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1. In<roduction

The formal licensing review of the Clinch River Ereeder

ted with the submittil of the

&)

Rzactor (CRBR) was aniti
Preliminary Safety Analyvsis Report in 1975, This reactor

dif{ered f{rom commercial light water reactcers in severzal

-y

important areas, one of which is the use c¢f sodium ccolant. Irn

the 1nitial application perrit, emphacsic was placed on
reliability analiysis in the developmert o2 the safetv-relatec

design considerations for the plant.

One of these cafety analyses considered the accident

‘.

scernario for a hypeihetical core disruptive accident (ECDA). One
scenario postulates that the reactor vescel is breached along
with the guard vessel and cavity cell lirer. This postulated
seriés of events places bl =2 concrete in contact with het scdjuf
mstal. An understanding of sodium-concrete intaracticrs wus
necessary to assess such safety related concerns as hyvdrogen
generation, with its attendant exﬁlosion risk, gas generation
which could over-prescsurize the centainment build;ng, degracdation
of the ccncrete which could le&d tc peretration or structural
ccllapse, and, finally, the crergy release from socdium reactic:.s
which under Some circumstances world rival the cecaw heat.
Several organizationrnc initiatecd studier cf sociur-uancrete
interactions. The two principal]l investigoiors were Sfandla
Neaticoral Laboratories and the Hanford Froincerirag Lovoelopnornt
Laboratory (HEDL). Altogcther, more thar 100 cignificant mn-

experiminte houe herg conGurted to v gy e e oty



intevactions. These tects examined concretcs similar to these
uced at the Fast Flux Test Facility (FrTF) and propoéed for use
st Ciinch River. The experimental results varied coasiderably,
even under what appeared to be similar initial conditions. This
variation is not completely understood and is the principal
reaéon for concern about predicting long-term effects of a large

sodium spill.



2. Review of Sodium-Concrete Experiments

Several years ago, the autliors had t.ue opporturity to review
the sodium-concrete experimental data available at that time
(Reference 1l). Since then, a substantial numb-r of additional
experiments have been conducted but only a few of these have
examined limestone concrete. 1In three years Sancdia nas conducted
only four additional large scale limestcne concrete test§ and
HEDL has conducted only six tests.

Results from the limestone concrete tests at HEDL are
summarized in Table I and results from Sandia's tests are shown
in Tekle II. .Blanks in some columns for certain tests indicate
that no informat:ion 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. Sodium temperatures, masses and depths are also shown.
Information is given on the test duration, whether or not an
exothermic reaction was observed, hydrogen évolution, the extent
of penetration and whether or not noises were observed suggeéting
a vigcrous interation. | |

Other, smaller scale tests, conducted elsewheré are not
listed although information concerning these tests can be found
in References 2-4. Oniy limestone concrete data is listecC in
these tables. While many experiments have been conducted with
ciher concretes, such as basalt concrete and magnitite concrete,
it is felt that the various types of concrete are significantly

@ifferent materials which must be treated separately. It is
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Zoncrete Typa/

Thickness, om

Limestone

n

Limestone
30

Limestone
klo]

Limestone
30

Limestone
20

L.imestone
30

‘imentonae

41,15 ¥g NaClH

" rimestcne

Ty

+2.15 Fg NaoOH

Limestone

¥

timestone
1

Table I.

Sur face Area,m

{Orientation)

0.092
(Horizontal)

0.092
(Horizontal)

0.092
(Horizontal)

0.092
(Horizontal)

0.092
{vertical)

1 0.092

{Vertica®)

0,092
(Horizontal)

0.092
(Hocizon%al)

0.022
(Horizontal)

0,092
(Hor;zontal)

Temperature
Ave, °C
(Max)

677 .
(802)

871
(871)

871
(871)

871
(871)

871~
(1093)

871
(954)

871
(912}

871

871

677

Sodium

Mass, kq/
{Pepth,cm)

22.7
(25.4)

22.7
(25.4)

1871
(20.3)

19.1
(21.4)

22.7
(25.4)

2.7
(25.4)
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urnt Sodium-limestone Concrete Interaction Tests

Exothermic
Reaction

Yes

No

No

Yes

Yes

Yes

Yes

Length
of Teut
{hr)

24

24

26

24

Hydrogen
Fvolven
kg

0.18

0.19

0.28

Yes

Penctrati.n
Max.
cm

13.0
(8.9)

14.0

7.6
(4.4)

Noises
{(rops,.

Bumps

No

No

No

Yes

Yes

Yes

, etc)
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Table I,

Toncrete Type/
Thickne ss, cm

Limestone, 30 cm
Ma2, 10 om
Steel, 1 cm

(5 cm hole)

Limegtone, 61 cm
MqO, 10 cm
Steel, 1 cm

{15 cm hole)

Limeetone, 61 cm

Limectone, 61 cm
17 cm Pearlite

Limestone, H1 o
‘rryeaepre=17 ft
tonad)

[irestone, &1 om
asx dehydrated

cercrete
faxdium lirmited)

Surface Area,m
(Orientation)

0.092
{Horizontal)

0.836
(Horizontal)

0.836
(Horizontal)

0.092
{Horizontal)

0,002
(Yorizontal)

n,09a2
{Horizontal

Temperature
Ave, “C

(Max)

871

820

a7s
(801)

593
{(871)

893
(871)

593
(871)

Sodium
Mass, kq/
(Depth, cm)

454/
(70)

454
(70)

46/?

46
(51)

46
(51)

-3.1-

Exothermic
Reaction

Yes .

Yes

Yes

Lenyth
of Test
(hr)

15

100

48

190

70

HEDL Sodium-Limestone Concrete Interaction Tests (Continued)

Hydrogen

Evolven
kg

Yes

Yes

Yes

Yes

Yes

No

Penetration
Max.
cm

2.5/1.8

7.5/5

7.5/5

1.3 em
+ 10 cm
Peaylite

19 cm

(%}
[\ 9)
.

(2}

cm

Ncises
mops,
Bumps, etc)



Loencrete Type/

Thickness, cm

JERDP I,imestone
30.5

CPRRP iL.imectone
ni

CPRRP Limestone
8.1

CFBRP Limestone
38.1

CEBRP Limestone
I.S5 reused

4+ 36 Xq NaOH

T#RRP [ imestone

cuanp Limestone

.

Tiymestonn

Bt |
lawed Liner

Linestone

Tahle 11.

2
Surface Area,m

(Orictation)

0.29
(Horizontal)

1.17
(Horizontal)

1.47
(Horizontal)

0.65
(Horizontal)

1.17
(Horizontal)

1.17
{Horizontal)

0.6nh
(Horizontal)

(.65
(Horizontai)

0.65
(Horizontal)

0.65

Temperature
Avp, °C
(Max)

550
{BON)

550
{800)

550
(740)
540
{450)

540
(460)a

0
(700)

550
{450)
600

600

665/575

695/575

Sodium
Mass, kj/  Exothermic
(Depth,cm) Reaction
21 _ Yes
(8.6)
108 Yes
111.2)
186 Yes
(13)
188 No
(30)
186 No
186 No
127 Moderate
(15)
182 Yes
(35)
142 Yes
(38)
142

(18) No

68+68/29.1cm Yes

-3.2-

Sandia Sodjum-Limestone Concrete Interaction Tests

Lenygth
of Test
(hx)

22 min

45 min

4 hr
(8 min)

2 hr

8 hr

52 min

3.4 hr
(5 min)

Hydrogen
Evolven
kg

Yes

Yes

Yes

Yes~-H_ exp
T + 2 min

Yes-H_ exp
T + 30 sec

Penetration

Max.
cm

0.5
slight
(0.5)

Slight
(<)

4.5

6.4

Noises
{(vops,

amps, eto)

FExplosion

Explosion
lrg spalled
chunk

Yes (once)
No =~

No

Explosion
terminated
exp. after
25 sec



At

wimter

‘“oncrete Type/
Tickness, -m

I.imestone
Limestone
lL.imestone
Limestonn
Limeatone
lLimestone

+ perforated
lirer

arrocl set point

Table II. Sandia Sodium-Limestone Concrete Interaction T::.ls (Conrtinued)

furface Area,m

- {Orientation)

0.072
0.072
0.072
0.072
0.072

0.072

Temperature

Avg,

(Max)

600/?
650/?
700/?
750/?

73/?

713/7?

Sodium
Mass, kg/
(Dapth,cm)

4.5/0.3
4.5/0.3
4.5/0.3
4.5/0.3
4.5/0.3

4.5/0.3

~3.2-

'Exothermic
Reaction

No

No

No

No

No

Penetration
Max.,
cm

Noises
{(rops, -
Bumps, etc)



particularly dangerous to attémpt to infer the properties of one
concrete from another concrete.

Scme of the earliest experiments tested very small samples
of concrete, typiéally 1l cm or 1 inch cubes. These samples were '
immersed in liguid sodium. Limestone, basalt and magnitite
aggregate concretes were tested. t was discovered that all
three types of concrete would react with sodiuvm 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°C. range. These
reactions were exothermic with some differences noted which
depended upon the kind of aggregate used and the water conten:t of
the corncrete (Referenée 2-4) . |

A larger group of tests was conducted at HEDL using 1 ft.
diameter‘concrete surfaces which were expcsed to heated sodium
(Reference 5). Usually, 22.7 kg. (50 1b.) of iiquid sodium were
poured on these intermediate scale specimens coverinc them to a
depth of 30.5 em (1 ft.). Typically, the HEDL r.xperiments were
performed at higher temperatures than those at Sancdia; in a
majority of the HEDL experiments the tests were cconducted at
B71°C.

HED; has recently conducted two large sca]e‘tests, L&EC-2 and
LFT-6. 1In these tests, 454 kg. of sodium were poured limestone
concrete specimens with a surface area of 0.84m (one sguare
yard), forming avpool with a depth in excess of two feet. Test

LFT-6 included a stecl liner and @ 10.2 cr, thich layer of MaD



aggregate. All tests were conducted w%th 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 have 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 temperatufe of the sodium in the
experiments has varied from 450°C to 760°C. Some expefiments
have included steel liners. oo

.Historically, there appeared to be a substantial difference
in the results obtaineé by Sandia and HEDL. 1In the first ;hree
large-scale Sandia tests, highly energetic reactioné were
obkserved 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. 1In the
first four HEDL small-scazle tests (1 ft3) on limestone concrete,
penetration of less than half this depth occurred over 24 hr with
) an excess of sodium. All tests were made con horizontal surfaces.

The differences in results were initially attributed to |
scale effects, since the surface areas in fhe 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 tcﬁpc;atures were 300°C higher than thosc used by Sandia;



it was thought at the time that the hrigher temperatures would
produce more energetic regctiohs.

Following these initial tests, the experimental results
changed. The fourth Sandia limestone concrete test employed a
0.5 m2 surface area and twice the p}evious sodium depth. A
penetration depth of only'dls cm was observed. This was followed
by six more tests thatfproduced.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 ~ame close
to 15 cm. HEDL observed that the pénetration into a ve.tical
surface exceeded that into a horizontal surface by a factor of
. two. On the other hand, Sandia observed greater penetration
dbwﬁward than radially. |

At this point{'HEDL, on the basis of its tests only,
proposed that concrete reaction products were responsiﬁle for the
limited interactibns 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. Unéer generally similar cohditions,
experaiments 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 socdium., On this

S
basis, HEDL proposed that horizontal concrete surface reactione

-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 Pl, P2 and P3,.

Néxt, Sandia proposed a mechanism to éxplain the different
results obtained at Sandia and HEDL. It was suggested that WNaOH
rather than sodium was primarily responsible for the observed
attack on cénérete. 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 additicnzl
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 2llowing the energetic reaction to
begin promptly. The deeper sodium pools used by HEDL, and in
Sandia test No. 4, required time to reach saturaéion with NaOH.
In addition, it was suggested that reaction products would
provide some shielding from further attack for the concrete.
This propcsed mechanism led both Sancdia and KEDL to perform tests
in which NaCH was added to the liqdid sodium before it came into
contact with limestone concrete in order to achieve immediate
saturation. Sandia's test with NaOH (test No. 6) showed a lester
reaction than before, and HEDL's tests (tests S8C-13, SC-14 and
-8C=-19) showed about the same penetration. These results
certeinly éid nothing to confirm the XaOH attac% hypothesis.

Later Sandia tests (LS8, LS18, 1.S19) did not reproduce thc‘

high rater of erosion experienced in the early tests. &s .



compared to the early tests, the later ones employed deeper

sodium pools, specimens with smaller areas and somewhat higher

‘temvcraturés. Our interpretation of these tests has been
=red by a lack of published data about them.

More rscent 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 scdium was poured on
concrete at 475°C and later maintained at several different
;emperatures (Réference 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 first five hours.

HEDL's lést test, LCT-2, with 80% cdehydrated concrete,
showed an erosion of 32 cm in 70 hours. This ercsion was limited
by consumption of all of the sodium and presumably would have

continued further if additional sodium had been present,

Y



3. Models For Sodium Concrete-Interacticns

Two models have been developed by HEDL and Sandia to explain
the results observed in the liquid sodium-limestone concrete
testé conducted until now. Unfortunately} the models make
totally different assumptions about the role of NaOH in the
reaction process. Neither model at this time can successfully

explain all of the observed results.
A, HEDL's Conceptual Model of Sodium Concrete Reactions

A model for the interaction betweenr liguid Sodium and
concrete has been developed at HEDL for limestone ccncrete
[Reference 4). The model postulates the existence of a threshoid
temperature of approximately 500°C which must be attained before
sodium-concrete reactions occur. The existence of a threshold is
weli supported by experimental evidence.

The conc;éte 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 ccncrete.

Water release from the concrete beginsvat temperétures of abcut
100°C, with the following reactions occurring as a result |
[Reference 7).

2Na + H,0 —~ NaOH(l) + NaH (1)

2

4Na + H20 ~ Na20 + 2NaH (2)

2NaH - 2Na + H, , . (3)



A chemical analysis of the reaction products lras show: tlat thne |
are 37% NaOH by weight, whichvsuggests that reacticn path (1) ic
favored. NaOH from reaction (1) then attacks concretes:
2NaOH + CaCO; — Na,CO, + Cal(OH), (4)
Calcium hydroxide, in turn, decomposes at 580°C, theieby
replenishing the water supp'y for further reéctions with sodium:
Ca(OH)2 -~ Ca0 + H,0 : (5)
Sodium aggregate reactions will not occur until the
temperature ievel reaches a threshold value of 500°C. The
following reactions are principally responsible for the
degradétion of concréte iﬁtegrity:
\ 4Na + 3Ca CO; — 2Na, CO; + 3Ca0 + C (6)
4Na + BSiO2 — 2Na25i03 + Si (7)
A provision in the model is also made for the following reaction:
4Na + CaCO, — 2Na,0 + Ca0 + C (8)
In HEbL's view, the NaOH produced by the agueous reaction
does immediately attack concrete but the rate of attack is very
slow and is dependent on the dilution of NaOH with oﬁhér reacfion
products. Sodium~-concrete reactions are much more energetic but
dc not oe;ur-until the 560°C threshold température is attained;
it is these reactions which are responsible for the degradation
of councrete integrity. Further, at temperaturecs in excess of

700°C calcium carbonate in the limestone will decomposc to yield

CO,. The reaction of coé with sodium ic highly exothermic.

2
Since HEDL views sodium concrete reactions ar the major

reacticnu responsible for concrete erosion, transport of sodiur

to fresh concrete is esscential for concrete attoack. However,

-10-






should be most exteisive in concretes with ilittle 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 Mogdel

The HEDL model ic essentially a retréad of a model first
proposed 3 or 4 vears ago. At that time, concern was expresced
about the inability of the model to adequately explain the
results of Sandia tests P1, P2 aand P3 in which greater than
average concrete erosion was observed. In the case of Sandia
test P3, this erosion re:~hed 15 cm in a three hour test.
FEowever, in test P3 there is a possible explanation. It can be
| arjued that the substantial erosion obssrved in that test was due
to spallation or :racking which resulted in the separation of a
large chunk of concrete, 25 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.

Aﬁother problem area is HEDL tests SC-10 and SC-12, hcth of
which exposed verticai rurfaces to = saodium pool. 1If reactior
products are the ;untrolling mechanism in concrete erosion, then
a vertical surface should be eroded sﬁbstantially eince the
reaction products are free to fall away under the force of
gravity. 1In tests SC-10 and SC-12, greater erosion was checrved
than in horizontal tests but the erosion wes not neariy £0 areat

as might be expected 1f reaction progducts are in fact the

-12-



'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. 1In fact, there is ore hcrizontal test,
1CT~-1, with a 17 foot head of sodium, in which the erosion, 19
cm, was gseater than in test S8C-10 and SC-12. It should be ncted
that test LCT-1 was a 100 hour test whereas SC-10 and SC-12 were
8 and 24 hour tests, respectively; however,’tést length should
not be particularly relevan£ in view of HEDL's assertion that
nearly all concrete attack occurs within the firet few hours.

The point to ke made is that if reaction products are ¢
controlling me-~-nism in concrete erosion} then the average
erosion should have been nuch greater in tests SC-10 and SC-12.
Since the reaction products were free to fall away, erosion
should have continued until the sodium supply was exhausted.

This clearly did not occur.

The results obtained in HEDL tests S$C-13, SC-14 and SC-19
also are of concern. In these tests{ NaOH was added to the test
initially. 1f sodium, rather than sodium hydroride, is
responsible for most of the attack on concrete, why was the
attack on concrete in these tests as great a4s 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 precsent
initially. One might reasonably expect that the erosion would be
substantially less than reported if irdeed a sodium hydroxidc
layer is less reactive than sodium.

Firally, there is concern about the inability of sodium tc

weet and react with concrete directly., 1¢ has bren reperted in

-13-



several placés that sodium does not appear to wet hydrated

3y

concrete nor does it enter small cracks, presuaably {rom &
combination of surface tension effects and the counter 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 1ayér. It is hard to see how sodium would be

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

not wet.

i . -

C. Sardia's SCAM Model

A model and computer program, SCAM, has been developed at
Sandia National laboratories to describe the interactions between
liguid sodigm and basalt concrete [Reference 8)}. An effort is
being made to extend the SCAM model to Jlimestone concrete at
Sandia. Two "working hypothesis™ have been developed; these.
consist of a "gas-phase model®™ and a "liquid-phase modél'. 2t
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

ppef region consists of a sodium pool containing saturated
sodium vapor and hydrogen bubbles. The second region consists of
porous reaction products and liguid eondium. The thivrd and fourth

regions collectively constitute a "dry zcone® in the concrete,

-14-



In the third region, closest to the stium pool, sodiunm
hydroxide and the concrete aggregate can resact. Sodium vapor
from the overlying pool of sodium diffuses downward passing
hyd;ogen, CO2 and Qater, which simultaneously diffuse upward
through the layer.

