration depth of only 0.5 cm was observed. This was followed

by six more tests that produced little penetration but some

experimental difficulties, such as hydrogen deflagrations or

explosions. HEDL conducted two limestone concrete tests using

vertical test surfaces and observed penetrations that same close

to 15 cm. HEDL observed that the penetration into a ve.tical

surface exceeded that into a horizontal surface by a factor of

two. On the other hand, Sandia observed greater penetration

downward than radially.

At this point, EEDL, on the basis of its tests only,

proposed that concrete reaction products were responsible for the

limited interactions observed in the HEDL tests. Past

examinations of the HEDL specimens showed that the upper surface

of the concrete was covered by a hard, strong layer of reaction

products. It was HEDL's position that, during the experiment,

this layer was a viscous liquid which separated the unreacted

concrete from the sodium. Under generally similar conditions,

experiments with vertically oriented concrete surfaces showed

greater penetration into the surface, suggesting that the viscous

protecting liquid slumped under the influence of gravity thereby

exposing an unprotected concrete surface to the sodium. On this

basis, HEDL proposed that horizontal concrete surface reactionr

-6-



would not progress beyond 3 or 4 inches. The problem with this

interpretation was that it did not explain the results of Sandia

tests P1, P2 and P3.

Next, Sandia proposed a mechanism to explain the different

results obtained at Sandia and HEDL. It was sucqested that 1NaOH

rather than sodium was primarily responsible for the observed

attack on concrete. The NaOH formed when sodium reacted with

water driven from the concrete by heat. It was suggested that

the concrete would experience little attack during the period

before the sodium became saturated with NaOH. When additioLr.ýl

NaOH was formed, the liquid NaOH :ormed a separate layer, which

in turn attacked the concrete. It was argued that the shallow

pools used in the first three Sandia limestone concrete tests

quickly saturated with NaOH allowing the energetic reaction to

begin promptly. The deeper sodium pools used by HEDL, and in

Sandia test No. 4, required time to reach saturation with NaOH.

In addition, it was suggested that reaction products would

provide some shielding from further attack for the concrete.

This proposed mechanism led both Saneia and HEDL to perform tests

in which NaCH was added to the liquid sodium before it came into

contact with limestone concrete in order to achieve iramediate

saturation. Sandia's test with NaOH (test No. 6) showed a lesser

reaction than before, and HEDL's tests (tests SC-13, SC-14 and

SC-19) showed about the same penetration. These results

certainly did nothing to confirm the !•aOH attack hypothesis.

Later Sandia tests (LS8, LSl8, LSI9) did not reproduce the

high ratc! of erosion experienced in the early t(sts. A -

-7-



compared to the early tests, the later ones employed deeper

sodium pools, specimens with smaller areas and somewhat hig"ier

t .-• .ratures. Our interpretation of these tests has been

ered by a lack of published data about them.

More recent tests at HEDL have shown a limited penetration

in rather long tests. In HEDL test LSC-2, a penetration of only

7.5 cm was observed in a 100 hour test when so-dium was poured on

concrete at 4751C and later maintained at several different

temperatures (Reference 6). However, when a similar test (LCT-1)

on a smaller scale was conducted under pressure simulating a 17

foot head of sodium, the erosion increased to 19 cm. Most of the

erosion occurred during the fizst five hours.

HEDL's last test, LCT-2, with 80% dehydrated concrete,

showed an erosion of 32 cm in 70 hours. This erosion was limited

by consumption of all of the sodium and presumably would have

continued further if additional sodium had been present.



3. M-dels For Sodium Concrete-Interacticns

Two models have been developed by HEDL and Sandia to explain

the results observed in the liquid sodium-limestone concrete

tests conducted until now. Unfortunately, the models make

totally different assumptions about the role of NaOH in the

reaztion process. Neither model at this time can suzcessfully

explain all of the observed results.

A. HEDL's Conceptual Model of Sodium Concrete Reactions

A model for the interaction between liquid sodium and

concrete has been developed at HEDL for limestone concrete

[Referencc 4). The model postulates the existence of a threshold

temperature of approximately 5000 C which must be attained before

sodium-concrete reactions occur. The existence of a threshold is

well supported by experimental evidence.

The concrete erosion in this model is controlled by a

reaction product layer, composed mainly of NaOH, formed by the

reaction between liquid sodium and water from the concrete.

Water release from the concrete begins at temperatures of about

100 0 C, with the following reactions occurring as a result

[Reference 7].

2Nd + H20 - NaOH(l) + NaH (1)
2

4Na + H a 0 + 2NaH (2)
2 -- 2Na• (

2NaH - 2Na + HI) (3)



A chemical analysis of the reaction products Las show-. t'.ct t¾t•

are 37% NaOH by weight, which suggests that reactic:r path (1) i

favored. NaOH from reaction (i) then attacks concrete:

2NaOH + CaCO3  - Na 2 CO 3 + Ca(OH) 2  (4)

Calcium hydroxide, in turn, decomposes at 580'C, thereby

replenishing the water supply for further reactions with sodium:

Ca(OH) 2  - CaO + H2 0 (5)

Sodium aggregate reactions will not occur until the

temperature level reaches a threshold value of 500 0 C. The

following reactions are principally responsible for the

degradation of concrete integrity:

4Na + 3Ca CO 3 - 2Na2 CO3 + 3CaO + C (6)

4Na + 3SiO - 2Na 2SiO3 + Si (7)

A provision in the model is also made for the following reaction:

4Na + CaCO - 2Na 2 0 + CaO+C (8)

In HEDL's view, the NaOH produced by the aqueous reaction

does immediately attack concrete but the rate of attack is very

slow and is dependent on the dilution of NaOH with other reaction

products. Sodium-concrete reactions are much more energetic but
N

do not occur until the 500*C threshold temperature is attained;

it is these reactions which are responsible for the degradation

of concrete integrity. Further, at temperatures in excess of

700 0 C calcium carbonate in the limestone will decomposcý to yield

CO 2. The reaction of CO2 with sodium ic highly exothermic.co22

Since HEDL views ,;odium concrete reactions ar the rajor

reacticn!. responsible for concrete erosion, transport of sodiur

to frcsh concrete is es.rintial for conc-rete attiick. How(v(r,
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should be most exte•.sive in concretes with little water available

for scdium hydroxide formation. This has in fact been observed

in test LCT-2 where the penetration, 32 cm, is the largest

observed to date.

B. Comments on the HEDL Model

The HEDL model is essentially a retread of a mcnel first

proposed 3 or 4 years ago. At that time, concern was expressed

about the inability of the model to adequately explain the

results of*Sandia tests P1, P2 and P3 in which greater than

average concrete erosion was observed. In the case of Sdndia

test P3, this erosion rei -hed 15 cm in a three hour test.

However, in test P3 there is a possible explanation. It can be

argued that the substantial erosion observed in that test was due

to spallation or cracking which rebulted in the separation of a

large chunk of concrete, 23 cm in diameter and 7 cm thick, which

was found lying above the cavity floor. The spallation could

have disrupted the protective layer, thereby increasing erosion.

Another problem area is HEDL tests SC-10 and SC-12, both of

which exposed vertical eurfaces to • sodium pool. If reactior

products are the cuntrolling mechanism in concrete erosion, then

a vertical surface should be eroded substantially rinc'e the

reaction pioducts are free to fall away under the force of

gravity. In tests SC-10 and SC-12, greater erosion war cbscr,'cc

than in horizontal tests but the erosion was not. nearvy Fo areat

as might be expectcd if reaction productF are- in fact thf"
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mechanism controlling concrete erosion. The observed erosion was

an average of 9 cm in these tests as compared to 2.5-6.1 cm in a

number of other tests. In fact, therL is one horizontal test,

LCT-1, with a 17 foot head of sodium, in which the erosion, 19

cm, was gceater than in test SC-10 and SC-12. It should be noted

that test LCT-l was a 100 hour test whereas SC-10 and SC-12 were

8 and 24 hour tests, respectively; however, test length should

not be particularly relevant in view of HEDL's assertion that

nearly all concrete attack occurs within the first few hours.

The point to be made is that if reaction products are Z

controlling me--":nism in concrete erosion, then the average

erosion should have been n~uch greater in tests SC-10 and SC-12.

Since the reaction products were free to fall away, erosion

should have continued unitil the sodium supply was exhausted.

This clearly did not occur.

The results obtained in HEDL tests SC-13, SC-14 and SC-19

also are of concern. In these tests, NaOH was added to the test

initially. If sodium, rather than sodium hydroyide, is

responsible for most of the attack on concrete, why was the

attack on concrete in these tests as great as it was? Average

erosions of 4.4, 5.7 and 3.8 cm have been reported, which are

typical of tests where sodium hydroxide was not present

initially. One might reasonably expect that the erosion would be

substantially less than reported if indeed a sodium hydroxide

layer is less reactive than sodium.

Finally, there is concern about the inability of sodium tc.

wfet and react with concrete directly. It ha: b,.en rc.;jrted in

-13-



sev-ral places that sodium does not appear to wet hydrated

concrete nor does it enter small cracks. presu.aably from a

combination of surface tension effects and the counte: flow of

steam emerging from the cracks. The sodium hydroxide formed from

the reaction of water and sodium does wet and react with the

concrete surface and is responsible for the formation of the

reaction product layer. It is hard to see how sodium would be

able to react directly, as proposed, with a material that it does

not wet.

C. Sad.ia's SCAM Model

A model and computer program, SCAM, has been developed at

Sandia National Laboratories to describe the interactions between

liquid sodium and basalt concrete [Reference 8]. An effort is

being made to extend the SCAM model to limestone concrete at

Sandia. Two "working hypothesis" have been developed; these.

consist of a "gas-phase model" and a "liquid-phase model". At

present, this work has not been completed and is undocumented.

However, it will be briefly described below.

In the SCAM model for limestone concrete, the sodium pool

and concrete are divided into five regions [Reference 9]. The

upper region consists of a sodium pool containing saturated

sodium vapor and hydrogen bubbles. The second region consists of

porou5- reaction products and liquid sodium. The third and fourth

regiorT:5. collectively constitute a "dry zone" in the concrete.

-14-



In the third region, closest to the sodium pool, sodium

hydroxide and the concrete aggregate can react. Sodium vapor

from the overlying pool of sodium diffuses downward passing

hydrogen, CO 2 and water, which simultaneously diffuse upward

through the layer.

In the upper part of the fourth region (the bottom of the

;..y zone), calcium carbonate decomposes due to heat, forming

calcium oxide and releasing carbon dioxide. In the lower part of

this region, bound water is released from the concrete.

Finally, the fifth region is separated from the others by a

liquid evaporation plane and constitutes a "wet zone". In this

region water migration occurs.

The gas phase reactions occurring in these regions are

listed below:

2H20 + 2Na - NaOH + H2

CO2 + Na - Na 20 + C

In the gas phase model, sodium enters the concrete pores, reacts

and NaOH, aa 2 0 and carbon condense on the concrete aggregate.

These reactions create an energy pulse in a localized zone. They

are assumed to proceed at a steady rate and the model provides

information on the rate of reaction but not the total extent of

reaction. The model does not include a provision for either

initiation or terminaticn of concrete attatk. The reactions are

regarded as "secondary," following the initial set of reactions

described in the liquid phase model discussed below.

in the liquid phase, the following reactions occur:

-15-



Step 1: 2Na + 2H20 - H2 + (NaOH)Na (9)

In this initial reaction, during the mild phase of the attack,

sodium hydroxide is dissolved in sodium. In step 2, a sodium

hydroxide layer forms when the sodium becomes saturated with

NaOH:

Step 2: (NaCH) Na - NaOH (l) (10)

In the Sandia hypothesis, liquid sodium hydroxide is essential to

the process by which concrete is dissolved. It has been

suggested that the need for a NaOH layer, which will be'present

only at the bottom of the sodium pool, predicts an absence of

sideward attack. The next step is:

Step 3: NaOH + CaCO3 - fCaCO 3 )NaOH (11)

Since the

Step 3 is

observed.

evolution

NaOH layer does not form imanediately, the reaction of

delayed. A delay time has been experimentally

In the next step, eaergetic attack occurs with the

of heat.

Step 4: lCacZ3)NaOH + 6Na - 3Na 0 + CaO + Cý3 NaOH2 (12)

The reaction accounts for the observed free carbon found durinc;

post-test analysis.

-16-



The NaOH can be regenerated so long as water is available

from the ccncrete, as indicated.

Step 5: Na 2 0 + H2 0 - 2NaOH (13)

In this model, the presence of NaOH is essential for concrete

attack to continue. Consequently, tests can be misleading if the

tests are either water or sodium limited.

If water is not available from the concrete, there will be

unreacted Na 2 0 present which could not react in Step 5. When

this occurs, the reaction below results:

Step 6: Na 2 0 + NaOH (Na 2 0)NaOH (14)

When all of the NaOH is gone, further CaCO, dissolution ends and

the reaction terminates. The sodium oxide dissolved in NaOH will

eventually precipitats out as the solution cools.

SCAM employs the above information together with the

continuity equation, the momentum and energy equations, the gas

laws, diffusion equations and chemical kinetics to arrive at a

solution. No attempt has been made to include the effects of

spalling and cracking.

D. Comments on the Sandia Model

If sodium hydroxide is principally responsible for the

erc,•ion of concrete, as proposed by Sandia, then the greateit
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erosion should have occurred in Sandia test LS-6, and HEDL tests

SC-13, SC-14 and SC-19. In these tests, sodium hydroxide was

added to the sodium at the beginning of the test in order to

provide immediate saturation. However, the penetration actually

observed (less than 1 cm, 4.4 cm, 5.7 cm and 3.8 cm,

respectively) was only about average.

Another problem area concerns HEDL tests SC-10 and SC-12.

These are the only tests conducted with limestone concrete

oriented vertically. If the Sandia hypothesis is correct, then

the erosion in these tests should have been less than for

horizontal concrete surfaces. The reasons is that the mcre dense

sodium hydroxide layer will be at the bottom of the sodium pool

in the Sandia model. Since it is primarily responsible for

erosion, there should have been little erosion in a vertical test

because very little sodium hydroxide would be in contact with the

concrete. However, as has been mentioned earlier, the erosion

observed was greater than average by a factor of approximately

two. On the other hand, it must be noted that Sandia has

observed relatively little attack on the crucible sidewalls in

its own experiments; this observation supports its model.

Another problem area for this model is the observed

interaction between liquid sodium and predehydrated concrete in

HEDL test LCT-2. Since the water content of this concrete is

low, little sodium hydroxide will form and, consequent]y, the

attack on the concrete should be limited. However, the observed

penetration waZ: the greatest of any limestone concrete test. It



could be that this penetration resulted from increased porosity

arising from the dehydration process.
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4. Discussion

In the preceeding section, the models proposed by HEDL and

Sandia were both discussed. As was indicated, both models have

problems in adequately describing the experimental results. In

this section, the positions purported to be held by each

organization on a number of issues will be discussed and further

comrments will be provided.

A. Erosion of Vertical Surfaces

Sandia and HEDL have proposed models which predict the

opposite results for erosion of vertical walls. It should be

possible, in principle, to eliminate one of the models on this

basis.

Sandia's model predicts that sodium hydroxide attack on

concrete is the dominant factor in concrete erosion. A NaOH

layer, because of its density will be found at the bottom of a

sodium pool. If it is the dominant reactant then there should be

little erosion of a vertical concrete surface because the wall

will be exposed over most of its area to sodium rather than NaOH.

In support of their hypothesis, Sandia cites the limited erosion

of the vertical surfaces of their concrete crucible tests.

On the other hand, HEDL's model predicts that

sodium-concrete reactions are terminated by the accumulation on

horizontal s-:rfaces of a passivating layer containing reaction

Fprcoductý. and scodium hydroxide. Such products would b•c c>:xectkcc
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to fall away from a vertical surface and thus would expose fresh

concrete to attack by scdium. In support of its contention, HEDL

can cite its vertical surface tests, SC-10 and SC-12, in which

greater than usual concrete erosion was observed.

Each group has its own test data to support its position.

It should be noted that in some of the shallow pools used by

Sandia, very limited sidewall erosion would be expected because

they were so shallow. Other Sandia tests have employed deeper

pools. It is not clear which of these experiments were the

source of the data in question. Although HEDL's vertical surface

tests do show greater erosion than horizontal tests, the erosion

is less than might be expected if fresh concrete is continually

being exposed to sodium if the latter is the dominant reactant.

It is not apparent that there would be any limit to the extent of

penetration of a vertical su face, other than sodium exhaustion,

under the HEDL hypothesis.

The preceding discussion suggests that it should be possible

to eliminate one or the other of the models by means of a test

exposing both a vertical and horizontal concrete surface to the

same sodium environment. If the vertical surface is eroded to a

greater extent than the horizontal surface, HEDL's model is

probably confirmed. If the opposite situation occurs, Sandia's

model will be confirmed. While in principle, the answer could be

inferred from a comparison of various HEDL tests, the experiment

to experiment variability has been suffic:ent]y great to make

such a procedure dubious. Such a comparison is best. done with
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both surtaces present in the same sodium poco so that both wi!1.

he exposed to an identical initial environment.

Hanford has indicated that they believe that vertical wall

erosion is irrelevant to the CRBR. The vertical wall will be

protected by a layer of pearlite concrete and a steel liner. In

HEDL test SET-12, the pearlite concrete reacted completely but

appeared to protect the underlying limestone concrete froIm

extensive erosion.' HEDL further points cut that they do not

belieýve that there is a scenario in which the steel liner and

pearlite would not be present, thereby exposing the vertical wall

to direct attack. it Is possible to conceive of a situation

where core debris piles up against a wall and destroys the steel

liner and pearlite concrete so that the limestone concrete is

exposed to sodium. However, an assessment of the probability of

such an event is beyond the scope of this work.

Finally, in regard to HEDL's lý *t contention, it should be

noted that there was concern some years ago about the possibility

of cracks developing in the steel liner over a period of time.

There was also concern that cracks might be present initially

unless care was taken in fabrication. Such cracks could provide

a path for sodium to enter a ixner and attack a vertical wall.

Whether cracks can be present initially or develop later should

be examined further.
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B. Role of Sodium Hydroxide

All parties agree that substantial quantities of NaOH will

form due to the interaction between liquid sodium and water

driven from the concrete by heat. As just discussed, the

subsequent behavior of NaOH is disputed by HEDL and Sandia. IiEDL

has proposed that NaOH is less reactive than sodium, and thus

form a passivating layer between the sodium and concrete. On the

other hand, Sandia believes that NaOH is the dominant reactant

species. Evidence from vertical wall erosion has already been

discussed in this regard. However, there is additional

-information from HEDL test LCT-2, that is relevant here.

The very recently reported results of HEDL test LCT-2

describe a test made with a sodium pour on dehydrated limestone

concrete. This concrete was heated at 1000OF for 24 hours to

achieve 80% dehydration. When sodium was poured on the concrete

the- reaction was described as being very benign with virtually no

hydrogen release and little energy generation. A pour of 46 kg

of sodium was totally consumed in 70 hours producing an average

penetration of 13 inches. Presumably, penetration would have

continued if additional sodium had been presc-nt. The penetration

of 13 inches is substantially greater thar 1:; 3 inche-s; typically

found in the IfEDL tests with normal li:nc. . concret.e.

Since this concrete was dehydratec:, tirc w, little watcr

a-ai lable to react with sodium to form NaCmi. T1huF;, the Cxt,:x 1 .'.c

(.'roFic: • :•:, to £up ort the Fo!-;Jtion (,l IJI:>,. t ,o•t (I'',i. by
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sodium is the dominant process. However, it is possible that the.

observed erosion was enhanced by physical and chemical changes

induced in the concrete by the dehydration process. It i- not

certain that the additional penetration was. caused by the absence

of a NaOI- layer.

Another issue worthy of some exploration is the water loss

observed in the Sandia tests. The larger tests conducted

initially by Sandia had open outside surfaces through which, it

was reported, came substantial quantities of water. With water

escaping through the outside surfaces, one would expect that less

sodium hydroxide would be generated thereby slowing the formation

of a NaOH layer. This observation could enable one to explain

some of the early energetic reactions in the Sandia tests cn the

basis of HEDZ's model. By contrast, in HEDL's well constrained

tests, water driven from the concrete could exit only through the

sodium pool where it would contribute to HEDL's proposed

passivating NaOH layer.

C. Nature of the Layer Between the Sodium and Concrete

As discussed previously, the layer between the sodium pc'c.-

and the concrete surface consists of a mixture cl sodiuri

hydroxide and reaction products. While evcryone aurtes that. bCtl-

sodium and sodiuro hydroxide br.;tI ran• att-ack concretv, thcre iý

disagreement concerning the relative i tpDrtiacV of t1" two

reactants. In J!EDL's views, so u jun , ; rv.;;,c'r:sil ' ic-r mcF~t of

thu attack on coic-rete ý~: i t J, I!()".v 'It,' r V~
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I

concrete b,,, the presence of the NaOfi-reaction profiuct ,r
Thus the reactcr: product layer serves to liiit the extent of

sodium-concrete reactior:s. as it develops. On the other hatrd,

Sandia regardi, NaEO as principally responsible for the reaictions

with concrete. If this is true, then the only lirrit to the

extent of reaction wil.2 be exhdustion of the react'ants (sodiu,

and water driven froru tne concrete). It is our purpose here to

examine what is known about this laver.

One of the difficulties in studying the reaction product

layer is that we can only observe it after the test is ever and

the material has frozen. Wh.un a test specimen is sectioned, this

layer appears to be homogeneous and gives the appearance -f

having been a licuid. The Layer !oos similar to sandstone.

There is no aggregate ,or included sodium visible.. At room

temperature the layer appears to have a substantial rmechanical

strength. /

When analyzed, the layer is found to contain significant

quantities of sodiuF hydroxide. Samples of this laver will melt

at the temperature of the sodium used during the reaction. The

propertieF c" the .fluida re disputed anr are relvan.t heie. HEDL

,c.] c'.,ev that the liquid is viscou.: while Sandia believes that it

flows like water, based on experiments in which somfz Cf the

matutia] wa.t rer.-iclted. The fluid doc-• wt the conce-t ,nd for,:[:

• ] , ] .-. ,a: 4.' rc;r thL Cdiu., M .oc 0 2.

,.. '.'...it:" t'( 0 thlt rt.<cticr: V' rii•:•'t laye-r i5 m• t,

:u. .!t :- •.:: . ,(;,. I , bt!u:.( tu_ t.r25• xoluri, i"; the sub;.. iF;ri i,":
u l!I b U ( 'hiS v m i t

" " '! , , ! ' " . . • , I . .• '••( ":I , f. f ., . ,: # <
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sodium hycioxide. When one observes this thick layer after a

test, it is easy to believe that it.would prevent contact tetween

sodium and concrete in the HEDL model. However, its character

when molten, as noted, is disputed.

It haF been suggested that this layer might be displaced by

conveczion currents in the deep sodium pool of the reactor.

Other factors that could displace the layer include ga3

evaporatior and spallation. Whether the layer is readily

displaced by any of these mechanis:,s will depend on its

viscosity, which is disputed.

Finally, it should be noted that it the view of Sandia is

correct, this intermediate layer is the cause of most of the

erosion c- concrete. If this is true, the viscosSt:y and

asplac.ment of the layer are not re.evant in the erosion

proc(-,s z.

Dl. Temperat.ire of the Sodium

It itr the view of most observers that there is a temperature

threrhcd for sodium-concrete reactions. However, a range of

values has been suggested and the threshold is probably stronqly

dependent on the nature of the concrete in question.

Thcre are two difficulties in this area with HEDL's tests.

F~':t, t _c .odium in some of their tests 1,ts bLcn allow'd to cool

tc, o !:i~arly low ter-peratur- 2iediato.]y after bcii;g poured on

l.nrrrtc. F.z-ndia has a.serted thet this initial qur..~Lhinc

~r~c.c~.~. u:qht in soreir r,.-;ricr affect the her.i ri] I ,rocc,.:



occurring and may inhibit the development of an energetic

reaction. There is some merit to this point of view.

A more serious objection can be made to HEDL's conduct of

nearly all experiments at a very high temperature, near the

boiling point of sodium. While it is true that reaction rates

usually increase rapidly with temperature, there are exceptions,

which can result from competing reacticns as well as in ot'her

ways. In particular, a review of Na-NaOH phase diagram data

[Reference 9] suggests that the composition of the sodium pool

and the development of the NaOH rich liquid layer are dependent

on the pool temperature. Consequentially, the results o± tests

conducted at lower temperatures may be significantly different.

It is suggested that some of HEDL's future tests should be

conducted at lower temperatures.

E. Cracking and Spallation

The subject of cracking is highly complex in such a

non-uniform material as concrete. The stress patterns in a given

sample depend not only pre-existing stresses, but also on

temperature distribution, the effects of chemical reactions, and

external mechanical forces. With all other factors the sane, the

size of cracks in a sample would be expected to increase with

sarmple size.

Cracking and spallation can provide a means for reactants to

reach frresh concrete and thus can enhance- cro-,ion. HEDL ha

Cxprc F .cOc the view that the effects of cravk irg could be. ur iou!
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in ttims of thvir model. The protective layer of reactif:n

products, which they have propcsed limits the reaction, could

drain away into any cracks thereby exposing fresh concrete to

sodium attack.

In tests up to this time, no tendency has been observed in

experiments at Sandia for sodium to enter cracks in' blocks of

concrete, even when there has been energetic attack. However, at

some point sodium will enter a crack if it is wide enough or if

the pressure is great enough.

HEDL's concern over the effects of cracking and spallation

has led them to be concerned about the method of restraint of

specimens in their tests. The HEDL test specimens are usually

very firmly restrained in a surrounding collar of concrete which

is intended to more closely simulate the reactor cavity floor.

By cont..ast, the Sandia crucibles have been unrestrained and ray

consequently be more prone to cracking. This does not

necessa.rlly make the Sandia tests unrepresentative since the

reactor cavity clearly does have corners. The Sandia tests

should represent the corners of the reactor cavity better than

HEDL's and HEDL's tests should provide a better representation of

the center reoion of the cavity floor. The effect of rebars on

cracking and spallation was examined in hEDL test LSC-2. Some

local cracking was observed due to differential thermal expansion

but it was concluded that rebars would not greatly increasc

cracking.

IIEDL believes that any spallatioi, that occu:s will tend to

be limited to the region -lose 'o the top surface of the



concrete. Vvhile a spalled laver May spall again, they believe

that spallinr is a surface phenomenon which will not proceed

indefinitely. When the thermal gradientc in concrete level out,

they feel that spallation will end.

Sandia has observed the appearance of a large chunk of

concrete in one test, P-3. The chunk was approximately'25 cm in

diameter and 7 cm thick. Its origin is uncertain but it probably

semarated from the main mass of the concrete crucible by either

:racking or spallation.

Spalling also is a scale dependent phenomenon. Certainly,

one would not expect to see a chunk of material of the size

produced in Sandia test P-3 in a small scale test. It is by no

neans certain, in our view, that any tests conducted to date have

been on a scale sufficiently large to demonstrate conclusively

that extensive cracking and spallation will not occur.

Unfortunately there is currently no way to make theoretical

predictions regarding either cracking or spallation that would be

meaningful.

The method of restraint probably should be a variable in

some tests in order to assess its importance in promoting

cracking and spallation processes. This type of information

could provide some data that might be useful in assessing the

extert of scaling effects.
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F. Effect of Core Debris

The are at least two scenarios for the attack of core debris

cn concrete. In one, the core debris does not form a coolab~e

debris bed and melts into the concrete. The formation of a crust

on top of the core debris could prevent cooling once melting is

initiated. The development 'of crusts in the presence of coolant

has been observed in experiments with water and molten metals

attacking concrete in experiments conducted by Dr. Peehs in

Germany [Reference 10]. Data developed in experiments at Sandia

[Reference 111 suggests that the erosion rate for steel on

concrete at 1700 0 C cou]c be as hich as 25 1 15 cm/hr. For oxide

fuels at 2800 0 C, an erosion rate of 130 ± 50 cm/hr has been

measured in tests.

Even if the core debris is initially coolable, it will tend

to sink into sodit.mn-concrete reaction product3 due to its oreater

density. It is not clear that initially coolable core debris

mixed with concrete reaction products would rerain coo]ablc.

Once melting begins, crust formation could prevent cooling by

sodium. Substantial concrete erosion could result, either

because of direct attack by covre debris or exposure fiesh

concrete to either sodium or sodium hydroxide.

In view of the potential for substantial ,roricn of concrete

induc-ed by core debris, it is urged thrt studies -houod be

initiat(d to review the Aeasibilitv of core r- ttentrtion (IrV2C(''

constructed from refractory naterials Furhb z) ý-O. Er•I.;'F I



should be placed on the selection of materials that are

cortpatible with sodium.

C. Reactant Limited Tests

Mcst of the tests conducted by both HIEDL and Sandia have

A.een reactant limited.. In this context, both sodium and water

forri the concrete reactants.

Sandia )argues that HEDL's tests should have% used thick-r'

concrete specimens so that additional water would be dtriven from

the concrete into the sodium pool where it could react and form

sodium hydroxide. If Sardia's model is correct, the added NaGl!

would increase erosion of concrete. On the other hand, if IDL's

rnodel is correct, the added NaOH would have little effect. This

succests that a comparison cf tests with identical condition.

except for concrete layer thickness could prnvide evidcnce for or

acainst.Sandia's model.

HFPM, araues that Sandia's tests have been -odiur: ]inited ari

that -rosior, would have stepped by its!f r-oon af*.r the Sanric-

tests rai. L.ut of sodiun.. Clearl,, the Sand>;i te•ts were .ooiu'..

limitc, zýii rziore sodium shoul]4 have been avaid-ablc bcr•ii::t: th.:

Octci,.inatil.;: cf the tcta] extent of penetration i-. an impor'-F:rt

\ic urtr, :. i'•, beu.,n rlardf, .-n the pa:s 1 C rPt t ,, . .n'.:

'':'i'C'irnt; t hat. Ur'cU -t.allow pooln. It i!s ' 1 ttc~1 ro,'-1 n

f•,uJ•.I ,,: ,~ '.;:rab]e. Ouu uncl crta:. ndJi g rof th, ri, r.ren, i-



these tcsts is limited and the investigation of ,-he influence of

vý-rious parameters, such as pool depth, should not be precluded.