In the upper part of the fourth region (the bottom of the
.’y 2zone), calcium carbonate decomposes due to heat, forming
calcium oxide ahd releasing carbon @ioxide.. In the lower part of
this region, bound water is released from the concrete.

‘Finally, the fifth region is separatéd from the others by a
liguid evaporation plane and ponstituteé a "wet zone". 1In this
region water migration occurs.

The gas phase reactions occurrihg in these regions are
listed below:

' 2H,0 + 2Na — NaOH + H,

2
CO., + Na — Nazo + C

2
In the gas phase model, sodium enters the concrete pores, reacts
and NaOH, Nazo and carbon condense on the.cohcreﬁe aggregate,
These reacticns create an energy pulse in a localized zone. They
are assumed to proceed at a steady rate and the model provides
informaticn on the rate of reaction but not the total extent of
reaction. The model does not include a provision for eithef A
initiation or terminaticn of concrete attack. The reactions are
regarded as "secondary,"” follbwing the initial set of reactions

described in the liquid phase model discussed below.

In the liquid phaFe, the following reactions occur:

-15-



Step 1: 2Na + 2820 — H2 + (NaOH)Na (9)

In this initial reaction, durihg the mild phase of the attack,
sodium hydroxide is dissolved in sodium. 1In step 2, a sodium

hydroxide layer forms when the sodium becomes saturated with

NaOH:
Step 2: (NaOH)Na - NaOH(1) (10)

In the Sarndia 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 — (CaCO3)NaOH (11)

Since the NaOH layer 3loes not form immediately, the reaction of
Step 3 is delayed. A delay time has been experimentally

observed. 1In the next step, euergetic attack occurs with the

evolution of heat.
Step 4: (CaCCB)NaOH + 6Na - 3Na20 4+ CaO + C (12)
The reaction accounts for the observed free carbon found during

post-test analysis.

-16~-



The NaOH can be regenerated so long as water is available

from the ccncrete, as indicated.
Step 5: Na20'+ H,0 — ~2NaOH , (13)

In this model, the presence of NaOH is essential for concrete
attack to continue. Conseguently, tests can be misleading if the
tests are éither Qater or sodium limited.

Jf water is not available from the concrete, there will be
unreacted Na,0 present whicﬁ could not react in Step 5. When

this occurs, the reaction below results:
Step 6: Na,O + NaOH — (Na,0)p. . (14)

When all of the NaOH is gone, further CaCO, dissolution ends and
the reaction terminates. The sodium oxide dissolved in NaOH will
eventually precipitat= out as the solution cools.

SCrM employs the above information together with the
cdntinuity‘équation, the momentum and energy equations, the gas
laws, diffusion eguations 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

1f sodium hydroxide is principally responsible for the

erocion of concrete, as proposed by Sandia, then the greatest

-17-



erosion should have occurred in Sandia test LS-6, and KEDL tests

SC—13; 5C-14 and SC-19. 1In these tests, sodium hydroxides 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-lO and SC-l?.
These are the only tests conducted with limestone concrete
oriented vertically. If the Sandia hypcthesis 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 cortact 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; tﬁis 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 cohtent of this concrete is
low, little sodium hydroxidé will fqrm and, conseguently, the
attack on the concrete should be ‘limited. Howéver, the observed

penctration wal: the greatest of any limestone concrete test. It
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could be that this penetraﬁion resulted from increased porosity

arising from the dehydration process.
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4. Discussion

In the preéeeding séction, the models proposed by HEDL and
Sandia were both discussed. As was indicated, both models have
problems in adequately describing the experimehtal results. 1In
this section, the positions purported to be held by each

organization on a number of issues will be discussed and further

cormments will be provided.
A. Erosion of Vertical Surfaces

Sandia and HEDL have proposed modeis which predict the
opposite results for erosion of vertical walls. It shculd 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 wali
will be exposed over most of its area to sodium rather than NaOH.
In‘support of their hypothesis, Sandia cites the limited erosion

£ the vertical surfaces of their concrete crucible tests.

Cn the other hand, HEDL's model predicts that
sodium;concrete reactions are terminatcd by the accunulation on

horizorntal s:rfaces of a passivating layer containing reaction

producte and sodium hydroxide. Such products would be expected
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. to fall away from a vertical surface and thus would expose fresh
concrete to attack by scdium; In suppoft cf its contentioh, HEDL
can cite jits vertical surface tests, SC-10 and SC-12, in which
greater'than usual concrete erosion was obsefved.

Each group has its own test data to support its position.
It should be noted that in some of the shallow pools used by

v ;
Sandia, very limited sidewall erosion would be expected because
they were so shallow. Other Sandia tests have employed deeper
ponls. It is not clear which of these experiments were the
source of the data in question. Although HEpL‘s vertical surface
tests do show greater erosion than horizontal tests, the erosion
is less than might be expected if frech concrete is continually
being exposed to sodium if the latter is the dominant reactant.
It is not apparent that theré would be any limit to the extent of
penetration of a vertical suiface, other than sodium exhaustion,
under the HEDL hypothesis.

The preceding discussion suggests that it should be poscible
to eliminate one or the other of the models by means of a test
exposing both a vertical and hbrizontal concrete surface to the
same sodium environment. If the vertical surface ‘s eroded to a
greater extent than the horizontal surface, HEDL's model is
probably confirmed. 1If the opposite situation occurs, Sandia's
model will be confirmed. While in prihciple, the answer could be
inferred frcm a comparison of vafious HEDL tests, the experiment
to experiment variability has been suffic’ently qreat.to make

. such a procedure dubious. Such a comparison is best done with



boﬁh surtaces present in the same scocdium pocl o that both will
be exposed to an idenﬁical_initial environment.

Haﬁford hae indicated that they believe that vertical wall
erosion is irrelevant to the CRBR. The vertical wall will be
protected by a layer of peaflite concrete and a steel liner. 1In
HEDL test SET-12, the pearlite concrete reacted completely bu=z
appeared to protect the underlying limestone ccncrete from
extensive erosion. HEDL further points cut that they do not
beli2ve that there ies 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 cornceive of a situation.
wheré core debris piies up against a wall and destrovs the steel
liner and pearlite concrete so that the 1imestone corcrete is
exposed to sodium. However, an assessment of the probability pf
such an event is beyond the scope of this work. |

Finally, in regard toAHEDL's l:. :t contention, it sﬁould be
noted that there was concern some years ago about the possibility
/of cracks develdping 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 liner and attack a vertical wall.
whether cracks can be present initially or develop later should

\

be examined further.



B. Role of Sodium Hydroxide

All parties agree that subctantial quantities of NaOH will
form due to the interaction between liguid sodium and weter
driven from the concrete by heat. As 3ust discussed, the
subseguent behavior of NaCH is disputed by HEDL and Sandia. HEDL
heas proposed‘that NaOH 1s less reactive than sodium, and thus
form a passivating layer between the sodium and concrete. On the
other hand, Sandia believeé that NaOH is the dominant .reactant
cspecies. Evidence from vertical wall erosion haé already been
discussed in this regard. However, there is additional
"-information from HEDL test LCT-2, that is relevant here.

The very recently reportéd results of HBEDL test LCT-2
describe a test made with a sodium pour on dehydrated limestone
cbncrete. This concrete was heated at 1000°F for 24 hours to
achieve 80% dehydration. When sodium was poured on the concrete
the reaction was described.as being very benign with virtually ro
hydrogen release and little energy generation. 2 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 present. The penetration

of 13 inches is substantially greater than ‘%< 3 inchos typically
fcund in the HEDL tests with normal lincotc: concrete.

Since this concrete was dehydrated, thore was littlie water
evaileble to react with sodium to form Na%i. Thus, the extonsive
erosion ceemt to support the position of DL that erocic: by
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sodium is the dominant process. However, it is pessible that the
observed erosion was enhanced by physicalAand chemical changes
induced irn the concrete by the dehydration process. It i< not
certain that the additional penetration was caused by the abserce
of a NaOH layer.

Another issue worthy of some exploraticn 1s the water loss
observed in the Sandia tests. The larger tests conducted
initiallyv by Sandia had open outside surfaces through which, it
was reported, came substantial guantities of water. With water
escaping through the cutside surfaces, one would expect that less
sodium hydroxide would be generated therecby slowing the formeticon
of a NaOH layer. This observation could enable one to explain
some of the earlyv energetic reacticns in the Sandia tests cn the
basis of HEDL's model. By contrast, irn HEDPL's well constrained
tests, waterudriven from the concrete coulid exit only through the
socdium pool where it wou1d>contribute to HEDL's proposed

pacssivating NaOE layer.

C. Nature of the Layer Betweoen the Sodium and Concrete

v As discussed previousely, the layer between the sodiuvm peoc!
ané the concrete surface consists of a mixture ci codium
hydroxide and reaction products. while evervone adrees that both
sodium and sodium hydroxide both can attock concrete, there is
disagrecment concerning the relative importance of the two
rcactants. In HEDL's views, codium 1o responsibhle 1or meost of

the attack on concrete and It 10 proever o fror recohing Sy b



concrete by the presence of the NaOH-reacticn proiuct layur.

Thue the resact:icrn product layer serves to limit the extent of
sodlum-ccncrete réactioné.as it develops. On the other herd,

" Sandia regarde MaOE as principally responsible fqr the recactions
-with concrete. 17 tﬁis i true, then the crnly limit to the
extent of reaction will be exhaustion of the reactants (sodium
and water driven from the concrete). It is our puroose here to
exariine what is known about this laver.

One of the aifficulties in studying the>reaCticn product
layer is that we can only observe it after the test 1s cver ancd
the material has frczen. When a test specimen is sectioned, this
layer appears tc be hd@ogeneous ard cgives the appearance ~f
having been a ligquid. The layer locks similar to sandstcre.
There is nc aggrecate wr included sodium visible. At room
tempcrature the laver appearcs to have a substantial mechanical
strencth, ' W

When analiyzed, the laver is found to contain siggificant
guentities of sodiurm hydroxide. Samples oI this laver will melt
at the temperature of the sodium used during th2 reaction. The

properties c¢f the fluic cre disputed andé are relevant here. HIDL
Lelieves that the liquid is viscous while Sandia Lelieves thet it
ilows like water, based on expceriments in which some ¢f the

matcrial wase renolted, The fluid does woet the concrete and forrmn

o lover scparate from the ccodium pocl,
Treo widiure of the reacticon product Javer 1s guilte
cubetartial. Urnvrsbuting to this velury 15 the subnotanticd
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sodium.hycxoxide. Wrher one observes this thickv]ayer after a
test, it is easy to believe that it would prevent contact ketween
sodium and concrete in th2 4YEDL model. Howevear, 1ts character
when molten, as noted, is disputed. |

It has been svggested that this laver might be displaced by
ccnvection currents in the deep sodium pool of the reactor.
Other factors that could displace the layer include gas
evaporatior and spallation. Whether the layer is readily
cisgplaced by any of these mechanisis will depend on its
viscosity, which is disputed.

Finall}, it should be noted that i¥ the view of Sandia is
cerrect, this intermediate layer is the caucse of most of the
ercsion cf concrete. If this is true, the viscosily and
displacement of the layer are not relevant in the erosion

procesc.

D. Temperatore of the Sodium
S

It ir the view of most observers that there is a temperature
threrhold for sodium-concrete rcactions. However, a8 range of
vzlues has been suggested and the threcsheld is probably strongly
depercent on the néture of the ccorncrete ip guestion.

Thare ére two difficulties in this arca with HEDL's tests.
Fir=t, thc sodium in sone of their tests has beern allowsé to cool
Lt e tsirly low temperature ammediatnlyv after being pourel on

cencrete. Scnola has acsserted thet this initial guenchinag

wrecee: right in some runner affect the chemicael proces:

Sideb



" occurring &ndé 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 ccnduct of

nearly all experiments at a very high temperature, near the

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

usually increase rapidly with temperature, there are exceptiors,

.

which can result from competing reacticns as well as in other

ways. In particular, a review of Na-KaOH phase diagram datea

[Reference 9] sugaests that the composition of the scdium pool

and the development of the NaOH rich liguid lazyer are dependent

5

on the pool temperature. Consequentially, the results ot tests

conducted at lower témperatures may be significertly different.
It is suggested that some of HEDL's future tests should be

cenducteé at lower temperatures.

E. Cracking and Spallation

The subject of cracking is highly complex in such a
non-uniform ma*erial as concrete. The stress patterns in a given
sample depend not only pre-existing stresses, but also on
temperature distribution,‘the effects of chemical reactiones, and
external mechanical forces. With all other factors the same, the
size of cracks in a sample would be ekpected to increezcse with
sample size,

Cracking and spallation can provide a mcans for reactants to
reach fresh concrete and thus can enhance erocion. HEDL has

expreeced the view that the effects of crecking could be serioud



in teirms of -their model. The protective laver of reactiun
prbducts, which théy have propcsed limits the reaction, could
drain away intc any cracks thereby exposing fresh concrete to
sodium attack.

In tests up to this time, no tendency hes been observed in
experinmaents at Sandig»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 enoﬁgh or if
the pressure is grezt enough.

HEDL's concern cover the effects of cracking and.spallatioh
has led them to be concerned about the method of restraint of
specimeﬂs in their tests. The HEDL test specimens are usually
very firmly restrained in a surrounding collar of ccncrete which
is intended to more closely simulate the reactor cavity floor.

By contiast, the Sandia crucibles have been unrestrained and may
consequently be more prone to Cracking.- This does not
necesserily 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 region of the cavity floor. The eifect of rebars on
cracking and spallatibn was examined in HEDL test LSC-2. Some
local cracking was observea due to differential thermal esxpansion
but it waé concluded that rebars would not greatly increasc
cracking.,

HEDL believes that any spallation that occurs will tend to

be limited to the region -lose *2 the top surface of the
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concrete. Wwhile a spalled laver may spall again, they believe
that spallinc is a surface phenomencn which will not proceed
indefinitelv, When the thernmal gradiznts 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 2% c¢m in
jiameter and 7 cm thick. Its origin is uncertain but it probably
separated from the main mass of the concrete cruciﬁle by either
cracking or spallation.

Spalling also is a scale dependent phenoﬁenon. 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
reans certain, in our view, that any tests conducted to date have
been on a scale sufficiently large to demonstrate conclusively
that extensive ﬁracking and spallation will not occur.
Unfortunately there is currently no way‘to make theoretical
predictions regarding either cracking or spallation that.would be
reaningful.

The method of restraint probably shouvld be a variable in
éome tests in order to assess its importarce in promoting
cracking and spallation processes. This tvpe of information
~ould provide some data tﬁat mighf.be useful 1n assessing the

extent of scaling effects.
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F. Effect of Core Debris

Tre are at least two scenarios for the attack of core debris
cn concrete. 1In one, the core debris doec not form a cocolable
debris‘bed anéd melts into the concrete. The formation of a crust
on top of the core debris could prevent cocling once meltirng 1is
initiated. The development ¢f crusts in the presence of coolant
has been observed in experiments with wzter and molten metals
attacking concrete in experiments conducted by Dr. feehs in
Germany [Reference 10]. Data develcocped in experiments at Sandia
[Referénce-ll] suggesté that the erosion rate for steel on
concrete at 1700°C coulc be as high as 2511 15 cm/hr. For oxide
fuels at 2800°C, an erosion rate of 13C #* 50 cm/hr has been

measured in tests.

Even if the core debris is initially cociable, it will tenrd
to sink into sodium—concretevreaction products due to its aqreater
censity. It ic not clear that initially coolablebcore debris
mixed with concrete reaction products would rerzin coolablc.

Once melting begins, crust formation could prevenrt cooling by
sodium. ' Substantial concrete erosion could result, cither
because of direct attack by core debris or exposure fresh
concrete to either sodium or sodium hyédronxide.

In view of the potential for substantial croricn of concrete
induced by ccre debris, it 1s urged that ctudies chould be
initiattd to review the feasibility of core retention devices

constructed from refractory materials cuch ge Mygh, FErplaric
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should be placed on the selection of materials that are

compatible with sodium.
GC. Reactant Limited Tests

Mcst of the tests conducted by both HEDL and Sandia have
i,een reactant limited.. In this context, both scdium and water
form the concrete reactants.

Sandia 'argques that HEDL's tests should have used thichker
concrete specimehﬁ so that additional water would be driven from
the concrete into the sodium pool where it ccild react and fornm
sodium hyaroxide. If Sardia's model is correct, the addea haCH
would increase erosion of concrete. On the other hand, if HEI'L's
rnodel ics cdrrect, the added SaOH would haye little effect. This
succests that & ccmpariscn ¢f tests with identical conditions
except for concrete layer thickness could previde evicdence for or
aceinst Sandia's model.

HEDL argues that Sandia's tests have been sodlum.limitcd and
that erosion wceculd have stepped by itscelf coen afrer the Sancic
tests rorn cut of sodium. Clearly, the Sancdis tests were socium
limited &nd more scdium should have been available becaune the
deterninaticn cf the tctal extent of penetration i an impor<art
issuc,

h;cuntntx Lave been made tn the pas! acainst thone Sanadie
crperiment s that uscu Lhollow pools. . It s 1r;€'tﬁat voct depth

chould be v ovarzeble.  Our understanding of the vhoneroene i



thesc tests is limited and the investigation of the influence of
verious parameters, such as pool depth, shoula not be precluded.
For example, Sandia has tried to explain the delay in the
cnset of the energetic reactions thaet they observed in terms of
pool depth. If the concrete is principally attacked by NaOH,
rather than by sodium, a lénger time will be required for attack
to cccur 11 a deeper pool. A longer time is required in order to
saturate the sodium with NaOH when the pocl 1is deep. The NaOH
has only iimitcd contact with the concrete until the pocl 1is
saturatec. At that time, a separate Na(OH layer fofms in contact
with the ccncecrete allowing the attaék to proceed expeditiocusly in
the Sandia medel. In the Sandia shallow pool test, this
saturation would have occurred relatively quickly, leading to
rapicd penetration. In tests with decper sodium pools, a iongcr

time shculd be required for saturation,
h. Erosicn Rate anc Total Peretration

The grnatést totol penetration obéerved with hvdrated
ccncrete cceurred in the recent HEDL test LCT-1. The test
cerploved 46 kg of sodium covering a €0 ¢ (two focot) thick laver
¢! i.rcstoene concrete with & diameter of 25 com (i3.5 in.). The
test dacted for 100 hours but HEDL believes that nearly &l1 of
the erorion oocurred ir the tfirst 5 hours,

Foorarilar totel penci:ation was ohscrved in Sandia test P-3

‘vveral o velor ngo,  Ap cresion o 15.0 con was obscrved arnioa teot



that lastéd orrly 3 hours. Whether erosior would have continued
is urknown.

As discussed earlier,'the HEDL model prcdicts a
self—limiting reaction in which reaction products, mixed with
sodium hvdroxide, prevent sodium from directly attacking
concrete. The apparent terminaticn of attack in the 100 hour
tests at HEDL supports the hypothesis that reactien products cén
limit concrete erosion.

On the other hand, the Sandia model explzins these ;Psults
on the basis of the test being limited in an essential reactant,
water. The Sandia model would have the NaCH continue to attack
concrete until alil of the NaOH is consuned. VUith thc relatively
thin concrete layer employed (compared to the quant;ty of
concrete available in CRBR), the attack is vicwed es lirited by a
lack of water that can be driven from ccncrete. ‘

For CKBR, HECL has indicated that they expect fhat the tctal
concrete erosion would not exceed 6-9 in., based on their.worst
case test, LCT-1. Sandia on the basis of its model hLas
calculated that the.water presert in the CREk concrete could
support an erosion of about 30 in.

The problerm with accepting the total penctratacn that HIDL:
has proposed is that it is bascd on a small number ot empirical
obse}vafions from experiments that are much smaier in scale tharn
the corditions that would exist in an actual eccident. 1t the
crosion praocese was better understood or 1f experiments cculé be
cenducted on A n?alc similer ;o reactor accident conditions, thon

thic propored total penetration could be more reatdile aecopteod.,
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Tn view of the uncertainties impecsed by scale effects, it 1is
cur view thot the most appropriate limit for sodiur penetretion
into concrete is that imposed by exhaustion of water, or 30 in.
of ccncrete. It must be noted, however, that even this value mayv
not be conservative, given the data basc and controversy over the
basic phenomena.

There is even less reliable data to use as a basis for
selecticn of ar erosion rate. -An initial rate of 2 in/hr has
bcer sugges+ed by HEDL based on their experimental observations.
Other have suggested a 7 in/hr rate for 3 hours with a 1 in/hr
rate thereafter. Given the scale effect uncertaiﬁties, a rate as
low as 2 ir/hr is difficult to suppcrt. On the other hand, the 7
in/hr rate may be overly conservative. There is no really good
bucis for making a choice, given the kind of data available and
the controversy over the phenomena responsible for erosion. 1If
1t 1s necessary to select a rate, then the more conservative 7
irn/hr rate for 2 hours, followed by a 1 in/hr rate seems a better
chcice. |

It iz also our view that the interaction between ccre
debris, rcaction gproducts 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 iy compatible with

sodiun should be examined.
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1. Cora.ents on Fast and Future Experiments

Addit;cnal experim=znts should not be initiated at those
labpcratories that are bechind in documentation of experiments
urntil the Lkacklog of undocﬁmented work has been eliminated
and the déta have been made generally available. One difficulty
encountered in the preparetion of this report was a lack of
docurmentation for experiments particularly thcse conducted at
fandia. There does not appear to be a consistent scheme for
nurmbering the Sandia experiments so that confusion can be
avoided. HEDL has generally documented its experiments guite
well ané hac prepared an excéllent review [Reference 4].

TXperimentalists in thevpast have failed to obtain all the
Ainformation that could be obtained from their experiments. 1In
view o0i the controversy regarding the ercsive processes, this is
unfortunate. Information frdm specimens tcken in the reaction
product 1ayef'and in the concrete (particularly at the interface)
could be helpful in deveioping an understanding of the
interactions occufrinq. In addition to the conventional chemical
aralysis, specimens should be studied in an optical‘microscope
and in a s-anning eclectron microscope. Instrumental analysis, by
‘ion microprobe mass anslysis, X-ray diffraction and other
technigues should be possible for conérote specimenrns, if not in
the reacticn products due to the presence of sodium., An example
61 a n:crostructural examination of concrete’from sodium-concrete

interface can be found in Reference 2.
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We would like to be able to say that additicnal e#periments
should be performed to improve our understanding cf the
phenomena. However, in view of‘the limited progress that has
been made towards resoluticn of the issuec 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. Elscewhere, a
vertical concrete wall test was suggested since ths= mddels

predict different results for this configuration. Future tests
by both laboratories should have an acdeguate supply of sodium and

a sufficiently thick concrete layer to properly regpresent water

release from concrete in the CRBR.

-

Sepearate effects test to examine the effect of both sodium
ané sodium hydroxide on the cement, agcregate and other
constituents would bg useful. Dehydrated concrete probably
chould also be included. The purpose of these tests would be teo
isclate ;he relevant chemicallreactions and establish the \
relevant chemical processes. It should be pessible in principle
to resolve issues concerning chemistry.in small srale tests.

Finally, there is a need for greater cocperaticr and
coordination of work between the two groups to avoicd the current
pattern of @& scattered group of expefimcnts that ca~nct be

" related to cach other.,
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J. ~ Selection of a Model for Scdium-Concrete Interactions

Discussion of this issue has been delaved until this point
.because there currently is no confirmed model that can reliably
predict £he extent of sodium concrete interactions.

Although a number of experiments have been conducted to
study liguid sodium-limestone concrete interactions over the last
7 years, the cituation really has changed little since our
earlier review in Refercnce 1. Many cf the same arquments arc
being made and the same points of view are being advocated by the
same parties; The inconclusive nature of the experimentzl data
lends itcself to varying interpretaticns. As a consequernce,
recascnable people can éisagree 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 models.
Neither model‘is supported by a preponderance of evidence.
Conseguently, it is not pcssible at present tc select one anc’
eliminate the other.. Of the two mndels, the HED], mndel currently
scems to best fit the availeble data. Lowever, therc arc
observations and prcblers'noted clsewhere ir this report, which
ere nct adequately explained by it. Additional experimental cdota
rey chanoe this conclusion. Several yearts age, thoe Sondis rmodeld
scemee te 134 the data better on the linris of the data avarlable

¢t heg.,



In addition to the concerns raised earlier regarding the
HEDL meodel, there are two others. First, the mcdel remains
speculative. Reaction products probably do tend tc inhihit
concrete erosion. Unfortunately, althcugh this mocdel was
propcsed some time ago, progress towards a resolution of
outstanding issues has been lirited. The proposed chenistry
remaine unconfirmed and the propertics of the reaction product
layer are not understood. Scme possibilities that might be
conrsidered include studies to confirm the proposed chemical
reactions and examine their chemical kinetics, deterrminaticn of
the viscosity of the propoced viscous protective layer and
investigations of the permeebility of the layer to sodium. It is
recuginized that it rmay be impraétical to cénduct such studies in
a high témperature codium environment; on thé other hend, some
information on sddium preoperties dcces exisﬁ in the scientific
Jiterature which suggests that studies arec peessible. Given the
centroversy that has surrounded this area, some confirmation of
the elements of the HEDL model is needed before it will be
gcrerally acceptec.

The serond conceirn with regarc to attempting predictions cof
vedium=-concrete behavior based orn HEDL's model concerns the

fterte 0f scele, especially in recard to spaliatior and

c:rutking., Neither the HEDL or Sarncia models account for either,
P believes that rrackirg and <rallation will be ]imitrﬁ in oa
ety o cavity,  his rmavoine foct be true, but there irf evidence
Treas Sona1a tent P=3 that at o rooarurn ralacs qucrtiqna about thet

LI Civen the precent stote of knowlofage, 1t seemne

ot
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pcssible that cracking arnd spallation will be limited in an
accident-ir a reactor cavity, but we cannot be certain on the
basis of the evidence currently availzble.

In ccnclusion, it is not possible at preszent tc conclude

[g]

that either ©f the models is signific nply better than the othar
one. It is also unlikely that this situatior will change in the
near future. Since the issues proba
resclved in a time relevant for CRBR, sircng consideraticn sheuld
be given to the use of alternate mat-riale in the reactocr cavity.
The use of high alunina cement €1 mag 'sia might reduce the

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

initiated to examine alternative materials as sccn acs possible.
K. Hydrogen Generaticn

As menticned earlier, the chemistry of sodium-corncrete
reactions is the subject of considerakle controversy. Until the
chemistry is understood, there will be no way to adeguetely

predict the extent of hydrogen production.

The probklem is further complicated by the potential fer e
reaction betwecen sodium and hydrogen, forming NaHi at lower
temperatures. Above 500°C, the equilibrium faveors dissociation
back intc sodium and hydrogen. 1In addition, NaH will react with
any watcer present over a wide ranae of temperstures, thereby

regenerating hydrogon,
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Ccnciusicns

After roviewing sodium-liniestone concrete . interactions, w2

reacheé the ro0llowing conclusione:

1.

10.

A total sodium-linestone concrete penetrati~n cf 3C
inches is reccrmmended for the CRBR. There is no basis
fo~ re-~onmending an erosior rate.

The cahemi try cf sodium-linestone concrete interacticns
remain sr..culative. Hypctheses have been preopesed thet
seem re¢/ - ~ble but are as vet uncorfirred. The role
ol sodi - drocide har not been ectablished.

Sodium peool temperature may affect the chemical
reactions that occur and the reaction products that
ferm. It is not cleer that a lower temperature sodium
environment is more benign thar a high temperature
environment. '

Sodium pool depth mayv affect the time required for the
occurrence of & reacticr and the extent cf reaction.

Dehydration ¢ the concrete nay affect the extent of
scdium penetraticn. '

Reaction products may limit the extent of concrete
penctration.

The physical aspccts (cracking, spa lataion) of
sodiur-limestone concrcte intereccions are poorly
uvnderstcod.

The guestions of the effects ¢f scale, gecrotry and
mode of restraint remain unrescived. :

The interactions between core dehris, reacticn products
ercd concrete are potentially sericucs and reqguire
additionali research. As a conscguence, the peseibilicy
of using other meterials to prctect the cconcrete from
sodium and “-.re debris snould be acssesscd in the nea.
future. '

I, view of the limited prcgress that has beon made 1n
understanding sodium-concrete interactions during
1¢cent years, 1t is probakle thet the controverrices
will not be resolvcd in a time thot is nearanaful for
CPRF.
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Furure tesz+ts should enmpley sufricient
concrete so that they will not be cit
water limited.

sC
ter

2 ceoparison of ercsion or horizontal arnd verticad
suriaces 1n a sircle test mev provids a test ol the we
proposed models for sodium-concrete interactiong,
Grestecr enmphasis should be placed o post-test eralvsis
ci epacimens from the concrete and reactior rroguct
lavers,

211 experiments ccrnducted tc dete shouldé be fullw
documented before acdi+ticnal werk 1s initaated.

Further research ic nceced on beth chemical and
physical aspects cf sodium-concrete interaciions, ;
Giver the differences betweer the experimental "
conditions, it is Gifficult te ccherently ccrrelate the S
resuits. More detailed cocordination botween the
laboratcries ir seleccting experiments ard experimentel
bararaters ior study woulcd be cdesirable.
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A.5 RADIQ._OGICAL ASSESSMENT

This section presents the staff's evaluation of the arplicants' postu-
lated core disruptive accident (CDA) scenarios as presented in CRERP-3
(Reference 1) with regard to the calculation of radiclogical 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. Qur review and
evaluation have been conducted within the framework of the aeneral
guidelines discussed in Section A.1. More specifically we have ron-
sidered whether the realistically evaluated doses resulting from venting
containment after CDAs are likely to exceed the dose guideiines of

i0 CFR 100. ' ,

Whether specific radionuclides are released to the environment d:pends

on the mede of their release to the cortainment atmosphere, on the
conditions of the containment atmosphere, ‘and on the coriainment systiem
mode of operation during the period the racdionuclides are in the
containment etmosphere available for release. Figure A.5-1 shows the
relative timing of these conditions for the core disruptive accidert
which tne applicants have designated their base case ih CRERP-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 I
calculations form a significant part of the besis for their scernerio i
of conditions and events within the Reactor Containmert Building (RCT) i
following the time of the initial release from the CDA. B
A.5.1 VFModes of Containment Atmosphere Release ’ é

The releese from the containment atmosphere has three design modes,

all through efficient filtering systems. The first is desiar basis
leakacge, 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-orne hundredth as large. The principal (non-bypass) part of
'the design besis leakage. leaks into the ennuler space beiween the steel
containment shell and the confinement structure. When there is a rnon-
routire release of radiocactivity to the contai-ment atmesphere, the
signal from radietion monitors initiates containment iscletion end an
increase of flow in the annulus ventilation from about 3707 cfm Lo

14990 cfm. The flow is thern drawn through the arnulus filtration system.
Abcut one quarter of the filtered 2ir is exhausted Lo the envirgrnmert
fror: the top of the reactor containment building and Lthe remainder is
recirculated to the annulus. The air flow exhausted to the ¢ovironmont
is that amcunt needed to maintain the annulus at a <light neaatlive precsure
(1/4 inch wzter gauge) so as to assure capture of leakage fror the steel
shell containment.
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The second mode of release, for L ~nd-the-desigr-basis events only, is
by contrelled venting of the steel shell containment. Whern the operator
decides to vent, he opens the vent system isclation valves. The
decision to vent may be based on either high pressure or hydroger build-
up. Venting occurs at a controlled rate through a wet filtraticn system
located outside the containment building. When the contrclied 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 relecse, also for beycnd-the-design-besis events only,
occurs after venting drops the pressure of the atmosphere in the steel
shell containment to armbient atmospheric. Then, in order to maintain
low hydrogen concentration, the containment atmosphere may be purges

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 Sequerce of Conditions Within Containment

The postulated CDA also initiates a sequence of conditions within the
subcompartmerts of the containment building which determine the source
term for the radiological releases. Initially there is a pericd in
which there can be some releases to containment atmosphere {(esuecially
the noble gases) without large concentrations of aercsols. -When sodium
 boiling begins and the concentration of sodium vapor in the verted
- g3ases becomes large encugh, the verted gases ignite, forming a large
flame a2t the vent exit in the containment, Then, as sodium beijup
progresses, the reactor cavity and pipeway cells are flushed cf their
initiel atmossheres and are heated so that eventually there occurs a
strong flow of sodium vapor (with hydrogen from the reaction of sodium
anc water from tne concrete) which is vented to the containment atmosphere.

The burning of this large sodium vapor flow fills the containment atmns-
phere with a large concentration of aerosols, primarily of sodium oride
and other sodium compounds. This atmosphere is kept well mixed bty 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 rete of aerosuvl pro-
duction from the sodium vapor injection. This continues until the
scdiurm pool is boiled dry, after several days. This pericd, with & large
fiow of sodium vepor to the containment atmosphere, 1s perturbed by

the veritdown of containment pressure. This pressure relief ceutes a
flashing of sodium. Thus, for a few hours, a grezter flow of sodium
vapor occurs, followed by @ few hours with-a dimirished flow. The eppili-
carts estimate that abcutl three quarters of the 500 metric torn sodium
pool will be boiled up to the containment. The steff concurs that this
is a reasonable amount of the sodium to be involves.



At the time of sodium boildry, the remaining materials will becin to
heat up due iC decay heat from the core debris. The staff expects that
thereafter there is a release of most of the remaining fraction of the
materiais that are only somewhat less volatile thar sodium.

After boildry, the staff considers that the pool of core materials and
sodium-concrete reaction products will heat up until it is further
diluted with melted concrete and products of continuing core debris
reacticns with the concrete. During this period there is a greatly
reduced flow of aerosols to the containment atmesphere, and the
aerosol composition is changing. Evertually, the aercsols consist
only cf particles of the least voletile 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. Gver a period of several months,
the molten pool decay heating rate diminishes ard the poo’ approaches
a steble condition; aerosol release to the containment atmosphere
gracdually decreases to zero.

About 11 months after the CDA, the conditions within the RCB may become
static, permitting purge termination.

k.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 throuch the sodium

to the cover gas. Other volatiles, the 1, Br, Cs, Rb, Se, Te and Sb,

wiii be released irto the primary sodium. When a CDA occurs, it may
irvolve 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% of the noble gases is considered to occur at orce. The
anplicants' base case release meodel also includes an initiel release

of 1000 1b sodium containing 100 ppb plutonium, plus 0.02€% of the
reactor inventory of fuel radionuclides, solid fission products end
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 quard vessel, the scdium enters and reacts
with the reactor cavity atmosphere, causing the reactor cavity vernting
rurture discs to open, and the Kr. and Xe may be venuted into the contain-
ment atmosphere. The staff considers that, alternatively, they may '
be trapped ir the PHTS to be released later. In either case, 1t is
conservative Lo assume that they are released to the conteinment
etrmosphere at the initiation of the CDA where the ¥r and Xe will be
aveilable tc be leaked to the environment in accordence with the design
basis leabk rate until the time of verting, when a major fraction would
be relecesed to the envirpnment. The remainder would be released with
the subsequent purge flow, within the next 24 houre.

A.5-4



One hundred percent of the volatile halogens, icdine (1) and bromine

(Br), are assumed released into the primary sodium at tne bedinning cf

the CDA. Their fractional release to the containment atmosphere is
modeled by the applicants as being directly proportioral to the fractior
of sodium boiled up into the containment. The steff considers this a
conservative approach because the halogens would tend to be retained

in the sodium pcol, providing time for appreciable racicactive decay

‘of most halogen radionuclides. Further, mcst of the sodium is boiled up

to containmert after the venting initiation time so that the mode cf
reiease of the accompanying iodine to the environment is by the TM2DZ vent
anc purge fiow, which passes through the TMiDB 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
releesed from the core materials at the brginring of the CDA, the (s

and Kb would be likely to be dissolved in the sodium. The arcplicants
have, however, modeled their release as an immediate 107 release to

the containment atmesphere. This approach results in the Cs and RE
being corsidered available for design-basis-leakage release until they
are depleted from the containment atmosphere by fallout. The follewing
discussion shows this to be a reasonable approach. The Cs and Rb
dissolved in the sodium, because of their greater volatiiity, will be
released from the sodium pool when the sodium begins to boii. 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 zontainment atmosphere at abcut the time a strong
flow ¢f sodium vapor first arrives there, at 19 hours ir the ar.licants’
base case, about 17 hours in advance of venting. The Cs and Rb erter

at the vent flame and are oxidized along with the sodium. They will
then be depleted with the rapid fallout due tc the large sodium aerosol

concentrations.

Other volatile fission products are selenium (Se), tellurium (Te) and
zantimony (Sb); these are considered dissolved in the primary sodjum at
the beginning of the CDA. Their fractional release to the containment
atmosphere is modeled by the applicants as beirg directly proportional

to the fraction of sodium boiled up into containment, 102" all together. .
These elements are generally less volatile than sodium and the staff
considers that they would largely be retained in the scdium 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

first to be releac>d.