For example, Sandia has tried to explain the delay in the

onset of the energetic reactions that they observed in terms of

pool depth. If the concrete is principally attacked by NaOH,

rather than by sodium, a longer time will be required for attack

to occur iný a deeper pool. A longer time is required in order to

saturate the sodium with NaOH when the pool is deep. The NaOH

har onl' limitcd contact with the concrete until the pool is

saturatec. At that time, a separate NaOH layer forms in contact

with the concrete allowing the attack to proceed expeditiously in

the Sandia model. In the Sandia shallow pool test, this

saturation would have occurred relatively quickly, leding to

rapid penetration. In tests with deeper sodium pools, a longer

time should be required for saturat.ion.

1i. Ercnicn Rate and Total Penetration

The gr-atest totol penetration observed with hydrated

ccricrete ccrurred in thc recent HEDL test LCT-l. The test

vFplovcc 4C. kg of sodium covering a 60 ci' (two foot) thick lavcr

(.1 i:('stone concrete with r diameter of 31 cm (13.5 .n. The

tes.t 3 . 4-d for 1f(0 hours but fir). believ-.c: that near-1,' a]I of

h-., crc. ior. cA-ocurrec ir. the first 5 lic~ur..

A •r i~l;,r tota] pei-t-:,-tJon was r)stictved in Saitcnia test P-3

."., zj '., r -:3o. An rcr-.;ion of 15_. c.r wa!. ob-c rved iii a tr.rt

. 4;) -



that lasted only 3 hours. Whether erosion would have crn-tinued

is unknown.

As discussed earlier, the HEDL model predicts a

self-limiting reaction in which reaction products, mixed with

sodium hydroxide, prevent sodium from direct>y attacking

concrete. The apparent termination of attack in the 100 hour

tests at HEDL supports the hypothesis that reaction products can

limit concrete erosion.

On the other hand, the Sandia model explains these results

on the basis of the test being limited in an essential reactant,

water. The Sandia model would have the NaOH continue to attack

concrete until all of the NaOff is. consumed. Uith the relatively

thin concrete layer employed (compared to the quantity of

concrete available in CRBR), the attack is viewed as limited by a

lack of water that can be driven from concrete.

For CRBP, HEDL has indicated that they. exnect that the total

concrete erosion would not exceed 6-9 in., based on their worst

case test, LCT-l. Sandia on the basis of its model hLs

Calculated that the water present in the CPBR concrete could

support an erosion of about 30 in.

The problem with accepting the total penetraon that ItEDL'

has proposed is that it is based on a small numbor oi empirical

observations from experiments that are much srimaIer in Frale than

the: cc, %ditioCns that would exist in ar. actual ar-cicdtrit. II thc

-rosion process was better understood or if cxrw[ririritý c-cul] be

cC:ntuct ed or a r, c.]e similar to reactor aucicicnt cernciit-IcnF, tl~r'n

talic p* ,p .c" total pcrn traticon rould be r-:.:,o. 1. .I v c'rt, r. .
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7n :ew: of the uncertainties imposed by scale effects, it is

our view that the most appropriate ]i.rmit for sodium penetration

into concrete is that imposed by exhaustion of water, or 30 in.

of concrete. It must be noted, however, that even this value may

not be ccnservative, given the data banc and controversy over the

basic phenomena.

There is even lesF; reliable data to use as a basis for

selection of an erosion rate. An initial rate of 2 in/hr has

bCen suggested by HEDL based on their experimental observations.

Other have suggested a 7 in/hr rate for 3 hours with a I in/hr

rate thereafter. Given the scale effect uncertainties, a rate as

low as 2 in/hr is difficult to support. On the other hand, the 7

in/hr rate may be overly conservative. There is no really good

basis for making a choice, given the kind of data available and

the controversy over the phenomena responsible for erosion. If

it is necessary to select a rate, then the more conservative 7

in/hr rate for 3 hours, followed by a I in/hr rate seems a better

choice.

It in also our view that the interaction between core

debris, reaction products and concrete may be potentially quite

serious as discussed earlier. Core debris-concrete interactions

could cause very large erosion rates. For this reason the

feasibility of a core retention device that is compatible with

sodaur. nhould be examined.

-34-



1. Corj:.ents on Past and Future Experiments

Additional experimernts should not be initiated at those

laboratories that are behind in documentation of experiments

until the backlog of undocumented work has been eliminated

and the data have been made generally available. One difficulty

encountered in the preparation of this report was a lack of

documenitation for experiments particularly those conducted at

Sandia. There does not appear to be a consistent scheme for

numbering the Sandia experiments so that confusion can be

avoided. HEDL has generally documented its experiments quite

well and has prepared an excellent review [Reference 4].

Experimentalists in the past have failed to obtain all the

information that could be obtained frorr their experiments. In

view of the controversy regarding the erosive processes, this is

unfortunate. Information from specimens taven in the reaction

product layer and in the concrete (particularly at the interface)

could be helpful in developing an understanding of the

interactions occurring. In addition to the conventional chemical

analysis, specimens should be studied in an optical microscope

and in a scanning electron microscope. Instrumental analysis, by

ion microprobe mass analysis, X-ray diffraction and other

tcchniques Lhould be possible for concrete specimens, if not in

the reactIcn products due to the presence of sodium. An example

o, ri riucrostructural examination of concrete from sodium-concrete

int.•.x'arr can be found in Reference 2.
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We would like to be able to say that additional experiments

should be performed to improve our understanding of the

phenomena. However, in view of the limited progress that haF

been made towards resolution of the issue. in this area over the

past few years, it is difficult for us to be optimistic.

The issue of scale effects is especially difficult. It is

not financially feasible to conduct a statistically acceptable

number of experiments of a size that precludes significant

scaling effects.

A few limited areas for tests are suggested. Elsewhere, a

vertical concrete wall test was saggested since the models

predict different results for this configuration. Future tests

by both laboratories should have an adequate supply of sodium and

a sufficiently thick concrete layer to properly represent water

release from concrete in the CRBR.

Separate effects test to examine the effect of both sodium

and sodium hydroxide on the cement, aggregate and other

constituents would be useful. Dehydrated concrete probably

should also be included. The purpose of these tests would be to

isolate the relevant chemical reactions and establish thL

relevant chemical processes. it should be possible in principle

to resolve issues concerning chemistry in small srale tests.

Finally, there is a need for greater cooperation. and

coordination of work between the two groupF to avoid the cuyrvret

pattern of a scattered group of experimurts that. ce•r, be

relatcd to cach other.
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J. Selection of a Model for Sodium-Concrete interactions

Discussion of this issue has been delayed until this point

because there currently is no confirmed model that can reliably

predict the extent of sodium concrete interactions.

Although a number of experiments have been conducted to

study liquid sodium-limestone concrete interactions over the last

7 years, the rituation really has changed little since our

earlier review in Reference 1. Many of the same arguments are

beingmade and the same points of view are being advocated by the

same parties. The inconclusive nature of the experimental data

lends itself to varying interpretations. As a consequence,

reasonable people can disagree as to the conclusions that can be

reached in interpreting the experimental results currently

available.

As the discussion in the preceding sections has shown,

arguments can be made for and against each of the two modelI.

Neither model is supported by a preponderance of evidence.

Consequently, it is not possible at present to select one and

eliminate the other., Of the two models, the HEDL model currentlv

seems to best fit the available data. Eowcver, there are

observbtio s and problers noted elsewhere ir this rep,)rt, which

aic net adequately explained by it. Adciýtional expcrimental czita

r,.,, charF.n e this conclusion. Several yecar! ace, , tthc(- Sa,-, (. I r,,dE i

:;ecn.ec t ý lit the dat r beutter on t ,c- I ,i- s of t h t a a v i I i i

the.
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In aoaitiori to the concerns raised earlier regarding the

HEDL riodel, there are two others. First, the model remains

speculatIve. Reaction products probably do tend to inhibit

concrete erosion. Unfortunately, although this mudel was

prop•csed some time ago, progress towards a resolution of

outstanding issues has been lirited. The proposed chemistry

reptains uitconfirmed and the properties of the reaction product

layer are not understood. Some possibilities that might be

Cc'r:;!dtŽderea include studies to confirm the proposed chemical

reactions and examine their chemical kinetics,, determrination of

the visccsity of the proposed viscous protective layer and

invesetigations of the permeability of the layer to sodium. It is

recc-Cj,:ýzed that it rmay be impractical to conduct such studies in

a high temperature sodium environment; on the other hand, some

:.n)-ormatiori on sodium properties docs exist in the scientific

literature which suggcests that studies are possible. Given the

c:',ýtrover'.' that has surrounded this area, some confirmation of

the elements of the HEDL model is nec*ed bcfore 4t will be

qCr I,-:! Iv acceptC-d.

The sc:rond concei-n with reg,-rd to attempting predictions of

•diu.,-•cccreto behaovior based or. HEDL's model concerns the

f!,".t of •cie, espr.cil]]y in recard to spallation and

* :.--ki;-. ~.?e,.her tfr- HIDL or Sardiia models account foi E.-ther.

,I::: .-i ,, . th at 7r rcki r .a an a 'A a ,tion will 1,e limit,.ti ir; a

,, ".z ',,'.,t.,. T!•:i mra" ir, f:;t be true, but there fr 'vioeoncu,

. ... tc':; P - 3 t t-,t af r, ;; r.urn r L , . q cuf t i c- rif. al,-ut tha.t

: " •: '' ,,. Ga':'2 thf( r''fl, 'T;t !:A- 14- Ja>wlC~qU, it !-I I r'i

(



possible that cracking and spallation will be limited in an

accident-in a reactor cavity, but we cannot be certain c- the

basis of the evidence currently available.

In ccnclusion, it is not possible at Fre=ent tc conclude

that either of the models is significa.ntly better than the other

one. It is also unlikely that this st.u-ation will change in the

near future. Since the issues probably cannot be adecuately

resolved in a time releva:nt for CRBR, strorn consideration should

be given to the use of alternate riat-rials in the reactor cavity.

The use of high alurina cement oi ma.. sia might reduce the

threats posed by sodium-concrete reactions. A program should be

initiated to examine alternative materials as soon as possible.

K. Hydrogen Generation

As mentioned earlier, the chemistry of sodium-concrete

reactions is the subject of considerable controversy. Until the

chemistry is understood, there will be no way to adequately

predict the extent of hydrogen production.

The problem is further complicated by the potential for a

reaction between sodium and hydrogen, forming NaH, at lowcr

temperatures. Above 500cC, the equilibrium favors dissociation

back into sodium and hydrogen. In addition, Nali will react with

any water present over a wide ranar" of temperatures, thereby

reg nacrating hydrocvqn.

- J, ',-



5. Crnclusicns

Aftr r,: iewinq sodium-lirlestone concrete interac. ions, w:

have reachf.e the Lollowin9 conclusions:

1. A total sodium-linestone concrete penetrbti-n cf 30
inches is reccr.nmended for the CRBFR. Ther-e is nPc basis
fo- r'--orx-ending an erosion rate.

2. The ciemi :ry cf sodium-]irre-stone concrete intE~racticns
remanin sv.culative. Hvpcitheses have bec-n proposed that
seem ret;- -ble but are as vet unconfirred. The role
of sodi dro::ide ha-' nut been established.

3. Sodium pool temperature may affect the chemical
reactions that occur and the reaction products that
form. It is not clear that a low'er temperature sodium
environment is more benign thar. a high temperature
environment.

4. Sodium pool depth may affect the time required for the
occurrence of a reaction anO the extent cf reaction.

5. Dehydration of the concrete rm.y affect. thle extent oi
sodium penetration.

6. Reaction products may lir.ijt the extent of concrete
penetration.

7. The physical aspects (cracking, spa lation) of
sodium-li-iestone concrete interac'ciwns are poorly
understood.

S. The questions of the effects of scale, qecmctry and
rmode of restraint remain unresclved.

9. The interactions between core debris, reactic.Jr productrn
and concrete are potentially seriour, and require
additional research. As a consequence, the pr.•.sbi.t'L.
of using other materials to protect the curocrete fiotr,
sodium and -:re debris should be assessed in the ncil.
future.

20. It, view of the limited progress that has: been ra(c it;
undcrstanding sodium-concrete: in-,eractio:ni durinc
Sc -Ent years, it is probable that the cor;trovercr-E
will not he resolvcd in a time thati is mnar, rfu] frr
CPPE.

-40-



I]. Future e should emplc'y sufficrient sdc;lu-v
concrete so that they will not be cither sedu: or
water limited.

_ . A ccparisor• of ercsion on: hors zo:,tt. arn0 vertir c
sur:aces in a iarclc test me'v ovide, a tr.,t c. the. tw
proposed models for sodiurn-corcrete intcracti.

]3. Gre~tcr emphasis should be placed c-) post-t-Et Fna2v"-i
ci specimcns from the concrete an( rcactior 1. roCUCt
la'ers.

14. All cxperim.ents cconducted to date should he fu 1 2
Oc ... ume(rtvd before acddýicnal wc.rk is initlatoc.

5. Further research is nceded on both chemical imc
physical aspects cf sodium-co:;crete interactions.
Given the differences between the exp'iamenta
conditions, it is difficult to coherently ccrreiate tnc
resu.Its. More detailed coordination between th-:
laboratcries in selecting experiments. a:,e. experimE t•,!
param-aters for study would be de-ira12le.

-. ' I -
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A.5 RADIOLOGICAL ASSESSMENT

This section presents the staff's evaluation of the applicants' postu-
lated core disruptive accident (CDA) scenarios as prasented in CRBRP-3
'Reference 1) with regard to the calculation of radiological consequences.
The evaluation begins with the path of the radionuclidEs from the
disrupted core to the environment and then looks at the dose caiculations
and their sensitivity to alternative circumstances. Our review and
evaluation have been conducted within the framework of the general
guidelines discussed in Section A.I. More specifically we have eon-
sidered whether the realistically evaluated doses resulting from vo-7ting
containment after CDAs are likely to exceed the dose guidelines of
i0 CFR 103.

Whether specific radionuclides are released to the environment dD.oends
on the mode of their release to the containment atmospher-e, on the
conditions of the containment atmosphere, and on the containment system
mode of operation during the period the radionuclides are in the
containment atmosphere available for release. Figure A.5-1 shows the
relative timing of these conditions for the core disruptive accidert'
which the applicants have designated their base case ih CRBPP-3 (Reference
1). The approximate timing for the staff's realistic upper bound case
would have hydrogen ignition at about eight hours, venting at about 22
hours and boildry at some time greater than 70 hours.

The applicants have modeled the reactor and containment structures
for calculations with the CACECO code. The results of CACECO code
calculations form a significant part of the basis for their scenario
of conditions and events within the Reactor Containmert Building (RCC)
following the time of the initial release from the CDA.

A.5.1 Modes of Containment Atmosphere Release

The release from the containment atmosphere has three design modes,
all through efficient filtering systems. The first is desicir basis
leaIage, a function of pressure but established as 0.1 volume percent
per day at 10 psig, with an accompanying bypass (i.e., unfiltered)
leakage one-one hundredth as large. The principal (non-bypass) part of

'thz design basis leakage, leaks into the annular space between the steel
containment shell and the confinement structure. When there is a non-
routine release of radioactivity to the contai-iment atmosphere, the
signal from radiation monitors initiates cortainment isolation and an
increase of flow in the annulus ventilation from about 3000 cfm LO
140X0 cfm. The flow is. then drawn through the anriulus filtration systerr;.
About ore quarter of the filtered air is exhaunted to the erviror:mrit
fror:! the top of the reactor containrment buildiri, atid the remainder is
recirculated to the annulus. The air flow exhiautsted to the t. virr'r-CItt
is that an,:.urit needed to maintain the annulus at a slight C).Ctivc Driure
(2/4 inch wter' qauge) so as to assure capture of leal-avc fror the stef 1
shell contaaiFmpFnt.
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The second mode of release, for L , -id-the-design-basis events only, is
by controlled venting of the steel Ahell contairnment. Wheri the operator
decides to vent, he opens the vent system isolation valves. The
decision to vent may be based on either high pressure or hydrogen build-
up. Venting occurs at a controlled rate through a wet filtration systemn
located outside the containment building. When the controlled venting
is initiated, the annulus filtration system is turned off. The exhaust
from the containment cleanup system is released to the~environment from
the top of the RCE.

The third mode of release, also for beycnd-the-design-basis events only,
occurs after venting drops the pressure of the atmosphere in the steel
shell. contain,,ent to ambient atmospheric. Then, in order to maintain
low hydroqen concentration, the containment atmosphere may be purged
by admission of outside air into the containment. Simultaneously, the
containment atmosphere is exhausted through the containment cleanup
system (the wet filtration system). This exhaust is also released to
the environment from the top of the RCB.

A.5.2 Sequence of Conditions Within Containment

The postulated CDA also initiates a sequence of conditions within the
subcompartments of the containment building which determine the source
term for the radiological releases. Initially there is a period in
which there can be some releases to containment atmosphere (esPecially
the noble gases) without large concentrations of aercsols. When sodium
boiling begins and the concentration of sodium vapor in the vented
gases becor•es large enough, the vented gases ignite, forming a large
flame at the vent exit in the containment. Then, as sodium boilup
progresses, the reactor cavity and pipeway cells are flushed cf their
initial atrospheres and are heated so that eventually there occurs a
strong flow of sodium vapor (with hydrogen from ti)e reaction of sodium
and water fronb tne concrete) which is vented to the containment atmosphere.

The burning of this large sodium vapor flow fills the containment atmos-
phere with a large concentration of aerosols, primarily of sodium oyide
and other sodium compounds. This atmosphere is kept well mixed by the
large flame. Within a -short time the containment atmosphere reaches a
quasi-equilibrium in which the rate of depletion of the aercsols by
fallout and other processes is about equal to the rate of aerosul pro-
duction from the sodium vapor injection. This continues until the
sGdium pool is boiled dry, after several days. This period, with a large
fiw of sodium vapor to the containment atmosphere, is perturbed by
the veritdown of containment pressure. This pressure relief caue.as a
flashing of sodium. Thus, fo! a few hours, a greýter flow of sodium
vapor occurs, followed by a fe% hours with a diminished flow. The e;ýpIi-
carts estimate that about three quarters of the 5D) metric ton sodiur
pool will be boiled up to the containment. The staff concurs that this
is a reasorable amount of the sodium to be involved.
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At the time of sodium boildry, the remaining materials will begin to
heat up due to decay heat from the core debris. The staff expects that
thereafter there is a release of most of the remaining fraction of the
materials that are only somewhat less volatile thar: sodium.

After boildry, the staff considers that the pool of core materials and
sodiur.-concrete reaction products will heat up until it is further
diluted with melted concrete and products of cohtinuing core debris
reactions with the concrete. During this period there is a greatly
reducea flow of aerosols to the containment atmosphere, and the
aerosol composition is changing. Eventually, the aercsols consist
only of particles of the least volatile materials, transported by the
steam, carbcn dioxide and other gases (possibly including hydrogen
and carbon monoxide) and vapors resulting from the reaction of the molten
pool with the underlying concrete. Over a period of several months,
the molten pool decay heating rate diminishes ar;d the pool approaches
a stable condition; aerosol release to the containment atmosphere
gradually decreases to zero.

About 11 months after the CDA, the conditions within the RCB may become

static, permitting purge termination.

A.5.3 Radiunuclide Release Groups

At the time the core is initially disrupted, the most volatile radio-
nuclides will be released from the disrupted core materials into the
reactor vessel. The noble gases Kr and Xe will pass through the sodium
to the cover gas. Other volatiles, the 1, Br, Cs, Rb, Se, Te and Sb,
wi~i be released into the primary sodiun. When a CDA occurs, it may
involvF the whole reactor (fuel, blankets and other materials) or perhaps,
for example, orly one third. For the purposes of radiological assessment,
it is usually conservative to consider the whole reactor involved; e.g.,
release of 100¶L of the noble gases is considered to occur at once. The
applicants' base case release model also includes an initial release
of 1000 lb sodium containing 100 ppb plutonim, plus 0.0260. of the
reactor inventory of fuel radionuclides, solid fission products and
halogens, This initial release is considered to pass through the head
seals at the beginning of the CDA, t = 0.0.

Upon failure of the reactor ouard vessel, the sodiur: enters and reacts
with the reactor cavity atmosphere, causing the reactor cavity verting
rurture discs to open, and the Kr and Xe may be vented into the contain-
merit atmosphere. The staff considers that, alternatively, they may
be trapped ir the PHTIS to be released later. It eithr case, it is
conservative to assume that they are released to the containment
etmosphere at the initiation of the CDA where the Er and Xe will be
available tc be leaked to the environment in acccrda,'ce with the desig,
basis leak rate until the time of venting, when a rriiajor fraction would
btw ruledsed to the environment. The remainder would be released with
tf(e subjcquert purge flow, within the next 24 hourw



One hundred percent of the volatile halogens, iodine (I) and bromine
(Br), are assumed released into the primary sodium at tre beginning of
the CDA. Their fractional release to the containment atmosphere is
modeled by the applicants as being directly proportional to the fraction
of sodium boiled up into the containment. The staff considers this a
conservative approach because the halogens would tend to be retained
in the sodium pool, providing time for appreciable radioactive decay
of most halogen radionuclides. Further, most of the sodium is boile' up
to containment after the venting initiation time,so that the mode of
release of the accompanying iodine to the environment is by the TMIDE vent
and purge flow, which passes through the TMLDB cleanup system before release.

The elements other than the noble gases and halogens which are consider-
ably more volatile than sodium are cesium (Cs) and rubidium (Rb). When
released from the core materials at the bginning of the CDA, the Cs
and Rb would be likely to be dissolved in the sodium. The applicants
have, however, modeled their release as an immediate 10% release to
the containment atmosphere. This approach results in the Cs and Rb
being considered available for design-basis-leakage release until the),
are depleted from the containment atmosphere by fallout. The following
discussion shows this to be a reasonable approach. The Cs and Rb
dissolved in the sodium, because of their greater volatility, will be
released from the sodium pool when the sodium, begins to boil. However,
the factors which delay a large flow of sodium to the containment
atmosphere will also delay the Cs and Rb. The staff considers that they
may be released to the :ontainment atmosphere at about the time a strong
flow cf sodium vapor first arrives there, at 19 hours in the ar,.licants'
base case, about 17 hours in advance of venting. The Cs and Rb enter
at the vent flame and are oxidized along with the sodium. They will
then be depleted with the rapid fallout due to the large sodium aerosol
concentrations.

Other volatile fission products are selenium (Se), tellurium (Te) and
antimony (Sb); these are considered dissolved in the primary sodium at
the beginning of the CDA. Their fractional release to the cotainment
atmosphere is modeled by the applicants as being directly proportional
to the fraction of sodium boiled up into containment, 100 all together.
These elements are generally less volatile than sodium and the staff
considers that they would largely be retained in the sodium pool urtil
about the time of boildry; at that time when the remaining mass of
core debris and reaction products heats up, they would be among the
fi-st to be re'leas2d.

The applicda.ts have taken the approach of modeling thp release of 5a,
Sr, arid all other non-volatile fission products. su-h that one perc(,r,t
of the inventory of each is released to the cortaiti:rent atmrcspph•r alou
with the boiled up sodium. The elements, Sa and Sr are only slightly
more volatile than the uranium and plutonium uxides and the remaino!q
firi.iJr-n products. Because of their low voldtility, littlu will tie



released to the containment atmos*he-e. That part not released into
the sodium will eventually be available for sparging from the poo'l ol
core debris, molten concrete and reaction products. The staff considers
trat app-eciably iess than one percent of the Ba and Sr wc.uid be
spiarqeý to the containment atmosphere, and therefore the applicants'
approach may be regarded as reasonable.

Ihe largest group of radionuclides are those which car, be classified
as least volatile. Two modes of release to the containment atmosmhere
are considered of possible significance for these solids. At the
,ime of core disruption, when molten or vaporized core materials are
quecnhed in; the pririary sodium, they fragment into particles ranging
i*: size dow',iward from about one millimeter diameter. An appreciable
";ractico, estimated at 15%, may form particles so small that they
rerFai,, in suspension in the sodium. A small part of this material,
aýcut one part in one thousand. is carried over
with boiled up sodium to the containment atmosphere. The other mode
of release is by gas sparging of the post-boildry pool of core debris,
ncelte-, corcrete and reaction products. In this mode, g~ses released
from. the urder~yirg concrete reaction zone, bubble through the molter
)ocl a.nd ea:train a small fraction of the solids, which then is carried
to the cortain..m, ent atmosphere. The staff considers the applicants'
L'-i'.'i' a.Lroach, which releases Y- of these solids to the containment
itr trhe boiled u. sodium, to be conservative.

• 'Cn.jm is a.mona the most radiologically sigrificart of the radioactive
i-tri.•ls in the reactor, present as-plutoniumroxide in the core fuel

a,ý, 4f, tr e hIan'.ets. Plutonium oxide and uranium oxide have low
vc, la i2ity and their release fractions will be amorg the smallest. Their

- tc cc,'tainrment are modeled by the applicants as 0.015'. carried
CVer With: tie sodium vapor during sodium boiling and another srrali

,'., ,-ch less than one percent, sparged from the post-boildry pool
C4 eria a';d carried up with the gases released from the concrete.
Fr,- -,u(c,, iur., the applicants estimate that these amount to about 320
ri-r" a,' 5f. nQrams, respectively, that are released to the containment
,3 , r i i-

-'.f ste.f cusiders that the applicants' estimates of plutorium releases
c•. ,•,. ',,.t involve the principal uncertainties in the radiological
... , -7h . e estimates consist of only the above 320 grams and

,) aacut 546 grams in the 0.(l26r initial release of, fupl
,,d •:, . ..,.. ,, c ram:s in the initial release Of ]0)Oq lb sudium. These

-4r r.i•, t , " I fractions of the core inventory of rougly 2.1 millior
n; ; ,-,r ir, the retent-ion factors could iripact estimated cor.se-

i ý iceratly. The staff believes that the mrst sigqitficart
.* , : :. ., ai: ty is the amount of plutoniuri cerried up witiý val'..

. ', !,.I i, r:u sodium. The experimental results of Jcr'Ja,. ad ?,;ad
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(Reference 2) are in general directly applicable and show partitioning
at the bo~ling surface of more than a factor of 1000. However, the
staff considers that the sodium boiling ratt (Reference 3), and potential
chemical differences between experiment and CDA circumstances, which
may influence the formation and release of sodiu. plutonates (Reference 4),
introduce substantial uncertainty into the estimate of the 320 orarms of
plutonium boiled uF with the sodium. Eased on review of References 3
and 4, the staff believes tnis urzertarnty to be not more than a factor
of ten. Therefore, tne staff has used 0.16" of the inventory of fuel
radionuclides and non-volatile fission products as the fraction boiled
up to containment with the sodium. This fraction is considered large
enough to also account for the minor amounts of the same radionuclides
that might be sparged up after boildry.

A.5-7



A.5.4 Calculation of Radiological Consequences

The applicants have presented doses calculated with computer codes HAA-3
and COMRADEX (Reference 1). The reledse of radioactivity to the environ-
ment depends on the concentration of radioactive materials in the con-
tainment atmosphere and upon the rates at which they are added and removed.
The applicants have calculated the time dependent suspended aerosol con-
centration in the containment and the rate of aerosol depletion with the
computer code HAA-3, taking into consideration the source generation
rate, the aerosol deposition rate, and the rate of removal by leakage,
venting or purge flow. The output of the HAA-3 code serves as input to
the COMRADEX code. The staff has found that the HAA-3 code tends to
overestimate the suspended aerosol concentration and therefore provides
conservative estimates of the amounts leaked.

The applicants have used the COMRADEX computer code to calculate radiation
doses. COMRADEX includes radioactive decay within containment in the
calculation of the rates of release of radioactivity to the environment.
Using 50% frequency atmospheric dispersion parameters, the applicants
used COMRADEX to calculate radiation doses at the exclusion area boundary
an, at the low population zone boundary. The calculation includes doses
from direct gamma shine, inhalation of radioactive material and submersion
in the radioactive cloud. Table A.5-1 lists some of the data and
assumptions used in the dose calculations. Table A.5-2 presents the
calculated doses; as shown the applicants calculated CDA doses, based
on use of best estimate rather than conservative assumptions, are smaller
than the 10 CFR Par. 100 dose guidelines for design basis accidents.

A.5.5 Comparison of Dose Calculations

In Table A.5-2 the doses from the CRBR Site Suitability Source Term
calculation are shown with the applicants' TMBDB base case doses.

The Site Suitability Source Term (SSST) results are from Reference 8.
The SSST consists of 100% of the core inventory of noble gases, 5OZ
of the iodines, and 1% of the solid fission products and plutonium;
all are released instantaneously into the containment atmosphere, in
a nor-mechanistic manner. Releases to the environment and doses were
calculated conservatively, e.g., usi,., 5* meteorology, arid the calcu-
lation considered only the design bL^iS loakage release mode, because
the cdlculation was made to satisfy tt.- rrquirements of 10 CFR Part 100.

A. 5-



Table A.5-1 Pr.RAMETERS IN DOSE CALCULATIONS a

Power Level, MWL - 975

Core Inventory - End of Equilibrium Cycle

Initial Plutonium Composition - FFTF Grade

Containment Volume, ft 3

Cont.ainment Leak Rate, %Iday at 10 psig

Bypass Fraction

Filtration Efficiencies, %

Particulates

Chemically Reactive Vapors

Flow Rates

Annulus Filtration System, scfm

Recirculated, scfrm

Exhausted, scfm

Containment Release Cleanup System

Ve nting, cfm

Purging, cfm

Atmospheric Dilution Factors,.50% X/Q (sec/m 3 )

Exclusion Area Boundary, 0.42 miles Applicants'
Values

0-2 Hours 1.01 x 10-3

Low Population Zone, 2.5 miles

0-2 Hours 1.59 x 1O-4

2-8 Hours / 2.30 x 10-5

B-24 Hours 3.58 x 10-6

1-4 Days 2.29 x 10-6

4-30 Days 2.60 x 10-6

a. From References I and 5.