The applicents have taken the epproach of modeling the release of Ba,
Sr, and 811 other non-volatile fission products, such that one percent

of the inventory of each is released to the containment atmesphire elong
with the boiled up sodium. The elements, Ba and Sr are only slightiy
more volatile thar the uranium and plutonium uxides and the remaining
fineicn products. Because of their low volatility, little will be
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released to the containment atmosnhere. That part not released into

the sodium will eventually be available for sparging from the pesl of
core dedbris, molien concrete and reactior praducts. The staff considers
tnat appreciably iess than one percent of the Ba and Sr would be

spargeZ to the containment atmosphere, and therefore the appiicants’
approach may be regardad as reasonable.

ihe largest greoup of radionuclides are those which can be classified
as least voiatile. Two modes of release to the containment atmosrhere
are considered of possible significance for these solids. At the

time of core disruptior, when moiten or vaporized core materials are
quenched in the primary sodium, they fragment into particles ranging
in size downward from about one millimeter diameter. An appreciable
fracticr, estimeted at 15%, may form particles so small that they
rerain in suspension in the sodium. A small part of this material,
ascut one part in one thousand. is carried over

with boiled up sodium to the containment atmosrchere. The cther mode
of release is by gas sparging of the post-boildry pool of core debris,
melten corcrete and reaction products. In this mode, gases relezsed
from the yrderiyirg concrete reaction zone, bubble through the molter
pocl gnc entrairn a8 small fraction of the solids, which then is carried
te the containment atmosphere. The staff considers the applicants'
rivde1ing anproach, which releases 1% of these solids to the ceontainment
with the boiled up sodium, to be conservative.

Flatonium is among the most radiologically sigrificant of the radiocactive
-rials ir the reactor, present as plutcrium oxide ir the core fuel
. &ng i+ tre biannets. Plutonium oxide and uranium oxide have low
voiatility and their release fractions will be amorg the smallest. Their
reicaces 1o containment are modeled by the applicants as 0.015% carried
Cver with the sodium vapor during sodium boiling and another smali
fractieoe, much less than one percent, sparged from the post-boildry pool
¢f raterials aud carried up with the gases released from the concrete.
For niutoriur, the applicants estimate that these amourt to abeout 320
a-zrc ogr 4 2 nrams, respectively, that are released to the containment

AT pnere,

Tne stecf carsiders that the applicants' estimates of plutorium releases
. cortaremert involve the principal uncertainties in the radiological -

omnequer res . The estimates consist of only the ahove 320 grams and
S oo ooptus about 546 grems in the 0.0267 initial release of fuel
et 00005 gramg in the initial release of 1000 1b sodium. These
arc cage w211 fractions of the core inverntory of rougnly 2.1 million

“rams s, oar o errur o in the retention factors could impact estimated (or.se-
ey g ificently.  The staff believes that the most significert
weraonf e tais ty is the amount of plutoniun cerried up with vepo

v the beiting sodium, The experimenta! results of Jordan end Orawa



(Reference 2) are in general directly applicable and show partitioning

at the boiling surface of more than a factor of 1000. However, the

staff considers that the sodium boiling rate (Reference 3), and potential
chemical differences between experiment ard CDA circumstances, which

may influence the formation and release of sodium plutonates (Reference 4),
introduce substantial uncertainty into the estimete of the 320 grams of
plutonium boiled ur with the sodium. Eased on review of References 3

and 4, the staff belreves tnis uncertainty to be not more than a factor

of ten. Therefore, the staff has used 0.1€% 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 mignt be sparged up after boildry.
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A.5.4 Calculation of Radiolegical Conseauences

The applicants have presented doses calculated with computer codes HAA-3
and COMRADEX (Reference 1). The release of radiocactivity to the environ-
ment depends on the concentration of rzdioactive 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 cnde HAA-3, taking into consideration the source generaticn
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 radiocactivity to the envircnment.
Using 50% frequency atmospheric dispersion parameters, the applicants

used COMRADEX to calculate radiation doses at the exclusion area boundary
anz at the low population zone boundary. The calculation includes doses
from direct gemma shine, inhalation of radioactive material and submersion
in the radicactive 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 ratner than conservative assumptions, are smaller
than the 10 CFR Pari 100 dose guidelines for design basis acciderts.

A.5.5 Comparison of Dose Calculations

In Table A.5-2 the doses from the CRER Site Suitability Source Term
calculation are shown with the appIi;ants' TMsDB bese 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, 502

of the iodines, and 1% of the s21id fission products and plutonium;

all are released instantaneously into the containment atmosphere, in

@ non-mechanistic manner. Releascs to the environment and doses were
calculatec corservatively, e.g., usiing 5% meteorology, and the celcu-
lation considered only the design b.sis lYegkage release mode, because
the calculation was made to satisfy ti> requirements of 10 CFR Part 100.
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Table A.5-1 PFRAMETERS IN DOSE CALCULATiONS @

Power Level, MWi{ - 975
Core Inventory - End of Equilibrium Cycle

Initial Plutonium Composition - FFTF Grade

Containment Volume, ft3 7 3.6 x 10°
Lontainment Leak Rate, #%/day at 10 psig 2.1
Bypess Fraction 0.0Mm

Filtration Efficiencies, %
Particulates ) 93
Chemically Reactive Vapors 97

Flow Rates

Anrulus Filtration System, scfm - 14,000
Recirculated, scfm ° 11,000
" Exhausted, scfm ' 3,000

Containment Release Cleanup System
Venting, cfm | 24,000
Purging, cfm _ 17,000

 Atmospheric Dilution Factors,.50% X/Q (sec/m3)

Exclusion Area Boundary, 0.42 miles' Rpplicants’ Staff-'s
Values Velues

0-2 Hours 1.01 x 1073 1.3 x 1074

Low Population Zone, 2.5 miles
0-2 Hours 1.59 x 1074 (1. x 1075
2-8 Hours | | 2.30 x 1075 1.1 x 1005
§-24 Hours 3.58 x 1676 1.0 x 1079
1-4 Days | ” . 2.29 x 1076 e.0 x 1076
4-30 Deys 2.60 x 1076 5.7 » 1070

a. From keferences 1 and 5.
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Table A.5-2» Radiological Consequences

Doses in rema

10 CFR 100 b Staff's e Applicants
Dose Guidgeline SSST Doses™ Base Case

2 Hour Exclusion Area Boundary

Bone Surface 300 319 6.15
Red Marrow - —_ 24 n.040
Bone (total) —_ 10
Lung . 75 . 0.4 U.032
Liver — : 1 G.060
Thyroid 300 12 . 0.020
Whole Body 25 0.6 0.82
30 Day Low Population Zone Boundary
Bone Surface 300 27° 0.95
Red Marrow —_— 2d 0.19
Bone (total) _ S .
Lung 75 0.4 6
Liver —_— 1 .36
Thyroid : 300 7 85
Whole Body 25 0.3 2.1
Notes:

a. Bone surface and marrow doses calculated with dose co~version factors from
NUREG/CR-0150 (Reference 6), all others from NUREG-017Z (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," NURLG-0786, June 1982
(Reference B), there is an additional guideline of 34 rem 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 TMBDB cases.

c. Reference 5.
d. Reference 9.

e. PReference B.



A.5.6 Senzitivity to Jowie Veating Iniviztex

{ie to the uncertainties as rrieted with tre potertial rate of sodium-
TrobEve gssesuiloseveral cases involving
different retes. Boundine *: .« iz thy

Moreon fssesiment (ase (Reference
1G¢), a czse based o the vt - fon tTn 10 hours after the
beginning of the COA anc u-io ol LTe redaltion ralel beyonc any
sxperiirontally ooserved roo B woo.entiny initiatiorn of U
Cours s predicated or the o St hours for the dscision
10 PELOrTRerd profolTive altinri o ‘or ircierentation of those
LSPCTELLIVE 2ITioNs
For the Margin Assessment Case, in orler to sunieve projected conditions
within the containment whicrn coeld call for venting initiation at 10
nours, the applicants assu~zd & very conservative sodium-concrete reaction
rate of 7 inches ot concrete per hour f

cr 3 hours, followed by 1 inch per
hour urtil sodium boildry. :

Table A.5-3 presents the applicants' calculated results, comparing the
Maroin £ssessinant Case 0 their base case; the applicants’ base case
assumes one-helf inch per hour fer 4 hours. The Table shows that the
containment conditions do not differ greatly from the applicznts' base
case. The applicants assert feasible modificatiors can increase the design
margins so that the piart design will accommizoate the Margin Assessment
lase. Table A.5-4 presents calculated redicloaical conseguernces of these
two cases. Tlie staff's esaluztion of tnese reculte and those for inter-
megiate reaction rates and vinting times is that these rasults are
rezscnable and thet the radiciooical corzeguences are relatively in-
sensitive to ventirg initiation times bet:een 1C and 36 hours.

R.5.7 densitivity to Initial Release

- Tne applicants' base case includes 2n iritial release to containment at
the beginning of the (DA of 1000 1b sodium containing 100 ppbdb plutonium,
pius C.026% of the reactor inventory of fuel racgionuclides. sclid
fission produ-ts, and haiogens. The applicar .> have also calculated
radiological crnsequences for a selection of such initial releases,
rarging from ncne up to 50: of fuel and fission products, and including
sodium releases ranrging up to 7000 Io. In each case, the conteinment
system is considered to perform as desicned. Table A.5-5 presents some
of tne bone surface doses calculeted by the epplicant (Reference 5°; the
borie surface dose is tne only ordan dose that esceeds the 19 CFR Part 130
suse guidelines. ang then ¢niy in the 50 redease case. @ pnysically
unreal stic case.  The nerrow rarice of whe oone Surtele Cenis 1S i
result of the <neil leab rate of tue contairment conbines with the
ra;idity wita whicn the soureo, fuspended an tne conteinrent ginganbere,
is depletes by falicut end platecat. T initial relesse tu contairnent
15 2lmont totells gopleted before tne tire 0f venting, cue Lo the rapid
Gopletoon rate tnat reoulte wherne Toras o ca L of aeroso s are anjeg e
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TABLE A.5-3

SUMMARY OF APPLICANTS' MARGIN ASSESSMEINT CASE RESULTS

Initial Hydrogen lgnition

Time (hrs.)

RCB Atmosphere Temperature (OF)
(before/zfter)

RZS Pressure (psig) (before/after)

Hydrogen Concentration (Vol. %)
(before/after)

Initiation of RCB Venting

Time (hrs.)

RCB Atmosphere Temperature (OF)
RCE Steel Shell Temper:ture (OF)
RCB Pressure (psig) '
RCE Hydrogen Concentration (%)
RCB Oxyger Concentration (%)

Maximum Conditions During Venting

Meximur Veriting Rate (CFM)

Purge Rete Assumed (SCFM)

Peak Hvdrogen Concentration
(Vol. %)/Time (hr.)

RCB Atmosphere Temperature
(°F)/Time (hr.)

herosol Comparisons

Maximum Rate to the RCB Cleanup
System (1b/hr) -

Total ferosols to the RCB Cleanup
Systeri to Boildry (1b)

A.

Base
Case

10.0
120,845

2.2/22
4.5/0.0

24,000
8000
4.C'40

- 915740

4400
260,000

>-12

Margin

"~ Assessment

1.4
145/570

2.4/14
2.5/0.0

-
1

710
390
19

c.6
7.4

28,000
8000
8.7/14

1020/15

£100
170,000

o
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TABLE A.

5-4

COMPARISON OF APF_ICANTS' RADIOLOGICAL CONSEQUENCES, MARGIN ASSESSMENT CASE

Lurc
Th-roid
#t.ole Body

Organ

Bone®

Lung
Thyroid
Whole Body

Exclusion Area Boundgary Doses (rem)a

2 Hour
36 Hour Vent 10 Hour Vent
Base Case Marcin Assessment
0.028 0.44
'0.0055 0.032
0.004%5 0.023
0.16 1.9 A

30 Day Low Population Zone Doses (rerm)

36 Hour Vent 10 Hour Vent

Base Case Margin Acsessment
55b 55b

4.0 3.9

93 85

3.5 13

a. Doses calculated with dose conversion factors from NUREG-0172
(Reference 7), and the radionuclide inventory of the homogeneous

core design.

b. Results include earlier, extremely conservative estimate of 13 Kg

Pu (Reference 11) sparged to containment atmosphere, vs 26 g (Reference 5).

c. Bore surface doses would be about 3X as large, if calculated with
dose conversion factors from NUREG/CR-0150 (Reference 6).

A.5-1
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TABLE A.5-5

il s W

BONE SURFACE DOSE CHAWGES WITH INITIAL RELEASE SIZE

RS R ASRT

g dari e st

Bone Surface Doses (rem)

3
o E
Jnitial Release Size? Exclusion Area Boundary Low Population Zone :
Zero 0.027 0.92 3
Bise Case 0.19 n.95
1i Fuel 6.5 2.5 v ;
5. Fuel 3 8.2 ;
10% Fuel _ 64 15
50% Fuel ' 320 ' 70
a. Includes 100% noble gases and Cs, Rb in all cases,
1000 1b sodium in all but the zero case,
and 100% halogens and volatile fission products
in the 1%, 5%, 10% and 50% cases. :
3
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The thyroid doses, due primeriiy to iodine releases, are aliso affected
by the aerosol depletion in containment. The thyroid doses of the
applicants' bese case, 0.02 rem at the exclucion area boundary and

€5 rem at the lcw population zone boundary, change to abosut 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 100:

in the initial release.

- It is the staff's assessment that, given a CDA, initial releases will

be eitner zero or, a3 in applicants' base case, small. Further, the
raciolonic2Y conseguences will not be greatly changed by initial releaces
witnin a reasonably expected range.

A.£.8 Sensitivity to Alternative Scenarios

Several alternative scenarios have been considered. In the principal
elternative, the applicants 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 fioor
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 "¢ the same as
in the base case scenario, and releases during the sodium boilup phese
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 cf heat generation by sodium-concrete reactions, and the time
to venting would be lengthened, hydrogen procduction would be less.
fL1so. there would be no sodium-concrete reaction products anc iittie
NaOH and Na,0 with the debris bed at boildry. Once feilure of the
liner OCCurg 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 soms
intermediate time, e.g., after 50 hours, the ensuing sequence wouid
also be similar to the base case.

In another scenario, the sodium could be drained into the reactor cavity
in advance of core disruption , leeving 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.

Other alternative sequences are possible, but it is the staff's assess-
ment that it is highly unlikely that there would occur circumstences
such thet the radiological consequences of the base case would b2 greatly

" exceeded.

AR.5-15




A.5.8 Uncertainties

Althougn a greet amount of experimental data relevant to the TMIDR
scenaéric has been accumuiated over the years, the staff believes thers
still remain substantial uncertainties in the estimation of the redic-
logical consequences. The estimate of plutonium releases is judged

to contribute the most to the uncertaéinty attributable to relecse
quantities, possibiy as much as a factor of 20. However, in Reference
i, the applicants have evaluated CRBRP's beyond-the-decign-basis mergins
for @ number cf variations of their basic TMLIB scenario and have Shown
tnat tne calculated range of radiation doses are limited. .t is the
staff's assessment that the applicants have adequately shown that tne
increase in dose, due to the range variations of circumstances, is

small.

In a number of instances, the modeling for calculation of conseguences
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 besis for belief that they tend to overestimate the consequences. An
example of such conservatisms is considering immediate 100% release to
coritainment 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
syster. for some hcurs before being vented into conteinment.

0f course, the dose estimates also include all the other uncertainties
~normally found in such estimates, e.g., in meteorolegical dispersion,
in filter efficiencies, etc.

A.5.10 Conclucions

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 CRER,
smay be exceeded, the staff has determined that sufficient improvements
" in the containment cleanup system filtration efficiency are easily
achieveble and therefore this is acceptable for the (P stage. However,
conclusions presented here are based on projected performznce of the
proposed design of the TMBDB systems. As stated in section A.4.10,
satisfectory eguipment qualification and demonstration of performance
of the TMEDL systems will be required at the OL stege. The staff
advises that in the meantime, before installation of the TMBDL systen
are undertaken, that the app icants should provide for review of the
paremiters, and ranges of vilues, on which testing for operationc?
qualification of the TMEDE systems will be performed.
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A.6 Summary Conc lusions

The conclusions summarized here are contingent on:

(1) Satisfactory completion of the required fuel pin design modifi-
cation studies and testing directed at mitigation of the effects
cf plenum fission gas during CDA progressions (p. A.2-6). The
applicants have agreed to provide this mogdification.

(2) Satisfactory completion of the commitments associated with modifi-
cations of the rotating pluags in the reactor closure hezd anc
related efforts including eveluation of the SRI tests and upceting
of appropriate documentetion (p. A.3.5 and p. A.3-14). The
applicants have agreed to modify the plucs.

(3) Satisfactcry resclution 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 rosolution.

(4) A scoping equipment qualification program ha: 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 (terpersture, pressure,
etc.) during the OL review.

The staff's conclusions are developed as a result of the evaluztion of
the CDAs in terms of the general criteria as ciscussed in Section A.1.2
Based on the independent evaluation of core disruptive accident energetics
described in Section A.2 and on the mechanical capability of the reactcr
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 whicn TMoDE 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 containmert
vent-purge system can relieve internal pressures and effectwve]y controli
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 popslation
zone boundzry, can be brought below the CRBR version of the 10 CFR 10C
doce guidelines (realistically calculated). This, taken in.conjurction
with the low probability of such events., ieads us tc conclude tnet the
risks from such events at CR3R will be very small, and not significantl,

different from the risks from typical LWRs.



APHENDIX B
'UNRESOLVED SAFETY ISSUES

NUREG-0606, “"Unresolved Safety Issues Summary," lists several safety issues
which are undergoing NRC study before the staff can make judgmenis as to whether
existing requirements should be modified. These issues are sometimes called
"ceneri¢ safety issues" pecause they are related to a particular class or tyoe
¢t nuclear facility rather than a specific plant. The staff hac screened the
Jnresclved safety issues relative to their applicability to CRER and athed “he
spplicants to respond as to how they plan to treat each applici:le issue during
the licensing activity. The applicants' response and the staft s assessment of
each issue are detailed in this section.

B.1 WATERHAMMER (Unresolved Safety Issue (USI) A-1)

Applicants" Assessment of Applicability to CRBRP

Waterhammer and its equivalent; sodium hammer, are applicable to the C(REBRP.
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 vecided 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 snuthers.
Occasionally pipe welds have experienced small cracks. 1n 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 auxiiiary heat removal syctem
(SGAHRS) are described in PSAR Sections 5.5 and 5.6.1, respectively. [Design
resolution of waterhammer will be accomplished by including fill and vent hcles
in the auxiliary feedwater sparger in the steam drum to preclude waterhammer
effects resulting from steam-driven slugs of SGAHRS water -..d by including
hydraulic dampers in the actuators of the water and steam isclation valves tc
precliude waterhammer effects resuiting from the overly rapid closing of 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 against the effects of pipe breaks and waterhammer iocad: are
incorporated in ASME design codes that require consideration of impact loads
and dynamic loads in the structural design. The ASML codes are appiied to the
spdium systems of CRBRP, that is, the primary heat transpert syctem, the inter-
mediate heat transport system (including the steam generator), and the sudiums
waler reaction pressure relief system, as well as to the water-stear syslen.
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The occurreace of sonic pulses, similar to those produced in waterhammer inci-
dents, has been considered in the design of the intermediate heat transport
system (1HTS), described in PSAR Section 5.4. Sonic pulses may occur as a re-
sult 0* a laryge sogium-water reaction caused by a postulated steam generator
tube rupture. In addition, the effects of accelerated scdium slug flows in the
component and piping design has been considered in the design of the sodium-
wa'er reactior pressure relief subsysten, described in PSAR Sections 5.5, 7.5.6,

ana 15.3.1.3.

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

KR(C's Pocition

The staff concurs that the applicants are addressing the waterhammer/socium-
ammer phenomena analytically and in the proper manner relative to the CRBERP
application. However, the applicants must verify that uracceptable feedwater
hammer will not occur by performing acceptability tests, approved by NRC, as

described in BTP ASB 10-2. (Standard Review Plan, Section 10.4.7-7)

B.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. 7T o 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 sysiems. The issue concerns the capability
of steam generator tubes to maintain their integrity under normal operation and
accident conditions, should mechanisms exist that could result in tube

degradation.

Applicants' Suggested Resolution for CRBRP

This issue has been technically resolved for the CRBRF.

The CRBRF steam generator design has minimized the potential for courrosion/
erosion degradiation common to steam generators in pressurized-water reactors
(PWwks). The tubes in the CRBRP steam generator will be exposed to the water
.eavironment only on their inside surface. The water side will consist of
smusth wall tubes terminated in spherical plena. Thic will greatly reduze the
poctential for tube degradation by corrosion-induced wastage, cracking, ard
denting. Preferential corrosion product formation or deposition will be mini-
mized hecause there will be no restrictions, crevices, water levels, or
strurcture-related concentration sites. Water-side chemistry will be maintained
by stete-gf-the-art, all-volatile chemistry control, which has been modified
from PwH practice and which will incorporate fossil plant experience with

2%% (r~1% M. tute material. Full flow demineralizers, a 2.1 full-power recir-
tuintion ratio (tor each two parts of water flowing into the steam generator,
Ghy part wiil be recirculated and one part will be tresh teed), and 101 blow-
down will ¢ontribute to minimizing the potentia! for water-side corrosion-
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Steam generatcr tube integrity has been properly addressed in the (RERP 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 corrocicn, cleaning, and wear
allowances. The reduced thickness will be used for all strecs and strain calcula-
tions, and the full thickness will be used for weight and seismic calculations.

In addition, allowances will be providec to compensste for mzterial strengin
degradation by postweld heat treatment, therma® aging, and decarburization. In
spite of these recuctions in thicknes: and materiei concervatively based or the

» end-of-1ife condition, the tube will have a 38% margin over the ASME Code, Ciass 1,
criteria for pressure retention.

Erosion of tubes as a result of tube vibration is being addressed ir chree WwWays,
as discussed in PSAK Section 5.5.

(i) The design and material selection of the shell (sodium-zontaining) side
cf the steam generator (SG) will provide for acceptable accommodation of
tube vibratiens; all known flow-induced vibration mechanisms have L-en
evaluated. Tuve-to-spacer plate gaps will be consistent with quidelines
used throughout the heat exchanger inwuustry. Tube-spacer plate material
(inconel 718) has been chosen, since it has a low coefficient of fric-~
tion when coupied with the tube material (2%% Cr-1% Mo).

(2) Yo confirm that all flow-induced vibration mechanisms are considered, a
flow-inducec vibration program has been implemented using both a full-
scale model closely representing the protcotype 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 technigue that

can detect the tube wear well before the tube wall is thinned beyond that
spcified for the design. This technigue is discussed in PSAR Appendix G.

NRZ's Position

The staff agrees that the actions proposed by the applicants will minimize the
probatility of steam generator tube degradation resulting from wastage and
flow-induced vibration. The inservice 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
mejor undetected steam generator tube degradation wiil take place during the
1ife of the plant.

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

All-volatile chemistry control techniques proposed for the CRBR water treatmenrt
system have proven to be an effective method for reducing wastage anc stress-

corvesion cracking in LWRs.

Finally, the staff recognizes the less severe safety role a failure of a CkER
steam generator tube imposes relative tc that of an LWR steam generator tube
failure. However, the same ASME Code design rules are being imposed on the CREK
ttean gencrators, large and small steam generator tube failures have tieen
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addressed in the Chapter 15 review, and the proposed accommodation criteri
cluding immeciate reactor shutdown, have been found acceptable.

B.3 ANTICIPATED TRANSIENTS WITHOUT SCRAM (USI A-9)

Applicants' Acsessment of Applicability to CRBRP

This issue is applicable to CRBRP. The issue is.the potential for a commo
tailure 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' Sucgested Resolution for CRERP

The applicants' view is that this issue is resolved for CREBRP because CR8R
incorporates into i1ts design two independent shutdown systems, 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 cf the two shutdown sys
will reduce the likelihood of their simultaneous failure to such a low lev
that additional design features to improve reliability of shutdown will no
necessary.

NRC's Position

The Commission has initiated a rulemaking on this anticipated transient wi
scram (ATWS) issue. The ATWS issue is discussed for light-water reactors
in "Anticipated Transients Without Scram for Light Water Reactors," NUREG-!
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 zre based on its review of
redundancy, independence, and diversity embodied in the proposed designs fi
CRERP's two shutdown systems (as discussed in Sections 4 and 7 of this SER
on the acceptability of the applicants’' Reliability Assurance Program (as
cussed in Appendix C of this SER), and on the assessment that even if an A
event chould occur at CRERP and lead to core disruption, the risks would b
acceptably low (Appendix A of this SER). The staff concludes thot 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 other
nuclear reactors. Therefore, the staff will expect the applicants to addr
irn the FSAR those measures taken in response tc lessons learned from react
operating experience during the period from the iscuance of the constructi
permit tc the issuance of the FSAR, and specifically the implications of t
ATW5 at the Salem reactor in February 1983.*

¥T{ <hould te nuted 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 open when required. The scram breakers to be used on CRER are of diff.
design than those userd at Salem and will be identical to those used on FF’
and n the Naval Reactors Program. These breakers heve underqgone extensit
tes: ng and have operated successfully. Therefore, they are not erpected
lear to an AIWS event at CRBR. Nevertheless, they will he incluted 1n th
applicant’'s Reliatiility Assurance Program.
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~B.4 FRACTURE TOUGHNESS OF STEAM GENERATOR AND ‘REACTOR COOLANT PUMP SUPPORTS
(UST A-12)

Aprlicarts' Assessment of Applicability to CRERP

This issue is applicable to CRBRP. It concerns the low fracture toughness arg
pctential lamellar tearing in materials used for heat transport system compient

supports.

Apclicants' Suggested Resolution for CRBRP

the design of that portion of the CRBRP steam generator supports that is in
eéccordance with the ASME Code reguires that impact testing (Charpy V-notch) of
a:1 materials of construction be performed according to Fzragraph NR-2311 -of
ASYE Code, Section 111. 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 ¢ of ASME Code, Section 111, for all applicable conditions plus shipping,
lifting, and installation. Therefore, the concern relating to fracture tough-
ness of steam generacor supports has been proper1y and adequately addressed in -
the CRERP design.

The building structural steel that supports steam generators will be designed
1n accordance with the requirements of the American Institute of Steei Zonstruc-
tiorn 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 US] A-36 as falling within
material group II, that is, intermediate susceptibility to brittle fracture,
and identifies that group 1l materials have been judged adequate. SAND78-2348
classifies SA-540 bolting material as falling within material group I1I, which
has also been judged adequate. ‘

fhe 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 selectior,
welded joint orientation, and fabrication sequence).

NRC's Position

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

CRER SHH B-5
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B.5 SYSTEMS INTERACTION IN NUCLEAR POWER PLANTS (USi A-17)

Applicants' Assessment of Applicatilitv to CRERP

This issue is applicable to CRBRP. It cencerns the sufficiency of i-tegration

of divided responsipbilities for acsign, anaiysis, and installation of systems
among teams of engineers with iinctiunal specialities, such as civil, electrical,
mechanical, and nuclear, to ensure that adverse cperalional interactions between
_plant systems will be minimized.

Applicants' Suggested Resolution for CRBRP

The applicants have implemented a combination of programs and activities directed
toward ensuring 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-
tween 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 resuits of these

: reviews addressed the potential for adverse systems interactions, inciuding

! e . X X J o

i concideration of human, spatial, and functional coupling effects. A summar)

N report of these KSRs was provided in recponse to an NRC question.

The CRBRP safety-related reliatility program is deccribed 1n PSAR Appendir C.
the results obtained in this program provide additional confidence that the
requirements for the systems designs will minimize the potentiel for adverse

operational interactions.

In response to-an NRC question, tne appiicants developed the CRERP Probabilistic
T Rick Assessment (PRA) Program Plan, which wiil include taske to demonstrate
L that the risks at CRERP will be acceptably low The planned methodology will

use event trees and fault trees to et ity the comprnent farlores comsingtion.
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NR('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 acceplable 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 tc per-
form safety-related functions, as presented in WARU-D-165, Revision 6, was

found acceptable.

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

(3) The applicants' approach te qualifying the equipment for a sodium aerosol
environment was found acceptable. A

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

(5) The applicants have defined the design methodology used to calculate the
" radicactive envircnment based on thre: 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
methcdology and finds it acceptab]e for use in the qualification of
electrical equipment.

(6) The applicants have comritted 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 50.48.

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 coid shutdown without the availability of offsite power.

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

The normal decay heat removal path will be through the use of the main condenser

and feedwate> train. However, since the main condenser and feed~ater train

will not be available on loss of offsite power, the steam generator auxiliary

heat removal system, which is a safety-related syster, will be provided for

shutdown heat remcval and long-term decay heat remcval, and will not depend on

the availability of offsite power. The initial heat load will be dissipeted
hrough the use of power relief valves in the steam generator ioops.
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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 CRERP. Although the design of CRBRP does not desig-
nate spent fuel pools, this concern is applicable to the control of heavy lcads
over the ex-vessel storage tank closure head and striker plate, and over the

fuel-handling cell. '

Ap-ticants' Suggested Resolution for CRBRP

The technical resolution of this issue and NRC's position are contained in
- NURL3-0612, "“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 v = 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 resclve this issue for
CRBRP, namely, NUREG-0554 and NUREG-0612. These two criteria will be the basis
during the OL licensing review.

B.9 CSEISMIC 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.

Applicante' Suggested Resolution for CRBRP

This issue has been technially resolved for CRBRP. The seismic design bases and
the seismic design of CRBRF conform to thr —urrent NRC criteria. - CRBRP seismic
design criteria are described in PSAR Section 3.7. NRC has not ectablished any
other bases that would render conformance to the current criteria inadeguate.

NRC's Position

Pending the formal supportive documentation relating to the adequacy of assump-
tions used in the rock structure interaction model, the NRT concurs 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 0BE 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 conditicans
with the effect of the natural phenomena

(3) appropriate consideration of the safety funclions to be performed--the
use of a suitable dynamic analysis or a s.itable gualification test to
aemonstrate that structures. systems, anc components can withstand the
seismic and other concurrent ioads, except where it can be demonstrated

+hat the use of an equivaient static 1oad method provides adequate

cons1dera Jdon.
B.17 STATION BLACKOUT (USI A-44)

EEIIicantgL_hssessnent of Applicability to CRERP

A Toss ¢ = .2 2C dower involves » loss of both the preferred and backup
sources o1 offsite rower.

If offsite ac power i3 lost. three diesel generators and their associated dis-
tribution systems will be u°s1gn°d to deliver emergency power to safety-related
equipment.

If bcth offsite and onsite ac power are lost, CRERP will be designed to remove
reactor-generated decay heat on natural circulation with the heat sink provided
by the steam 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 onsite sources.

The decay heat generated in the spent fuel in the ex-vessel storage tank (EVST)
wil)l 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-vesc2] 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 establiished

Timits.

NRC's Position

The NRL cnncure with this atsessment provided the app]icants demonstrate that
adequate natural circulation capabilities exist in the main heat transport
systems and tne ex-vessel storage tank natural circulation heat removal loop.




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 concluces 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 tlackout resolution will be generally applicable to CRBR. The appli-
cant should adopt that generic resolution for CRBR or develop an equivalent
rasolution in time for the OL review.

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

Ppsticants' Assessment of Applicability to CRERP

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 of 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 nrovide 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 aux1liéry feedwater subsystem (AFWS) and protected
air-cooled condansers (PACCs), which will serve as alternative heat sinks.

Alco, 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 cc-iposed of two independent subsystems,
either of which will be capable of bringing the pl nt to a safe shutdown con-

ditic.

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

A wide range of bounding transients and accidents currently is being analyzed

to ensure that the postulated events would be adequately mitigated by the safety
systems. In additicn, 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
Crapier 15.

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

The zodium n the primary and intermediate systems of the HTS loops will always
be 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 ccolant inventory through flashing. Also, degradation

of one 'oop 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..

% e 8.0,

In CRERF 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 mcre
stringent than theose for LWRs, namely, the probability of loss of all ultimate
heat sink must be sufficiently low so as to allow treatment of the conseguences
of the event beyond the design basis. These consegquences 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 resoiving
US] A-45 for CRERP. However, this issue has not yet been generically rec: ved
for LWRs. The staff will, therefore, reconsider this issue in the CL review
The applicant should consider the applicability of the (WR recolution to ']
A-45 to the CRBK and provide justification in the FSAR that a comje:tle - o
0 . -"ety has been achieved. As noted in Appendix D, the PKA to b perti--. =
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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 Applicabilitv to CRBR

This issue is not applicable to CRBRP. The issue is wheather onerating plants
must be reassessed to ensure the adequacy of their seismic qua.ification of
e pment.  Construction of the project has not yet commenced and thus, it is
nc: an operiating plant. CRBRP resoiution of USI A-4( ensures the acdequacy of
se.smic design criteria applied to it.

NRC s Position

The NaC concurs with the applicants' assessment.

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

/

Applicants' Assessmewt of Applicability to CRER

This issue is applicable to CRBRP. CRERP will depend on the proper funct1on-
ing of control systems to maintain the plant in 3 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 contrel system failures or mal-
functions. These failures or malfunctions may occur independently or as a
result of the accident or transient under consideration. ‘

Applicants' Suagested Resolution for CRBR

This issue has peen technically resoived 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 msin-
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 wil)

" be provided. These devices will preclude the propagat1on 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 coulc actually
cccur at nuclear plants, as opposed to those analyzed in PSAR Chapter 15 safety
analyses. Although the Chapter 15 enalyses ore based on conservative assump-
tions regarding failures of single control systems, systematic reviews have not
been reported to demonstrate that multiplie control system failures beyond the
Chapter 15 analyses could not occur because of single events. Among the types
of events that could initiate such multiple failures, the most significant are,
in thr statt's judgment, those resulting from a failure or malfunction of power
supplies or sen<ors commsn to two or more contrcl systems. To provide assur-
ance that the design-bac<is event analyses adequately bound multiple control
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system failures, the applicants were asked to provide the fullowing informaticrn:

(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 power from common power sources. The power sources considered
should incluce al)l power sources whose failure of malfunction could lead
to failure or malfunction of more than one contrcl cystem 3nd should ex-
tend toc the effects of cascading power losses resulting frem the failure
of higher level distribution panels and load center:.

(3) Indicate which, if any, of the control systems identified under ltem (1)
receive input signals from common sensors, common. h 4rauli~ 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 buunded by the analyscis of

;nticipated operational occurrences in Chapter 15 of the Final Safety Analysis
eport. '

B.14 HYDROGEN CONTROL MEASURES AND EFFECTS OF HYDROGEN BURNS ON SAFETY
. EQUIPMEINT (USI A-48)

Applicants' Assessment of Applicability to CRERP

This 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 capability 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 CR3BRP Thermal Margin Beyond Design Basis (TMEDE) (Wwestinghouse,
CRBRP-3, Vol. 2). In the TMBDB scenario, the hydrogen is ignited in the con-
tainment atmesphere by sodium burning with the oxygen in containment. CKERP-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 SER.
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APPENDIX C
RELIABILITY ASSURANCE PROGRAM

C.1 INTRODUCTION -

“he applicants have identified several activities which are under way or are to
t- performed as part of final design to enhance and azsess the reliability of
ce~tain CRBRP systems considered important to safety and to estimate the risk
associated with CKRBRP operation.

Tre objective of these reliability assurance activities, as stated by the
applicants in a January 11, 1983 letter (J.-R Llongenecker to P. S. Check,
#HQ:§:83:184), is to "provide adcitional 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 10C §s acceptably low.
The overall aiming point of these activities is to ensure that the risk to the
public from CRBRP is comparable to that cf a current LWR." This represents an
effcrt beyond that which is required tor the licensing of an LWR and in the
staff's judgment is a positive step toward enhancement of CRBRP reliability.

Traditionally the re?iability'of~nuc1ear power plant safety systems has been -
enhanced by the application in the design of the principles of:

(1) single-failure criterion
(2) redundancy

(3) diversity

(4) independence

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

However, application and implementation of 10 CFR 50 and the design criteria
has been and continues to be guiced by engineering judgment. Additionally,

reliance on operator action to terminate or mitigate accident conditions has
been minimized in CRBRP to 1imit, to the extent practical, the potential for
operator error. ' ' :

Mcre recently greater emphasis has beern 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 ricik of piant cperation. 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 probabilistic risk assessment and factor the
results of this assessment into the design was issued in NUREG-0718,
"ticensing Requirements for Peading 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-0800C) has included a requirement to demonstrate
that the reliability of the system meets certain gquantitative goals.

(3) In January 1983 the NRC issued @ policy statement on safety goals which
embody the principle of acceptable risk.

In the case of CRBRP, however, limited experience with the design and operation
of similar facilities (relative to experience with LWRs) nas been accumulated.
Thus while there are no regulatory reguirements (other than diccussed above) to
conduct « reliability program within the licensing process, it is the staff's
~udgment that additional reliability assurance activities should be applied

t¢ CRBRP to compensate for the lack of an experience base comparable to-that

availabie for ar LWR.

The staff nas reviewed the various activities outlined by the applicants in the
January 11, 1882 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 in 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 evaluatic.a and enhancement should
provide further assurance that the CRBR design will be capable of providing for
accident preventior, termination, and mitigation so that the likelihood of a
core disruptive accident or of exceeding 10 CFR 100 guidelines is extremely

low. 1In general terms, the activities under the Program shoulc be performed to
ensure that the risk to the public from CRBRP is at least nc 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 maintenarce and surveillance testing} of
CRBRP. This feedback should also cause the plant desigrn and operating, surveil-
lance, and maintenance procedures to be changed where considered appropriate.