3.6 x l06

0.1

0.0,01

99

97

14,000

11,000

3,000

24,000

17,000

Staff*s
Values

1.3 x 1O-4

(1.1 x I0-5)

1.1 x 10-5

1.0 x 10"5

P.0 x 10-6

5.7 Y., 10-6
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Table A.5-2 Radiological Consequences

10 CFR 100
Dose Guiaelinet

Doses in rema

b Staff's e Applicants
SSST Doses Base Case C

2 Hour Exclusion Area Boundary

Bone Surface

Red Marrow

Bone (total)

Lung

Liver

Thyroid

Whole Body

300

75

300

25

3 1d

24 d

10

0.4

1

12

0.6

t .040

U. 032

0.060

0.020

0.82

30 Day Low Population Zone Boundary

Bone Surface

Red Marrow

Bone (total)
Lu~ig

Liver

Thyroid

Whole Body

300

75

300

25

27d
2 d

9

0.4

1

0.95

0.19

1.6

0.36

85

2.10.3

Notes:

a. Bone surface and marrow doses calculited with dose co-version factors from
NUREG/CR-0150 (Reference 6), all others from NUREG-0172 (Reference 7).

b. For comparison purposes. These are the 10 CFR Part 100 dose guidelines
as supplemented for CRBRP. As specified in "Site-Suitability Report in
the Matter of Clinch River Breeder Reactor Plant," NUREG-0786, June 19S2
(Reference 8), there is an additional guideline of 34 remr whole body
mortality risk equivalent. The requirements of, 10 CFR Part 100 dealing
with these dcse guidelines apply only to accidents within the design basis
and not to TM8DB cases.

c. Reference 5.

d. Reference 9.

e. Peference 8.
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.A.5.6 Sen-itivity to Ve - tin,

DCe to the uncertainties a.s--:atetf wit', tv i,..tential rate of sodium-
concrete reaction, the a-r. several cases involving
different rates. Boundinro *rt -C.se (Reerence
IC), a cpse based c-, the v . ti ho'.;rs after the
beqinnir,. of the CDA arn J -,rt-- tion rat&s beyono any
zxper i ,-ntal. y O r - " i: -, n. initiation of 10
ý.ours :s pre icr-.ttJ o" t',= k.:::.r .r! .s • for the decision

o. rE, .e: j .! t I e.-e2".entation of those

For the M.r, in Assess-ment ('3 .5 -pe, t-,e projected conditions
within tht containme2,t wiair. c. Id call vening initiation at 10
hrours, thie applicants ass.;-,:d a very ccnserva-ive sodium-concrete reaction
rate of 7 inches ot corcrete per hour fc.r 3 hours, followed by I inch per
hour until sodium boildry.

Table A.5-3 presents the applicants' calculated results, compartng the
Maroin Assess;:,ent Case to their base case; the applicants' Dase case
assumes one-half inch per~hour for 4 hours. The Table shows that the
containment conditions do not differ greatly from the applic--nts' base
case. The applicants assert feasible r-odifications can increase the design
margins so that the plant design will accomz•7•oate the Margin Assessment
Case. Table A.5-4 presents calculated radicloaical consequences of these
two cases. The .staff's t,'aluation of these resulte and :hose for inter-
mediate reaction rates and v.,ting times is that these results are
reasonable and t-hat the radic:iocical con-equences are relatively in-
sensitive to venting initiation times bpt'-een 10 and 36 hours.

A.5.7 Sensitivity to Initial Pelease

The applicants' base case includes an iritial release to containment at
the beginning of the CDA of 1000 lb sodium, containing 100 ppb plutonium,
plus C.026A of the reactor inventory of fuel radionuclides. solid
fission prodi,-ts, and haiogens. The appFiiLa__z have also calculated
radiological consequences for a selection of such initial releases,
ranging from nune up to 50 of fuel and fission products, and including
sodium releases ranging up to 7000 lI. in each case, the containm.;ent
system is considered to perform as desicned. Table A.5-5 presents some
of the bone surface doses calculated by ti)E ap1licant (Reference b'; the
bo'ie surface do--Je is tne only orian oose that e>.ceedr, the Ij CU. Part 10X
6Use guidelirnes-. nrc then c;!:y in thi jr1  reI ead L Cca- , a ',. i'alv
unreal ;stic cas . The nirro,.* rarii.t, of LrL•. re surle e I s L il-
repsilt of the 1,!,c: 11 let k. rut,2' ' J . ctnn . _cwn ; n ',r. i Lh Ll

r iJi w, wit tiwicI tit. s5u ;,, ., id, -' i' d ti. :t i "', ct-L.,;t: r've,
is de;rIct(:e by fi.- lout dnd 'l .(.ut, 1 r ihit;,, rt 'tt se t c tair,.ta nt
1.5 alrn'.t tc.(tci 6~ o ,e t ,ed .f.;rt toO (f vt"til,4, CaU" tu t- e r p;idd•.i,]( t -r, (•t• th t r :,. lI' •,r,., ]c u, ... .. , . ( f ir-r ',' ,, • .;1 ,.1 -,. (_j



TABLE A.5-3

SUMeARY OF APPLICANTS' MARGIN ASSESSfiENT CASE RESULTS

Base Margin
Case Assessment

Initial Hydrogen Ignition

Time (hrs.) 10.0 1.4
RCB Atmosphere Tciperature (OF) 120/845 145/570

(before/After)
RC3 PressurE (psig) (before/after) 2.2/22 2.4/14
Hydrogen Concentration (Vol. %) 4.5/0.0 2.5,/0.0

(before/after)

Initiation of RCB Venting

Time (hrs,) 36 '0
RCB Atmosphere Temperature (OF) 617 710
RCB Steel Shell Temperature (OF) 400 390
RCB Pressure (psig) 13 19
RCB Hydrogen Concentration (0) 0.0 2.6
RCB Oxyger Concentration (%) 8.4 7.4

Maximum Conditions During Venting

Maximum Venting Rate (CFM) 24,000 28,000
Purge Rate Assumed (SCFM) 8010 8000
Peak Hydrogen Concentration 4.0/.40 8.7/14

(Vol. %)/Time (hr.)
RCB Atmosphere Temperature 915/40 1020/15

(OF)/Time (hr.)

Aerosol Comparisors

Maximum Rate to the RCB Cleanup 4400 r100
System (lb/hr)

Total A~erosols to the RCB Cleanup 260,000 170,000
Systemi to Boildry (lb)



TABLE A.5-4

COMPARISON OF APPICANTS' RADIOLOGICAL CONSEQUENCES, MARGIN ASSESSMENT CASE

2 Hv'ur Exclusion Area Boundary Doses (rem)a

Oro-n 36 Hour Vent
Base Case

10 HourVent
Marcin Assessment

Bo, -c
Lur (
Th -roid
W4,,le Body

0.028
0.00E5
0.00ý5
0.16

0.44
O. 082
0.023
1.9

30 Day Low Population Zone Doses (rem)

Oroan

Bonec
Lung
Thyroid
Whole Body

36 Hour Vent
Base Case

55b

4.0
99
3.5

10 Hour Vent
Margin Assessment

55b
3.9
95
13

from NUREG-0172
of the .homogeneous.

a. Doses calculated with dose conversion factors
(Reference 7), and the radionuclide inventory
core design.

b. Results include earlier, extremely conservative estii,;ate of 13 Kg
Pu (Reference 11) sparged to containment atmospnere, vs 26 g (Reference 5).

c. Bone surface doses would be about 3X as large, if calculated with
dose conversion factors from NUREG/CR-015O (Reference 6).



TABLE A.5-5

BONE SURFACE DOSE CHANGES WITH INITIAL RELEASE SIZE

Bone Surface Doses (rem)

Initial Release Sizea Exclusion Area Boundary Low Population Zone

Zero 0.027

0.19BEse Case

I. Fuel

5' Fuel

10% Fuel

50% Fuel

0. 92

r. 95

2.56.5

32

64

8.2

15

70320

a. Includes !00%m noble gases and Cs, Rb in all cases,
1000 lb sodium in all but the zero case,
and 100% halogens and volatile fission products
in the 1%, 5%, 10% and 50% cases.
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The thyroid doses, due primari'y to iodine releases, are also affected
by the aerosol depletion in containment. The thyroid doses of the
applicants' base case, 0.02 rem at the exclusion area boundary and
E5 rem at the ic.: population zone boundary, change to about 23 rem
and 8 rem respectively when the release mode for halogens is changed
from 100/ boiled up with the sodium (as in the base case) to 10cr`
in the initial release.

It is the staff's assessment that, given a CDA, initial releases will
bE either zero or, as in applicants' base case, small. Further, the
ra iolo 01onic consequences will not be greatly changed by initial releases
within, a reasonably expected range.

A.E.8 Sensitivity to Alternative Scenarios

Several alternative scenarios have been considered. In the principal
alternative, the applicai•ts have presented information indicating that
after the core debris penetrates the reactor vessel and reactor guard
vessel, and has dropped into the reactor cavity with the sodium, it
will form a uniformly-distributed bed on the reactor cavity floor
liner (Reference 1). The uniform bed of particles of fuel, blanket
and structural materials would be stable for the interim because the
sodium would remove sufficient heat to keep the bed from changing
character or penetrating the steel floor liner. The staff considers
that in this scenario, initial releases, if any, would Ite the same as
in the base case scenario, and releases during the sodiim boilup phase
would also be substantially the same. Exceptions are .nat the time
to boiling and the time to boildry would be lengthened due to the
absence of heat generation by sodium-concrete reactions, and the time
to venting would be lengthened, hydrogen Droduction would be less.
Also, there would be no sodium-concrete reaction procucts and little
NaDH and Na 0 with the debris bed at boildry. Once failure of the
liner occuri and interactions with the concrete begin,-the circumstances
would be similar to the base case, with the exception of the absence
of sodium-concrete reaction products. If the liner failed at some
intermediate time, e.g., after 50 hoars, the ensuing sequence would
also be similar to the base case.

In another scenario, the sodium could be drained into the reactor cavity
in advance of core disruption , leaving the core to overheat and enter
the sodium pool later. Halogens and other volatiles released in the
reactor vessel could either be dissolved in the sodium or be trapped in
the PHTS. Once the core debris enters the sodium, this scenario would
be similar to the base case.

Ot",er alternative sequences are possible, but it is the staff's assess-
ntnt that it is highly unlikely that there would occur circumstances
such that the radiological consequences of the base case would be greatly
exceeded.
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A.5.9 Uncertainties

Althougn a great amount of experimental data relevant to the TM7DF
scenario has been accumulated over the years, the staff believes there
still remain substantial uncertainties in the estimation of the radic-
logical consequences. The estimate of plutonium releases is judged
to contribute the most to the uncertainty attributable to release
quant'ties, possibly as much as a factor of 20. However, in Reference
1, the applicants have evaluated CRBRP's beyond-the-design-basis margins
for a number of variations of their basic TMýDB scenario and have sKgwn
:nat toe calculated range of radiation doses are limited. ,t is the
s'aff's assessment that the a;,plicants have adequately shown that tne
increase in dose, due to the range variations of circumstances, is
sma 1.

In a numtner of instances, the modeling for calculation of consequences
includes conservative assumptions and use of values conservatively
selected from the maximum of experimental observations; the result is
that, even though these are called "realistic" calculations, there is
a basis for belief that they tend to overestimate the consequences. An
example of such conservatisms is considering immediate 100Z release to
containment of noble gases and Cs and Rb rather than considering them
trapped in the PHTS above the sodium pool, and rather than considering
that the Cs and Rb would be retained in the sodium and in the vent
systen., for some hours before being vented into containment.

Of course, the dose estimates also include all the other uncertainties
normally found in such estimates, e.g., in meteorological dispersion,
in filter efficiencies, etc.

A.5.10 Conclusions

The staff has done scoping analysis for radiological consequences and
while the staff conclusions are not identical to the applicants, but
show that the dose guidelines of 10 CFR 100 as augmented for CPER,

julay be exceeded, the staff has determined that sufficient improvements
in the containment cleanup system filtration efficiency are easily
achievable and therefore this is acceptable for the CPý stage. However,
conclusions presented here are based on projected performance of the
proposed design of the TMBDB systf!ms. As stated in section A.4.10,
satisfactory equipment qualification and demonstration of perfornmnce
of the TMED6 systems will be requwired at the OL stage. The staff
advises that in the meantime, before installation of the TMBDD systen.
are undertaken, that the app'icants should provide for review of the
paratcmters, and ranges of 'lues, on which testing for operation.•1l
qualificatior of the TM6DC systems will be performed.
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A.6 Sunmm.ary Conclusions

The conclusions sum,-narized here are contingent on:

(1) Satisfactory completion of the required fuel pin design modifi-
cation stuies and testing directed at mitigation of the effects
of plenum fission gas during CDA progressions (p. A.2-b). !he
applicants have agreed to provide this modification.

(2) Satisfactory completion of the commitments associated with modifi-
cations of the rotating plugs in the reactor closure head and
related efforts including evaluation of the SRI tests and updating
of appropriate documentation (p. A.3.5 and p. A.3-14). The
applicants have agreed to modify the plucs.

(3) Satisfactory resolution of the cell line:" criteria based on forth-
coming analyses and testing or the adoption of ;atisfactnry fall-
back positions as discussed in Section A.4.10. Tne applicants
have agreed to this resolution.

(4) A scoping equipment qualification program has been developed by
the applicants and reviewed by the staff. Tne staff finds this
acceptable for the CP. However, the staff requires confirmation
of the specific values of the parameters (temperature, pressure,
etc.) during the OL review.

The staff's conclusions are developed as a result of the evaluation of
the CDAs in terms of the general criteria as discussed in Section A.1.3.
Based on the independent evaluation of core disruptive accident energetics
described in Section A.2 and on the mechrnical capability of the reactc,
vessel discussed in Section A.3 we conclude that, assuming a CDA occurs.
containment failure from spray fires or missiles is not of concern, and
furtner that no significant leakage of vaporized fuel will occur from
the RCB. This means that the radiological consequences of CDAs are
principally determined by the degree to which TMBDO features prevent
containment failure from thermal phenomena such as aerosol generation,
sodium fires and hydrogen burning. As discussed in Section A.4, con-
tainment failure from such pnenomena is unlikely because the containment
vent-purge system can relieve internal pressures and effectively control
hydrogen in the RCB. The doses from venting, to which an indivicual
would be exposed, if he remained 30 days at the plant's low population
zone boundary, can be brought below the CRBR version of the 10 CFR IN0
dose guidelines (realistically calculated). This, taken in conjunction
with the low probability of such events. ,eads us to, conclude that tKe
risks from such events at CRUR will be very small, and not significant41

different from the risks from typical LWRs.



APFENDIX B

UNRESOLVED SAFETY ISSUES

NUREG-0696, "Unresolved Safety Issues Summary," lists several safety issues
which are undergoing NRC study before the staff can make judgmpnts as to whether
ex;isting requirements should be modified. These issues are sometimes calied
'ceneric safety issues" oecause they are related to a particular class or tyue
C. nuclear facility rather than a specific plant. The staff has screened the
,)nresolved safety issues relative to their applicability to CRP anC asked 'he
L•pplicants to respond as to how they plan to treat each applicý.:le issue during
the licensing activity. The applicants' response and the staft s assessment ef
each issue are detailed in this section.

-B.1 WATERHAMMER (Unresolved Safety Issue (US!) A-I)

Apolicants'. Assessment of Applicability to CRBRP

Waterhammer and its equivalent, sodium hammer, are applicable to the CRBRP.
Waterhammer events introduce a range of hydraulic loads, or pressure pulses,
into a fluid system and are the result of rapid condensation of steam pockets,
steam-driven slugs of water, pump startup into voided lines, and imp-oper (or
sudden) valve closures. Where waterhammer has occurred in water lines, the
principal damage in most instances has been to pipe hangers and snutbers.
Occasionally pipe welds have experienced small cracks. In none of the reported
LWR waterhammer incidents has there been a release of radioactive material or a
disabling of safety systems.

Applicants' Suggested Resolution for CRBRP

This issue has been technically resolved for the CRBRP. The water and steam
systems of the CRBRP (i.e., the steam generator auxiliary heat removal system
(SGAHRS) are described in PSAR Sections 5.5 and 5.6.1, respectively. Desiqn
resolution of waterhammer will be accomplished by including fill and vent holes
in the auxiliary feedwater sparger in the steam drum to preclude waterharwrrer
effects resulting from steam-driven slugs of SGAHRS watpr -...d by includmnq
hydraulic dampers in the actuators of the water and sLeam isolation valves to
preclude waterhammer effects resulting from the overly rapid closing nf a
valve. The vent holes are described in revised PSAR Section 5.5.2.3. and the
hydraulic dampers are discussed in Section 5.5.3.1.5.2.

Protection ag'ainst the effects of pipe breaks and waterhammer loadr are
incorporated in ASME design codes that require consideration of impact luaUs
and dynamic loads in the structural design. The ASML cudes are ap-iieci to th,
sodium systems of CRBRP, that is, the primary heat transport sy,.tem. tht. irlt,-
mediate heat transport system (including the steam gerieratoy ), and the s,-diur-
water reaction pressure relief system, as well as to the water-stear syAtvr..
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The oCCUrT'I',LE Of sonic pulses, similar to those produced in waterhammer inci-
dents, has been considered in the design of the intermediate heat transport
system (IHTS), described in PSAR Section 5.4. Sonic pulses may occur as a re-
s 1 t t o a large sodium-water reaction caused by a postulated steam generator
tube rupture. In addition, the effects of accelerated sodium slug flow's in the
component and piping design has been considered in the design of the sodium-
water reactior- pressure relief subsystem, described in PSAR Sections 5.5. 7.5.6,
a n 15.3.3.

The absence of sodium isolation valves in the IHTS precludes high decelerations
of sodium that could cause waterhammer effects in sodium. The high normal
boiling point anC high heat of vaporization of sodium make vapor-driven sonic
pulses extremely unlikely.

vRC's Position

The staff concurs that the applicants are addressing the waterhammer/sodium-
ammer phernomena analytically and in the proper manner relative to the CRERP

aDplication. However, the applicants must verify that unacceptable feedwater
hammer will not occur by performing acceptability tests, approved by NRC, as
described in B6P ASB 10-2. (Standard Review Plan, Section 10.4.7-7)

E.2 STEAM GENERATOR TUBE INTEGRITY (USIs A-3, A-4, and A-5)

Applicants' Assessment of Applicability to CRBRP

This issue is applicable to CRBRP. To design designates steam generators in
each of the three heat transport sys, ., loops for the transfer of heat from the
secondary sodium loop to the water systems. The issue concerns the capability
of steam generator tubes to maintain their integrity under normal operation and
acc.ident conditions, should mechanisms exist that could result in tube
degradation.

Applicants' Suggested Resolution for CRBRP

This issue has been technically resolved for the CRBRP.

The CRBRP steam generator design has minimized the potential for corrosion/
erosion degradaition common to steali generators in pressurized-water reactors
(PWks). The tubes in the CRBRP steam generator will be exposed to the water
enivironnment only on their inside surface. The water side will consist of
smuoth wall tubes terminated in spherical plena. This will greatly reduce the
Dote'Itial for tube degradation by corrosion-induced wastage, cracking, and
dpntinq. Preferential corrosion product formation or deposition will be mini-
nriiier becau-se therc, will be no restrictions, crevices, Water levels, or
strurtLire-Teldted concentratior, sites. Water-side chemistry will be maintained
by .tý-e-ot-tne-art, all-volatile chemistry control, which has been modified
from PWvP practice and which will incorporate fossil plant experience with
2', Ct-Ilt MK, Lube material. Full fln%-.! demineralizers, a 2:1 full-power recir-
cuiii lir, ratio (for Pach two parts of water flo'wing into th- steam gernerator.
(r,,- plit .i II hf r(.circulatý.d and onp part will be fresh feed), and 101 blo.-
d-ý'- will c',!iriute to minimizing the potential for water-sidt, corrosion-
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Steam generatcr *tube integrity has been properly addressed in the CRBRP design
by specifying that a total of 29% of the 0.109-in. tube wall thickness (Sec-
tion 5.5.2.3.4 of the PSAR) will be allocated for corroi,•n, clea.ing, and wear
allowances. The reduced thickness will be used for all st-ess and strain calcula-
tions, and the full thickness will be used for weight and seismic calculations.
In addition, allowances will be provided to corpensate for material strengt"h
degradation by postweld heat treatment, thermal aging, and decarburization. In
spite of these reductions in thickness and matEriai conse"v-atively based or the
end-of-life c-,ndition, the tube will have a 38% margin over the ASME Code, C'ass 1,
criteria for pressure retention.

Erosion of tubes as a result of tube vibration is being addressed in Three ways,
as discussed in PSAR Section 5.5.

(1) The design and material selection of the shell (sodiun-:ontaining) side
cf the steam generator (SG) will provide for acceptable accommodatinn of
tube vibrations; all known flow-induced vibration mechanisms have L-en
evaluated. lu:e-to-spacer plate gaps will be consistent with cuidelines
used throughout the heat exchanger inoustry. Tube-spacer plate material
(Inconel 718) has been chosen, since it has a low coefficient of fric-
tion when coupled with the tube material (2¼% Cr-1% Mo).

(2) To confirm that all flow-induced vibration mechanisms are considered, a
flow-induced vibration program has been implemented using both a full-
scale model closely representing the prototype unit and a 0.42 scale
model. The scale model flow-induced vibration tests will ensure that
mechanisms of unexpected origin in the plant unit design do not exist.

(3) The applicants have developed an ultrasonic tube inspection technique that
can detect the tube wear well before the tube wall is thinned beyond that
spcified for the design. This technique is discussed in PSAR Appendix G.

NRC's Position

The staff agrees that the actions proposed by the applicants will minimize the
probability of steam generator tube degradation resulting from wastage and
flow-induced vibration. The in:ervice inspection technique (volumetric eddy
current and continuous monitoring) and the intervals for volumetric examina-
tion of the tubing suggested in Section 5.11 are adequate to ensure that no
major undetected steam generator tube degradation will take place during the
life of the plant.

The scale model flow test results will be reviewed during the operating license
review process to ensure that the described design has been successful in meet-
ing flow-induced vibration requirements.

All-volatile chemistry control techniques proposed for the CRBR water treatment
system have proven to be an effective method for reducing wastage arnc stress-
corrosion cracking in LWks.

finally, the stdff recognizes the less severe safety role a failure of a CR•i
steam generator tube imposes relative tc that of an LWR steam generator tube
failure. However, the same ASME Code design rule; are bN.Ing imposed or th•f CRER
steam gercrators. Large and small steam, generator tube failures tiave bf-en
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addressed in the Chapter 15 review, and the proposed arcommodation criteri
cluding immediate reactor shutdown, have been found acceptable.

8.3 ANTICIPATED TRANSIENTS WITHOUT SCRAM (USI A-9)

Applicants' Assessment of Applicability to CRBRP

Ibis issue is apolicable to CRBRP. The issue is.the potential for a commo
failure to reduce the reliability of protection systems in such a way that
reactor might not shut down as required when an anticipated transient occu

Applicants' Suggested Resolution for CRBRP

The applicants' view is that this issue is resolved for CRBEP because CRBP
T- 7incorporates into its design two independent shutdown systews, either of w

will have the capability, of itself, to terminate reactor power transients
to effect rapid shutdown of the reactor automatically, and further, becaus
strict attention to the diversity and independence of the two shutdown sys
will reduce the likelihood of their simultaneous failure to such a low lev
that additional design features to improve reliabil~ty of shutdown will no
necessary.

NRC's Position

The Commission has initiated a rulemaking on this anticipated transient wiý
scram (ATWS) issue. The ATWS issue is discussed for light-water reactors 1
in "Anticipated Transients Without Scram for Light Water Reactors," NUREG-I
Volume 4, March 1980, where specific design features and analyses are pres,
for LWRs. These prescriptions are, however, tailored to each type of LWR
thus generally not appropriate for CRBRP.

The staff's conclusions on this issue for CRBRP are based on its review of
redundancy, independence, and diversity embodied in the proposed designs fi

- CRBRP's two shutdown systems (as discussed in Sections 4 and 7 of this SER
on the acceptability of the applicants' Reliability Assurance Program (as I
cussed in Appendix C of this SER), and on the assessment that even if an A'
event should occur at CRBRP and lead to core disruption, the risks would bi
acceptably low (Appendix A of this SER). The staff concludes th.•'t the ATW
issue will be resclved for CRBR upon implementation of the design as modif
by the findings of this SER. However, additional insight in this area may
gained from continued evaluation of operating experience at LWRs and othcr
nuclear ri~actors. Therefore, the staff will exoect the applicants to addri

L • in the FSAR those measures taken in response to lessons learned from reacti
operating experience during the period from the issuance of the constructii
permit to the issuance of the FSAR, and specifically the implications of tU
ATWS at the Salem reactor in February 1983.*

'It should be noted that at the time this SER was issued, the staff had de,
mined that the ATWS event at Salem was caused by failure of the scram bre,
to op'n when required. lhe scram breakers to be used on CRBR are of diffi
desicn than those use'1 at balem and will be identical to those used on FF"
and in the Naval Reactors Program. These breakers have undergone extensii
t.er, nq and have operated successfully. Therefore, they arý. nct expected
l).a!- to at, ATWS event at CRBR. Nevertheless, they will be in cuded in thi
a cdrat.s ~Ruliatility Assurante Program.
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B.4 FRACTURE TOUGHNESS OF STEAM GENERATOR AND REACTOR COOLANT PUMP SUPPORTS
(USI A-12)

Applicarts' Assessment of Applicability to CRRP

This issue is applicable to CRBRP. Itconcerns the low fracture toughness ard
potential lamellar tearing in materials used for heat transport system comp~oent
supports.

Apý,licants' Suggested Resolution for CRBRP

Ihe design of that portion of the CRBRP steam generator supports that is in
accordance with the ASME Code requires that impact testing (Charpy V-notch) of
ail materials of construction be performed according to Paragraph NR-2311.of
ASME Code, Section 1II. The acceptance standards of Paragraph NR-2330 must be
met at 50'F, maximum. Since the lowest operating temperature for the steam
generator support will be 125'F, there will be adequate margin for protection
against nonductile failures. In addition to the materials fracture toughness
requirements, postulated defects will be evaluated using the procedure in Appen-
dix C of ASME Code, Section 1I1, for all applicable conditions plus shipping,
lifting, and installation. Therefore, the concern relating to fracture tough-
ness of steam generaýor supports has been properly and adequately addressed in
the CRBRP design.

The building structural steel that supports steam generators will be designed
in accordance with the requirements of the American Institute of Steel Construc-
tior Code using American Society for Testing Materials (ASTM) A-36 steel and
SA-540 bolting material. Sandia Laboratories report SAND78-2348 (Appendix C
to NUREG-0577, "Potential for Low Fracture Toughness and Lamellar Tearing on
PWR Steam Generator and Reactor Coolant Pump Supports - Resolution of Generic
Technical Activity A-12 for Comment") classifies USI A-36 as falling within
material group 11, that is, intermediate susceptibility to brittle fracture,
and identifies that group I1 materials have been judged adequate. SAND78-2348
classifies SA-540 bolting material as falling within material group III, which
has also been judged adequate.

rhe supports for reactor coolant pumps and intermediate heat exchangers will be
type 304 stainless steel, connected to ASTM A-36 embedded plate with SA-540
bolting material.

CRBRP design criteria applied to the reactor vessel and steam generator supports
will preclude conditions leading to lamellar tearing (e.g., material selection,
welded joint orientation, and fabrication sequence).

NRC's Position

The staff agrees. The heat exchanger supports, steam generator supports, and
the primary and secondary pump supports will be in cells or local regions
where temperatures will not fall below 125VF before reactor operations. This
temperature limit could conceivably be a technical specification even though
the CRBR primary coolant contains relatively low stored energy.



B.5 SYSTEMS INTERACTION IN NUCLEAR POWER PLANTS (USI A-17)

App!ic.'nts' Assessment. of App! icat, I itv to CRBRP

This issue is applicable to CRBRP. It. concerns the sufficiency of i':tegration
of divided responsitbilities for 6csign, analysis, and installation of systems
among teams of engineers with ijncti,•nal specialities, such as civil, electrical,
mechanical, and nuclear, to ensure that adverse operiLional interactions between

,plant systems will be minimized.

Applicants' Suggested Resolution for CRBRP

The applicants have implemented a combination of programs and activities directed
toward ensurino an integrated design that has considered the potential for and
will provide protection against adverse operational interactions between plant
systems.

These include the CRBRP Quality assurance program, a comprehensive design con-
trol program, specialized design reviews, and reliability and probabilistic
risk assessment programs.

The plant has been designed to requirements that support. a defense-in-depth
philosophy. These requirements ensure physical separation and independence of
redundant safety systems, diversity of safety features, and protection against
hazards such as sodium leaks, sodium-water reactions, line ruptures, missiles,
tornadoes, floods, seismic events, fires, human errors, and acts of sabotage.
These requirements are described in PSAR Section 1.1.2 and Chapter 3.

To ensure that these requirements will be properly implemented, the CRER Quality
Assurance Program addresses the design process. This program requires that
during the design process emphasis be placed on the control of interfaces be-
tw4een systems. This interfacing is described in PSAR Section 17A.3.1. Inde-
pendent design reviews, with interdisciplinary memberships and objectives, are
required at various stages of the design process. Requirements for these inde-
pendent design reviews are described in PSAR Chapter 17, Appendix G.

Extensive key systems reviews (KSRs) cutting across system boundaries have been
conducted. Multidisciplined groups of individuals conducted these reviews with
objectives that included assessments of plant and operator responses during
offnormal and accident events. interactions between systems were explicitly
considered as part of these reviews. Evaluations of the results of these
reviews addressed the potential for adverse systems interactions, including
consideration of human, spatial, and functional Loupling effects. A summar)
report of these KSRs was provided in response to an NRC question.

The CRBRP safety-related reliability program is described in PSAR Appendix C.
Mhe results obtained in this program provide additional confidence that the
requirements for the systems dc.sIgns will minimize the potential tor ad%,ersa
operational interactions.

In response to-an NRC queption. tri4. api•:ic.ants d.velCoped the CRERP Probabilistic
R;sk Assessment (PRA) Progrda Plan, wlir, will in, id(. l a a ý. to df0monstrat.
that the risks at CR[RP will bt, accept~a!hv lyvý It,(. p arqiwd mithodr loqy will
us! event trees and fault tree,, to ;(!,.! ! ;f.,. 'ith nrir,t failtres (u. i ott I :.
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NRC's Position

The staff has reviewed PSAR Section 3.11 and supplemental letters from the
applicants relative to the proposed CRBRP environmental qualification program
and finds it acceptable as detailed in Section 3.11 of this SER. Major high-
lights of the review are:

(1) The applicants' list of systems and components that are required to per-
form safety-related functions, as presented in WARD-D-165, Revision 6, was
found acceptable.

(2) The temperature, pressure, and huraidity conditions, for both inside and
outside containment, were properly specified by the applicants.

(3) The applicants' avproa7h to qualifying the equipment for a sodium aerosol
environment was found acceptable.

(4) The applicants have committed to follow the recommendations in RG 1.33,
Revision 2, to identify and prevent significant age-related degradation of
electrical equipment.

(5) The applicants have defined the design methodology used to calculate the
radioactive environment based on threo different source terms (site
suitability source term, sodium storage-tank failure source term, and
cover gas release source term). The staff has reviewed the proposed
methcology and finds it acceptable for use in the qualification of
electrical equipment.

(6) The applicants have committed to meet the do,:umentation requirements
identified in IEEE Std. 323, 1974. The staff finds this plan for
documentation acceptable and in accordance with 10 CFR 50.49.

B.7 RESIDUAL HEAT REMOVAL REQUIREMENTS (USI A-31)

Applicants' Assessment of Applicability to CRBRP

This issue is not applicable to CRBRP. It concerns the capability of PWRs to
go from hot to cold shutdown without the availability of offsite power.

A safe shutflown condition equivalent to a PWR cold shutdown condition will bu
achieved in CRBRP when the plant will be brought down from operating temperature
to 600OF using the plant shutdown heat removal systems. At the 600'F temperature
the plant will be in a' safe and stable state, and long-terr cooling will be in
effect. There is no subsequent requirement to proceed to another mode or state
to effect long-term shutdown.

The normal decay heat removal path will be through the use of the main condenser
and feedwater train. However, since the main condenser and feedwater train
will not be available on loss of offs-ite power, the steam generator auxiliary
heat removal system, whirh is a safety-related syster, will be provided for
shutdown heat remcval ;nd long-term decay hejt removal, and will not depend on
the availability of offsite power. Tlhe initial heat load will be dissipated
through the use of power relief valves in the steim guterator loops.
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NRC's Position

The NRC concurs with the applicants' assessment.

B.8 CONROL OF HEAVY LOADS NEAR SPENT FUEL (USI A-36)

Applicants' Assessment of Applicability to CRBRP

This issue is applicable to CRBRP. Although the design of CRBRP does not desig-
nate spent fuel pools, this concern is applicable to the control of heavy loads
over the ex-vessel storage tank closure head and striker plate, and over the
fuel-handling cell.

AyýIicants' Suggested Resolution for CRBRP

The technical resolution of this issue and NRC's position are contained in
NURLS-O612, "Control of Heavy Loads at Nucleer Power Plants."

The issue is resolved for CRBRP by the application of a single-failure-proof
crane (in accordance with NUREG-0554, "Single Failure Proof Cranes for Nuclear
Power Plants") in both the reactor service building and reactor containment
building - - all critical lifts. The project application of NUREG-0612 is pre-
sented in response ' NRC Question CS410.3.

NRC's Positicn

The applicants have applied the two proper criteria to resolve this issue for
CRBRP, namely, NUREG-0554 and NUREG-0612. These two criteria will be the basis
during the OL liLensing review.

B.9 SEISMIC DESIGN CRITERIA (USI A-40)

Applicants' Assessment of Applicability to CRBRP

This issue is applicable to CRBRP. It concerns the conservatism of certain
aspects of the overall seismic design criteria.

Applicants' Suggested Resolution for CRBRP

This issue has been technially resolved for CRBRP. The seismic design bases and
the seismic design of CPBRP conform to thr -:urrent NRC criteria. CRBRP seismic
design criteria are desLribed in PSAR Section 3.7. NRC has not established any
other bases that would render conformance to the current criteria inadequate.

NRC's Position

Pending the formal supportive documentation relating to the ad'-quacy of assump-
tions used in the rock structure interaction model, the NWf coricurs that the
seismic design criteria end procedures used by the applicants for CRBRP are
adequate, namely:
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(1) assigning two levels of earthquake (SSE at 0.25 g and OBE at 0.125 g) which
reflects appropriate consideration for the most severe earthquake recorded
for the site with an appropriate margin

(2) appropriate combinations of the effects on normal and accident. conditions
with the effect of the natural phenomena

(3) appropriate consideration of the safety functions to be performed--the
ue or a suitable dynamic analysis or a s..itable qualification test to
oemonstrate that structures. systems, and components can withstand the
seismic and other concurrent loads, except where it can be demonstrated

nhat the use of an equivalent static load method provides adequate
consideration.

B.1AD STATION BLACKOUT (USI A-44)

Ayicanti' Atssessrent of Applicability to CRERP

A loss ( •:•z cc power invoi,,es ' loss of both the preferred and backup
sources oi offs;te r.ewer.

If offsite ac power is lost. three diesel generators and their associated dis-
tribution systems will be designed to deliver emergency power to safety-related
equipment.

If both offsite and onsite ac power are lost, CRBRP will be designed to remove
reactor-generated decay heat on natural circulation with the heat sink provided
by the steamr generator auxiliary heat removal system. This capability will
ensure that adequate cooling can be maintained for at least 2 hours, which will
allow time for restoration of ac power from either offsite or onrite sources.

The decay heat generated in the spent fuel in the ex-vessel storage tank (EVST)
will be capable of being removed by natural circulation. This will be provided
by the third EVST cooling loop which will be designed to remove all decay heat
produced in the EVST during natural circulation.

The ex-vesf'il transfer machine will be designed to ensure that cladding tempera-
ture will be maintained within limits by a natural convection cooling system.
This will ensure cooling of a fuel assembly in transit between the, reactor and
EVST during a station blackout.

Two-hour station blackout during the handling of a bare fuel assembly during
normal fuel-handling cell (FHC) operations would result in release of fission
products to the environment. The potential radiation doses at the site bound-
ary resulting from such a release have been calculated to be below established
limits.

NRC's Position

lhe NR. cnncurs with this aý5essment provided the applicants demonstrate that
adequate natural circulation capabilities exist in thf main heat transport
systems a'i, tIne ex-vessel storage tank natural circulation heat removal loop.
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Also, the adequacy of the circuit breaker realignment capability during a
station blackout must be demonstrated during the prestartup test program.

On the basis of the staff's confidence that these provisions will be met, the
staff concludss that the CRBRP will have the capability to withstand a station
blackout comparable to that of a PWR. The final generic resolution of this
issue for PWR will probably be determined after the CP license is issued. On'
the basis of the similarity of the CRBR electric power system and auxiliary
feedwater system to those of PWRs, the.staff anticipates that the generic PWR
station blackout resolution will be generally applicable to CRBR. The appli-
cant should adopt that generic resolution for CRER or develop an equivalent
resolution in time for the OL review.

b.11 SHUTDOWN DECAY HEAT REMOVAL REQUIREMENTS (USI A-45)

Apz'iicants' Assessment of Applicability to CRBRP

This issue is applicable to CRBRP. It concerns the sufficiency of plant capa-
bility to remove decay heat. CRBRP must have a highly reliable capability to
remove decay heat from the reactor.

Applicants' Suggested Resolution for CRBRP

This issue has been resolved for CRBRP by incorporating into the design, multi-
ple, independent, and highly reliable heat'transport paths, any one or which
will have sufficient capacity to remove the reactor decay heat by itself. The
various heat removal paths and their operating modes embody substantial diver-
sity.

The CRBRP heat transport system (HTS) will use three independent loops, each of
which will orovide a separate path from the reactor vessel to the ultimate heat
sinks. The normal heat removal path includes the main condenser and feedwater
train, which is used for normal operation and some shutdown heat removal condi-
tions. However, for each path an alternative safety-related path will be pro-
vided through the SGAHRS, which will provide its own heat sinks. Thus, it will
not be necessary to rely on the main condenser and feedwater train, since SGAHRS
will be available for all anticipated plant events.

The SCAHRS will include the auxiliary feedwater subsystem (AFWS) and protected
air-cooled condensers (PACCs), which will serve as alternative heat sinks.

Also, to ensure thot the operation of safety system equipment will not be
impaired, the single-failure criterion has been applied in the plant design.
PSAR Section 7.2.2 discusses plant protection system (PPS)-control system
interaction. The CRBRP PPS will be co.-posed of two independent subsystems,
either of which will be capable of bringing the pl nt to a safe shutdown con-
ditio,

Further, these two subsystems will employ diverse trip functions for PPS activa-
tion. Therefore, for any design-basis transient, there will always be more
toan one trip function provided by these two totally independent subsystems to
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activate the PPS and te-minate the ensuing transient. Details of this design
are described in PSAR Sc~tion 7.2 and Table 7.2-2.

A wide range of bounding transients and accidents currently is beinr analyzed
to ensure that the postulated events would be adequately mitigated by the safety
systems. In addition, systematic reviews of safety systems have been performed
with the goal of ensuring that the control system failures will not defeat
safety system action. The worst conditions for each given type of transient
a-e assumed in the accident analyses. This information is provided in PSAR
C::apDer 15.

Th.. AFWS provides water makeup to the closed loops between the steam genera-
tore and the PACCs. The AFWS includes two motor-driven pumps and one steam-
turLine-driven pump.

7he -odium in the primary and intermediate systems of the HTS loops will always
te at temperatures well below the flash point. Thus, in the unlikely event of a
sodium pipe leak in any loop, there will not be a loss of heat removal capability
resulting from loss of coolant inventory through flashing. Also, degradation
of one loop will not affect heat removal capability in either of the other two
loops.

Thus, the plant configuration will provide multiple independent paths through the
heat transport system, which will contribute to the high reliability of the plant
systems for removing reactor decay heat. These capabilities are discussed in
PSAR Sections 5.6 and 5.6.1.,

In CRBRP there is an additional path for decay hest removal, the direct heat
removal service. This system provides a diverse heat removal path to yet
another redundant and diverse set of air-cooled heat exchangers. This is,
described in PSAR Section 5.6.2.

NRC's Position

The acceptance criteria for CRBR shutdown decay heat requirements are more
stringent than these for LWRs, namely, the probability of loss of all ultimate
heat sink must be sufficiently low so as to allow treatment of the consequences
of the event beyond the design basis. These consequences are discussed in
Appendix A of the SER. Principal design criterion (PDC) 35 on residual heat
removal has been developed for CRBR and contains requirements more conservative
than those for LWRs. In addition, the plant will be designed to remove decay
heat via natural circulation in the main HTS loops so that even a total loss of
offsite and onsite ac power will not prevent decay heat removal. The applicants
have also committed to perform a realiability risk assessment of the AFWS during
the operating license review.

Furthermore, the direct heat removal service goes a long way toward rr5rvn

US! A-45 for CP8RP. However, this issue has not yet been generically resvý'd
for LWRs. The staff will, therefore, reconsider this issue in the OL r(.%,t-.
The applicant should consider the applicability of the tWR resolution Im l'i

A-4s to the CRBR and provide justification in the FSAR that a c•.,(,. rr.! .r.
o' -.'Ety has been achieved. As noted in Appendix D, the PkA to t&' pe ---.f q
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by the applicants will include consideration of enhancements in the heat removal
capability.

B.12 SEISMIC QUALIFICATION OF EQUIPMENT IN OPERATING PLANTS (USI A-46)

Applicants' Assessment of Applicability to CRBR

This issue is not applicable to CRBRP. The issue is whather onerating plants
must be reassessed to ensure the adequacy of their seismic qua.ification of
ec.-Ve:nt. Construction of the project has not yet commenced and thus, it is
nc: art operiting plant. CRBRP resolution of USI A-40 ensures the adequacy of
se-smic design criteria applied to it.

NRC's Position

Trie NRC concurs with the applicants' assessment.

B.13 SAFETY IMPLICATIONS OF CONTROL SYSTEMS (USI A-47)

Applicants' Assessme-t of Applicability to CRBR

This issue is applicable to CRBRP. CRERP will depend on the proper function-
ing of control systems to maintain the plant in a safe condition for all normal
operations and accidents. This issue concerns the potential for transients or
accidents being made more severe as a result of control system failures or mal-
functions. These failures or malfunctions may occur independently or as a
result of the accident or transient under consideration.

Applicants' Suggested Resolution for CRBR

This issue has Deen technically resolved for CRBRP. Design features ensure tha*
control system failures will not prevent automatic or manual initiation and
operation of any safety system equipment required to trip tne plant cr to main-
tain the plant in a safe shutdown condition following any anticipated opera-
tional occurrence or accident. This will be accomplished by providing indepen-
dence and physical separation between safety system trains and between safety
and nonsafety systems. For the latter, as a minimum, isolation devices will
be provided. These devices will preclude the propagation of nonsafety equipment
faults to the protection systems.

NRC's Position

A number of concerns have been expressed regarding the adequacy of safety systems
in the mitigation of the kinds of control system failures that could actually
cccur at nuclear plants, as opposed to those analyzed in PSAR Chapter 15 safety
analyses. Although the Chapter 15 analyses dre based on conservative assump-
tions regarding failures of single control systems, systematic reviews have not
been reported to demonstrate that Multiple control system failures beyond the
Chapter 15 analyses could not occur because of single events. Among the types
of event5 that could initiate such multiple failures, the most significant are,
in thr staff's judgme.nt, those resulting from a failure or malfunction of power
suppl ies or sencors common to two or more contrcl systems. lo provide assur-
ance that the desicpn-ba-is event analyses adequately bound multiple control
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system failures, the applicants were asked to provide the fullowing informatinr.:

(1) Identify those control systems whose failure of malfunction could seriously
impact piant safety.

(2) Indicate-which, if any, of the contrul systems identified unde- Item (1)
receive powor from common power sources. The power sources considered
should incluce all power sources whose failure of malfunction could lead
to failure or malfunction of more than one control rystem ind sho-lI' ex-
tend to the effects of cascading power losses resulting from the failure
of higher level distribution panels and load centers.

(3) Indicate which, if any, of the control systems identified under Item (1)
receive input signals from common sensors, common h~drauli- headers or
common impulse lines.

Section 7 of this SER verifies that the design criteria for the control systems
will be such that simultaneous malfunctions of control systems that could result
from failure of a power source, sensor, or sensor impulse line supplying power
or signals to more than one control system will be bounded by the analysis of
anticipated operational occurrences in Chapter 15 of the Final Safety Analysis
Report.

B.14 HYDROGEN CONTROL MEASURES AND EFFECTS OF HYDROGEN BURNS ON SAFETY

EQUIPMENT (USI A-48)

Applicants' Assessment of Applicability to CRERP

1his issue is not applicable to CRBRP. Design-basis accidents within the CRBRP
containment will not lead to the generation of hydrogen. Accordingly, there
will be no effect of hydrogen burns that could impact the caDability of safety-
related equipment to perform its intended safety function. However, accidents
beyond the design basis involving hypothetical core disruptive accidents may
produce hydrogen as a result of sodium-concrete interactions. The control
and burning of the hydrogen from a hypothetical core disruptive accident is
addressed in the CRBRP Thermal Margin Beyond Design Basis (TMBDB) (Westinghouse,
CRBRP-3. Vol. 2). In the TMBDB scenario, the hydrogen is ignited in the con-
tainment atmosphere by sodium burning with the oxygen in containment. CPRBRP-3,
Volume 2, also demonstrates how containment integrity will be maintained.

NRC's Position

The staff agrees with this position. The control and burning of hydrogen from a
core disruptive accident is further discussed in Appendix A of this SIR.
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APPENDIX C

RELIA6ILITY ASSURANCE PROGRAM

.1 INTRODUCIION

The applicants have identifiea several activities which are under way or are to
Lt- performed as part of final design to enhance and a-sess the reliability of
ce-tain CRBRP systems considered important to safety and to estimate the risk
associated with CRBRP operation.

Tt.> objective o1 these reliability assurance activities, as stated by the
applicants in a January 11,.1983 letter (J. R Longenecker to P. S. Check,
#HQ:S:83:184), is to "provide additional assurance that the inherent reliabil-
ity in the CRBRP design concept is achieved and that the likelihood of exceed-
ing the offsite radiological dose guidelines.of 10 CFR 100 is acceptably low.
The overall aiming point of these activities is to ensure that the risk to the
public from CRBRP is comparable to that of a current LWR." This represents an
effcrt beyond that which is required for the licensing of an LWR and in the
staff's judgment is a positive step toward enhancement of CRBRP reliability.

Traditionally the reliability of. nuclear power plant safety systems has been
enhanced by the application in the design of the principles of:

(1) sincle-failure criterion
(2) redundancy
(3) diversity
(4) independence

For CRBRP these principles and requirements are specified in 10 CFR 50 and
the principal design criteria.

However, aFplication and implementation of 10 CFR 50 and th e design criteria
has been and continues to be guided by engineering judgment. Additionally,
reliance on operator action to terminate or mitigate accident conditions has
been minimized in CRBRP to limit, to the extent practical, the potential for
operator error.

More recently greater emphasis has been placed on more qualitetive and quanti-
tative attention to reliability and risk assessment as an adaitional tool with
which to improve designs and to assess the ris'# of plant &pe(ration. Major
developments in this area have been:

(1) Following the accident at Three Mile Island, Unit 2, a requirement for
each applicant to perform a probabiilistic risk assessment and factor the
results of this assessment into the design was issued in NUREG-0718,
"Licensing Requirements for Pending Applications for Construction Permit
and Manufacturing License," August 1981.
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(2) The current Standard Review Plan for the auxiliary feedwater system
(Section 10.4.9 of NUREG-0800) has included a requirement to demonstrate
that the reliability of the system meets certain quantitati .e goals.

(3) In Janua-y 1983 the NRC issued a policy statement on safety goals whicri
embody the principle of acceptable risk.

In the case of CRBRP, however, limited experience with the design and operationof similar facilities (relative to experience with LWRs) nas been accumulated.

Thus while there are no regulatory reziuirements (other than di-cussed above) to
conduct d reliability program within the licensing process, it is the staff's
.idgment that additional reliability assurance activities should be applied

t, CRBRP to compensate for the lack of an experience base comparable to-that
available for an LWR.

Tnn staff has reviewed the various activities outlined by the applicants in the
January 11, 1982 letter as contributing to the CRBRP Reliability Assurance
Program. As part of this review it was considered necessary to develop cri-
teria addressing what constitutes an acceptable Reliability Assurance Program
for CRBRP and against which the applicants' activities could be judged. The
criteria developed are considered as requirements for CRBRP and are discussed
in detail ;n Section 2.

The staff believes that the overall objective of the CRBRP Reliability Assurance
Program (henceforth called the Program) should be to evaluate and enhance the
potential safety-related reliability inherent in the application of 10 CFR 50
and the principal design criteria. This evaluatici and enhancement should
provide further assurance that the CRBR design will be capable of providing for
accident prevention, termination, and mitigation so that the likelihood of a
core disruptive accident or of exceeding i0 CFR 100 guidelines is extremely
low. In general terms, the activities under the Program shoul6 be performed to
ensure that the risk to the public from CRBRP is at least no greater than that
from a current LWR. It is envisioned that such a Program be conducted to pro-
vide reliability feedback information comprehensively during design, fabrication,
construction, and operation (including maintenance and surveillance testing) of
CRBRP. This feedback should also cause the plant design and operating, surveil-
lance, and maintenance procedures to be changed where considered appropriate.

As stated previously, the staff has developed criteria for the program specify-
ing the appropriate breadth and depth of activities to be performed. The appli-
cants' Program should be structured to meet these criteria. Further, the staff
intends to review the applicants' Program through aidits arid reviews of th&

,process and results to ensure that the overall objective is being met. Ihe
staff may perform independent reliability-oriented studies to gain additio,,a)
confirmatory understanding of the Program.. This latter activity is, however.
of secondary importance to the staff audits and revie-.s of the applicantc'
Program based upon traceable and auditable documentztion.

C.2 EVALUATION CRITERIA

In this section, the staff's c-iteria regarding whet constitutes an acceptable
ptogram are presented. These criteria define the nature and e.tert of the
P'rugran, irt broad terms.
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The staff in conjunction with its consultant, Science Applications, Inc., has
developed an outline of a comprehensive Program with the potential for assess-
ing and impacting CRERP reliability. The elements of this Program are de-
scribed below.: as criteria and are considered by the staff as requirements for
a reliability program for CRBRP.

Considering CRBRP characteristics, a unique set of evaluation criteria has been
defined for CRBRP. This set contains three elements:

(1) reliability information gathering
(2) feedback to design, operation, surveillance, and maintenance
(3) traceability and auditability

The following activities will generate reliability information:

(1) component level evaluations
(2) system level evaluations
(3) accident sequence level evaluations
(4) common cause failure analyses
(5) system interaction analyses
(6) equipment testing
(7) equipment qualification
(8) failure evaluation

It is the staff's opinion that the existence of these activities in appropriate
depth (as discussed later) ensures completeness of a reliability program. The
first three activities above--evaluation of the comporent, system, and Overall
accident sequence levels--ensures that potential malfunctions at all levels are
examined. The common cause failure analyses help provide assurance thet built-in
design redundancies and mitigative functions are not defeated by comnon environ-
mental factors, common support systems, or common initiating malfunctions.
System interaction analyses are needed to identify system malfunctions, which
may be acceptable by themselves, but which could propagate to other systems
with unacceptable consequences. Equipment testing is used in a developmental
program to verify design. In some cases component failure mode or failure rate
data can also b? generated. Equipment qualification is a standard reCuirement
for the nuclear industry to ensure performance unoer required environmental
conditions. Failure evaluation is a necessarY ingredient to ensure appropriate
design feedback and corrective action.

Given these activities of a program, the next essential step is to apply them
to the correct components, systems, features, and operational aspects of the
plant. In this regard the staff concluded that the Program should be applied
to those' systems anc features whose functions are necessary to prevent core
disruptive accidents and to ensure that the likelihood of exceeding 10 CFk 100
dose guidelines is acceptably low. It was judged that if these functions are
performed in a reliable manner, then the risk to public health and safety from
CRER operation would be acceptably low and comparable to that from an LWR.

The extent of the reliability activities perfcrmed for each system depý-nds upon
(1) whether or not the system has active components or features, (2) the accumu-
lated base of directly applicable experience in LWRs or other LMF*BR, (3) whtther
the system ie designed for prevention or mitigation, and (4) the judgt-d
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importance to protection of public health and safety. In ranking the CRBR sys-
tems the reactor shutdown and shutdown heat removal functions are considered
of primary importance, and thus those systems utilized in fulfilling these two
functions should receive emphasis in the Program. Furthermore, it was concluded
that both thE front line and support systems necessary to perform each function
and feature should be included in the Program. The functions and features
judged to fall in this category are:

(1) reactor shutdown
(2) shutdown heat removal
(3) coolant system boundary integrity
(4) fr--tures to prevent core flow blockage
(5) fe-tures to prevent failed fuel propagation
(6) containment
(7) spent fuel cooling
(8) active features to mitigate core disruptive accidents

In addition to the information-gathering activities mentioned above, the Program
includes two additional elements. Feedback to design and operation provides a
means of improving the design or operating, surveillance, and maintenance pro-
cedures should this be judged appropriate. Traceability and auditability en-
ables determination of the status and appropriateness of the Program. Each of
the three elements are discussed in the following soctions.

C.2.1 Content of Safety-Relatea Reliabil~ty Information-Gathering Activities

The set of activities for gathering information within the Program are described
in more detail below.

(1) Component Level Evaluations

Failure modes and effects analysis (FMEAs) are th2 basic tools of reliability
evaluations applied at the component (pumps, valves, sentors, and so forth)
level which form the foundation upon which higher level evaluations are built.
Emphasis regarding FMEAs should be placed on components unique (or unique in
application) to CRBRP or thosE components for which a statistically significant
reliability data base has not been established. Documented reliability data
from previous experience can be used in connection with or instead of FM[As.
Components of this nature which are incorporated in the reactor shutdow, -!

shutdown heat removal functions are of primary i -ce. Component fa- ts
critical to operational success should be systpme' -¼ identified and •,&-
ated as to both severity and likelihood of occLr. *-'4 t: vincipal c.", cf
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Based on this two-step process, the cut sets can be screened to determine
the extent and significanc, of common cause events.

For spEcific common cause events, especially external events, a two-phase proc-
esS is useful in which the first phase bound- the problem and checks its signif-
icance., Srould this preliminary study indicate that one or more accident
sequences may contribute to the risk in a significant manner, a more detailed
analysis to ascertain its risk significan-e more realistically may be warranted.
The output from CCFAs should be a system by system comprehensive list -of common
cause failures and should feed into the system and accident sequence evalua-
tions. Althouch CCFA is inherently part of component, system, and accident
level evaluation, it is highlighted as a separate criterion to emphasize its
inclusion in the ov2rall program.

(5) Systems Interaction ýnalyses

One or more independent components or components of a redunda-t ,.•upin3 of
components may fail or become more unreliable-because of the interact;on with
other adjacent or nearby system failures. For example, a high-energy-feed-l*-2
or steamline break coold cause rotating machinery in proximity to fail, or a
nonseismically qualif;ed structure adjacent to one train of a seismically
qualified system might collapse on the train degrading the system's redundancy.

Although consideration of these dependency conditions is made during design and
construction, an organized approach to reviewing the facility or potential
systems interaction is warranted. The methods employed may use appropriate
lists of component cut sets found in the syt.em and accident sequence level
evaluations and the common cause failure derived in the CCFA. In-plant walk-
throughs on a compartment basis are needed to check the potential of systems
interaction causative factors such as seismic and high-energy-line breaks. A
program to accomplish the above should be developed with the output being a a
comprehensive list of potential interactions. This information may also be
used as input to the system and accident sequenrce evaluations. A generic
investig3tion of systems interaction is being pirsued by the staff for LWRs,
and a discussion of the relation of this program to CRBR is provided in Appen-
dix B of this SER.

(6) Equipment Testing

Testing should be performed at the component and subsystem !evEl to explore
failure modes, equipment performance, and extended limits of operation in a
qualitative reliability sense. Accelerated life testing can be employed to
provide early feedback concerning potential failures. A test program should be
developed and documented which provides data to demonstrate performance and
support reliability assumptions. Emphasis regard;ig equipment testing should
follow the guidelines as described under component-level evaluations. Namely,
emphasis should be placed on equipment unique (or unique in application) to

R•3RP. Well-documented reliability data can be used in conjunction with or in
lieu of equipment testing. Equipment associated with the reactor shutdown
system or shutdown heat removal system are of primary importance. In addition,
it is expected that the natural circulation and direct heat removal service
(DHRS) testing described in S-ction 4.4 of this SER will also contribute to the
overall plant reliability assessment.
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(7) Equipment Qua'ification

Qualification should be conducted to ensure that components and systems can
perform their intended safety functions under the anticipated service ccndi-
tions in which they are required to perform. Section 3 of the SER provides the
staff's evalu:tion of the applicants' Equipment Qualification Program.

(8) Failure Evaluation

Prced...es should be established to provide assurance that the cause and mode
of each failure during development and operation of CRBRP are identified, that
the potential safety and availability implications are evaluated, and that
corrective action is taken.

Although Quality assurance is not a reliability-gathering activity as defined
in this Program, it is an integral part of reliability assurance and should be
considered in the applicants' evaluations. Section 17 of the SER discusses the
staff's evaluation of this prog-am.

Considering the above activities and the various safety functions and features
in CRBRP, a matrix showing specific elements, which in the staff's opinion are
required for each function, is shown in Figure C.1.

C.2.2 Feedback to Design, Operation, Surveillance, and Maintenance

The above activities will provide a large and varied amount of reliability-
oriented information regarding the safety functions of CRBRP.

The second element of the Program is that this information must be fed back
into the desion, operation, surveillance, and maintenance documentation in time
to support final design as well as remain in place during tVe iifetime of the
facility as a tool with which future changes and the impact of operating experi-
ence can be assessed. As a result of this requirement, there will be a nunmter
of decisions to be made by the applicants regarding whether changes should be
implemented. Thus, there is a need to ensure that the process by which the
information is fed back into the design and the criteria or rationale used to
control this process are documented and auditable. The key criteria to be used
by the applicants to determine whether or not design chen;es will be-implemented
need to be documented. Generic criteria applicabl -- :act wide are preferred
with additionel considerations or criteria in e -c-*ise basis. For examplE,
specific reliability information may be comp:-ec •. the pror.cipal desigr
criteria, against comparable performance in moder,, _IRs, or aqdinst NRC's safety
goals. Further, the reliability information may be compared internally to
identify specific large zontributors to risk. The probabilistic risk assess-
ment may also be an acceptable tool to help guide judgments regarding design
and operational improvements. In any event, the final decisions will be based
on engineering judgment using some of ýhe above or other :onsiderations as
appropriate. Regardless of the specific considerations utilized, it is impor-
tant that the applicants provide clear documentation to assist the staff in
understanding these considerations and how they are applied in the feedback on
the design, operation, surveillance, and maintenance of CRBRP.
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C.2.3 Tra-eability and Auditability

The third element of the Program, traceability and auditability, allovis deter-
minaticn of the reliability function performed and vErification of the appro-
priateness of its performance. This element requires clear documentation of
all elements of the Program. The staff desires documentation of the Prograý.
plan before the operating license review so that the program can be audited
before completion of final design.

An example of a required traceable, auditable function would be performance
tests of reactor components. Documents must be available indicating the tests
performed, the test conditions, and the test results.

C.2.4 Schedule Requirements fo- Program

The basic design features of the plant which contribute to reliability are those
of redundancy, diversity, and independence of safety equipment. These are
established by the principal design criteria and construction permrit review.
The intent of this Program is to enhance and evaluate the reliable performance
of the plant safety functions. It is the staff's judgment that implementation
of the Program should be on a time scale which allows impact on design, opera-
tion, maintenance, and surveillance, if the results indicate change is warrantr,.

It is also the staff's judgnient that this Program should not end at the comple-
tion of final design, but rather, should continue through,-ut the life of the
plant as a tool for assessing the impact and acceptabiiity of plant design and
procedure changes and the impact of plant operating experience on overall plant
risk.