As stated previously, the staff has develcped criteria for the pregram 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 statf
intends to review the applicants' Program through audits and reviews of the
process and results to ensure that the cverall objective is being met. The
staff may perform independent reliability-oriented studies to g3in additiona)
confirmatory urderstanding of the Program.. This latter activity is, however,

of secondary importance to the staff audits and reviewss of the applicants’
Program based upon traceable and auditable documentetion,

C.2 EVALUATION CRITERIA

In this section, Lhe staff's (riteria regarding whet constitutes an acceptabie

program are presented. These criteria define the nature ancd e-tent of the

Frogram in broad terms.
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The staff in conjunction with its consultant, Science Applicetions, Inc., has
developed an outline of a comprehensive Program with the pctential 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 CRERF.

Considering CRBRP characteristics, a unigue set of evaluation criteria has been
defined for CRBKP. 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 cbove--evaluation of the comporent, system, and overall
accident seguence 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 common 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 deveiopmental
program to verify design. In some cases component failure mode or failure rate
data can also be generated. Equipment qualification is a standard recuirement
for the nuclear industry to ensure performance under required environmental
conditions. Failure evaluation is a necessarv 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 comparatle to that from an LWK.

The extent of the reliability activities perfcrmed for each system depends upon
(1) whether or nct the system has active components or features, (2) the accumu-
_lated base of directly applicable experience in LWRs or other [MIBRe, (3) whether

the system i¢ decigned for prevention or mitigation, and (4) the judged
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importance to protection of public health and safety. In ranking the CRBR sys-
tems the reactor shutdown and shutdown heat removai functions are considered

of primary importance, and thus those systems utilized in fulfilling these two
functions should receive emphasis in the Prcgram.  Furthermcre, it was concluced
that bcth 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 mentionad above, the Program
includes two additional elements. Feedback to decign 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 appropriateress of the Program. Each of
the three elements are discussed in the following sections.

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 (FMtAs) are th2 basic tools of reliability
evaluations applied at the component (pumps, valves, sen:ors, and so forth)
Tevel which form the foundation upon which higher level evaluations are built.
Emphasis regarding FMEAs should be placed on components unique (or unigue in
application) to CRBRP or those components for which a statistically significant
reiiability data pase has not been established. Documented reliatility cate
from previous experience can be used in connection with or instead of FM[{Ac.
Components of this nature which are incorporated in the reactor shutdowr =27

shutdown heat removal functions are of primary imic-tence. Component fa ™ (:es
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Based on this two-step process, the cut sets can bz screened to determine
the extent and significanc: of common cause events.

For spccific common cause events, especially external events, a two-phzse proc-
ess is useful in which the first phase bounds 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
anaiysis to ascertain its risk significan~e more realistically meay be warranted.
The output from CCFAs should be & system by system comprehensive 1ist of common
ceuse failures and should feed into the system and accident sequence evalua-
tions. Although CCFA is inherently part of compcnent, system, and accident
level evaluation, it is highlighted as a separate criterion to emphasize its
inclusion in the ovzrall program.

(5) Systems Interaction Analyses

One or more independent components or components of a redunda-t ... uping of

- components may fail or become more unreliable because of the interaction with
other acjacent or nearby system failures. For example, a high-energy-feed-* -2
or steamline break covld cause rotating machinery in proximity to fail, or a
nonseismicaliy qualified structure adjacent to one train of & 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 mettods employed may use appropriate
lists of comporent cut sets found in the sys .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 1ist of potential interactions. This information may also be
used as input to the system and accident sequerce evaluations. A generic
investigation of systems interaction is being pursued 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 level to explore
failure modes, equipment performance, and extended limits cf operation in a
qualitative reliability sense. Accelerated life testing can be emplcyed to
provide early feedback concerning potential failures. A test program should be
developed and documented which provides data to demonstrate performance and
supnort reliability assumptions. Emphasis regarding eguipment testing shculd
follow the guidelines as described under component-level evaluations. Namely,
emphasic should be placed on equipment unique (or unique in application) to
CRBRP. 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

cverall plant reliability assessment.
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(7) Equipment Que 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 evaluztion of the applicants' Equipment Qualification Program.

(&) Failure Evaluation ~

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

Aithough 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 program.

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 Jesign, operation, surveillance, and maintenance documentation in time
to support final design as well as remain in place during the 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 number
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 changes will be-implemented
need to be documented. Generic criteria applicable n- ‘2ct wide are preferred
with additionel considerations or criteria un a s -c4ce basis. For example,
specific reliability information may be compz-ec . >+ the prirncipal desigr
criteria, against comparable performance in moder. _#Rs, or ayainst NRC's safety
goals. Further, the reliability information may be compared internally to
identify specific large contributors to risk. The probabilistic risk assess-
ment mav also be an acceptadble tool to help guide judgments regarding design

and operatiorial improvements. In any event, the final decisions will be based
on engineering judgment using some of Lhe above or other <onsiderations as
appropriate. Regardless of the specific considerations utilized, it is impor-
tant that the applicants provide clear documentetion to assist the staff in
understanding these considerations and how they are applied in the feedback on
the design, cperation, surveillance, and maintenance of CRERP.
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C.2.3 "Traceability and Auditability

The third element of the Program, traceability and aucditability, allows deter-
mineticn of the reliability function performed and verification of the arpro-
priateness of its performance. This element reguires clear documentztion of
all elerents of the Program. The staff desires documenrtation of the Pregrax
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 Regquirements for 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 permit review.

The intent of this Program is to enhance and evaluate the -~eliable performance
of the plant safety functions. It is the staff's judgment that impiementation
of the Program should be on a time scale which allows impact on cdesign, opera-
tion, maintenance, and surveillance, if the results indica*e change is warrante ..

It is also the staff's judgnent that this Program should not end at the comple-
tion of final design, but rather, should contirue throughcut the life of the

plant as a tool for assessing the impact and ecceptabiiity of plant design and
prccedure changes and the impact of pilant operating experience on overall plant

risk.

The applicants' schedule for implementing the P-ogram consistent with the above
is regquired. :

C.3 APPLICANTS' RELIABILITY ASSURANCE PROGRAM

The applicants' overall Reliability Assurance Program was outlined in a letter
dated January 11, 1983 (J. R. lLongenecker to P. S. Check, #rQ:5:83:184). This
Tetter describes ail 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 relfability--thic includes design
reviews, development, and environmental qualitication 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 (RRHR5) as described in

Appendix C of the PSAK.

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

(8) Key system reviews--review of the interfacing and safety aspects of all

systems required for reactor residual heat removel. The review considers
failure modes and effects, operatio.n, maintesance, ancd testing. Thewc
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reviews are documented in a Tetter from J. R. Longenecker to P. S. Check,
dated February 19, 1982 (#HQ:5:82-005).

(5) Systems interaction‘ana1ysis--review of plant systems associated with
maintaining high plant availability.

(6) tguipment testing--includes development testing on first-of-a-kind com-
pcnents to verify their performance. Is not intended to develop a statis-
ticel 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 program is documented in Westinghouse report WARD-D-0165, “CRSR Re-
quirements for Environmental Qualification of Class 1lE Equipment.”

(8) Failure evaluaticn--a program for the eva7uat1on 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 ard construction control
(e) operation control

and the following work-oriented practices:

(a) inspection
(t) examination
(c) testing

Details of the quality assurance program are intludecd in’Chapter 17 of the PSAR.
|

For a more detailed description of the applicants' program, the reacder is re-
ferred to tne 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-
tiona]]y, 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:S5:82:229). Bcsed upon this commitment, the staff cuncludes
that the appllcants Reliability Assurance Program is acceptab]e 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 conside- In
this regard vt is suggested that, as part of this program, the benefit uf ma11—
taining diversity in the operation, surveillance, and maintenance of those:
diverse plant systems associated with prevention of CDAs be explored. 11 main-
taining diversity in this area would contribute significantly to maintaining
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the reliabitity 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 07 the unique nature of this Pregram 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 toel in

assessing CRBRP reliability and risk.

it 1s 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 abova criteria and is being implemented in a fashion which contributes to

the reliability of CRBRP.

CRBK REACTOR  § SHUTDOWN | COOLANT PREVENTION | PREVENT.UN | “ONTAINMENT | EVST HEATIBEYORD
SARETY s TOOWN | MEAT SYSTEM OF CORF FLOW|[ OF FAILED REMOVAL  [BASTS
~~ FUNCTHONS REMOVAL | BOUKDARY BLOCKAGE fufL FEATUKE S
PROGKAN S (1) INTEGKITY PROPAGAT ION
ALTIVITIES \\\\\\T:a (2) )
COMVONENT LEVEL .
EVALUATIONS | X x X X | X X
SYSTEM LEVEL
EVALUATLUNS X H X (& X X X (6)
ACCIDENT SEQUENGE
LEVEL EVALUATIONS x H X () X X X (6)
COMMsN LAUSE
FALLUKE AMALYLIS X X X X X X 3 (6)
SYSTEML INTERACTION
ANAL Y805 X X X (s) X X X 6)
EQUIPMIENT TESTING '(4) X X X X X X | X
EQUIPMLKT QUAL TFICATION | X % X X X X X ——T X
FALLUKE EVA! UATION X X X X X X X |

NOTES:

(1) The app’icable front line and support systems for each function heading
are those that are necessary to fullfill the specific safety functicn.
(2) Leak detection system is an active part of this function.
(3) Delayed neutron detection system is an active part of this function
(4) Feliability testing of passive features is not required. '
(2) Nol required because these features are not a system,
(6) Not required because reliability emphasis shouid be on systems which

prevent core disruptive accidents.

Figure (L]

EREH OSEER

(W liability assurance program activitics
regquired for each safeiy fure tion
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APPENDIX D

PRGBABILISTIC RISK ASSESSMENT -~
CLINCH RIVER BREEDER REACTCR PLANT

D.1 INTRCDUCTION

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., feilure mode effects analysis,
common cause failure analysis) into a complete moael 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-
ingiy 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
CRERP," 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-0716, Revision 1, June 1981, Requirement I1I.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 schedulzd so as to influerce
system designs as they are being developed. The assessment shall be
completed and submitted to NRC within twe 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 tc be implemented to reduce these risks. A prevention
feature that must be considered is an additional decay heat remova)
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 PROGRAM PLAN
The applicants have prepared a probabilistic risk assessment program plan

which was submitted in June 1982 and is incorporated into the P5AR 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.B.8 requirement. The p?a includes what is, in the
terminology of the PRn Procedures Guide (NUREG/CR-2300), a Level 111 PRA that

is, an in~depth PRA.

Majur tasvs under this part of the plan include initiator developrent, piant
mudel development and quantification, core and containment accident mcaeling,
and analysis of offsite consequenres. Plant model development and quantifica-
tion include system functionai event tree develcpment, fault tree development,
aralyses of plant response, accident sequence quantification, uncertainty anal-
ysis, and common cause failure analysis. Under core and containment accident
modeling are the development of phenomznological event trees and the evaluation

ot source terms.

Other tasks in the program plan, which support application of the PRA, are the
deveiopment of operator action event trees, an assessment of the effectiveress
of design variaticns including conseguence mitigation features, adaptation o’
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 erfort 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 event trees, a set of phenomenc-
Togical everit trees with heat transport states anu success criteria, a package

of fault trees with the data base for guantification, quantification of cominant
accident sequences, a dependzncy analysis, and a sensitivity analysis. The prod-
ucts of Phase 1 were delivered in early February 1S83.

Phase I1 Part A o* the PRA effort includes review and validation of Phase I,

- plus the tasks remaining to satisfy Level 1I1 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 1ife of the plant.

The applicants had under contract for Phase I, for the accident sequence defini-
tion and quantification, EG&G of ldaho, assisted by Wood-lLeaver & Associates,
Inc.  The firm of Fauske & Associates, Inc. was under contract for the acc1dent

process analysis.

The Technology for Energy Corp. (TEC) of Knoxviile, Tennessee, was awarded the
contract for Phase 11 of the PRA. The results of Phase ] have been transferred

to TEC.

D.4 NRC REVIZW

The steff is conduct1ng a review of the app]1cants PRA effort in which the
staff maintains cognizance of applicants' ongoing efforts and provides review
and comment for product documents ai various stages of their development. The
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review effort is being conducted w1th contracted assistance from Science Appli-
cations, Inc.

Activities of the review effort include centinted mon1*0r1ng of the ongoing PRA

ort by review of the PRA products and by part1f1p=t1ng in interaction meet-
.ngc with the applicants, detailed review of specific major elemenis of the
study, and integrated review of the overall PRA. The applicants have committed
to interactive meetings to canvey early informztion on methodology and interim
results to facilitate the staff review.

Other efforts by the staff related to the review of the PKA are the performance
of selected independent assessments, that is, a risk reducticn feasibility study
of selected modifications to CRERP safety systers, and a preliminary estimate

cf release frequencies for CRBRP poiential core disruptive accidents.

D.5 FUKCTIONS 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 deterrine the relative importance of
individual systems and components to plant reliability and safety, the principal
functions of the PRA are (1) to identify specific prevertive and mitigative
actions to reduce risks, (2) to feed back to the facility design process infor-
mstion which can permit any identified cost-efrective risk reduction to be
incorporated in the design, (3) to feed back to the reliabilsty program any
informetion needs that the reliability program car provide towzrd improved risk
" management. In addition, the PRA establiches the foundation cnd fremework for
a continuing risk management program as an aid to plant operations.

D.5.2 Safety Obiective and Safety Goals

In the "Final Environmental Statement Related to Construction ard Operztion of
Clinch River Breeder Reactor Plant," NUREG-013%, February 1977, Appendix 1, is
a letter of May 6, 1976, in which the following, concerning a safety cbjective,
was stated:

We use the further safety aobjective that there be no greater than one
chance in one million per year for potential corseguences greater
than the 10 CFR 100 dose guidelines for an individual plant, for
example, CRBR; this is a design obJect1ve rather than a f1xed number
which must be demonstrated for a given plant.

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

However, the Cohmiséion 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 prcvided a level of
protection from the consequences of nuclear power plant operation
such that individuals bear no s1gn1f1can* 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 nct be &

-ignificant addition to other societal risks.

(2) A cost-benefit guideline:

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

(3) Three gquantitative design objectfves:

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 accidents 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 exceec 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-
sc2le core melt should normally _e 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. Conccptually, PRA cen pro-
vide results to compare with the g.antitative design objectives. The Commicsion
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 v1ewed as aiming points or numer1cal benchmaras which are subjected

to revision. The CRBRP PRA can, however, be of v2lue in indicating whether
tnese "aiming points" are being 3dequate1y approached.

The qualitative safety goals supported by the quantitative design objectives
have been adopted by the Commission for use during a 2-year evaluation perxod
They "will not be used in the licensing process or be interpreted as requiring
tha performance of probabilistic risk assessments during the evaluation perico.
The 90als and objectives are also not to be litigated in the Commicsion's hear-
ings." 1f 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 CRERP PRA wil)

facilitete such further implementation.

L ad
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D.5.3 Staiement of Interim Policy

The Comnission's statement of interim policy regarding nuclear power plant
accident considerations under the National Environmental Policy Act of 1969
(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 facitity" in which ".pproximately equal
attention shall be given to the prcbability of occurrepce of releases and to
the prokability of occurrence of the environmertal consequences of those
releases." The statement of interim policy is applicable to environmental
impact statements rather than to the safety review, and its reguirements are
met by the scoping analysis of the risks of accidents at CRERP which tne staff
provided in Appendix J of the "Supplement to Final Environmental Statement
Related to Construction and Operation of Clinch River Breeder Rezctor Plant,"

NUREG

-0139, Supplement No. 1, Vol. 2, Cctcber 1982. The Appeniix 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
u.s.

CRER
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- October 11, 1974

November 14, 1974

November 19, 1974

November 27, 1974 .

December 19, 1974

December 27, 1974

February 14, 1975

March
April

April

April

April

April

April

318
1, 1975

10, 1975
11, 1975
11, 1975

15, 1975

16, 1975

CRBR SIR

APPENGIX E
CHRONOLOGY

Project Management Corporation (PMC) and Tennessee Valley
Authority (TVA) tender application, Chanter 2 of the

PSAR (Vols. 1 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 to.be
presented in the PSAR.

Letter to FMC 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 EFA 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, PMC  and TVA.

Letter to PMC advising that additiosal material sub-

“mitted to satisfy major deficiencies in ER and Chapter 2

of PSAR are acceptable for staff review.

Application docketec.

PMC submits PSAR (Vols. 3-10) for a ruptatise rriiew

Summary of meeting with PMC, GL, weutinghouse, and TVA
on March 16, 1975 to discuss tre reiiability of systems

S

designed to remove decay heat from C7ull.

Summary of meptﬁng with PMC, ERDA, a-d Westinghoise on
March 20, 1975 to discuss general design c(riterie,



May 5, 1975 Summary of meeting with PMC, Westinghouse, ond LRiJA on
April 16, 1975 to discuss FMC < pregress i the area of
radiclogical source terms for routine relzases.

June 5, 1975 Letter .o PMC accepting P5AR and request’ng additional
information.

June 11, 1975 Summary of meeting with PMC, GE, and W:stinghouse on May
30, 157% to discuss information needec for environmental
and site suitability reviews.

June 11, 1975 Letter to PMC reguesting additicna;i irformation on site

suitabiiity evaluation.
~June 12, 19875 Notice of Hearing issuecd (40 FR 25708, Jure 18, 1975).

July 17, 1¢75 ACRS Subcommittee meeting to cdevelcy information for
consideration of its review of the application.

July 28, 1975 PMC submits Amendment 1 to the PSAR, consisting of re-
sponses tc reguests for additional information.

July 31, 1975 Suvmmary of meeting with PMC, Westinghouse, GE, and ERDA
o1 July 1., 1975 to discuss the status of source terms

Tor site suitability accidents.

August 8, 1875 Summary of meeting with Natural Resources Defense Coun-
cil on July 14, 1575 to discuss and clarify the scope
and status of the radiological and environmental reviews.

August 22, 1975 Summary of meeting with representatives of the Dak Ridge
Gas=20us Diffusion Plant on Juiy 16, 1975 to discuss pos-
tulsted releases of toxic chemicals which could adversely

affect operation of the plant.

August 25, 1975 PMC submits Amendment -2 to the PSAR, consisting of re-
sponses to requests for additional information.

August 27, 1975 Letter to PMC clarifyinyg staff's presentation at
July 17, 1975 ACRS Subcommittec meeting relative to pre-
liminary radiological douse assessments c¢n the context
of suitability of the proposed site for other reactor
types as well as for the CRPRP.