The applicants' schedule for implementing the P-ogram consistent with the above

is required.

C.3 APPLICANTS' RELIABILITY ASSURANCE PROGRAM

The applicants' overall Reliability Assurance Program was outlined in a letter
dated January 11, 1983 (J. R. Longenecker to P. S. Check, #HQ:S:83:1B4). This
letter describes all of the efforts under way by the applicants to ensure
reliable plant operation. The applicants' Program is composed of the following
elements:

(1) Design approaches used in ensuring reliability--this includes design
reviews, development, and environmental qualification testing, quality
assurance, and safety analysis.

(2) The Safety-Related Reliability Program for the reactor shutdown system
(RSS) and the reactor residual heat removal system (RRHRS) as described in
Appendix C of the PSAR.

(3) The probabilistic risk assessment (PRA) for the entire plant as described
in Appendix J of the PSAR.

(4) Key systen reviews--review of the interfacing and safety aspects of all
systems required for reactor residual heat r•7,oval. The review cons.idvrs
failure modes and effects, operatio.i, r-aint(,.ance. arid testirp. h !1
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reviews are documented in a letter from J. R. Longenecker to P. S. Check,
dated February 19, 1982 (#HQ:S:82-005).

(5) Systems interaction analysis--review of plant systems associated with
maintaining high plant availabil~ity.

(6) Equipment testing--includes development testing on first-of-a-kind corr-
pcnEnts to verify their performance. Is not intended to deVe'lop a statis-
tical data base but may~identify failure modes.

(7) Equipment qualification--a test program designed tc qualify safety-related
equipment to the environment and conditions under which it has to perform.
This progranm is documented in Westinghouse report WARD-D-0165, "CR6R Re-
quirements for Environmental Qualification of Class 1E Equipment.."

(8) Failure evaluation--a program for the evaluation of failures resulting
from the Equipment Testing Program.

(9) Quality assurance program--the applicants have described an approriate
quality assurance program including the following programmatic practices:

(a) program management
(b) design control
(c) procurement control
(d) manufactoring ar'd construction control
(e) operation control

and the following work-oriented practices:

(a) inspection
(b) examination
(c) testing

Details of the quality assurance program are included in Chapter 17 of the PSAR.
i

For a more detailed description of the applicants' program, the reader is re-
ferred to the documents referenced in this section.

C.4 ASSESSMENT OF APPLICANTS' PROGRAM

The applicant's Program, as outlined in the January 11, 1983 letter, contains
many of the activities described in the staff's criteria in Section 2. Addi-
tionally, the applicants have reviewed the staff's-criteria and have committed
to revise their Program to comply with all of the staff's criteria (see letter
J. R. Longenecker to J. N. Grace, "CRBRP Reliability Assurance Program," dated
March 2, 1982, HQ:S:83:229). Based upon this commitment, the staff c,ncludes
that the applicants' Reliability Assurance Program is acceptable for a con-
struction permit.

As part of the assessment of the reliability of those systems and features that
prevent CDAs, it is essential that the effect of human error be considf-ed, In
this regard it is suggested that, as part of this program, the beieftit of main-
taining diversity in the operation, surveillance, arid maintenanuie of th(;of (

diverso* plant systems associated with prevention of CbAs be explor-.d. I rr;i ir.
taining diversity in this area would contributt, S iyi cIont.1)" to maiirlla ir,'3r
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the reliabii-ty of the functions, then it is suggested that this diversity be
adopted in the plant operating philosophy or justification be provided as to
why this is not desirable.

Because oi- the unique nature of this Program it is the staff's goal to work
with the applicants to ensure development of a meaningfui well-documented
Program which can be used by both the applicants and the staff as a tool in
assessing CRBRP reliability and risk.

It is the staff's plan that as design proceeds and the applicants' activities
are further defined and implemented, the staff will periodically audit the
Reliability Assurance Program to determine if it is accomplishirg the intent of
the above criteria and is being implemented in a fashion which contributes to
the reliability of CRBRP.

CkbE REAC.TOR St'UTDOWN COOLANT PRE vENT|ION PREVENT.OH ýOWTAIeNfNT EVST HEAT BtY(Wi
.AfETY SHI iLlW HEAT SYSTEM OF CORF FLOW OF FAIL[DN RAE jVAL WA¶..I

"-, FUNCTIONS REMJVAL BOUNDARY BLOCKAGL EU'-L f tAI UlPk~ou km INT[Gk !TY PROPAGAT 1ON

ALIIVITIES I' (2) (3)

COMO-UNI NT LEVEL
EVAi UATIONS x x x x x

SYSTEM LEVE!.
[WALUATI ONS x () x (6)

ACCILANT ,EM S uEN
LEVEL IvAiUATI.mS ( I (s) x (6)

(.LIPtJ4A LAU'E
F'ILU(<L ANAl Y',IS x I I (6)

SYT',I[Mt INtT,,AC]IJN

ANA sis x xs) x I 1 (6)

tQ'IFIMIN1 ESIING (4) X x 1 1 A

EUIPIHI17 Q (tLAI IFICA710N x I x x

FAI L IVAI (AIION i ( x

NOTE,:
(1) The applicable front line and support systems for each function heading

are those that are necessary to fulifill the specific safety function.
(2) Leak detection system is an active part of this function.
(3) Delayed neutron detection system is an active part of this function.
(4) Reliability testing of passive features is riot required.
(5) Not reqtuired because these features are not a system.
(6) Not required because reliability emphasis shouid be on systems which

prevent core disruptive accidents.

'i,;ore C.. ,lIdAi ty Ia surance proqra,, art. ivitj i,:,
requirtd fur •'Ca h saf(.ty fu',,I ioh

I it S I P C-10



1

APPENDIX D

PROBABILISTIC RISK ASSESSMENT --

CLINCH RIVER BREEDER REAC TOR PLANT

D.1 INTRODUCTION

The CRBRP Probabilistic Risk Assessment is one of the principal components of
the'applicants' Reliability Assurance Program. The PRA provides a mechanism
for integrating the deterministic analyses (e.g., failure mode effects analysis,
common cause failure analysis) into a complete mooel of the plant that can be
used to obtain an understanding of the relative importance of i-dividual systems
and components to overall plant reliability and risks.

Since the Reactor Safety Study (published as WASH-1400, now NUREG-75/014) was
performed in the early 1970s, probabilistic risk assessment (PRA) has increas-
ingly been accepted as a means of assessing relative risks in nuclear power
plant operations. One of the earliest such safety studies, after WASH-1400,
was published as "CRBRP Safety Study, An Assessment of Accident Risks in the
CRBRP," CRERP-1, March 1977 (a Westinghouse document now out of date and not a
docketed item). Acceptance of PRA has since reached the level where. in "Li-
censing Requirements for Pending Applications for Construction Permits and
Manufacturing License," NUREG-07i6, Revision 1, June 1981, Requirement 1I.B.8(1)
states:

Applicants shall: (1) commit to performing a site/plant-specific
probabilistic risk assessment and incorporating the results of the
assessment into the design of the facility. The commitment must
include a program plan, acceptable to the staff, that demonstrates
how the risk assessment program will be scheduled so as to influerce
system designs as they are being developed. The assessment shall be
completed and submitted to NRC within two years of issuance of the
construction permit. The outcome of this study and the NRC review
of it will be a determination of specific preventive and mitigative
actions to be implemented to reduce these risks. A prevention
feature that must be considered is an additional decay heat removal
system whose functional requirements and criteria would be derived
from the PRA study.

It is the aim of the Commission through these Assessments to seek
such improvements in the reliability of core and cortainment heat
removal systems as are significant and practical and do not impact
excessively on the plant. Applicants are encouraged to take steps
that are in harmony with this aim.

D.2 PRA PR GRAM PLAN

The applicants have prepared a probabilistic risk assessmeTht program plan
which was submitted in June 1982 and is incorporated into the PSAR as Appen-
dix J. The program plan has been reviewed and found to be a responsive plan
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to meet the NUREG-0718, 11.8.8 requirement. ThL plan includes what is, in the
terminology of the PR,P Procedures Guide (NUREG/CR-2300), a Level III PRA, that
is, an in-depth PRA.

Major tasks under this part of the plan include "initiator development, plant
mudel development and quantification, core and containment accident mcoeling,
and analysis of offsite consequenres. Plant model development and quantifica-
tion include system finctional event tree develcpment, fault tree development,
analyses of plant response, accident sequence quantification, uncertainty anal-
ysis, and common cause failure analysis. Under core and containment accident
modeling are the development of phenomtnological event trees and the evaluation
of source terms.

Other tasks in the program plan, which support application of the PP.A, are the
deveiopment of operator action event trees, an assessmEnt of the effectiveness
of design variations including consequence mitigation features, adaptation of
the study to a continuing risk management program, providing input to site
emergency procedures, and studies which aid in understanding the plant, such
as evaluating sensitivities to testing and maintenance intervals.

D.3 PROGRAM PLAN IMPLEMENTATION

This PRA eTfort was begun about June 1981; the schedule calls for a final
report in December 1984.

The PRA effort has been subdivided into two phases. Products from Phase I are
a list of initiating events, a set of system cvent. trees, a set of phenomeno-
logical event trees with heat transport states anu success criteria, a package
of fault trees with the data base for quantification, quantification of dominant
accident sequences, a depend:ncy analysis, and a sensitivity analysis. The prod-
ucts of Phase I were delivered in early February 1983.

Phase 11 Part A of the PRA effort includes review and validation of Phase I,
Dlus the tasks remaining to satisfy Level III PRA requirements of the PRA
Procedures Guide, NUREG/CR-2300. This includes the radionuclide release, health
consequence and risk analyses, the uncertainty analysis, and the common cause
failure analysis. Phase II Part B consists of PRA application tasks including
adaptation of the PRA to the continuing risk management program, in which appli-
cation of the PRA can cortinue through the operating life of the plant.

The applicants had under contract for Phase I, for the accident sequence defini-
tion and q.antification, EG&G of Idaho, assisted by Wood-Leaver & Associates,
mnr. The firm of Fauske & Associates, Inc. was under contract for the accident
process analysis.

The Technology for Energy Corp. (TEC) of Knoxville, Tennessee, was awarded the
contract for Phase II of the PRA. The results of Phase I have been transferred
to TEC.

D.4 NRC REV17W

The staff is conducting a review of the applicants' PRA effort in which the
staff maintains Lognizance of applicants' ongoing efforts and provides review
and comment for product documents at various stages of their development. the
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review effort is being conducted with contracted assistance from Science Appli-
cations, Inc.

Activities of the review effort include contin',cd monitoring of the ongoing PRA
efort by review of the PRA products and by participating in interaction meet-
ings with the applicants, detailed review of specific major elemefiLs of the
study, and integrated review of the overall PRA. !he applicants have committed
to interactive meetings to convey early information on methodology and interim
results to faLilitate the staff review.

Other efforts by the staff related to the review of the PRA are the performance
of selected independent assessments, that is, a risk reduction feasibility study
of selected modifications to CR6RP safety systems, and a preliminary estimate
cf release frequencies for CRBRP potential core disruptive accidents.

D.5 FUN[CTIONS OF THE PRA

D.5.1 Principal Functions

In addition to its primary function in the CRBRP Reliability Assurance Program
as the integrated plant model used to deterimine the relative importance of
individual systems and components to plant reliability and safety, the principal
functions of the PRA are (1) to identify specific preventive and mitigative
actions to reduce risks, (2) to feed back to the facility design process infor-
mation which can permit any identified cost-eftective risk reduction to be
incorporated in the design, (3) to feed back to the relialil~ty program any
information needs that the reliability program can provid2 toward improved risk
management. In addition, the PRA establishes the foundation znd frzmiework for
a continuing risk management program as an aid to plant operatiois.

D.5:2 Safety Objective and Safety Goals

In the "Final Environmental Statement Related to Construction and Operation of
Clinch River Breeder Reactor Plant," NUREG-0139, February 1977, Apper-cix 1, is
a letter of May 6, 1976, in which the following, concerning a safety oojective,
was stated:

We use the further safety objective that there be no greater than one
chance in one million per year for potential corsequences greater
than the 10 CFR 100 dose guidelines for an individual plant, for
example, CRBR; this is a design objective rather than a fixed number
which must be demonstrated for a given plant.

This safety objective has been used as an "aiming point" in the safety review
of CRBRP.

However, the Commis'sion will issue a Policy Statement on Safety Goals for the
Operation of Nuclear Power Plants in the Federal Register. In this Policy
Statement the Commission will set forth:

(1) Two qualitative safety goals:
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* Individual members of the public should be prcvideu a level of
protection from the consequences of nuclear power plant operation
such that individuals bear no significant additional risk to life
and health.

Societal risks to life and health from nuclear power plant opera-
tion should be comparable to or less than the risks of gEnerating
electricity by viable competing technologies and should not be a
-<gnificant addition to other societal risks.

(2) A cost-benefit guideline:

The benefit of an incremental reduction of societal mortality risks
should be compared with the associated costs on the basis of $1,000
per person-rem averted.

(3) Three quantitative design objectives:

The risk to an average individual in the vicinity of a nuclear power
plant of prompt fatalities that might result from reactor accidents
should not exceed one-tenth of one percent (0.1%) of the sum of
prompt fatality risks resulting from other accioents to which mem-
bers of the U.S. population are generally exposed.

The risk to the population in the area near a nuclear power plant of
cancer fatalities that might result trom nuclear power plant opera-
tion should not exceed one-tenth of one percent (0.1%) of the sum
of cancer fatality risks resulting from all other causes.

The likelihood of a nuclear reactor acrident that results in a large-
scile core melt should normally ". less than one in 10,000 per year
of reactor operation.

These three quantitative design objectives have been taken by the staff as a
candidate to replace the earlier safety objective. Conceptually, PRA can pro-
vide'results to compare with the o,antitative design objectives. The Conmission
recognized that "because of the sizable uncertainties still present in the
methods and the gaps in the data base... [for PRA]... the design objectives
should be viewed as aiming points or numerical benchmarks which are subjected
to revision." The CRBRP PRA can, however, be of v:lue in indicating whether
tnese "aiming points" are being adequately approached.

The qualitative safety goals supported by the quantitative design objectives
have been adopted by the Commission for use during a 2-year evaluation period.
They "will not be used in the licensing process or be interpreted as requiring
the performance of probabilistic risk assessments during the evaluation period.
The goals and objectives are also not to be litigated in the Commission's hear-
ings." lf following the 2-year evaluation period, the Commission should elect
to-extend implementation of the qualitative safety goals and Quantitative
design objectives to specific cases, for example, CRBRP, the CRURP PRA will
facilitate such further implementation.
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D.5.3 Statement of Interim Policy

The Commission's statement of interim policy regarding nuclear power plant
accident considerations under the National Environmental Policy Act of 2969
(45 FR 40101, June 13, 1980) requires environmental impact statements to
"include a reasoned consideration of the en.•ironmental risks (impacts) attrib-
utable to accidents at the particular facility" in which ":pproximately equal
attention shall be given to the probability of occurrence of releases and to
the probability of occurrence of the environmental consequences of those
releases." The statement of interim policy is applicable to environmental
impact statements rather than to the safety review, and its requirements are
met by the scoping analysis of the risks of accidents at CRBRP which tile staff
provided in Appendix J of the "Supplement to Final Environmental Statement
Related to Construction and Operation of Clinch River Breeder Reactor Plant,"
NRFG-0139, Supplement No. ], Vol. 2, Cctcber 1982. The Appenlix j analysis
showed the risk to be similar to that from LWR plants and acceptably low. The
Appendix J analysis is independent of the PRA being performed by the applicants;
however, the PRA is expected to confirm the results and conclusions of the
Appendix J analysis.

D.6 REFERENCES

U.S. Nuclear Regulatory Commiss;on, NUREG-75/014 (formerly WASH-1400), "Reactor
Safety Study, An Assessment of Accident Risks in U.S. Commercial Nuclear
Power Plants." The Rasmussen Report, Oct. 1975.

NUREG-0139 "Final Environmental Statement Related to Construction and
Operation of Clinch River Breeder Reactor Plant," Feb.. 1977; Supplement
No. 1, Vol. 2, Oct. 1982.

--- , NUREG-0718, "Licensing Requirements for Pending Applications for Con-
struction Permits and Manufacturing License," Rev. 1, June 1981.

--- , NUREG/CR-2300, "PRA Procedures Guide: A Guide to the Performance of Proba-
bilistic Risk Assessments for Nuclear Power Plants," Jan. 1983.

--- , "Statement of Interim Policy Regarding Nuclear Power Plant. Accident
Considerations Under the National Environmental Policy Act of 1969"
(48 FR 40101, June 13, 1980).
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APPENDIX E

CHRONOLOGY

October 11, 1974

November 14, 1974

November 19, 1974

November 27, 1974

December 19, 1974

December 27, 1974

February 14, 1975

March 31 &
April 1, 1975

April 10, 1975

April 11, 1975

April 11, 1975

April 15, 1975

April 16, 1975

Project Management Corporation (PMC) and Tennessee Valley
Authority (TVA) tender application, Chapter 2 of the
PSAR (Vols. I and 2) and Environmental Report (ER) (Vols.
1-3), for license to construct and operate the Clinch
River Breeder Reactor Plant (CRBRP).

Summary of meeting with PMC to discuss the design too be
presented in the PSAR.

Letter to PMC rejecting the ER for lack of sufficient
information and requesting additional information.

Letter to PMC requesting additional information on site
hydrology.

Site visit by staff, PMC and their consultants, and State
of Tennessee.

Summary of meeting with PMC, TVA, GE, and EPA on
December 12, 1974 to discuss scram reliability.

Summary of meeting with PMC, Westinghouse, GE, and ERDA
on January 23, 1975 to discuss core disruptive accident
analysis.

Site visit by staff, P<C. and TVA.

Letter to PMC advising that addit-o½al material sub-
mitted to satisfy major deficiencies in ER and Chapter 2
of PSAR are acceptable for staff review.

Application docketed.

PMC submits PSAR (Vols. 3-10) for a -1t.dr,.e rniew

Summary of meeting with PMC, GE, wtinqh.se, and TVA
on March 16, 1975 to discuss tre re;iibility of systeats
designed to remove decay heat from C.2..

Summary of meeting with PMtC, ERDA, a-d Wc.stinqhgt:se on
March 20, 19W5 to discuss gceneral desigrn criterie.
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May 5. 1975

June 5, 1975

June 11, 1975

June 11, 1975

June 12, 1975

July 17, 1575

July 28, 1975

July 31, 1975

August 8, 1975

August 22, 1975

August 25, 1975

August 27, 1975

August 29, 1975

September 2, 1975

Summary of meeting with PMC, Westinqhouse, and L')A on
April 16, 1975 to discuss I'MC s prcq;-ess i; the area cf
radiological source terms for routine releases.

Letter Lo PMC accepting PSAR and requesting adJitional
information.

Summary of meeting with PMC, GE, and W-stinghouse on May
30, 1975 to discuss information neededC for Environmental
and site suitability reviews.

Letter to PMC requesting additional information on site

suitability evaluation.

Notice of Hearing issued (40 FR 25708, June 18, 1975).

ACRS Subcommittee meeting to develop information for
consideration of its review of the application.

PMC submits Amendment 1 to the PSAR, consisting of re-
sponses to requests for additional information.

Svmmary of meeting with PMC, Westinghouse, GE, and ERDA
on July 1-, 1975 to discuss the status of source terms
for site suitability accidents.

Summary of meeting with Natural Resources Defense Coun-
cil on July 14, 1975 to discuss and clarify the scope
and status of the radiological and environmental reviews.

Summary of meeting with representatives of the Oak Ridge
Gas-ous Diffusion Plant on July 16, 1975 to discuss pos-
tulated releases of toxic znemicals which could adversely
affect operation of the-plant.

PMC submits Amendment-2 to the PSAR, consisting of re-
sponses to requests for additional information.

Letter to PMC clarifying staff's presentation at
July 17, 1975 ACRS Subcommittee meeting relative to pre-
liminary vadiological dose assessments on the context
of suitability of the proposed site for other reactor
types as well as for the CRPRP.

PMC submits Amendment 3 to the PSAR consisting of addi-
tional responses to requests for information and site
suitability source term for the parallel desilri;

Summary of meeting vith ERuA and Westinchous(, or
August 14, 1975 to clarify staff cnn~nts made at pre-
vious mcetings in the matter of requirements for an LWA,
with emrutiasis on radiological site suitahi-it.y.
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Sep~ember 12, 1975

October 6, 1975

October 6. 1975

October 8, 1975

Octuber 17, 1975

October 23, 1975

October 24, 1975

Ortober 29; 1975

November 4, 1975

November 7, 1975

November 13, 1975

November 18, 1975

November 20, 1975

November 26, 1975

Summary ol meeting with ERDA and consultants on August 15,
iJ75 to discuss the safe sr-utJown earth-uate &d t[;:
intensity-acceleration relationship for the plant.

PMC submits Amendment 4 to the PSAP, consisting of the
site suitability source term for the reference design.

Letter to PMC requestirg aolitional information on codes
and referen.es cited ir, the PSAR.

PMC submits Amendment 5 to the PSAR consisting of updated
appendices for the primary pipe rupture fallý-ack system
and the core disruptive accident accommodation.

Summary of meeting with ERDA and Westinghouse on
August 19, 1975 to discuss current views on apparent
critical areas under discussion between PMC and staff,
with specific attention to the needs and requirements
associated with staff decisions on an LWA.

Summary of meeting with ERDA on September 12, 1975 to
discuss the seismic design analysis.

PMC submits Amendment 6 to the PSAP consistino of
responses to requests for additional intormation and
additional design information.

Lette to PMC concerning the estabiishment of a review
sci,-.ile.

tter to PMC requesting additional information on the
?renre design.

Meeting with ERDA to discuss pzping integrity and asso-
ciated fracture mec;.•.nics sturt4s.

PAC submits Amendment 7 to the PSAR consistino of
responses to requests for additional information and an
updated seisnmic modpi.

Summ~ry of mpeting with PMC, ERDA, Westinghouse, and
Burns and Roe on October 21, 1975 Lo discuss th. quality
.assurance program.

Letter to PMC reqoesting additional informatioi.

PMC submits an updated shutdowi. iystem reliability

assessment.

Summary of meeting with PMC, [RDA, Westingchouse, arid PNL
consultants on November 6, 1975 to discuss fuel design
and fuel design limits.
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December 3, 1975

December 4, 1975

December 5, 1975

necember 5, 1975

December 11, 1975

December 11, 1975

December 17, 1975

December 17, 1975

December 18, 1975

December 20, 175

December 30, 1975

January 9, 1976

January 9, 2976

Jdanuary 2b, 1976

Summiry of meeting with ERDA and PMC on November 5, 1973
to discuss safety system classifications ard to clarify
PMC's interpretation of seismograph traces recorded at
ORNL during injectio.i well operations.

Letter to PMC providing additional clarification of the
requests for additional information of October 29 and
November 18, 1975.

Summary of meeting with State and local officials on
September 17, 1975 to discuss iheir specific concerns
with the CRBRP.

Letter to PMC requesting additional information.

Summary of meeting with ERDA and Westinghouse on
November 14, 1975 to discuss ERDA-sponsored efforts to
quantitatively assess the containme:rt thtermal margins in
the reference design.

PMC submits Amendment 8 to the PSAR, consisting of
responses to requests for additional information, a new
Appendix 2-C to Chapter 2 incorporating test grouting
program report, and revisions to the quality assurance
program.

PMC submits Amendment 9 to the PSAR, consisting of
responses to requests for additional information.

PMC submits progress report, "Summary of CRBRP Inherent
Retention Analysis," p.roviding scoping analysis of
Class 9 events for the reference design.

PMC submits a topical report on piping integrity in the
primary heat transport system.

Letter to PMC requesting additional information on
parallel design features.

PMC submits Amendment 10 to PSAR, consisting of respcnses
to requests for additional information.

Letter to PMC advising of the design criteria which will
be used by NRR staff in review of the application.

PMC submits a reliability plan for activities which
ensure that core disruptive accidents are of suffi-
ciently low probability to be excluded fror. the design
basis.I

PMC sumbiti Amendment 2] to the PSAR, consisting of
responses to requests for additional infurmrri~ior; and

WARD quality assurance plans.
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January 15, 197F

January 21, 1976

January 23, 1976

January 27, 1976

January 28, 1976

January 28, 1976

January 28, 1976

January 29, 1976

January 29, 1976

January 30, 1976

February 2, 1976

February 6, 1976

February 9, 1976

February 18-19,,1976

February 20, 1976

February 20, 1976

PMC letter furnishing responses to questions on the
inuustrial security plan (proprietary).

Summary of meeting with PMC, ERDA, and Westinghouse on
November 13, 1975 to discuss the scope and content of
the reliability assessment of the reactor shutdown
system.

Summary of meeting with PMC, ERDA, and Westinghouse on
January 13, 1976 to discuss la:k of adequate PSAR docu-
mentation for R&D in support of CRBRP.

PMC submits report, "Update of the Preliminary Reliabil-
ity Prediction for CRBRP Shutdown Heat Removal System."

Letter to PMC requesting GROWS, SP:LAY, FXVARI, ANSYS,
TRANSWRAP, PLAP, AND SOFIRE computer codes.

Letter to PMC requesting additional infornmation on the
possible use of land near the site not presently iden-
tified in the PSAR.

Letter to PMC requesting additional information Loncern-
ing injection well activities at ORNL.

PMC letter advising that NRC recommended revision to GDC
is acceptable for the appl;cation and submitting recom-
mended clarification for GDC 15, 27, 29 ad 35.

Letter to PMC advising of staff position on defining
PSAR terminology important to the review.

PMC Submits "Interim Status Report on Inherent Retention
Capabilities of the CRBRP," dated January 1976.

Summary of meeting with PMC and ERDA on January 22, 1976
to discuss the site suitability source term.

PMC submits Amendment 12 to the PSAR, consisting of
responses to requests for additional information.

Summary of meeting w;th PMC, ERDA and Westinghouse on
January 16 to discuss NRR staff questions or: the paral-
lel design.

ACRS Subcommittee meeting.

PMC submits Amendment 13 to the PSAP, consistinc; of
responses to requests for additional inforniatior.

PMC submits onsite meteorology and X/Q calculation.



February 26, 1976

March 3, 1976

March 5, 1976

March 5, 1976

March 8, 1976

March 9, 1976

March 12, 1976

March 21, 1976

March 22, 1976

April 1, 1976

PMC submits response to staff question concerning the
safe shutdown earthquake.

Summary of meeting with ERDA on February 5, 1976 to dis-
cuss system safety classification, design criteria, and
piping failure outside containment.

Summary of meeting with ERDA on February 3, 1976 to pre-
sent current understanding of accident energetics and
its basis and current and/or future R&D aimed at improv-
ing this understanding.

Letter to PMC providing the results of staff assessment
of their proposed revisions to safety classification and
design criteria discussed in the February 2, 1976 meeting.

PMC submits Amendment 14 to the PSAR, consisting of
responses to requests for additional information and new
general arrangement drawings.

Letter from PMC transmitting WARD-D-0033, "Preliminary
Thermal and:Hydraulic Evaluations in the Ievelopment of
the CRBRP Primary Control System Design."

PMC submits response to NRC position on site suitability
source term.

Meeting with ERDA to discuss injection well activities.

Letter to PMC requesting referenced report used as basis
for analyses regarding turbine failure and appropriate
turbine missile protection.

Letter to PMC setting forth areas of disagreement relat-
ing to the Lore disruptive accident and energetics dis-
cussed at February 3, 1976 meeting.

April 1, 1976 PMC submits Amendment
responses to requests
Appendix F to Chapter
assurance program.

15 to the PSAR, consisting of
for additional information;
17; and description of S&W quality

April 9, 1976

April 14, 1976

April 19, 1976

PMC submits report on turbine missile data in response
to NRC request dated March 22, 1976.

PMC submits Amendment 16 to the PSAR, consisting of re-
sponses to requests for additional information,

Summary of meeting with ERDA on March 5, 1976 to discuss
sodium fire codes SPRAY, CACECO, and SOFIR1.
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April 19, 1976

April 19, 1976

April 22, 1976

April 23, 1976

April 30, 1976

April 30, 1976

May 6, 1976

May 6, 1976

May 13, 1976

May 14, 1976

May 20, 1976

May 24, 1976

May 25, 1976

May 27, 1976

May 27, 1976

Summary of meeting with PMC on March 11, 1976 to discuss
the intensity rating of the maximum historical earthquake
and selection of the attendant design ground acceleration.

Summary of meeting with PMC on March 19, 1976 to discuss
meteorology.

PMC submits report, "Third Level Thermal Margins in the
CRBRP."

Letter to PMC expressing concern regarding their intent
and/or capability to document information so as to expe-
dite the resolutiun of technical issues.

PMC submits Amendment 17 to the PSAR, consisting of
responses to requests for additional information, and
updates to Chapter 17.

PMC submits Amendment 18 to PSAR, consisting of addi-
tional features to provide additional margin in the
reference design.

Letter to ERDA (Denise to Caffey) providing comments and
guidance on the overall approaches being evaluated and
requesting their response.

ERDA, PMC and TVA submit Amendment 1 to the Clinch River
application to reflect the realignment of responsibilities
of the several participants in the project. (ERCA
becomes the lead participant.)

ERDA submits Amendment 19 to the PSAR, consisting of
responses to requests for additional informatiois.

Summary of meeting with ERDA and PMC on April 7, 1976 to
discuss round two questions on quality assurance.

Summary of meeting with ERDA on April 6, 1976 to discuss
the reliability program.

Letter from ERDA, responding to NRC guidance on CRBRP
licensing approach dated May 6, 1976.

Letter from ERDA providing Pdditional R&D to support the
core disruptive-accident analysis.

Letter to ERDA providing staff position concerninc the
safe shutdown Parthquake.

Letter from ERDA transmitting meteorological data for
the period February 11 - March 31, 1976.
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May 27, 1976

May 27, 1976

June 1, 1976

June 2, 1976

June 3, 1976

June 9, 1976

June 11, 1976

June 17, 1976

June 21, 1976

June 23, 1976

June 23-24, 1976

June 27, 1976

June 30, 1976

June 30, 1976

July 1, 1976

July 2, 1976

ERDA suL: ;:mendment 20 to the PSAR, consisting of
responses t.- requests for additional information.

ERDA submits additicnal information on fuel penetration
models and experiments.

Summary of meeting with ERDA (- March 10, 1976 to discuss
decay heat removal system recundancy and diversity.

Letter from ERDA transmitting "Summary of CRBRP Transient
Testing Portion of the Plan for t.e National LMFBR Mixed
Oxide Fuel Transient Performance Program."

ERDA submits Amendment 21 to the PSAR, consisting of an
assessment of the a:ditienal plant margin available unter
various postulated HCDA mechanical loading conditions.

ERDA submits WARD report, "The Development and Applica-
tion of a Cumulative Mechanical Damage Function for Fuel
Pin Failure Analysis in LMFBR Systems."

Letter from ERDA advising that a determination by NRC of
an appropriate factor for wind meander and agreement is
needed in order to calculate the x/Q.

ERDA submits Amendment 22 to the PSAR, consisting of
responses to requests for additional information.

ERDA submits plan for verification of natural circulation.

Letter to ERDA requesting additional information concern-
ing the industrial security and emergency plans.

ACRS Subcommittee meeting.

Summary of meeting with ERDA on June 17, 1976 to discuss
the TLTM report, their responses to NRC May 6, 1976 posi-
tion letter, and schedule considerations.

ERDA submits Amendment 23 to the PSAR, consisting of
responses to requests for additional information.

Summary of meeting with PMC on March 31 to discuss
injection well activities.

ERDA submits information on the reactor vessel head
margin shear rirg.

Letter to ERDA transmitting staff position on safe shut-
down earthquake.
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July 8, 1976

July 9, 1976

July 14, 1976

July 15, 1976

July 16, 1976

July 22, 1976

July 28, 1976

July 30, 1976

August 5, 1976

August 12, 1976

August 13, 1976

August 17, 1976

August 20, 1976

August 27, 1976

August 27, 1976

August 27, 1976

Letter from ERDA transmitting correction pages to the
"Summary of CRBR Transient Testing Portion of the Plan
for the National LMFBR Mixed Oxide Fuel Transient
Performance Program."

ACRS meeting.

ERDA letter transmitting their position on HCDA and sit-
ing problems.

ERDA letter advising of plans for core drilling and test
to determine potential onsite source for concrete',aggre-
gate and Class A fill.

ERDA letter requesting NRC agreement with their position
on appropriate factor for wind meander.

ERDA submits Amendment 24 to the PSAR, consisting of
responses to requests for information.

ERDA letter submitting additional information supporting
assessment of plant margin in HCDA mechanical loading
conditions.

ERDA letter submitting additional information on feature
to accommodate site suitability source term.

ERDA letter transmitting leak detection information
requested at June 18, 197E meeting.

Letter from ERDA Project Office submitting summary of
the June 17, 1976 meeting on third level thermal margin
report.

ERDA submits Amendment 25 to the PSAR, cons;stingof
responses to requests for additional information.

Letter to ERDA requesting additional information.

ACRS report on hypothetical core disruptive accident for
liquid metal fast breeder reactors.

ERDA submits Amendment 26 to the PSAR, consisting of
responses to requests for information and withdrawal of
Appendix E, "Primary Pipe Rupture Accommodation."

ERDA letter advising of investigation of previously un-
identified linears in vicinity of site.

ERDA letter enclosing a plan and schedule for an alter-
nate fuel management scheme.
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August 31, 1976

September 1,

September

September

September

September

September

September

September

September

September

September

September

September

September

September

8,

8,

9,

9,

15,

16,

17,

17,

17,

20,

20,

22,

23,

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

1976

Summary of meeting with ERDA on August 3, 1976 to discuss
analysis of structural and mechanical response to CDA.

ERDA letter requesting clarification of,NRC guidance
provided in May 6, 1976 letter concerning plutonium dose
guidelines.

ERDA letter advising that their position regarding appro-
priate SSE ground acceleration continues to be 0.189.

Meeting with ERDA to discuss containment cell liners and
design of basic pipe leaks.

ERDA letter providing summary of materials properties of
reactor vessel head and surrounding structures.

Meeting with ERDA to discuss structural design aspects
of the plant.

Letter to ERDA documenting NRC staff evaluation of short-
term atmospheric dispersion.

Letter to ERDA requesting the AYER computer code.

Summary of meeting with ERDA on June 18, 1976 to discuss
leakage detection for sodium piping.

Meeting with ERDA on CACECO code.

ERDA letter transmitting additional information on sodium
leak detectors.

ERDA letter appealing the NRC staff requirement for site
suitability source term stated in May 6, 1976 letter.

ERDA letter stating environmental qualification of safety-
related instrumentation.

ERDA letter transmitting additional information on sub-

assembly faults.

Meeting with ERDA to discuss NRC staff's CDA analysis.

ERDA letter advising that their evaluation of events
beyond the design basis are scheduled to be available in
early 1977.

Letter from ERDA Project Office transmitting additional
information on sodium leak detectors.

ACRS Subcommittee meeting at Oak Ridge, lennessee.

September 24, 1976

September 28, 1976
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October 1, 1976

October 5, 1976

October 5, 1976

October 5, 1976

October 6, 1976

October 7, 1976

October 7, 1976

October 8, 1976

October 8, 1976

October 14, 1976

OLtober 15, 1976

October 15, 1976

October 19, 1976

October 21, 1976

October 21, 1976

ERDA submits Amendment 27 to PSAk, consisting of re-
sponses to requests for additional information.

Summary of meeting with ERDA on August 26, 1976 to dis-
cuss their response to EICSB acceptance reviev. and first
round questions.

ERDA submits report, "Exposure Dependent Cladding Defor-
mation," WARD-D-0146, July.1976 in response to staff
request.

Meeting with ERDA to discuss atmospheric dispersion of
effluents.

Letter to ERDA requesting cell design information.

Letter to ERDA emphasizing staff position on PHTS piping
integrity and requesting additional information.

Letter to ERDA advising that staff is not able to confirm
that OBE ground acceleration stated in ERDA's September 3,
1976 letter is apprcpriate and requesting schedule for
providing justification to modify the selection criteria
of OBE.

Letter to ERDA requesting information on materials com-
patibility between core debris and refractory materials.

ERDA letter transmitting reports of experimental infor-
mation on halogen attenuation and fission gas bubble
breakup.

ERDA submits Amendment 28 to PSAR, consisting of responses
to requests for additional information.

ERDA letter addressing NRC staff positions regarding
adequacy of decay heat removal system and outlining
approach for resolution of concern.

ERDA letter providing information on cell liner design.

Letter to ERDA highlighting discrepancy in CDA analysis
presented in PSAR and ANL/RAS 75-29 "An Analysis of
Unprotected Transients Under Cooling and Iransient Over-
power Accidents in CRBR."

Summary of meeting with ERDA on September 27, 3976 to
discuss status of their information regarding ernergency
planning provisions.

[RDA sumits the-AYER computer code.

f - I I



October 28, 1976

October 29, 1976

November 2, 1976

November 5, 1976

November 5, 1976

November 11, 1976

November 23, 1976

November 24, 1976

November 30, 1976

November 30, 1976

November 30, 1976

December 1, 1976

December 1, 1976

Decem'er 6, 1976

December 7, 1976

December 17, 1976

December 22, 1976

ERDA sumits Amendment 29 to PSAR, consisting of responses
to request for additional information.

ERDA letter transmitting additional information on SRI
scale model tests.

ERDA letter concerning resolution of the site suitability
of source term.

ERDA letter transmitting an updated analysis of third
level margins for the first 24 hours.

ERDA letter submitting report, "Fuel Rod Bowing,"
WARD-D-0150, August 1976, in response to NRC request.

ERDA submits Amendment 30 to PSAR, consisting of responses
to requests for additional information.

Summary of meeting with ERDA on October 21, 1976 to dis-
cuss resolution of the site suitaoility source term.

ERDA letter transmitting report, "FORE-2M: A Modified
Version of the FIRE-1I Computer Program for the Analysis
of LMFBR Transients" in response to staff request for
information on this subject.

ERDA letter transmitting additional information on cell
liners.

ERDA submits Amendment 31 to PSAR, consisting of responses
to requests for additional information.

ERDA cbmits information on industrial security plan.

Letter to ERDA requesting additional information.

ERDA letter transmitting information on matr.rials
compatibility between core debris and refractory
materials.

Letter to ERDA concer-ning implementation of CRBRP 1200
MJ "appeal" decision.

ERDA letter submitting information on CDA analyses.

ERDA submits "An Analysis of Reactiiity Effects of
Bubble Collapse in a Boiled-up Molten Pool in CRBRP" in
response to staff request for information.

ERDA submits Amendment 32 to PSAR, consisting of
responses to requests for additional information.
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Decemit.r 23, 1976

Decembr.r 27, 1976

January 1 2977

January 3, 1977

January 13, 1977

January 14, 1977

January 14, 1977

January 18, 1977

January 18, 1977

February 3, 1977

February 4, 1977

February 11, 1977

February 16, 1977

Letter from ERDA Project Office submitting schedule for
round 0, 1, and 2 questions.

ERDA submits "TRANSWRAP--A Cods "or Analyzing the
System.Effects of Large Leak Scdium-Water Reactions in
LMFBR Steam Generation" in response to staff request.

Summary of meeting held on October 13, 1976 with.
Directors of DPM and DSE and their staffq to e'scuss the
staff position regarding CRBRP site suitability source
term.

ERDA transmits 9 of 12 references to report on third
level thermal margins.

ERDA submits Amendment 33 to PSAR, consisting of
responses tr requests for additional information.

Summary of meeting held on October 13-14, 1976 with
CRBRP representatives to discuss fuel design limits;
bases and criteria; and R&D commitments related to fuel
desion.

Letter to ERDA advising that as a result of unscheduled
receipt of all necessary information, staff unable to
conduct complete review of pipe integrity in limited
time suggested by them; pending satisfactory review and
resolution of piping integrity issue, cannot agree that
PHIS pipe breaks should not be considered a design-basis
event.

Meeting to discuss structural adequacy of reactor read
design.

Letter to ERDA transmitting a copy of the December 15,
1976 meeting summary and advising that timely and satis-
factory course of action to resolve staff's concerns is
not evident.

ERDA submits Amendment 34 to PSAR consisting of
responses to requests for additional information.

Letter to ERDA providing supplementary comments regard-
ing their summary of the December 15, 1976 meeting.

ERDA submits report "Simulation Model, DAHRS," CPPO02,
Revision 3, and "Flow Induced Vibration of Fuel Rods in
CRBRP," WARD-0166, December 1976, in response to staff's
request for additiondl information.

ERDA submits "Radial Blanket Power to Melt Analysis" in
response to request for additional information.
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February 17, 1977

February 18, 1977

march 7, 1977

March 11, 1977

March 14, 1977

March 14,. 1977

March 15, 1977

March 17, 1977

March 22, 1977

March 23, 1977

Ma-ch 24, 1977

March 25, 1977

March 25. ]977

March 30, 1977

April 1, 1977

ERDA submits "A Recent Evaluation of Foreign Wastage
Data from Sodium-Water Reaction Investigation" and
"Summary of Design and Development Status of the Liquid
Metal to Gas Leak Detection System for the CRBRP" in
response to a staff request for information.

ERDA submits Amendment 35 to PSAR, consisting of
responses to requests for additional information:

ERDA submits additional information pertaining to the
leak detection system.

ERDA submits Amendment 36 to PSAR, consisting of
responses to requests for additional information.

ERDA transmits "CRBRP Risk Assessment Report."

ERDA submits revised information concerning the indus-
trial security plan.

Letter to ERDA transmitting Sandia report regarding
strength characteristics of concrete at Sandia and
requesting review to determine whether this concrete can
be expected to be representative of that articipated for
CRBRP.

ERDA submits report, "Seismic Evaluation Methods and
Criteria for CRBR Fuel; Assembly Duct Structure,"
WARD-D-0158, October 1976, in response to request for
additional information.

Letter to ERDA requesting additional information on SRI
test programs.

Letter from ERDA Project Office informing NRC of their
reevaluation of the component fabrication delays.

Followup letter from ERDA Project Office on inservice
inspection, leak detection, safeguards, and load com-
binations.

ERDA submits Amendment 37 to PSAR, consisting of
responses to requests for additional information.

ERDA submits, at request of ACRS, a document providing
an overview of CRBR design.

Letter to ERDA requesting additional information on
third level thermal margin report, protection ag'ainst
core meltdown.

ERDA submits revised description arid schedule for sit,
preparation activities.
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April 5, 1977

April 7, 1977

April 21, 1977

April 22, 1977

April 27, 1977

April 28, 1977

May 5, 1977

May 9, 1977

May 11, 1977

May 19, 1977

May 20, 1977

May 27, 1977

May 27, 1977

ERDA submits letter to L. W. Coffe>, from. R. J. Hiir*
ORO0, conzernir3 analysis of potential i•'.acL of •K..;
operation on ORNL and Oak Ridge Gaseous Diflusicv iant.

ERDA submits drawings of models to be used in SI tIests.

ERDA submits seismic margin report.

ERDA submits Amendment 38 to PSAR, consisting of
responses to requests for additional information and
revisions to Chapter 14 providing test abstracts that
define summary test objectives for first-of-a-kind
principal design feature; alsoresponse to staff con-
cerns about fuel design.

Summary of meeting held on March 9, 1977 with CRBRP
representatives and their contractors toI discuss the
seismic analysis End design margins in the CRBR design.

ERDA submits "Plan for the National LMFBR M.Ued Oxidje
Fuel Transient Performance Program."

ERDA letter requesting that staff shift review emphasis
from environmental hearing preparation to resolution of
so-called CP issues.

ERDA letter concerning status of agreement between ERDA
ard NRC relative to treatment of postulated core descrip-
tive events.

Summary of meeting held on February 15, 1977 w'th CRBRP
representatives at Westinghouse (WARD) to review the
plant protection systems.

Letter to ERDA concerning the analysis of margin shear
ring and transmitting the March 16, 1977 meeting s.ummary
on the subject.

Summary of meeting held on March 3, 1977 with CRBRP
representatives and ANL to discuss addition&! caicu-a-
tions and analyses performed by ANL of the LJF accident
using the SAS3D computer code.

ERDA submits Amendment 39 to PSAR, ccnsistinq of
responses to requests for additional infcrmation.

Letter to ERDA (Denise to Caffey) concerning the confu-
sion and misunderstanding which continues to exist by
Project of staff's intentions and responsibilities in
its technical review of CRBR.
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JuneŽ 14, 1977

July 12, 1977

July 15, 1977

July 15, 1977

July 18, 1977

July 22, 1977

August 5, 1977

August 8, 1977

August 9, 1977

August 29, 1977

September 30, 1977

October 2, ].977

October 14, 1977

November 4, 1977

January 27, 1973

March 20, 1978

April 21, 1978

ERDA submmits, in rec: s*e to reqý.t Ir rnf'm 1n,
report, "IImpact of FueI elEri4ficatio. oi CF-0 RP Fjel

Performance," WARD-D-0168, March 297i.

ERDA letter providing tentaLive design mix and aggregate
specificatiorns for use in test programs.

ERDA submits Amendment 40 to PSAR, consisting of
responses to requests for additicnai inf3'mation.

ERDA submits topical report, "CRBRP Closure Head
Capability for Tnird Level Structural Marcin Loading,"
WARD-D-0176, June 1977.

Summary of meeting with ERDA on January 26-27, 1977 at
ANL, Argonne, Illinois, to ciscuss LOF CDA energetics.

ERDA letter requesting clarification of NRC schedules
for review of CRBR application and issuance of SER.

ERDA letter advising that information requested on fail-
ed fuel on October 6, 1975 was included in analysis of
fuel failure propagation furnished on September 20, 1976.

ERDA submits report, "Internal/External Cladding

Degradation," WARD-D-0147, February 1977.

ERDA submits description of LIFE III code.

ERDA subm~its report, "Geological Investigations,"
S:L: 1531, August 1976.

ERDA submits CRBRP piping integrity report.

ERDA submits revised GE turbine missile report.

DOE submits Amendment 41 to PSAR, consisting of
responses to requests for additional information.

DOE submits Amendment 42 to PSAR, consisting of
revisions to reactivity feedback component of overall
power coefficient.

DOE submits Amendment 43 to PSAR, consisting of
responses to requests for additional information.

DOE submits report entitled "Active Pump and Valve Oper-
ability Verification Plan," WARD-D-0174.

DOE submits Amendment 44 to PSAR, consisting of updates
to sections on reactor refucling system, emergency and
normal chilled water syt!.ems, and other updates atd
revis ons.

[ki;;f? ý.l V 'I P F_ 1k~



May 24, 1978

July 28, 1978

August 17, 1978

August 25, 1978

September 1, 1978

October 6, 1978

November 9, 1978

November 14, 1978

November 30, 1978

December 13, 1978

January 3, 1979

February 16, 1979

February 16, 1979

February 23, 1979

DOE lettet requesting the status on the current staff
review of their application.

DOE submits Amendment 45 to PSAR, consisting of updates
to chapter on quality assurance, to Appendix A, "Computer
Codes," to impurity monitoring and analysis system, as
well as responses to requests for additional information
contained in NRC letter dated Auy.':t 17, 1976.

DOE letter advising of plan to test for determination of
potential onsite source for concrete agrcnate.

DOE submits Amendment 46 to PSAR, consisting of revisions
tc geology and seismology, seismic desion, auxiliary
liquid metal system, and general plant eescription.

DOE letter transmitting responses to seismic design
que3tions.

DOE submits Topical Report WARD-D-0165, Revision 3.
"Requirements for Environmental Qualification of C';sb
1E Equipment."

Letter from W. P. Gammill, NRC, to L.W. Caffey, Director,
CRBRP Project, Subject: NRC Discontinuirg the safety
review of the CRBRP and the staff's status report on
major outstanding issues.

DOE letter advising of potential industrial development
adjacent to CRBRP site.

DOE submits Ar:endment 47 to PSAR, consisting of revisions
to industrial security, communication system, compressed
gas system, buckling stress criteria and other upda.es
and revisions.

DOE submits reports, "Structural Response of CRBRP Scale
Models to a Simulated Hypothetical Core Disruptive
Accident" (WAR,-D-O218), and "Closure Head Capability
for Structural Margin Beyond Gesign B-se Loading"
(WARD-D-0178).

DOE letter concernifig CRBRP licensing status.

DOE submits topical reports on loss of heat sink,
WARD-D-0169 aid WARD-D-0170.

DOE submits topical report on HCDA's CPBRP-GEFR-OO023.

DOE submits Amendment 48 to PSAR, consisting of revi-
sions to Inert gas receiving and processing systern, con-
ventional fire protection sy-tem, and other revisions,.
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Ma-ch

Apri l

5, 1979

20, 1979

June 1, 1979

June 29, 1979

September 14, 1979

October 19, 1979

December 14, 3979

January 31, 1980

March 11, 1980

March 25, 1980

April 4, 1985

April 11, 1980

DOE ietter evaluating the NRC staff review of CRBRP.

DOE submits Amendment 49 to PSAR consisting of revisions
to heating, verntilating, and air conditioning system;
radioactive waste management; radiation protection; and
other revisions.

DOE letter transmitting updated information on industrial

security.

DOE submitted Amendment 50 to the PSAR.

DOE submitted Amendment 51 to the PSAR.

DOE submitted Amendment 52 to the PSAR.

DnE forwards WARD-D-0050, Revision 3, ':Facility Core
i,.. nbly Hot Channel Factors Preliminary Analysis."

DOE submitted Aiendment 53 to the PSAR.

DOE forwards WARD-D-0210, "Predicted Steady State
Thermal Hydraulic Performance of Fuel and Blanket
Assemblies in Plant Heterogeneous Corc, Rev. L."

DOE submitted CRBRP-3, Vol. 2, "Hypothetical Core
Disruptive Accident Considerations: Assessment of
Thermal Margin Beyond Design Base."

DOE submitted final report on base materials tests for
cell liner steels.

DOE submitted Revision I to WARD-D-0218, "Structural
Response of Scale Model to Simulated Hypothetical Core
Disruptive Accident."

DOE submitted Amendment 54 to the P..AR.

DOE submitted Amendment 55 to the PSAR.

DOE submitted physical security psan.

DOE submitted revised responses to questions 421.3 and
421.10 regarding physical security plan.

DOE submitted CRBRP-ARD-O204, "CRBRP Fuel Assembly
Structural Analysis in Support of the Final Desigrn
Review."

DOE submitted Amendment 56 to the PSAR.

DOE submitted Amendment 57 to the PSAP.

June

Jane

June

June

5,

27,

27,

27,

1981

1980

1980

1980

August 22, 1980

August 29, 1980

November 7, 1980
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I

Novenber- 26, 1980-

November 28, 1980

December 30, 1980

February 13, 1981

August 13, 1981

September 18, 1981

Septembcr 24,. 1981

Septeriber 29, 1981

Octcber 6, 1981

October 19, 1981

October 23, 1981

November 9, 1981

November 10, 1981

DOE submitted Amendment E3 to the PSAR.

DO- provided information concerning pre-tesZ. prediction
of FFTF natural circulation.

DOE submitted Amendment 59 to the PSAR.

DOE submitted Amendment 60 to the PSAR.

Request from applicants for NRC to resume review of the
CRBRP project.

Applicants submitted Amendment 61 to the PSAR which
includes: updates to Section 1.4, "Identification of
Project Participants"; Chapter 3, "Design Criteria--
Structures, Components, Equipment and Systems"; Chapter 13,
"Conduct of Operations"; Chapter 14, "Initial Tests and
Operation'; Section 15.1.2, "Requirements and Criteria
for Asses;ment of Fuel and Blanket Rod Transient
Performance"; and Section 16.6, "Administrative Controls."

Letter to applicants apprising them of the steps NRC has
taken in resumption of the review of CRBRP.

Summary of the general LMFBR design considerations and
the specific CRB design features presented to the NRC by
applicants on September 23, 1981.

Meeting notice for October 14 and 15, 1981 with applicants
to discuss containment accommodation of core disruptive
accidents.

Summary of the October 14 and )5, 1981 meeting with
applicants.

Meeting notice for November 2 and 3, 1981 to discuss
electric power systems, hdat removal systems and proba-
bilistic risk and reliability analysis,

Summary of the November 2 and 3, 1981 meeting with the
applicants.

Notice of meeting with applicants for November 17, 1981
to discuss systems similar to LWR systems, unique systems,
and Chapter 10 systems.

Applicants submitted WARD-D-0165, "CRBRP Requireme!nts for
Environmental Qualification of Class 1E Equipment,"
Revision 5.

Applicants submitted Revisions 1 and 2 of CRERP-3, Volume 2.
"Hypothetical Core Disruptive Accident Considerations in
CRBRP: Assessment of Thermal Margin Beyond the Design Base.

November 13, 1981

November 13, 1981
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November 13, 1981

November 13, 1981

November, 13, 1981

November 16, 1981

November 16, 1981

November 18, 1981

November 19, 1981

November 20, 1981

November 20, 1981

November 20, 1981

November 24, 1981

Applicants submitted Amendment 62 to the PSAR which includes:
updates front previous responses to requests for additional
information; revisions to Section 1.4, "Identification of
Project Participants"; Section 5.3, "Primary Heat Transport
Systems"; Section 5.5, "Steam Generation System"; and an
annual update to Chapter 17, "Quality Assurance."

Notice of meeting with applicants for November 24, 1981 to
discuss CRBR equipment qualification program and compliance
with NUREG-0588.

Notice of meeting with applicants for December 1, 1982 to
discuss CRBRP physical security plan.

Notice of meeting with applicants for December 3, 1981 to
discuss CRBR control room design.

Notice of meeting with applicants for December 10, 1981 to
discuss CRBR emergency plans.

Letter to applicants requesting they address the informa-
tional, environmental, and programmatic changes that nave
occurred, and the regulatory guidance and requirements that
have been promulgated since NRC's review was suspended.

Applicants submitted revised responses and revised PSAR
figures to the CRBRP physical security plan.

Notice of meeting with applicants for December 8 to discuss
applicability and compliance with regulatory guides.

Notice of meeting with applicants for December 9, 1981 to
discuss TMI-related licensing requirements as defined in
NUREG-0718, Revision 1.

Letter to applicants requesting submission of magnetic
tape of onsite meteorological data for evaluation of the
radiological consequences of normal and accidental
releases to the atmosphere.

Notice of meeting with applicants for December 15, 1981 to
discuss CRBR QA organization and QA plan.

Summary of the November 17, 1981 meeting with applicants.

Summary of the November 24, 1981 meeting with applicants.

Notice of meeting with applicants for December 14, 1981
to discuss CRUR instrumentation and control systems.

Applicants request authorization of the NRC, under 10 CFR
50.12, to conduct site preparation activities for the
CRERP project.

November 30,

November 30,

1981

1981

November 30, 1981

November 30, 1981
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December 3, 1981

December 4, 19E1

December 7, 1981

December 15, 1981

December 15, 1981

December 18, 1981

December 28, 1981

December 29, 1981

December 30, 1981

December 30, 1981

December 31, 1981

January 6, 1982
1

January 7, 1982

January 8, 19V'

January 8, 1982

January 8, 1982

Notice of meeting with apT.licants for December 18, 1981 at
Waltz Mill, Madison, Pennsylvania, for discussion and tour
of Clinch River test facilities.

Summary of the December 1, 1981 meeting with applicants.

Summary of the December 3, 1981 meeting with applicants.

Summary of the December 10, 1981 meeting with applicants.

Summary of the December 14, 1981 meeting with applicants.

Applicants submitted Amendment 63 to the PSAR which
includes: revisions to Sect'on 1.4, "Identification.of
Project Participants"; Chapter 8, "Electric Power"; and
Chapter 17, Appendix D. and Appendix E, "A Description of
the Lead Reactor Manufacturer and Architect-Engineer
Quality Assurance Programs."

Notice of meetings with applicants for January 11 and 12,
1982 to discuss CRBR electrical drawings and tour of
electrical cabinets and prototype panels at Waltz Mill,
Pennsylvania.

Summary of December 8 and 9, 1981 meetings with

applicants.

Summary of December 15, 1981 meeting with applicants.

Letter to applicants requesting additional information
in the geotechnical engineering area.

Applicants file with the NRC currently available
documentation supporting the factual reprdsentations in
the November 30, 1981, 10 CFR 50.12 e,:emption request.

Dircks to Commissioners: Staff Responses to Commission
Requests--December 9, 1981 Briefing on CRBR Activities.

Notice of meeting with applicants for January 15, 1982
to discuss sodium-concrete interactions.

Applicants submitted topical report, "An Assessment of
HCDA Energetics in the CRBR Heterogeneous Reactor Core,
CRBRP-GERF-00523."

Notice of meeting with applicants for January 25, 1982 to
discuss seismic and dynamic qualifications of mechanical
and electrical equipment.

Notice of meeting with applicants for January 26, 1982 to
discuss the natural circulation test results.
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January 8,. 1982

January 13, 1982

January 15, 1982

January 15, 1982

January 22, 1982

January 22, 1982

January 25, 1982

January 26, 1982

January 27, 1982

January 28, 1982

January 29, 1982

February 2. 1982

February 5, 1982

February 5, 1982

Notice of meeting with applicants for January 27, 1982 to
discuss structural margin beyond design basis (SMEDB) phe-
nomonology test programs.

Letter to applicants requesting additional information
in the radiation protection area.

Notice of meeting with applicants for January 22, 1982 to
discuss the impact of a possible request for an LWA-2 on
the safety review schedule.

Notice of meeting with applicants for January 28, 1982 to
discuss the Stanford Research HCDA scale model test.

Notice of meeting with applicants for February 11, 1982 to
discuss Appendix R requirements and to discuss sodium
fire protection.

Letter to applicants requesting additional information in

the core energetics area.

Summary of the January 15, 1982 meeting with applicants.

Notice of meetings with applicants for February 9 and 10,
1982 to discuss the structural design within the design
bases.

Nutice of meEting with applicarts--rescheduled from
January 22, 1982 to February 8, 1982.

Notice of meeting with applicants for February 10, 1982
to discuss the ongoing sodium concrete interaction test
programs at HEDL and Sandia labo.,atories.

Applicants submitted knendment 64 to the PSAR which
includes: new Section 6.4, "Cell Liner System"; and revi-
sions to Chapter 4, "Reactor"; Section 6.2, "Containment
Systems"; Section 9.2, "Maintenance"; Section 9.13.2,
"Sodium Fire Protection System"; Section 11.23, "Gaseous
Waste System"; and Section 15.6, "Sodium Spills."

Notice of meeting with applicants for February 16, 1982
to discuss CRBR structural design. (Rescheduled for
February 17, 1982.)

Notice of meeting with applicants for February 12, 1982
to discuss the auxil;ary liquid metal systems.

Notice of meeting with applicants for February 18, 1982
to discuss the qualification of the applicants as required
by NUREG-0718.
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February 8, 1962

February 9, 1932

February 11, 1982

February 17, 1982

February 17, 1982

February 19, 1982

February 19, 1982

February 19, 1982

February 24, 1982

February 26, 1982

February 26, 1982

February 26, 1982

February 26, 1982

fetbruary 26, 1982

Notice of meeting with applicants for February 24, 1982 to
discuss the scope of loose parts monitoring for CRBR.

CRBR Program Office to ACRS--Providing copies of the CRBP
principal design criteria.

Notice of meeting with applicants for February 18, 1982
to discuss the structural margin beyond tne design basis
(SMBDB).

Notice of meeting wit;i applicants for February 25 and 26,
1982 to discuss the CRBR accident analyses.

Letter from Los Alamos National Laboratory to NRC submit-
ting a set of questions for PSAR Section 4.2, 15.1, and 15.2
to be responded to by applicants.

Letter toapplicants requesting additional information
on inservice inspection.

Applicants submitted requested information on core energetics.

Applicants submitted a "Summary Report on the Cronduct of
the Clinch River Breeder Reactor Plant (CRBRP) Key Systems
Reviews," which provides a description and overview of
system reviews conducted on the integrated performance of
selected CRBRP systems.

Notice of meeting with applicants for March 4, 1982 to dis-
cuss the qualification of the applicants as required by
NUREG-0718, Revision 2.

Summary of the February 18, 1982 meeting with applicants.