August 29, 1975 PMC submits Amendment 3 to the #SAR consisting of addi-
tional responses to requests for information and site
suitability scurce term for the parallel design:

September 2, 1975 Summary of meeting with ERUA and Westinghouse on
August 14, 197% to clarify staff comments mede at pre-
vious meetings in the matter of requirements four an LwA,
with em.tasis on radiological cite suitabiiity.
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CSeptents. 5 3975 Summary of meeting with ERDA end consultants on August 15,
1275 to discuss the safe smutdown earthguare &and the
intensity-acceleration relastionship for the plant.

Seprember 12, 1975 PMC submits Amendment 4 to the PSAR, consisting of the
site suitabilily source term for the reference design.

Octiober 6, 1975 Letter to PMC requesting aacitional information on codes
and references cited in the PSAR.

October 6. 1575 PMC submits Amendment 5 to the PSAR consisting of updated
appendices for the primary pipe rupture falltack system
~and the core disruptive accident accommodation.

October 8, 1975 Summary of meeting with ERDA and Westinghouse on
' August 1S, 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.

Octuber 17, 1975 A Summary of meeting with ERDA on Septembter 12, 1975 to
discuss the seismic design analysis,

October 23, 1975 PMC submits Amendmert & to the PSAP consisting of
responses to requests for additional intormation and

adctional design information.

Octcber 24, 1975 Lette to PMC concerning the estabiishment of a review
sciw dule.
Oztober 29, 1975 tter to PMC requesting additional information on the

. erence design.

November &, 1975 Meeting with ERDA to discuss piping ‘ntegrity and asso-
ciated fracture meci..nics studias.

November 7, 1975 PAC submits Amendment 7 to the PSAR consisting of
responses to requests for additional information and an

updated seismic model.

November 13, 1975 Summary of meeting with PMC, ERDA, Westinghouse, and
Burns and Roe on October 21, 1975 to discuss th. quality
-assurance program.

Novemuer 18, 1975 Letter to PMC requesting additional informatio..

Ncvember 20, 1675 PMC submits an updared shutdowr. system reliability
assessment.

November 26, 1975 o Summary of mecting with PMC, ERDA, Wectinghouse, and PN

consultants on November 6, 1975 to discuss fuel design
and fuel design limits.
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December

December
December

Necember

December

December

December

December

December
December

December

3, 1§75
4, 1975
5, 1975
5, 1875
11, 1975
11, 1975
17, 1875
17, 1975
18, 1975
20, 31475
30, 1975

January 9, 1976

January 9, 1976

January 1Y, 1976

Summary of meeting with ERDA and PMC con November 5, 1975
to discuss safety sysiem classifications and to clarwfy
PMC’'s interpretation of seismogragh traces recorded at
ORNL during injection well operations.

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

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

Letter to PMC requesting adcitional information.

Summary of meeting with ERDA and Westinghouse on
November 14, 1975 to discuss ERDA-sponsored efrorts to
quantitatively assess the containment tirermal 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 S to the PSAR, consisting of
responses to requests for additional information.

PMC submits progress report, “Summary of CRBRP Inherent .
Retention Analysis,” providing scoping enalysis 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, consistiny 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 cf suffi-
ciently low probability to be excluded fror. the design
basi?.

PMC sumbite< Amendment 11 to the PSAR, consisting of
responses to requests for additiona) 1ﬂfUrW4!IO! ang
WARD guality assurance plans.
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January

January

January

January
January

January

January

January

January
January
" February
February

February

February

February

- February

LREP SEF

15, 197¢

21, 1876

23, 1876

27, 1976

28, 1976

28, 1976

28, 1976

29, 197¢

29, 1976

30, 1976

2, 1976

6, 1976

9, 1976

18-19, .1976

20, 1976

20, 1976

PMC letter furnishing responses to questicns on the
inuustrial security nlan (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 Westinghcuse on
January 13, 1976 to discuss lack 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, SPAY, FXVARI, ANSYS,
TRANSWRAP, PLAP, AND SOFIRE computer codes.

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

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

PMC Tetter advising that NRC recommended revision to GDC
is acceptable for the a.plication and submitting recom-
mended clarification for GDC 15, 27, 29 a, d 35.

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

PMC <ubmits "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 suitatility 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 PSAR, consisting of
responses to requests for additional information.

PMC submits onsite meteorclogy. and 3/Q caiculation.

£-5

-

FOR SN RS 220



Februéfy 26, 1976

March 3, 1975

March 5, 1976

March 5, 1976
March 8, 1976
March 9, 1976

March 12, 1976

March 21, 1976
March 22, 1976

April 1, 1976
April 1, 1976
April 9, 1976

April 14, 1976

April 19, 1976

CREL SER

PMC submits response to staff guestion ccncerning the
safe shutdown earthquake.

Summary of meeting with ERCA 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 propoced revisions to safety classification and
design criteria discussed in the February 2, 1976 meeting.

PHMC 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 Tevelopment 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 core disruptive accident and energetics dis-
cussed at february 3, 1976 meeting.

PMC submits Amendment 15 to the PSAR, consisting of
responses to requests for additional information;
Appendix F to Chapter 17; and description of S&W quality
assurance program.

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 cCiscuss
sodium fire codes SPRAY, CACECO, and SOfIRE.
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April 19, 1976

April 19, 1976

April 22, 1976

April 23, 1976

April 30, 1976.

April 30, 1976

May

May

May

May

C(KE"

6, 1976

6, 1976

13, 1976
14, 1976 °
20, 1976
24, 1976
25, 1576

27, 1976

27, 1976

SEF

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
meteorclogy.

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 prcgect (ERCA
becomes the lead participant.)

ERDA submits Amendment 19 to the PSAR, consisting of
responses to requests for additional informatiou.

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 sdditional R&D to support the

core disruptive.accident analysis.

Letter to ERDA providing staff position concernihg-the
safe shutdown earthquake.

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

June

June

June

June

June

June

June

June

June

June

June

July

July

CREK

1, 1976

2, 1976

3, 1976

9, 1976

11, 1876

17, 1976

21, 1976
¢2, 1976

23-24, 1976
27, 1976
30, 1976
30, 1976

1, 1976

2, 1976

SELR

ERDA sut: s imoendment 20 to the PSAR, consisting of
responses 1. requests for additional information.

ERDA submits additicnal information on fuel penztration
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 tnhe National LMFBR Mixed
Oxide Fuel Transient Performance Program.”

ERDA submits Amendment 21 to the PSAR, consisting of an
assessment of the asditicnal plant margin available uncer
various postulated HCDA mechanicel 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 ad¢itional 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 additiqna] information.

4

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, 1576
July 22, 197¢

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

Cpos P

Letter from ERDA transmitting correcticn pages to the
"Summary of CRBR Transient Testing Portion of the Plan
for the National LMFBR Mixed Oxige Fuel Transient
Performance Program."

ACRS meeting.

ERDA letter transmitting the1r 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 scurce term.

.ERDA letter transmitting leak detection information

requected at June 18, 107C meeting.

Le“ter from ERDA Project Office submitting summery of

. the June 17, 1976 meeting on third level thermal margin

report.

ERDA submits Amendment 25 to the PSAR, consisting of
responses to requests for additional information.

Letter to ERDA requesting ardditional information.

ACRS report on hypothetical core disruptive accident for
1iquid metal fast breeder reactors.

ERDA submits Amendment 26 to the PSAR, consisting of
responses to requests for information and withdrawal of
Appendix £, "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 managemene,scheme;
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August 31, 1976

September

September

September
Septembér
September
Septembgr

September

September

September

September
September
September
September
September
September
September

September

" CRBR SIK

1,

N

8,

8,

28,

1976

1976
1976
1976
1976
1976

1976
1976

1876
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 yround 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
rezctor vessel head and surrounding structures.

Meeting with ERCA 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 CACECC code.

ERDA letter transmitting additiona)l 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 sta’f'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 Dak Ridge.'1ennessee.
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October 1, 1976 ERDA submits Amendment 27 to PSAk, consisting of re-
sponses to reguests for additional information.

October 5, 1976 Summary of meeting'uith ERDA on August 26, 1976 to dis-
cuss their response to EICSB acceptance reviev. and f*rsf
round questions.

October §, 1976 ERDA submits report, "Exposure Dependent Cladding Defor-
m2tion," WARD-D-0146, July. 1976 in response to staff
request.

October 5, 1976 - Meeting with ERDA to discuss atmospheric dispersion of
effluents.

October 6, 1976 | Letter to ERDA requesting cell design informaticn.

October 7, 1976 Letter to ERDA emphasizing staff position on PHTS piping

integrity and requesting additional information.

October 7, 1976 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 seiection criteria
of OBE.

October 8, 1976 Letter to ERDA requesting information on materials com-
patibility between core debris and refractory materials.

October 8, 1976 ERDA letter transmitting reports of experimental infor-
mation on halogen attenuation &nd fission gas bubble

breakup.

- October 14, 1976 ERDA submits Amendnert 28 to PSAR, consisting of responses
to requests for additional information.

October 15, 1976 ERDA letter addressing NRZ staff positions regarding
adequacy of decay heat removal system and outlining
approach for resolution of concern.

October 15, 1976 ERDA letter providing information on cell liner design.
October 19, 1876 Letter to ERDA highlighting discrepancy in CDA analysis
presented in PSAR and ANL/RAS 75-29 "An Analysis of

Unprotected Transients Under Cooling and Transient Qver-
power Accidents in CRBR."

October 20. 1376 Summary of meeting with ERDA on September 27, 1976 to
discuss status of their information regarding eriergency
planning provisions.

October 21, 1976 ' FRDA sumits the AYER computer code.
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Octaober 28,

October 29,

November

November

November

November

November

November

November

November

November
December

December

December

December

December

Cecember

CRER SER

1976

2, 1976
5, 1976
5, 1976
11, 1976
23, 1976

24, 1976

30, 1976
30, 1976

30, 1976
1, 1976
1, 1976
6, 1976
7, 1976

17, 1976

22, 1976

1976

ERDA sumits Amendment 29 to PSAR, consisting of responses
to request for additional information.

ERDA letter transmitting additional 1nformat1on 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 Bowiﬁg,”
WARD-D-0150, August 1976, in response to NRC request.

ERDA submits Amendment 30 tu PSAR, consisting of responses
to requests for addi*ional information.

Summary of meeting with ERDA on October 21, 1976 to dis-
cuss resolution of the site suitanility source term.

ERDA letter transmitting report, “"FORE-2M: A Modified
Version of the FIRE-11 Computer Program for the Analysis
of LMFBR Transients” in response to staff request for
information on this subject.

ERDA letter transm1tt1ng additional information on cell

-liners.

\

ERDA submits Amendment 31 to PSAR, consisting of responses
to requests for additional information.

ERDA <ubmits information on industrial security plan.
Letter to ERDA requesting additional information.

ERDA letter transmitting information on matcrials
compatibility between core debris and refractory
materials. .

Letter to FRDA concecning implementation of CRBRP 1200
MJ “appeal" decision.

ERDA letter submitting information on CDA analyses.
ERDA submits "An Analysis of Reactisity Effects of
Bubble Collapse in a Boiled-up Molten Pool in CRBRP" in
response to staff reguest for information.

ERDA submits Amendment 32 to PSAR, consisting of
responses . to requests for additional information.
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Decemb:r 23, 1976

December 27, 1976

January : 1977

/

January 3, 1977
January 13, 1977

January 14, 1977

January 14, 1877

January 18, 1977

January 18, 1977

February 3, 1977
February 4, 1977

February 11, 1977

_ ’
February 16, 1977

CRE: SER

Letter from ERDA Project Office submitting schedule for
round 0, 1, and 2 questions,

ERDA submits "TRANSWRAP--A Codz “or Analyzing the
System Effects of Large Leak Scdium-Water Reactions in
LMFBR Steam Generation” in resprnse to staff request.

Summary of meeting held on October 13, 1976 with .
Directors of DPM and DSE and their staffs to r 'scuss the
staff position regarding CRBRP site suitability scurce
term. ‘

ERDA transmits 9 of 12 references to repert 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
design.

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
PHTS pipe breaks should not be considered a design-basis
event.

Meeting to discuss structural adequacy of reactor tead
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," CPPO2,
Revision 3, and “Flow Induced Vibration of Fuel Rods in
CRERP," WARD-0166, December 1976, in response to staff's
request for additiondl informztion.

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

M. B 7,

March 11,

March 14,

March 14, .

March 15,

March 17,

March 22,

March 23,

March 24,

March 25,

March 25.

March 3G,

April 1,

{RBE SIK

1977

1977

1977
1977

1877

1977

1977

1977

1977

1677

1977

1977

1977

ERDA submits "A Recent Evaluation of Foreign wastage'

Data from Sodium-Water Reaction Investigaticn” and
"Summary of Design and Development Status of the L1qu1d
Metal to Gas Leak Detection System for the CRBRP" in
response to a staff reguest 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 1nformat1on 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 reguest for
additional intormation.

Letter to ERDA requesting additional iniormation 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 CKBR design.

Letter to ERDA requesting additional information on
third level thermal margin report, protection against
core meltdown,

ERDA submits revised description and schedule for site
preparation activities.



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, 1377

May 27, 1977

May 27, 1977

(REW SER

ERDA submits letter to L. W. Coffec from k. J. Hare,
OR00, concernirng analysis of potential impact of {Fi:
cperation on ORNL and Oak Ridge Gaseous Diffusics iant.

ERDA submits drawings of models to be uced in Ski tests.
ERDA submits seismic margin report.

ERDA submits Amendment 38 to PSAR, consisting of
responses 1o 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; also response to staff con-
cerns about fuel design.

Summary of meeting held on March 9, 1977 with CRBRP
representatives and their contractors to discuss the
seismic analysis &nd design margins in the CRER design.

ERDA submits "Plan for the National LMFBR M3xed Oxide
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 with CRBRP
representatives at Westinghouse (WARD) tc review the
piant protection systems.

Letter to ERDA concerning the analysis of margin shear
ring and transmitting the March 16, 1977 meeting summary
on the subject.

Summary of meeting held on March 3, 1977 with CRBRP
representatives and ANL to discuss additions! caicuia-
tions and analyses performed by ANL of the LUF accident
using the SAS3D computer code.

ERDA submits Amendment 39 to PSAR, ccnsisting of
responses 1o reguests for additjunal infurmation.

Letter to ERDA (Denise to Caffey) concerning the confu-
sion and misunderstanding which continues to exist by
Project of staff's intentions and respensibilities in
its technical review of CRER.



June 14, 1677

July 12, 1977
July 15, 1877

July 15, 1977

July 18, 1977
July 22, 1977

August 5, 1977

August 8, 1977

August 9, 1977
August 29, 1977

Septemher 30, 1977
October 2, 1977
Cctober 14, 1977

November 4, 1977

January 27, 1978
March 20, 1978

April 21, 1978

CRER “FP

ERCA eubmits, in rezz-nse to regue=t for informatlicn,
report, "Impact of Fuel lensificatior on CRBRP fuel

Ferformance,” WARD-D-Q168&, March 1577,

ERDA letter providing tentalive design mix and aggregate
specifications for use in test programs.

ERDA submits Amendmernt 40 to PSAR, consisting of
responses to requests for additicnai information.

ERDA submits topical report, “CRBRP Closure Head
Capability for Tnird Level Structural Mairgin Loeding,”
WARD-D-(0178, June 1977.

Summary of meeting with ERDA on Jdanuary 2€-27, 1877 at
ANL, Argonne, Illirois, to aiscuss LOF CDA energetics.

ERDA letter requesting clarification of NRC schedules
for review of CREBR application and issuance of SER.

ERDA letter advising that infcrmation requested on fail-
ed fuel on Octouber 6, 1975 was included in analysis of
fuel failure propzgation furnished on September 20, 1°76.

ERDA submits report, "Internal/External Cladding
Degracation," WARD-D-0147, February 1877.

ERDA submits description of LIFE 111 code.

ERDA subnits report, “"Geologiceal Investiéations;“
S:L: 1531, August 1576.

ERDA submits CRBRP piping integrity report.
ERDA submits revised GE turbine missile report.

DOE submits Amendment 41 to PSAR, consisting of
responses to reguests for additional information.

DOE submits Amendment 42 to PSAR, consisting of
revisions to reactivity feedback component of overall
power cocfficient. '

DOE submits Amendment 43 to PSAR, consisting of
responses to requects for additional information.

DOt submits report entitled "Active Pump and Valve Oper-
ability Verification Plan," WARD-D-0174.

DOL submits Amendment 44 to PSAR, consisting of updatecs
to sections on reactor refueling system, emcrgency &nd
normal chilled water syctems, and other updates aid -
revisions,



May 24, 1978

July 28, 1978

August 17, 1978

August 25, 1978

Sepiember 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

CRBK SER

DOE letter requesting the status on the current staff
review of their application.

DOE submits Amendment 45 to PSAR, consisting of updates
to chapter on quaiity assurance, to Appendix A, “Computer
Codes," to impurity monitoring and analysis system, as
well as responses to requests for additional iaformation
contained in NRC letter dated Auy.ct 17, 1976.

DOE letter advising of plan to test for determination of
potential onsite source for concrete agorogate.

DOE submits Amendment 46 to PSAP, consisting of revisions
tc geoiogy and seismology, seismic design, auxiliary
ligquid metal system, and general plart cescription.

DOE letter transmitting responses to seismic design
questions.

DOE submits Topical Report WARD-D-0165, Revision 1,
"Requ1rements for Env1ronmenta] Qualification of C'zss
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 -tatus report on
major outstanding issues.

DOE letter advising of potent1a] industrial develcpment
adjacent to CRBRP site.

DOE submits Amendment 47 to PSAR, consisting of revisions
to industrial security, communication system, compressed
gas system, buckling s*ress criteria and other upda.es
and revisions.

DOE submits reports, “Structural Response of CRBRP Scale
Models to a Simulated Hypothetical Core Disruptive
Accident" (WARC-D-0218), and “"Closure Head Capability
for Structural Margin Beyond Lesign B-se Loaging”
(WARD-D-0178).

DOE ‘etter concerning CRBRP licensing status.

DOE submits topical reports on loss of heat sink,
WARD-D-0169 and WARD-D-017C.

DOE submits topical report on HCDA's CRERP-GEFR-00103.
DOE submits Amendment 48 to PSAR, consisting of revi-

sions to inert gas receiving and processing system, con-
ventional fire proteciion system, and other revisions.
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Merch 5, 1979 DOE ietter evaluating the NRC staff review of CRERP.

- April 20, 1979 DOE submits Amendment 49 to PSAR consicsting of revisions
to heating, ventilating, and air conditioning systiem,
radioactive waste management; radiation prctection; and
other revisions.

June 1, 1979 DOE letter transmitting updated information on industrial
security.

June 29, 1979 DCE submitted Amendment 50 to the PSAR.