Letter to applicants requesting additional information on
materials engineering.

Applicants submitted Amendment 65 to the PSAR which
includes: revisions to Section 2.3, "Meteorology"; Sec-
tion 9.3, "Auxiliary Liquid Metal System". Chapter 11
"Radioactive Waste Management"; Chapter 12, "Radioactive
Protection"; Section 13.3, "Emergency Planning"; and
Appendix G, CRBRP Plan for Inservice and Preservice
Inspections."

Letter to applicants requesting additional information on
structural engineering.

LetLc. uo applicants requfsting additional informatiun on
mectiarical engineering.
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March 1, 1982

March 3, 12.2

March 3, 1982

March 4, 1982

March 9, 1982

March 9, 1982

March 9, 1982

March 11, 1982

March 11, 1982

March 11, 1982

March 11, 1982

March 12, 1982

March 12, 1982

March 12, 1982

Marrh 12, 1982

March 15. 1982

Memorandum to ACRS providing a list of special CRBR review
matters that the CRBR Subcommittee is particularly inter-
ested ni dealing with early.

Notice of meeting with applicants for March 10, 1982 at
GE ARSD, Sunnyvale, California, to discuss structural
margins beyond the design basis.

Applicants submitted a report entitled "Summary Report'on
the Current Assessment of the Natural Circulation Capabil-
ity with the Heterogeneous Core," CRBRP-ARD-0308, which
presents a description of the natural circulation event,
the analysis metho,.., input data, and results of the
current assessment of the CRBRP natural circulation capa-
bility with the heterogeneous core.

Letter to applicants requesting additional information on
effluent treatment systems.

Letter to applicants requesting additional information on

equipment qualification.

Summary of the February 24, 1982 meeting with applicants.

Summary of the February 25 and 26, 1982 meetinqs with
applicants.

Summary of the February 17, 1982 meeting with applicants.

Summary of the March 2, 1982 meeting with applicants.

Letter to applicants requesting additional information on
equipment qualification.

Letter to applicants requesting additional information on
pipe rupture design criteria and mechanical component design.

Summary of January 25, 1982 meeting with applicants.

Summary of February 12, 1982 meeting with applicants.

Notice of meeting with applicants for March 23 and 24, 19F2
to discuss the mecnanical, neutronic, and thermal-hydraulic
design of the reactor core; design criteria, acceptance
criteria; analysis tools; and their verification. (Post-
poned by applicants.)

Notice of meeting with applicants for March 25, 19&2 to
discuss-the structural margin beyond the design basis.

Letter to applicants requEsting additional iiiforridticrn on
auxiliary systems.
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March 16, 1982 Letter to applicants requesting additional information

on power systems.

March 17, 1982 Summary of January 26, 1982 meeting with applicants.

March 17, 1982 Summary of February 11, 1982 meeting with applicants.

March 17, 1982 Summary of March 4, 1982 meeting with applicants.

March 17, 1982 Notice of meetino with applicants for March 29, 1982 to
discuss leak detection system.

March 17, 1982 Notice of meeting with applicants for April 1, 1982 to
discuss containment systems.

March 17, 1982 Notice of meeting with applicants for April 6 and 7, 1982
to discuss CRBR materials and mechanical engineering.

March 17, 1982 Applicants submitted requested information in the radia-
tion protection area.

March 19, 1982 Summary of February 9 and 10, 1982 meetings with applicants.

March 22, 1982 Applicants submitted Revision 3 of CRBRP-3, Volume 2,
"Hypothetical Core Disruptive- Accident Consideration in
CRBRP; Assessment of Thermal Margin Beyond the Design Base
(TMBDB)."

March 23, 1982 Summary of January 15, 1982 and February 10, 1982 meetings
with applicants.

March 23, 1982 Summary of January 27, 1982, February 18, 1982, and March 10,
1982 meetings with applicants.

Mar.1 'h23, 1982 Letter to applicants requesting additional information on
core performance.

March 23, 1982 Letter to applicants requesting additional information on
chemical engineering.

March 24, 1982 Notice of meetings with applicants for April 5, 1982 t-
discuss Chapter 15, "Accident Analyses."

March 24, 1982 Notice of meetings with applicants for April 13 and 14.
1982 to discuss seismic and structural engineering.
(Postponed.)

March 25, 1982 Letter to applicants requesting additional informaiicr on
core performance.

March 25. I98? Letter to applicants requesting thty adcdres,. the appl icat:)l
safeguards regulations.
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March 29, 1982

March 29, 1982

March 31, 1982

April 2, 1982

April 7, 1982

April 8, 1982

April 9, 1982

April 9, 1982

April 13, 1982

April 13, 1982

April 14, 1982

April 16, 1982

April 16, J982

April 1f, 1982

April 19, 1982

Notice of meeting with applicants for April 16, 1982 to
discuss thermal margin beyond the design basis (TMBDB).

Applicants submitted reouested information on core
energetics.

Applicants submitted Amendment 67 to the PSAR which
includes responses to NRC requests for additional informa-
tion contained in a letter dated January 13, 1982; and
revisions to Section 5.6, "Residual Heat Removal Systems";
Section 7.2, "Reactor Shutdown System"; and Section 7.9,
"Operating Control Stations."

Summary of January 28, 1982 meeting with applicants.

Applicants submitted WARD-D-0165, Revision 6, "CRBRP
requirements for Environmental Qualification of Class 1E
Equipment."

Notice of'meeting with applicants for April 26, 1982 at
Westinghouse, Waltz Mill site, to discuss materials com-
patibility test facilities.

Letter to applicants requesting additional information on
geology and seismology.

Letter to applicants requesting additional information on
instrumentation and control systems.

Notice of meeting with applicants for May 6, 1982 to
discuss CRBR management review. (Postponed.)

Notice of meeting with applicants for April 21, 1982 to
discuss probabilistic risk assessment.

Applicants submitted requested information on CRBRP
security systems.

Notice of meeting with applicants for April 27 at Argonne
National Laboratory, Argonrne,-Illinois, to discuss struc-
tural margin beyond the design basis.

Notice of meetings with applicants for May 11 and 12, 1982
to discuss Chapter 14, "Reactor Design."

Notice of meetings with applicants for May 13 and 14, 1982
to discuss seismic and structural engineering. (Rescheouled
from April 13 and 14, 1982.)

Applicants submitted requested information on the CFLkV
inservice inspaction program.
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April 20, 1982

April

ApriI

Apr;

At: 'I

Apri I

May 7,

May 11

May 11

May 14

May 14

May 14

May 14

May 17

May 17

May 17,

May 18,

21, 1982

26, 1982

28, 1982

29, 1982

30, 1982

1982

1982

1982

1982

1982

1982

1982

1932

1982

,,982

1982

Applicants submitted a revision to CRBR-3, Volume 1,
"Hypothetical Core Disruptive Accid'pit Consideration in
CRBPP: Energttics and Structural Margin Beyond the Design
Base."

Applicants submitted requested information on chemical
technology.

Applicants submitted a correction page to their inservice
inspection response of April 19, 1982.

Summary of meeting with applicants on April 1, 1982 to
discuss containment systems.

Applicants submitted requested information on chemical and
mechanical engineering.

Letter to applicants requesting additional information on
Chapter 15, "Accident Analyses."

Applicants submitted requested information on equipment
qualification.

Summary of April 6 and 7, 1982 meeting with applicants.

Summary of March 29, 1982 meeting with applicants.

Letter to applicants requestirg additional information on
core disruptive accident analyses, the fuel-handling system,
and sodium fire protection.

Letter to applicants requesting additional information on
emergency planning.

Applicants submitted requested information on auxiliary
systems.

Applicants submitted a list of topics and reports to be
submitted in the near future in support of the CRBRP's
assessment of thermal margin beyond the design base.

Applicants submitted requested information on equipment
qualification.

Applicants submitted requested information on mec&3nical
engineering.

Notice of meeting with applicants for June 3, 19P? to
discuss licensee qualification. (Rescheduled mý.t~ting.)

Applicants submitted requested informaitiou on elflunt
treatment.
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Ma, 18,

Mdy 26,

May 28,

June

June

June

June

June

June

1,

1,

1,

1,

1,

2,

1982

1982

1982

1982

1982

1982

1982

1982

19821

Summary of April 5, 1982 meeting with applicants.

Applicants submitted Amendment 2 to their "Statement of
General Information."

Applicants submitted Amendment 68 to the PSAR which includes
responses to CRBR Program Office's requests for additional
information contained in letters dated February 26, 1982
and March 28, 1982 and revisions to Section 13.7, "Radio-
logical Security."

Applicants submitted requested information on structural
engineering.

Applicants submitted requested information on core per-
formance.

Applicants submitted requested information on the reactor
system, heat transport piping system, and Class 1E equip-
ment qualification.

Applicants submitted requested information on core per-
formance.

Applicants submitted requested information on power
systems.

Notice of meeting with applicants for July 27, 1982 at Waltz
Mill site, Madison, Pennslyvan.ia, to discuss steam generator
system.

Applicants submitted requested information on seismic qual-
ification of mechanical components, materials engineer-
ing, reactor physics, and seismic structures.

Sumrary of March 25, 1982 and April 27, 1982 meetings with

applicants.

Summary of May 11 and 12, 1982 meetings with applicants.

Notice of meeting with applicants for June 18 to discuss
sodium fire protection.

Notice of meeting with applicants for June 22. 1982 to
discuss mechanical, nuclear, and tht-rmal hydraulic design
of the CRBRP core.

Notice of meeting with applicar~t.s ! June 23, 1982 to
discuss fuel failure monitorir-MU SVtP.m.

Applicants submitted requested irfurmatirn on structural
engineering.

June 2, 1982

June

June

June

June

June

Junf,

2,

3,

7,

8,

8,

1982

1982

1982

1982

1982

19,12
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June 8, 1982

June 8, 1982

June 8, 1982

June 9, 1982

June 9, 1982

June 9, 1982

June 9, 1982

June 9, 1982

June 10, 1962

June 11, 1982

June 14, 1982

June 16, 1982

June 17, 1982

June 17, 1982

Applicants submitted requested information on instrumen-
tation and controls and design criteria.

Applicants submitted requested information on geology and
seismology.

Applicants submitted a description of the CRBRP stearm
generator test program and a detailed analysis of the
May 25, 1982, General Accounting Office report.

Letter to applicants requesting additional experiments
to confirm the structural capability of the CRSRP vessel
heaC to accommodate'core disruptive accidents ana to
benchmark the analytical models used to analyze the vessel
head response and failure modes.

Letter to applicants requesting additional information on
nuclear design.

Letter to applicants requesting additional design layout
drawings.

Notice of meeting with applicants for June 16-17, 1982
to discuss structural margin beyond the design basis.
(Cancelled.)

Notice of meeting with applicants for June 22-24, 1982
at Eurns and Roe, Oradeil, New Jersey, to perform a CRBR
seismic and structural engineering audit of calculations.

Applicants submitted a copy of the report entitled "Veri-
fication of Natural Circulation in the Clinch River Breeder
Reactor Plant--An Update."

Memorandum from CRBR Program Office to ACRS transmitting
NUREG-0786 "CRBRP Site Suitability Report."

Applicants submitted requested information on piping
design, auxiliary systems, and instrumentation and control
systems.

Notice of meeting with applicants for June 30, 1982 and
July 1, 1982 to discuss structural margin beyono the design
basis<

Applicants submitted the following report "ES-LPD-82-007,
008, 009, 011" and requested information on mfdterials
engineering.

Applicants submitted requested information on •,echo•nical
and structural en(ineerIn.j.
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Jur~e 17, 1982

June 18, 1982

June 21, 1982

June 21, 1982

June 21, 1982

June 25, 1982

June 25, 1982

June 25, 1982

June 25, 1982

June 25, 1982

june 29, 1962

June 29, 1982

June 30, 1982

June 30, 19%2

Junp 30, 19,;?

July 2, 1 '

Iti, , I' ,

Applicants submitted requested information on the, dynamic
and static analysis used to determine the structural and
functional integrity of selected seismic Category I com-
ponents.

Applicants submitted requested information on power systems
and co- performance.

CRER Program Office requested additional. information on
the core disruptive accident energetics an3lyses presented
in GEFR-0523.

Applicants submitted requtsted information on the proba-
biltiýi rlsk assessment program p'an.

Applicants submitted informati)n requested by the CRBR
Program Office lechnical Review Sectici.

Applicants submitted a revised PSAR figure for the CRBPP
physical security plan.

Applicants submitted requested isometric drawings on the
piping fabricatlon for the direct heat removal sytem.

Applicants'submitted information requested by the CRBR
Program Office Technical Review Section.

Applicants submitted'an update to PSAR Section 13.5 on
plant procedures.

Applicants submitted the requested drawinqs P&ID bi-C2,
"Main Steam System," and ]nstri-ment Loop Diagram BE4107,
"Main Steam System."

Applicants submitted requested information on sodium fire
protection.

Applicants submitted information requested by the lech-
nical Re iew Section.

Notice of meeting with applicants for Jily 8, 1982 to
discuss CRBR hydrology review.

Applicants submitted a revised response on instrumentation
arid control systems.

Applicants submitted informat ori requested by CRPR Program
Office Technical Revii. Section.

Applicants Etbmitted requested information or, core per-
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July 6, 1982

July 7, 1982

July 13, 1982

July 13, 1982

Ju~y 13, 1982

July 13, 1982

July 13, 1982

July 13, 1982

July 14, 19%2

July 15, 1982

July 15, 1982

July 15, 1982

July 16, 1982

July 16, 1982

July 22, 198?

Jusly 22, 198c

Applicants submitted requested information on ASME,
Publication PVP-63, "A Procedure to Evaluate Structural
Adequacy of a Piping System in Creep Range."

Applicants submitted information requested by the CRBR
Program Office Technical Review Section.

The USGS submitted input to NRR/GSB on the suitability of
the CRBRP.

Letter from ACRS Chairman Shewmon to NRC Chairman
Palladino with a report on tne suitability of the CRBRP
site.

Summary of April 16, 1982 meeting with applicants.

Summary of June 18, 1982 meeting with applicants.

Summary of June 22, 1982 meeting with applicants.

Summary of June 23, 1982 mneting with applicants.

Applicants submitted information requested by the CRBR
Program Office Technical R,-iew Section.

Applicants submitted info'mation on tile post-test analyses
of the FFTF natural circuletion tests--reports CREPP-ARD-0310,
"Verification of the CRBRP NaLural Circulation Core Analyses
Methodology with Data from FFTF Natural Circulation Tests---
June 1982" and WARD-NC-94000-6 "DEMO Post Test An-ilysis of
thr FFTF Transient Natural Circulation Tests--J.ne 1982."

Applicants submitted requested information on thermal and
hydraulic design.

Applicants submitted information requested by the CRBR
Program Office Technical Review Section.

CRBR Program Office asked applicants to assess the appli-
cability of identified unresolved (scme resolved) generic
safety issues to CRBRP.

Notice of meeting with applicants for July 23, 1982 to
discuss probabilistic risk assessment.

Applicants submitted Revision 4 of CRBRU-3, Volume 2,
"Hypothetical Core Disruptive Accident Considerations
CRERP; Assessment of Thermal Ma.rgin teyond the Design
Fase."

in

CRBR Program Office to applicants transmitting c copy of
the ACRS report on the site soitahility of CRLRI' to Chair-
man Palladino.
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July 26, 1982

July 28, 1982

July 29, 1982

July 29, 1982

July 30, 1982

July 30, 1982

July 30, 1982

August b, 1982

August 6, 1982

August 10, 1982

August 13, 1982

August 20, 1982

Notice of meeting with app icants to discuss auxiliary
liquid metal system.

Applicants submitted requested information on emergency
planning.

Applicants submitted a drawing as further response to
emergency planning questions.

Applicants forwarded updated pages for reference 106 of
PSAR Section 1.6, CRBRP-3, Volume 2, "Hypothetical Core
Disruptive Accident Considerations in CRBR; Assessment of
Thermal Margin Beyond the Design Base."

Applicants submitted information requested by the CRBR
Program Office Technical Review Section.

Applicants submitted Amendment 69 to the PSAR which
includes responses to CRBR Program Office's requests for
additional information contained in letters dated
February 26, 1982; March 11, 1982; Marcn 15, 1982;
March 23, 1982; March 25, 1982; and April 9, 19E2; Revisions
to Section 3.7, "Seisi.ic Design"; Section 3.8, "Design
of Category I Structures"; and Chapter 4, "Reactor."

Applicants submitted corrected page replacement guide to
Amendment 69.

Applicants submitted design layout drawings for the con-
tainment penetrations, the containment ring stiffeners
and overhead crane support, the structures within the
containment-confinement annulus, cell, and cell liners,
and the reactor vessel support ledge requested by CRBR
Program Office.

Applicants submitted a request for authorization to pro-
ceed with LWA-2 activities.

Notice of meeting with applicants for August 17 to discuss
thermal margins beyond the design base.

Summary of July 23 meeting with applicants. (Draft
report on "Analysis of Nominal Heat Removal Capacity of
the CR8RP in the Natural Circulation Mode.")

Applicants submitted Amendment 70 to the PSAR which
includes responses to CRBR Program Office reQupsts for
additional information contained in letters dated
February 26, 198k; revisions to Chapter 13, "Conduct
of Operations"; Sections 17.0, 17.], 17A, 17C, and
17F, "A Description of the Owner Assurance Proqran,";
and Apperndix C, "Safety Related Reliability ProTram."
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August 20, 1982

August 23, 1982

August 24, 1982

August 24, 1982

August 24, 1982

August 26, 1982

August 31, 1982

September 1, 1982

September 7, 1982

September 7, 1982

September 8, 1982

Sep:-etber 8, 1982

'September 8, 1982

September 10, 2982

September 13, 1982

Applicants submitted design layout drawings for all
components and structures within, comprising, or
attached to the reactor enclosure requested by CRBR
Program Office.

Notice of meeting wit;i applicants for September 15, 1982
to discuss thermal margin beyond the design base.

Notice of meeting with applicants September 8 and 9, 1982
to discuss mechanical engineering.

Summary of ,July 8, 1982 meeting with applicants.

Applicants submitted requested informationon instru-
mentation and control systems and inforration requested
by the CRBR Program Office Technical Review Section.

Applicants submitted requested information on sodium
dump system, argon cover gas monitoring, reactor delayed
neutron monitoring subsystem, and the effects of high
temperatures in reference legs of steam drum water
level measuring instruments.

Applicants informed CRBR Program Office of the initia-
tion of site preparation activities.

Applicants submitted an action plan to resolve questions
relating to monitoring component degradation in the
nuclear steam supply systems.

CRBR Program Office provided ACRS with results of staff's
review 'jT potential effects of a CRBRP-type plant on the
Oak Ridge Gaseous Diffusion Plant (K-25).

Summary of August 17, 1ý82 meeting with applicants.

Summary of August 5, 1982 meeting with applicants.

Notice of meeting with applicants for September 21 and 22,
1982 to discuss instrumentation and control systems.

Applicants submitted requested informalion on instru-
mentation and control systems not required for safety.

Notice of meeting with applicants for September 16
and 17, 1982 to discuss structural engineering.

Notice of meeting with applicants for September 15,
1982 to discuss LWA-2 1MBUE and SMBDB issues. (kevis.d
from August 23, 1982 notice.)
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September 13, 1982

September 14, 1982

September 20, 1982

September 21, 1982

September 22, 1982

September 23, 1982

September 24, 1982

September 24, 1982

September 27, 1982

September 28, 1982

September 28, 1982

September 29, 1982

September 30, 1982

October 4, ]982

Notice of meeting with applicants for September 21,
1982 at Argonne National Laboratory, Argonne, Illinois,
to discuss hypothetical core-disruptive accidents and
structural margins beyond the design basis.

Applicants submitted requested information on the
soduium fire protection system, the fuel failure moni-
toring system, the design of the CRBR purge system, and
the applicability of the RDT standards to. safety-related
instrumentation and control systems.

Summary of September 15, 1982 meeting with applicants.

Applicants submitted a summary of the September 8 and 9,
1982 meetings.

Notice of meeting with applicants for September 28, 1982
to discuss leak detection.

CRBR Program Office provided comments to DOE on the
CRBRP Probabilistic Risk Assessment Program Plan.

Applicants submitted a Fummary of the September 21 a id
22, 1982 meetings.

Notice of meeting with applicants for September 29,
1982 to discuss CRBR principal design criteria.

Notice of meeting with applicants for October 6, 7, and 8,
1982 to discuss direct heat-removal system.

Notice of meeting with applicants for October 5, 1982 to
discuss structural and seismic review.

Applicants submitted requested microfiche containing
CACECO input/output for extreme penetration cases.

Applicants submitted information for review of CRBRP-3,
Volume 2, "Letter Report, IMBDB Instrumentation Develop-
ment."

Applicants submitted Amendmpnt 71 to the PSAR which
includes responses to CRBR Program Office requests for
additional information contained in letters dated April
19 and 30, May 14, June 9 and 21, and July 16, 1982;
revisions to Chapter 7, "Instrumentation and Controls";
and Sections 17E and 171, "A Description of the A-t and
GE-ARSD-RM Quality Assurance Programs."

Applicants submitted the additional information on instru-
mentation and control systems requested at the September 21
and 22. 1982 working meeting.
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Octcber

October

October

4, 1982

7, 1982

7, 1982

October 7, 1982

October

October

October

October

October

October

October

October

October

12,

12,

12,

13,

14,

14,

15,

15,

20,

1982

1982

1982

1982

1982

1982

1982

1982

1982

Applicants submitted requested informazion on instrumenta-
tion and control systems.

Notice of meeting with applicants for October 14, 1982 to
discuss reactivity control.

Applicants submitted a report on "Preliminary Analysis of
Heat Generating Blockages in CRBRP Fuel and Radial Blanket.
Assemblies To Determine Detection Requirements, CRBRPO-ARD-
0119," in response to a request from the CR8R Program
Office Technical Review Section.

Applicants submitted a summary of the September 28, 1982
meeting.

Notice of meeting with applicants for October 20 and 21,
1982 to discuss power systems.

CRBR Program Office requested additional information on
thermal strcs.

Notice of meeting with applicants for October 18, 1982
to discuss containment systems.

Notice of meeting with applicants for October 19 and 20,
1982 to discuss power systems. (Revised from October 12,
1982.)

Notice of meeting with applicants for October 19, 1982 to
discuss reactor control room design.

Notice of meeting with applicants for October 20, 1982
to discuss CRBR thermal hydraulics.

Applicants submitted a summary of the September 21, 1982
meeting on HCDA energetics.

Applicants submitted a summary of the September meeting
on ASME Code comparison.

Applicants submitted additional information requested
at the September 8 and 9, 1982 meeting with the Mechanical
Engineering Branch.

Applicants submitted a document entitled, "Thermal Margin
Beyond the Design Base Sodium-Concrete Penetration Maroins
Assessment for the CRBRP."

Applicants submitted a summary of the Octoher Ili, 19F?2
meeting on control room design philosophy and apiiroacch.

Applicants submitted a summarv of the O(tob(', 20. 1%9b?
meeting on the decay heat removal ano ttfrirnlii hytlrmI i s

October 20, 1982

October

Oc tcher

21,

21,

1982

1982
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October 22, 1982

October 2', 1982

October 26, 1982

October 29, 1982

November 1, 1982

November 2, 1982

November 3, 1982

November 3. 1982

November 9, 1982

November 10, 1982

November 12, 1982

NovemDer 12, 1982

November 12, 1982

November 12. 1982

No:v.mbfer 12. 1982

Notice of meeting with applicants for October 28 and 29,
1982 to discuss CRBR materials and mechanical issues,
including leak before break and leak detection.

Applicants submitted requested information on instru-
mentation and control systems.

Applicants submitted additional information requested
at the decay heat removal meeting of October 20, 1982.

Applicants submitted Amendment 72 to the PSAR, which
includes responses to CRBR Program Office's requests for
additional information co..ained in letters dated April 19
and 30, May 14, June 9 and 21, and July 16, 1982; revi-
sions to Section 11.4, "Process and Effluent Radiological
Monitoring System"; and Chapter 12, "Ri.diation Protection."

Notice of meeting with applicants for November 8, 1982 to
discuss loose parts monitoring.

Applicants submitted additional information requested
at the electrical power meeting of October 19, 1982.

Applicants submitted additional information requested
at the instrumentation and control systems meeting of
September 21 and 22, 1982.

Applicants submitted a :ummary of the October 28 and 29,
1982 meeting on piping integrity.

Applicants submitted a summary of the November 8, 1982
meeting on component degradation monitoring.

Notice of meeting with applicants for November 15, 1982
to discuss control rod logic design and function.

Notice of meeting with applicants for November 16 and 17,
1982 to discuss instrumentation and control.

Notice of meeting with applicants for November 17, 1982
to discuss structural engineering.

Notice of meeting with applicants for November 18 and 29,
1982 at the Project Office, Oak Ridge, Tennessee, to
discuss CRBR control room design.

Applicants submitted a summary of the Septemher 15. 1982
meeting on thermal margin beyond the design baýe.

Applicants sub&.i tted a report ent it led, "Sup;: IVem rtdrY
Manual for the fHRW-2M Compfuter Proqrar, CPERP-Ak[)-0257."
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November 16,,1982

November 19, 1982

November 23, 1982

November 23, 1982

November 30, 1982

November 30, 1982

December 1, 1982

December 1, 1982

December 2, 1982

December 2, 1982

December 2. 1982

December 6, 1982

December 6, 1982

D[cember 6, 1]82

bec finbtý r 6. )9P2

bec Iemi,.'1 7 9fJ ?

Notice of meeting with applicants for November 22 and 23,
1982 at Waltz Mill, Madison, Pennsylvania, to discuss
mechanical engineering calculations.

Notice of meeting with applicants for November 22 and 23,
to discuss reactor design.

Applicants submitted the additional information requested
at the September 8 and 9, 1982 meeting with the Mechanical
Engineering Branch

Applicants submitted a document entitled, "TMBDB Melting
Scenario."

Applicants submitted Draft B of the report entitled,
"Fire Hazard Analysis (FHAR)."

Applicants submitted Amendment 73 to the PSAR which
includes revisions to Section 2.4, "Hydrclogic Engineer-
ing"; Section 7.2, "Reactor Shutdown Syszem"; and Sec-
tion 17J, "A Description~of the ESG-RM Qualifty Assurance
Program."

Applicants submitted a response tu item 6 of the action
items from the October 18, 1982 meeting on containment
systems.

Applicants submitted a summary of the November 23, 1982
meeting on equipment qualification.

Notice of meeting with applicants for December 8, 1982
to discuss inservice inspection review items.

Notice of meeting with applicants for December 8 and 9,
1982 to discuss structural engineering review items.

Notice of meeting with applicants for December 16, 1982
to discuss shutdown heat removal systems.

Applicants submitted a summary of the November 25 and 26,
1982 meeting on reactor design.

Applicants submitted requested information on electric
power and mechanical systems.

Applicants submitted requested information on instrumen-
tation and control systems.

Applicants submitted additional information requinsted at
the Decembet 2 ard 3, 1982 meetings on control room desAign.

Applicants Sutbmittpd requested inftrrne2'ion on thermal
mor(gin,, bevnord t hc (fs i (p; tl1df'.
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December 13, 1982

December 13, 1982

December 14, 1982

December 14, 1982

December 14, 1982

December 17, 1982

December 20, 1982

December 20, 1982

December 20, 1982

December 21, 1982

December 21, 1982

December 21, 1982

December 21, 1982

December 21, 1982

December 22, 1982

December 22, 1982

December 22, 1982

Su1mmary of the September 15, 1982 meeting with appli-
coats on thermal margins beyond the design base.

Applicants submitted a revision to "CBRP-3 Volume 1,
Structural Margin. Beyond the Design Base."

Applicants submitted requested information on instru-
mentation and control systems.

Applicants submitted additional information requested
by Mechanical Engineering Branch.

Applicants submitted a summary of the December 9, 1982
meeting on Ftructural margin beyona the design base

Applicants submitted additional clarification of CRBRP
training program.

Applicants submitted a summary of the December 16, 1982
meeting on shutdown heat removal.

Applicants submitted additional information on instrumen-
tation and Control systems.

Applicants submitted additional information requested at
the December 15, 1982 meeting on plant auxiuiary systems.

Applicants submitted additional information requested
at the December 8, 1982 meeting on thermal margin beyond
the design base.

Applicants submitted a summary of the December 20, 1982
meeting on the reliability program.

Applicants submitted requested information or) the second-
ary control rod system.

Applicants submitted additional information requested
at the December 9, 1982 meeting on structural margin beyond
the design base loads on the reactor support ledge.

Applicants submitted a summary of the December 20, 19P2
meeting on environmental qualification of equipment.

Applicants submitted additional information regarding
emergency planning.

Applicants submitted requested informdticon on the inter-

mediate heat transport system tee.

Applicants submitted additional information reque'!ted
at the November, 22-24, 19P2 mvting with the Merhainira
Ingineer ing B,.anch.
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December 23, 1982

December 23, 1982

December 23, 1982

December 28, 1382

December 28, 1982

December 28, 1982

Decemier 28, 1982

December 29, 1982

December 29, 1982

December 29, 1982

December 30, 1982

January 5, 1983

January 5, 1983

January 5, 1983

January 6, 1983

Applicants submitted requested infzrmation on instru-
mentation and control systems.

Applicants submitted requested information on containment
systems.

Applicants submitted requested information on energetics
analysis.

Applicants submitted requested information on margin
in the plant protection system setpoints.

Applicants submitted requested information regarding
the plant'procedures.

Applicants submitted additional information on seismic
qualification.

Applicants submitted requested information concerning
project technical resources, training, and utilization
of industry experience.

Applicants submitted a summary of the SER open-item
meeting held on December 21, 1982.

Applicants submitted updated information on the environ-
mental design of mechanical and electrical equipment.

Applicants submitted a summary of the December 8, 1982
meeting on con'.ainment vessel/code case(s) analysis.

Applicants submitted Amendment 74 to the PSAR which
includes revised responses to NRC question CS430.1
through 104; revisions to Section 3.2, "Classifications
of Structures, Systems and Components"; Section 6.2,
"Containment System, s"; Chapter 7, "Instrumentation and
Controls"; Chapter 8, "Electric Power"; and Section 9.14,
"Diesel Generator Auxiliary Systems."

Applicants submitted a revision to Section 170, "A De-
scription of the Nuclear Steam Supply System (NSSS)
Supplier Quality Assurance Program."

Applicants submitted the DEMO code output assumptions
used for the pipe break analysis.

Applicants submitted requested inforrrati)n on seismic
margin beyond the design base criteria and a writeup
on the benchmarking analyses against the SM-1 test.

Applicants submitted requested information on the-direct
heat removal service.
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January 7, 1963

January 7, 1983

January 7, 1983

January 10, 1983

January 11. 1983

January 11, 1983

January 11, 1983

January 11. 1983

January 11, 1983

Applicants submitted a report on trie "Methodology for
CRBRP's Appliiation ot Radiological Source Terms in
Containment."

Applicants submitted aoditional information on the
reactor vessel and ex-vessel storage tank non-
destructive examination.

Applicants submitted responses to questions concerning
auxiliary liquid metal systems and plant fire protec-
tion system.

EG&G report to CRBR Program Office entitled "Comparison
of Clinch River Breeder Reactor Design Basis Accidents
With These for Light Water Resctars and Liquid-Metal-
Cooled Fast Reac.ors," EGG-NIAP-6152.

Applicants submitted additional information on steam
generator nondestructive exanmination and reactor vessel
core support cone structural integrity.

Applicants submitted additional information on mechanical
engineering.

Applicants submitted additional information on material
surveillance.

Applicants submitted additional information on core
instrumentation.

Applicants submitted personnel res;umes -of key positions
for CRBRP management organization.

Applicants submitted ciarifying information on the selec-
tion of the groundwater level for use in seismic design
of Category I structures.

Applicants submitted the "CRBRP Reliability Assurance
Activities" program.

Applicants submitted a summary of the November 17, 1982
meeting of seismic/structure./cell liner analysis and
response.s to questions brought up at the meeting.

Applicants submitteo a modifiration of PSAR Section 14
clarifying the application of operational and test
expPrience from similar (,peratinq reactors to the CRBRP
tebt ;roqrarm

App)icants submitted additional and revised informatior)
on the plant auxiliary systems.

January 11, 1983

January 11, 1983

January 12, 1983

January 12. 1983

Jafiudry 12. 1983
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January

January

January

January

January

January

January

January

January

January

January

January

20,

20,

21,

25,

26,

26,

26,

27,

27,

27,

27,

27,

1983

1983

1983

1983

1983

1983

1983

1983

1983

1983

1983

1983

Applicants submitted additional information on inerted
cells in the reactol service building.

Applicants submitted additional-information on the com-
position of NaK and its solidjs temperature.

Applicants submitted additional information on CRBRP
engineered safety features and maintenance system.

Applicants submitted additional and revised information
on CRBRP auxiliary systems.

Applicants submitted additional informaticn on the el,-
tric power system.

Applicants submitted additional information on the
instrumentation and control systems.

Applicants submitted additional information on-the
primary heat transport system hot-lfeg piping code
evaluation.

Applicants submitted additional information on sodium
spill volumes for inerted cells.

Applicants submitted additional information on reactor
material surveillance.

Applicants submitted additional information on heat
removal service temperature limits.

Applicants submitted additional information on qualifi-
cation of mechanical equipment.

Applicants transmitted CRBRP-ARD-0315, "Clinch River
Breeder Reactor Plant Verification of FORE-2M Computer
Code."

Applicants submitted additional information on stainless
steel and insulation properties of engineered safety
features and on welding qualification in areas ot
limited accessibility.

Notice of meeting with applicants for February 9, 1993
on Phase II of the Probabilistic Risk Assessment effort.

Applicants submitted additional information on mechanical
engineering.

Applicants' response to the recLrft.ly issu.C NkC CRI)kb
"principal design criteria.

January 27, 1983

January

January

28,

29,

1983

1983

february 2, 1983
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February 2, 1983

February 2, 1983

February 3, 1983

February 4, 1983

February 4, 1983

February 4, 1983

February 4, 1983

February 8, 1983

Applicants submitted two puges that were inadvertently
left out of response dated December 14, 19S2 on instru-
mentation and control systems.

Applicants submitted additional information on ex-vessel
storage tank cooling.

Notice of meeting with applicants for February 9, 1983
with the Mechanical Engineering Branch.

Applicants submitted additional information resulting
from open-items meeting of December 21, 1982.

Applicants submitted additional informationron sodium
spills.

Applicants submitted additional information on mitigation
of waterhammer in the steam generator system.

Applicants submitted information on precautions that
preclude assembly blockages.

Applicants submitted Amendment 75 to the PSAR which
includes: Revisions to Section 1.4, "Identification of
Project Participants"; Section 5.0, "Heat Transport and
Connected Systems"; Chapter 7, "Instrumentation and
Controls"; Chapter 9, "Auxiliary Systems"; and Section 17D,
"A Description of the Westinghouse Quality Assurance
Program."

Applicants forward correction pages to "PSAR Amendment 75
page replacement guide.

Applicants submitted information on confirmatory high
temperature design programs.

Applicants submitted additional information on potential
highway accidents with resulting toxic plumes that
could impact CRBRP.

Applicants submitted alditional information on nitrogen
gas services system.

Letter from applicants on reactur closure head capabil-
ity to meet margin requirements,

Applicants submitted additional information orn inctru-
mentation and control.

Applicants submitted acditioril infurmation riEuu(c.uted by
the Mechanical Engineering Branrh at the Felruary 9. 193
mef.,t i ng.

February 10, 1983

February 10, 1983

February 14, 1983

February 14, 1983

February 14, 1983

february 15, 1983

F-rujary 15. 1983
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February 15, 1983

February 23, 1983

February 23, 1983

February 24, 1983

February 25, 1983

February 25, 1983

February 28, 1983

February 28, 1983

March 2, 1983

Applicants submitted the revised Section 3.1 of the PSAP
that incorporates the final principal design criteria.

Applicants submitted additional information on the
circulating water system.

Applicants submitted additional information on the
secondary control rod system.

Applicants submitted supplemental information to the
Mechanical Engineering branch.

CRBR Program Office transmits criteria requirements that
the CRBRP Reliability Assurance Program must meet.

Applicants submitted additional informaton on plant
emergency planning:

Applicants submitted additional information on nondestruc-
tive examination procedure.

Applicants submitted additional information on primary
sodium gas entrainment and assembly flow blockage
criteria.

Applicants provide further responses on the CRBRP
Reliability Assurance Program.
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APPENDIX F

NRC STAFF CDNTP7BUTORS AND CONSULTANTS

This Safety Evaluation Report is a product of the NRC staff and consultants.
The NRC staff members listed below were priocipal contributors to this report.
A list of consultants follows the list of staff members.

NRC Staff

N ame Branch

C.
F.
R.
L.
.S.
S.
R.
W.
C.
R.
1.

M.
F.
C.
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C.
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S.
M.
R.
W.
T.
J.

R.
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W.
J.
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J.

R.
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W.
J,

D.
J.

Allen
Allenspach
Becker
Bell
Bhatt
Block
Bosnak
Brooks
Cheng
Codell
Dinitiz
Dunenfeld
Eltawila
Ferrell
Garg
Gaskin
Holz
Hou
Hum
Ireland
Kennedy
King
Knox
Lewis
Liaw
Long
Long
MacKay
Matthews
Mauck
McMullen
Miller
Moran
Morris
Nehemi as
Pearr i ng
Per rot t.i
Pe t. e r 5(,

CRER Program Office
Licensing Qualification
CRBR Program Office
Accident Evaluation
Materials Engineering
Radiological Assessment
Mechanical Engineering
Core Performance
Materials Engineering
Hydrologic & Geotechnical Engineering
State Programs
Core Performance
Containment Systems
Siting Analysis
Equipment Qualification
Office of Nuclear Material Safety and Safeguards
CRBR Program Offic?
Mechanical Engineering
Materials Engineering
Division of Systems Integration
Procedures & Testing Review
CRBR Program Office
Power Systems
Inspection & Enforcement
Materials Engineering
Procedures & Test Review
CRBR Program Office
Procedures & Test Review
Emergency Preparedness Licensing
Instrumentation & Control Systems
Geoscierices
Effluent Treatment Systems
CRBR Program Office
CRBR Procram Office
Radiological Assessment
Hydrologic & Geotechnical Engineering
[rrirrqceny Preparrdriess Li cens r1g
St.dtC Proq, ai',
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Name

P.
C.
R.
S.
S.
R.
J.
M.
i.

J.

R.
3.
E
C
M.
E.
R.
P.

Randall
PCossi
Rothman
Salah
Sands
Schc.,ne 1
Schiffgens
Shuttleworth
Spickler
Spraul
Stang
Stark
Swift
Sylvester
Tan
Tokar
Tomlinson
Wright
Wu

Branch

Materials Engineering
Instrumentation & Control Systems
Geosciences
Operator Licensing
COOR Program Office
I" ,n i;xctors Enginepring
K.ILEr is Engineering
CRER ":ogram Office
Acci . Evaluation
Qua' .. ;surance
ChemiL.J, Enginecririg
CRBR Program Office
CRER Program Office
Auxiliary Systems
Structural Engineering
Core Performance
Power Systems
Equipment Qualification
Chemical Engineering

Consultants

Name Company

V.
W.
A.
A.
B.
G.
R.
3.
W.
M.
K.
G.
J.
T.
R.
R.
J.
R.
C.
D.
I.
D.

M.
El.

R.
A.

Shah
Barthold
Agrawal
Berlad
Chan
Fischer
Gasser
Guppy
Horak
Khatib-Rahbar
Perkins
Van Tuyle
Weeks
Burr
Copp
Daf oe
Hanson
Haroldsen
Kido
Killian
Kinnaman
Morken
Rawlins
Russell
Uldrich
VanderBeek
Ware

Argonne National Laboratory
Barthold & Associates
Brookhaven National Laboratory
BrookhAven National Laboratory
Brookhaven Nat"•nal Laboratory
Brookhaven National Laboratory
Brookhaven National Laboratory
Brookhaven National Laboratory
Brookhaven National Laboratory
Brookhaven National Laboratory
Brookhaven National Laboratory
BrooKhaven National Laboratory
Brookhaven National Laboratory
EG&G
EG&G
EG&G
EG&G
EG&G
EGi&G
EG&G
EG&G
EGGr
EG•,u
EG&G
EG&G
EG&G
E G&G
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Name Company

R.
R.

C.
A.
R.
C.
J

J.
R.
T.
T.
S.

R.
B.
E.
R.
M.
W.
J.
A.

S.
D.
R.
R.
D.

Alcouffe
Ba-os
Bell
Butler
Giger
Kidmarn
Linder
Scott
Tomki ns
Urban
Wehner
Theofanous
Basin
Horton
Liner
Johnson
Rumble
Yoder
Badlani
O'Donnell
Porowski
Reynolds
Algermissen
Dickey
McDowell
Morris
Perkins

Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos N.ational Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
Purdue University
Science Applications Inc
Science Applications Inc
Science Applications Inc
Scien:e Applications Inc
jcience Applications Inc
Science Applications Inc
SMC/G'Donnell & Associates Inc
SMC/O'Donriell & Associates Inc
SMC/O'Donnell &.Associates Inc
University of Virginia
U.S. Geological Survey
U.S. Geological Survey
U.S. Geological Survey
U.S. Geological Survey
U.S. Geological Survey
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RDU 19-41. "Rei,'irements for Construction of ClIA,, I I levated Temperature
Noc Ifar System corriponents." Sept 1974 and Jii,. 1H,

- RU! I''-$. "[,•d' lires and Procediures for DesiLit, of Class I Elevated
lempetat te e Nuclear Systen, Components."

W.- I F 9- 51 "Guideplines arnd Procf-dure ,ur" D*.-igrn of NlcIeal SysIpm

cL,,,l,.rint s at [ levated lemperat ure." Sept . 1974.
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Introduction

The U. S. Geological Survey has reviewed the geological and
seismological data and analysis in the Preliminary Safety Analysis
Report (PSAR) for the Clinch River Breeder Reactor Plant site located
about 25 miles west of Kioxville, Tennessee

Geology

Intrcduction

The U.S. Geological Survey (USGS) reviewed the geologic data and
analysis in the Preliminary Safety Analysis Report (PSAR) for the Clinch
River Breeder Reactor plant site and has compared it tc the geologic
literature of the area including the Phipps Bend PSAR, Docket Nos. 5n-
5!3, 50-554, and the Watts Bar SER Docket ?Jos. 50-390 and 50-301. A
field inspection of the site and surrounding area was made June 2 and 3,
1982.

The Clinch River site, in the southwest corner of the U.S. Department of
Energy Oak Ridge Reservation, Roane County, Tennessee, is inside a
meander loop of the Clinch River at the upper ene of Watts Bar Lake.

The site is in the Valley and Ridge Physiographic Province, which
extenos about 500 miles northeastward from Alabama to Virginia and is
about 25 to 50 miles wide. The northeast-trending valleys are underlain
by easily erodible shale and mudstone and soluble limestone, whereas the
ridges are supported by more resistant sandstone, siltstone, and
siliceous limestone and dolomite.

The topography in the vicinity of the site is characterized by such
northeast-trending ridges with intervening valleys. Niormal lake level
in the valley is about 740 ft above mean sea level and Chestnut Ridge to
the northwest of the site stands at about qOO ft.
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Stratigraphy

Tne Rome Formation and the Conasauga, Knox, and Chickamauga Groups
constitute most of the bedrock of the Valley and Ridge Province in
Tennessee. The Rome Formation, of Middle Cambrian age, consists mainly
of red, green, and yellow shale, siltstone, sandstone, and minor gray
dolomite, with a maximum exposed thickness of 1,200 ft. The Conasauga
Group, of middle and Late Cambrian je, rsnsists of about 2,000 ft
mainly of alternating gray shale and limestone. The amount of limestone
decreases northwestward where, at the province boundary, the Conasauga
is nearly all shale. The 2,500-to 3,000-ft-thick Knox Group of Late
Cambrian and Early Ordovician :ýe is predominantly chert-bearing
dolomite and lesser amounts of limestone. The Chickanauga Group of
Middle and Late Ordovician age consists of alternating layers of gray
and maroon limestone, calcareous siltstone, and shale. Tne thickness
rances frcm 8,000 ft in the southeastern part of the province to 2,000
ft in the northwest (PSAR, p. 2.5-4).

Calcareous mudstone and limestone of the Knox and Chickamauga Groups
underlie the plant site. Typical strike and dip of the beds are N. 520
E. and 370 S.E. The bedrock is covered by a veneer of residual soil,
through which scattered outcrops protrude in the central part of the
site. The southern part of the site, and terrain near the river, are
covered with alluvial soil. Weathered rock and soil attain a maximum
thickness of 78 ft in the northeastern part of the site (PSAR, p. 2.5-
15a). The applicant prepared a contour map of the top of "continuous
rock," (unweathered rock which shows no significant discontinuities)
based on 129 borings and seismic refraction work (PSAR, fig. 2.5-16).

Structure

During Paleozoic time, northwest-southeast compressional forces thrust
rocks from the southeast over rock to the northwest. A succession of
such thrust faults in the site area characteristically dip southeastw;ard
near the ground surface and flatten with depth (Harris and Milici, 1977,
fig. 1, plate 5, 6). Swingle (1973, fig. 1) postulated a flat sole
fault, which the thrust faults join, at a depth of about 9,000 ft.
Harris and Bayer (1979, fig. 3) put the depth of the decollement at
closer to 15,000 ft. This later work benefited from the COCORP seismic
profiling (Cook and others, 1979). Rodgers (1970, p. 64) believes that
the deformation and major structural features in the southern
Appalachians were completed well before Late Triassic time.

The CRBRP site is located between two of these thrust faults--the Copper
Creek and Whiteoak Mountain Faults. The Copper Creek fault at its
closest point to the site is about 3,000 ft to the south. The.- strike
a,id dip are U. 520 E. and 250 S.E. The site is near the midpoint of the
100-mile mapped length of the fault. The *Ror.: Formatinn was thrust over
rocks of the Chickamauga Group for a horizontal distance estimated in
.oles and a stratigraphic displacement of about 7,200 ft (PSAR, p. 2.5-
21).



The Whiteoak Mountein Fault system consists of a main thrust fault with
several subsidia-y hrnaCh faults, the nearest trace hein: 1.7 7iles
northwest of the site. This northeasterly-trending fault is tens of
miles lon; and is estimated to dip 45 tc 50 degrees S.E. near the site
(PSAR, p. 2.5-22).

Discussion

The general concept of the geology, presented by the applicant, is based
upon a survey of the literature supplemented by drill core. radiometric
dates, and geophysical work by them and their contractors. Although it
is a simplistic presentation, we are in general agreement with the
conclusions.

Tne ite-s of m~jor corcern arising in our review of the PSAR ýere (1)
the possibility c' a limestone cavern underlying some portion of the
site, tecause cavErns are known to be present nearby, and (2)
iderntific.ation of active faulting, because seismicity is present in the
province, although at a relatively low level..

,Examination of the drill-core and the geologic cross-sections of the
site drawn by the applicant, limitation of known caverns to the Knox
Group (PSAR, p. 2.5-7), and the concept of "continuous rock" based on
core-hole data ard seismic refraction work, makes reasonable the
applicant's contention that the presence of a major undetected cavity
beneath a site structure is unlikely (PSAR, p. 2.5-15a).

Seismic events occur infrequently in the site arpa. The applicant
States (PSAR, p. 2.5-25) without supporting data, that the "normal"
focal depth for seismicity is 50,000 to 65,000 ft, well below the
decollenent and, therefore, unrelated to the shallow structure.
Although data from the literature indicate that this is a reasonable
hypothesis (for example, Bollinger and others, 1973), comiplete
independence of seismicity and shallow struLtures has not been
de-onstrated, and the focal-depth range cited appears to be much too
limited.

Recent thrust faulting in the Appalachians was the subject of a study by
SchAfer (1979) (PSAR, p. 2F-3). His evidence for recent thrusting was
offsets along subhcrizontal fractures ard bedding planes, of holes
drilled during construction uf roads. He noted such offsets, 12 years
after roadway construction, at several locations, the closest to the
Clinch River site being on Interstate Highiway 40 between Harriman and
Rockwood. Further study by Hatcher and Vebb '1981) allowed them to
conclude that offset is riot a result of recent tectonism. Evidence of
two kirius led the- to tnis conclusion: (1) in multiple offsets ancunt
of offset increases u;..:ard, and (2) offsets are not consistent in
direction and favor a displac1u',ren? direction toward the center of the
highway. Stress relief, a factor rioted in other studies in th•
Apaiechiarns (Wyrick and F(;rchers, ]&1) may be .alled upon as an
&,Ypl nation ever, for ihn•, c.'',.ts in directionrs parallel to direc.io',s
of ;Ast thrust faol .'J .
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Further, the applicant supports assignment of an ancient age for
movemern: on the Copper Creek Fault with a radiometric age of rylonite
from the fault zone of 285 millior years (PSAR, p. 2.5-22). Although
this is a reasonable date for major movement of the thrust faulting in
the Valley and Ridge Province, such dating techniques do not preclude
subsequent movement on the fault after erosion reduced the confining
cover so that mylonite would not be formed. Evidence such as that from
mapping and/or trenching of alluvial terraces across critical faults was
not obtained. Such evidence could have demonstrated conclusively that
the Copper Creek fault and Whiteoak Mountain fault are not capable.

Conclusion

In conclusion, although there has not been as definitive a demonstration
as possible cf •noncapability for faulting in the area, the anal'ysis of
site geology by the applicant results in reasonable conclusiors based
upon current theories of Appalachian tectonics and upon the data
available. It may be appropriate to noi. that to date no active faults
have been recognized throughout the Appalachian region.

Seismology
Introduction

The U. S. Geological Survey has reviewed the seismological analysis in
t;-e Preliminary Safety Analysis Report (PSAR) for the Clinch River
Breede, Reactor Plant site and compared it with the seismological
literature for the region and with some results of on-going research in
the Survey.

A.vlicant'.s safe-shutdown earthquake (SSE)

On seismicity maps prepared without specialized relocation techniques
the Clinch River Breeder Reactcr Plant (CRBRP),lies in the midst of a
diffuse band of earthquake epicenters running roughly from Alabama to
West Virginia. Because this band is spatially associated with the
'.Apalachian mountains, it is natural, in the absence of rrore specific
kn.... dge about tthe seismotectonics of the region, to consider that this
sels.-,icity is a feature of a so-called Southern Valley and Ridge
seis-.otectonic province. The applicant has taken the lar;est historical
earthquake in this province, the Giles County earth&uake of 1897, and
hy;,cthesized a similiar eavent in the vicinity of the site. The
applicant accepts an assessment of the maximum epicentral intensity of
this earth,'uake as being a modified Mercalli intensity VII or Vii+
('S;P, p. 2.D-25). The safe-snutdown earthquake ground r:.tion (SSE) is
ta'en tc be .2S g, corresponding to epicentral intensity VIII on a
correlation of intensity with near-fic.'d strong motion acceleration

- P. 2.5-26). This intensity and the corresponding acceleration
sue ae reasonable results of the application of App.end,, A procedJres

L(. :0e reicona, seis-ic history. We point out that the rec-ent analysis
"' El r . ( &).• of the lest ?.D years of epicentral datea i, the r~ilps

.... . the ,y of the if a Structure
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The conservatism of the applicant's SSK

Appendix A to 10 CFR Part 100 defines a deterministic procedure the
purpose of which is to arrive at an assessment of maximum ground motion
at a site. In assessing the conservatism-of this SSE, we have looked at
the exceedance probability of .25 g, when considered in the light of the
assumptions we have made in producing probabilistic ground motion maps
for the eastern United States (Algermissen and others, 1982). Included
in the assumptions for these maps were that the seismicity was diffuse
and uniform over an Appalachian province and that the earthquakes were
crustal earthquakes that could be modelled as point sources near the
surface. For these asIumptions, .25 g has an annual exceedance
probability of 2 x 10- if statistical variability in the attenuation
function is not taken into account, or 4 x 10- if the standard
deviation of the attenuation variability is taken to be 0.6.

Maximum magnitude is important in the above results. If the maxinum
macnitude in the model is assumed to be as low as MV = S.8, the above
exceedance probabilities are expected to derrease by a factor of 3.

A oossible local seismic source

The above results depend upon a nodel of diffuse uniform seis-ricity in a
broad Appalachian source zone. Hadley and Devine (1974) show the
Appalachian seismicity to have a "hot spot" in eastern Tennessee. 1uch
more recently, Dewey (personal communication) and Gordon (personal
comunication) have relocated a large number of instrumentally recorded
eastern U.S. earthquakes. (A list of these earthquakes and their
relocated coordinates have been sent to the NRC and the applicant's
corsultants). Nine of these relocated earthquakes can be seen to make
up a zone 15 km wide and 180 km long, extending from about 34,57'N lat.,
84"36'W long., to 36c25'N lat., 83c40'W long. A line connecting these
points runs through Knoxville and forms an azimuth of nearly 20 degrees
more northerly than the surface trend of the Appalachians. This may
represent a concentration of seismicity in eastern Tennessee. Although
there is insufficient evidence of a specific structure, it is possible
that this alignment represents a basement seismic source zone or fault
analogous to the proposed structure for the Giles County earthquake
(Bollinger, 1981).

The conservatism of the SSE, dssuming a local source

It might be asserted that the consequences of the existence of the
hypctthotical local source is already anticipated by the movement to the
CSRP site of a hypothetical earLhquake of epicentral intensity VIII.
The applicant acknowledges (CRSRP PSAR, amendment 71, page 2F-5) that
Bollinger suggests that magnitudes up to M. = 7.0 are possible on thehyt-iles "County ztructure. The Aypothetical structure

considcred for the vicinity of Kroxville is significantly lotiger than
that proposed by Bollinger for the Giles County structure. Accordin;ly,
tr ere is some pos.sibility of an earthzuake on this hypothetical
'lrj•:;'• havirc a,, epicentral intensity creatC.r than VIII. •-c•uS

1i i c, , ur' r nrot prboven, undrer A;v.sdlx A it w9,,Id be ire ;; nov
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to bring an intensity greater than VIII to the site on the basis of this
structure. However an assessment of the significance of such a
structure is addressable through a probabilistic ground motion a! ysis.

As before, assessment of the conservative nature of the SSE depends upon
a calculation of the exceedance probability of .25 g, given this
hypothetical structure. Accordingly we assumed a line source, 140 km
long, on which earthquakes were modelled as ruptures, with the rupture
lengths depending on magnitude. (The 140 km length for the line source
was chosen because it is the average of the different lengths obtained
by removing zero, one, or two earthquake events from either end of the
alignment). The maximum magnitude assumed was M = 7.0 and the b-value
was 0.9. This source was assumed to lie at a ra~ial distance of IF km
from the CRBRP. A major uncertainty in modelling this source is the
determination of a suitable annual rate of seismicity attributable to
this source. More precisely. the rate may be represented by the a-.nual
rate of earthquakes of magnitude greater than 4 (epicentral intensity
equal to o.- areater than V) in the source. Two estimates for this rate
were made.- For A:.e first estimate, one-quarter of the seismicity of the
Appalachian seismic .urce zone (zone 100 from the national model of
Algermissen ana other-s, 1;d2) was considered attributable to the
hypothetical line source. This fraction was an approximation resulting
from inspection of seismicity maps, considering the contiguity of the
seismicity to the hypothetical structure. For the second estimate, a
list appearing in Bolling.r and others (1976) for historical earthquakes
occurring in the vicinity of the Maryville, Tennessee, earthquake of
1973 was useo. All of these events were attributed to the hypothetical
struct-ure, and those with magnitude greater than 4, or intensity V or
greater, were counted. The annual rates derived from the two procedures
agreed within 15 percent of one another. The use cf their average in

the model yielded an annual exceedance probability for .25 g of 17 x 10-
4 for no attenuation variability or 21 x 10-4 for a standard deviation
of attenuation variability equal to 0.5. These results do not change
significantly if the maximum magnitude is reduced to
Ms = 6.4. Exceedance probabilities of these sizes may be legitinate
cause for concern. Howcver, if the maximi'" magnitude on this source is
5.8, th2 exceedance probability is 0 for no attenuation variability and
7 X 10- with attenuation variability.

In a more formal and complete probabilistic assessment of the exceedance
probability of the CRBPF SSE, the following items would be found to be
most important and ,-ould have to be treateo probabiltstically: (1) the
seismic rate assigned to the fault, (2) the likelihood of the exis:ence
of this fault, and (3) the distance of the fault to the plant. The
exceedance probability is directly proportional to factors (1) and (2)
above and, over a limited distance rang,? inversely proportional tc some
power of (3). (If the distance is taken to be 20 km lnsteu: of 1I k-n,
the exceedance probability decreases by about a factor of 1.6). It is,
of course, factor (2) which s most in dispute. For the remainder of
the r~view wt address those facts relating to the credibility of te
5tru~tu C.



Evidence for and against the hypothetical structure

The seismological evidence wihich best addresses the hypothetical
structure, other than the relocated epicenters themselves, is that
information generated by investigations into the Maryville, Tennessee,
earthquake of 1973. Maryville is on the apparent alignment of the
relocated epicenters, and it is reasonable to expect that this
earthquake should give evidence of a structure associated with the
alignment, if indeed the alignment exists on a real structure. Most of
the information about this earthquake appears in Bollinger and others
(197C). The authors, howeve,', believe That their evidence is net
definitive er~ogh to support any particular interpretation.

The map of epicenters of aftershocks of the Maryville earthquake shows a
NNE trend. The main shock P-wave first motion focal-mechanism solution
st•,-ws a f;E-striking nodal plane, as does Herrmann's (1979) combined P-
wave and c""face-wave solbtion. However, the former solution is
LF,,:.st :;- nurmal Faulting dovi to the southeast, and the latter
solution consi:tE,,t with reverse faulting on a northwest dipping
plane. Both sol-tions have strike-slip motion component of the same
sense. However, Bollinger and others (1976), on the basis of in situ
stress measurements and well-hole data, prefer an alternative focal
mechanism solution for the same P-wave arrivals. Their alternate main
shock solution yields reverse faulting on a NW-trending fault plane.
The composite mechanisms for the aftershocks give solutions inconsistent
with the main shock mechanisms proposed by Bollinger and others (1976).

The major geophysical feature in the vicinity of the alignment is the
"rýew York-Alabama lineament", which runs NE through Knoxville. This
lineament has been interpreted (King and Zietz, 1978) as a fault
juxtaposing different basement rock types along which strike-slip
movement may have taken place. King and Zietz authors reject the
interpretation of normal faulting along this line.

The alignment-' of. epicenters does not coincide with the "New York-Alabama
lineament" out rather has a more northerly strike. If the epicenters of
the alignment are plotted on the Bouquer ar.omaly map of figure 2 of
Keller and others (1982), the epicent.rs are found to lie not on the
regions of strong gravity gradient, but rather on the tops or flanks of
small gravity highs of length 40 to 60 km. The alignment, if it is as
much as 180 km long must span three of these local highs. This may
argue against a single structure and may limit the potential maximum
magnitude.

S umma r y

The selection by the applicant of the Giles County earthquake in the
Southern Valley and Ridge Province as the controlling earthquake at the
site is reasorable. Vie also concur with the assess.nents of the maximum
intensity and SSE, and the anchoring of a Regulatory Guide 1.60 response
spectrum to this 0.25 g SSE. Furthermore, the CRBRP SSE has a
conservative exceedarce probability if one can confidently adopt a
diffue f ',rtirmi c rt noodel to an Appalachian province. However there is
evic;:c,.c of a r.rre (OcLentrated local source in the vicinity of the
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CRBRP. This source appears to have sufficient linear extent to generate
large magnitude events. Furthermore the seismicity in th? vicinity of
this sour:e, if attributable to a fault, is sufficient tc ir-ply that the
CRBRP SSE has an exceedance probability notably higher than
I x 10-4. At the present time, the data are insufficient to establish
the situation one way or the other. Accordingly, we believe that
although the CRBRP SSE is reasonable on the basis of present data, a
definitive seismological investigation would be required to address the
problem of a possible concentrated seismic source in eastern
Tennessee. This probably would require a local network, velocity
models, and source mechanism determinations.
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