September 14, 1979 DOE submitted Amendment 51 to the PSAR.

October 19, 1979 DOE submitted Amendment 52 to the PSAR.

December 14, 1979 DNE forwards WARd-D-OOSO, Revision 3, “Faci]ity Core
#~: -ably Hot Channel Factcrs Preliminary Analysis.”

' January 31, 1980 DCE submitted Amendment 53 to the PSAR.
March 11, 1980 - 00E forwards WARD-D-0210, "Predicted Steady State

Thermal Hydraulic Performance of Fuel and Blanket
Assemblies in Plant Hetercaeneous Core, Rev. L."

March 25, 1980 DOE submitted CRBRP-3, Vol. 2, "Hypothetical Core
Disruptive Accident Considerations: Assessment of
Thermal Margin Beyond Design Base."

April 4, 1880 DOE submitted final report on base materials tests for
- cell liner steels.:

April 11, 1980 DOE submitted Revision 1 to WARD-D-0218, "Structural
Response of Scale Model to Simulated Hypothetical Core
Disruptive Accident.”

June 5, 1980 - DOE submitted Amendment 54 to the PLAR.
- June 27, 1980 DOE submitted Amendment 55 to the PSAR.

June 27, 1950 DOt submitted physical security ['lan.

June 27, 1980 DOt submitted revised responses to questions 421.3 and
421.10 regarding physical security plan.

August 22, 1980 DOt submitted CRBRP-ARD-0204, “CRBRP Fue) Assemhily
Structural Analysis in Support of the Final Design
Review."

August 29, 1980 DOE submitted Amendment 56 to the PSAR.

November 7, 1980 -~ DOE submitted Amendment 57 to the PSAR.
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Novenber. 26, 1980
November 28, 1980

December 30, 1980
February 13, 1981
August 13, 1981

September 1E&, 1981

September 24, 1981

Septerber 29, 1981

Octeber 6, 1981

October 19, 1981

October 23, 1981

November S, 1981

November 10, 1881
November 13, 1961

November 13, 1961

CREK SER

DOE submitted Amendment £3 to the PSAR.

DO: provided information concerning pre-test. prediction
of FFTF natural circulation.

DOE submitted Amendment 59 to the PSAR.
DOE supmitted 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: upndates to Section 1.4, "ldentitication 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 Assessment 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 19, 1981 with applicants
to discuss containment accommodation of core disruptive
accidents.

Summary of the October 14 and 15, 1981 meeting with
applicants.

\'Meeting notice for November 2 and 3, 1981 to discuss

electric power systems, heat 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, “CRERP Requiremcnts for
Environmental Qualification of Llass 1t Equipment,”
Revision 5. '

Applicants submitted Revisions 1 and 2 of CRERP-3, Volume 2,

"Hypothetical Core Disruptive Accident Considerations in
CRBRI: Avsessment of Thermal Margin Beyond the Design Base "
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November

November

Novembe:

November

November

November

Kovember

November

November

November

November

November
November

November

November

CRER SIR

16,

18,

19,

20,

20,

20,

24,

30,
30,
30,

3c,

1981

1981

1981
1gel
1981

1881

1981
1981

1981

1981

1881

1981
1981
1981

1981

Applicants submitted Amendment 62 to the PSAR which includes:
updates fron previous responses to reguests for additional
information; revisions to Section 1.4, "lIdentification 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, 1981 to
discuss CRBRP physical security plan.

Notice of meeting with applicarts for December 3, 1981 to
discuss CRER 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 have
occurred, and the regulatory guidance and reguirements 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 end compliance with regulatory guices.

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 conseguences of ncrmal and accidental
releases to the atmosphere.

Notice of meeting with applicants for December 15, 1981 tc
discuss CRBR QA organization and QA plan.

Summary of the MNovember 17, 1981 meeting with app]icants.
Summary of the November 24, 1981 meeting with applicants.

Notice of meeting with applicants fcr December 14, 1981
to discuss CRER instrumentation and control systems.

Applicants request authorization of the NRC, under 10 CFR
50.12, to conduct site prepdrat1on activities for the
CRERP project.
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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, 13981

December 30, 1981

" December 31, 1981

Januery 6,
January 7,

January 8,

January 8,

January 8,

CRER SER

1982

1982

18¢?

1982

1982

Notice of meeting with aprlicants for December 18, 1981 at
Waltz Mill, Madison, Pennsylvania, for discussion and tcur
of Clinch River test facilities. :

Summary of the December 1, 1981 meeting with applicants.

Summary of the December 3, 19€1 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 tc the PSAR which
includes: revisions to Sect.on 1.4, "Identificaticn.of
Project Participants"; Chapter 8, "Eiectric Power"; and
Chapter 17, Appencix D, and Appendix £, "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 informatiqn
in the geotechnical engineering area.

Applicants file with the NRC currently available
documentation supporting the factual representations in
the November 30, 1981, 10 CFR 50.12 eremption 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 applicarts for January 25, 1982 to
discuss seismic and dynamic qualifications of mechanical

and electrical equipment.

Notice of meeting with applicants for January 26, 1882 to

" discuss the natural circulation test results.
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January

January

January

January

January

January

January

January

Jaruary

January

January

8, 1982

13, 1982

15, 1982

15, 1982

22, 1982

22, 1982

25, 1982
26, 1982

27, 1982

28, 1982

29, 1882

February 2, 1982

February 5, 1982

February 5, 1982

CRER SER

Notice of meeting with applicants for January 27, 1982 to
discuss structural marcin beyond design basis (SMLDB) phe-

~nomonologyv test programs.

Letter to applicants reguesting additional information
in tne radiation protection area.

Notice of meeting with applicants for January 22, 1982 to

discuss the impact of a possible reguest 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 sod1um
fire protection.

Letter to applicants requesting additional information in
the core energetics area.

Summary of the January 15, 1982 meeting with applicants.

ﬂotice of meetings with app1icants for February 9 and 10,
1982 to discuss the structural design within the design
bases.

Notice of meeling 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 labosatories.

Applicants submitted Amendment 64 tc the PSAR which
includes: new Section 6.4, “Cell Liner Syster"”; 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 Fepruary 12, 1982
to discuss the auxiliary 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, 19&2 Notice of meeting with applicants for February 24, 1982 to
discuss the scope of loose parts monitoring for CRER.

Febrdary g, 1952 CREBR Program Office to ACRS--Providing copies of the CRBRP
' principal design criteria.
February 11, 1982 Notice of meeting with applicants for February 18, 1982
to discuss the structural margin beyond tnhe design basis
(SMBDB).
February 17,‘1982 Notice of meeting with applicants for February 25 and 26,

1982 to discuss the CRBR accident analyses.

February 17, 1582 Letter from Los Alamos National Laboratory to KRC submit-
ting a set of questions for PSAR Section 4.2, 15.1, and 15.2

to be responded to by applicants.

February 19, 1982 Letter to-applicants requesting additional information

‘ on inservice inspection.
February 19, 1982 Applicants submitted requested information on core energetics.
February 19, 1982 Applicants submitted a "Summary Report on the Conduct 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.

February 24, 1982 Notice of meeting with applicants for March 4, 1982 to dis-
: cuss the gualification of the applicants as required by
NUREG-0718, Revision 2.

February 26, -1982 Summary of the February‘18, 1982 meeting with applicants.

February 26, 1982 ‘ Letter to app11cants requesting additional information on
materials engineering.

February 26, 1982 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, "Radicactive
Proteccion'; Section 13.3, "Emergency Planning"; and
Apperdix G, CRBRP Plan for Inservice and Preaerv1ce

1nspect1ons

February 26, 198/ Letter to applicants requestiﬁg additional information on
structural engineering.

february 26, 1982 letier (o applicants requesting additional information on
mecharnical engineering.
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March

March

March

March
March

March

March

March
March

March
March

March
March

March

March

Mar¢h

1, 1987

3, 1982
4, 1982

9, 1982

3. 1982

9. 1982

11, 1982
11, 1982
11, 1982
11, 1982
12, 1982
12, 1982
12, 1962
12, 1982
15, 1982

Memorandum to ACRS providing a list of special CRBR review
matters that the CRBR Subcommittee is particularly inter-
ested in dealing with early.

Notice of meeting with applicants for March 10, 1982 at
GE ARSD, Sunnyvale, (alifornia, to discuss structural
margins beyond the design basis.

Applicants submitted a report entitled "Summary Repcrt on
the Zurrent Assessment of the Natural Circulation Capabil-
ity with the Heterogeneuus Core," CRERP-ARD-0308, which
presents a description of the natural circulation event,
the analysis methods, 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 svstems.

Letter to applicants requesting additicnal information on
equipment qualification.

Summary of the February 24, 1982 meeting with applicants.

Summary of the February 25 and 26, 1982 meetings 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 reqguesting 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, 14EZ to
discuss the structural margin beyond the design basis.

Letter to applicants requesting additional informaticn on
auxiliary systems.
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{WE

March 16, 1982
March 17, 1982
March 17, 1982.
March 17, 1882
March 17, 1982
March 17, 1982
March 17, 1982
" March 17, 1982
March 19, 1982
March 22, 1982
March 23, 198é
March 23, 1982
Marc h 23, 1982
March 23, 1982
March 24, 1982
March 24, 1982
March 25, 1982
March 25, 1982

(:* R

Letter to applicants requesting additional information

-on power systems.

Summary of January 26, 1982 meeting with applicants.
Summary of February 11, 1982 meeting with applicants.
Summary of March 4, 1982 meeting with applicants.

Notice of meeting with applicants for March 29, 1982 to
discuss leak detection system.

Notice of meeting with applicants for April 1, 1982 to
discuss containment systems.

Notice of meeting with applicants for April 6 and 7, 1982
to discuss CRBR materials and mechanical engineering.

App]lcants submitted requested information in the radia-
tion protection area.

Summary of February 9 and 10, 1982 meetings with applicants.

Applicants submitted Revision 3 of TRBRP-3, Volume 2,
"Hypothetical Core Disruptive- Accident Consideration in
CRBRP; Assessment of Thermal Margln Beyond the Design Base
(TMBDB) "

Summary of January 15, 1982 and february 10, 1982 meetings
with applicants. ‘

Summary of January 27, 1982, February 18, 1982, and March 10,
1982 meetings with applicants.

Letter to applicants requesting additional information on
core performance.

Letter to applicants reqguesting additiona! information on
chemical engineering.

Notice of meetings with applicents for April 5, 1982 t-
discuss Chapter 15, "Accident Analyses."

Notice of meetings with applicants for April 13 and 14,
1982 to discuss seismic and structural engineering.
(Postponed.)

letter to appllcants requesting adcitiona) 1nformat1cn on
core performance.

letter to applicants requesting they address the applicalt:le
safeguards regulations.

.
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March 29, 1582 Notice of meeting with applicants for April 16, 19&2 te
discuss thermal margin beyond the design basis (TMBDB).

March ¢%, 1982 | Applicants submitted reauested information on ccre
energetics.

March 31, 1982 Applicants submitted Amendment 67 to the PSAR which
includes responses tc NRC requests for additional informa-
tion contained in a letter dated Januery 13, 1582; and
revisions to Section 5.6, "Residual Heat Removal Systems";
Section 7.2, "Reactor Shutdown System'"; and Section 7.9,
"Operating Control Stations.”

April 2, 1982 - Summary of January 28, 1982 meeting with applicants.
April 7, 1982 Applicants submitted WARD-D-0165, Revision 6, "CRBRP
requirements for Environmental Qualification of Class 1E
. Equipment.” '
April 8, 1982 Notice of meeting with applicants for April 26, 1982 at

Westinghouse, Waltz Mill site, to discuss materijals com-
patibility test facilities.

April 9, 1982 Letter to applicants requesting additional infofmation on
geology and seismology.

/

April 9, 1982 .~ Letter to applicants requesting additional information on
instrumentation and control systems.

April 13, 1982 Notice of meeting with applicants for May 6, 1982 to
discuss CRBR management review. (Postponed.)

April 13, 1982 - Notice of meeting with applicants for April 21, 1982 to
discuss probabilistic risk assessment.

April 14, 1982 Applicants submitted requested information on CRERP
security systems.

April 16, 1982 Notice of meeting with applicants for April 27 at Argonne
" National Laboratory, Argonne, Illinois, to discuss struc-
tural margin beyond the design basis. .

April 16, 3982 Notice of meetings with applicants for May 11 and 12, 1982
to discuss Chapter 14, "Reactor Design."

April 1€, 1982 Notice of meetings with applicants for May 13 and 14, 1982
to discuss seismic and structural engineering. (Rescheauied
from April 13 and 14, 1982.)

April 19, 1982 Applicants submitted requested information on the CREKF
inservice inspection program.
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April 20, 1982

April 21, 1982

Aprii 26, 1982

Apri: 28, 1982

Ayl 29, 1982

April 30, 1982

May 7, 1

May 11,
May 11,
May 14,
Mav 14;

May 14,

May 14,

May 17,
May 17,
May 17,

May 18,

LHBR SER

9g2

1982

1982

1982

1982

1982

1982

1932

1982

i982

1982

Applicants submitted a revision to CRBR-3, Volume 1,
“Hypothetical Core Disruptive Accident Consideration in
CRBRP: Energetics 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 orn 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 mectanical
engineering.

Notice of meeting with applicants for June 3, 1982 to
discuss licensee qualification. (Rescheduled meeting.)

Applicants submitted requested informatic: on effluent
treatment.
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. May 18,

May 26,

May 28,

June
June
June
June

June

June
June

June

June

June

June

June

June

{ Kb#

1,

1,

8,

&,

.‘:, b

1982

1682

1982

1982
1982

1982
1982

1982

1982
1982

1982

1382

1942

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-
logicai Security."

Applicants submitted requested information on structural
engineering.

App]icants 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 ber-
formance.

Applicants submitted requested information on power
systems.

Notice of meeting with applicants for July 27, 1982 at Waltz
Mill site, Madison, Pennslyvania, to discuss steam generator

system.

Applicants submitted requested information on seismic qual-
ification of mechanical components, materials engineer-
ing, reactor physics, and seismic structures.

Sumnary of March 25, 1982 and April 27, 1982 meetings with
applicants.

Summary of May 11 and 12, 1962 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 thermal hydraulic design
of the CRBRP core.

Notice of meeting with applicante tor June 23, 1982 to
discuss fuel failure monituring syslem.

Appltcants submwtted requested 1rformation on structural
enq1nepr1nq ‘
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June

June

June

June

June

June

June

June

9,

9,

1882
1982

1982

1982

1382
1982

1982

1982

June 10, 198€2

June

June

June

June

June

11,

14,

16,

17,

17,

1982

1982

1982

1982

1982

Applicants submitted requested information aon 1nstrumen-
tation and controls and design criteria.

Applicants submitted requested information on geclogy and
seismoliogy.

Applicants submitted a description of the CRBRP steam
generator test program and a deteiled analysis of the
May 25, 1982, General Accounting Office report.

Letter to applicants requesting additional experiments

to confirm the structural capability of the CRBRP vessel
heas to accommodate core disruptive atccidente ang to
benchmark the aralytical models used to analyze the vessel
head response and failure modes.

Letter to applicants reqguesting additicnal infermution on
nuclear design.

N
Letter to applicants requesting additional design layout
drawings.

Notice of meeting with applicants for June 16-17, 19482
to discuss structural margin beyond the design basis.
(Cancelled.)

Notice of meeting with applicants for June 22-24, 1982
at Burns 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."

Memcrandum from CRBR Program Office to ACRS transmitting
NUREG-0786 "CRBRP Site Suitability Report "

Applicants submitted requested information on piping
design, auxiliary systems, and instrumentaticn and control

systems.

Notice of meeting with app]icanté for June 30, 1982 and
July 1, 1982 to discuss structural margin beyono the design

basis- _
Applicants submitted the following report "ES-LPD-£2-007,

008, 009, 011" and reguested infcrmation on malerials
engineering.

Applicants submitted reguested information on mechanical
and structural engineering.



Jurne

June

June

June
June
June
June
June
June

June

June
June
June
Jpne

June

17,

18,

21,

21,
21,
25,

25,

25,

25,

29,

29,

30.

1982

1982
1982
1982
1982
1982
1982

1982

19862
\

Applicants submitted requested information on the. dynamic
and static analysis used to determine the structural and

functional integrity of selected seismic Category 1 com-

penents. '

Applicants submitted requested lnformatwun on power s;stems
and cor- performance.

CRER Program Office requested additicnel infocrmatiorn on
thie core disruptive accident ertrgetics anaTyse< presented

in GEFR-0523.

App1icants submitted requested information on the proba-
biliztic risk assessmert program ¢ an.

Applicants submitted informatiin requested by the CRER
Program Office Technical Review Secticn.

Applicants sutmitted a revised PSAR figure for the CRBFP
physical security plan.

Applicants submitted requested isometric drawings on the
piping fabrication for the direct heat removal system.

Applicants submitted information requested by the CRBR
Program Office Technical Review Secticn.

Applicants submitted an update to PSAR Section 13.5 on
plant procedures. )

Applicants submitted the reqguested drawings P&ID EB#+5C2,
"Main Steam System," and Instiument Loop Diagram BE4107,
“Main Steam System."

Applicants submwtted requested information on sodium fire
protection, :

App]lcants submitted )nformat1on requested by the Tech-
nical Re ‘iew Section.

'Notice of meeting with applicants for Jily &, 1982 to

discuss CREBR hydrology review.

Applicants submitted a revised response on instrumentation
and control systems.

Applicants. submitted informaticn requested hy CKBR Program
Office Technical Revie. Section.

fpplicants submitted requested information on cure. per-
formance. '

Applizarty cubmitted Che reqguested CALECO computer coci
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July

July

July

July

July

July

July

July

July

July

NS

6, 1982

7

y

13,

13,

13,

13,
13,
14,

15,

15,

15,

15,

16,

22,

AW

1982

1982

1882

1982

1982
1982

1987

1962

1982

1982

1982

1982

19e2

1988

19¢.2

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 Chairmanr Shewmon to NRC Chairman
Palladino with a report on the suitability of the CRBRP
site.

Summary of April 16, 1982 meetinrg with applicants.
Summary of June 18, 1982 meeting with appiicants.
Summary of June 22, 1982 meeting with applicants.

Summary of June 23, 1582 mreting with applicants.

Applicants supbmitted information requested by the CRBR
Program Office Technica! Review Section.

Applicants submitted information on tre post-test analyses

‘of the FFTF natural circulction tests--reports CRERP-ARD-0310,

"Verification of the CRBRP Natural Circulation Core Analyses
Methodology with Data from FFTF Natural Circulation Tests--
June 1982" and WARD-NC-94000-6 "DEMO Post Test Analysis of
the FFTF Transient Natural Circuls®ion Tests--June 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 submitied Revision 4 of CRBRP-3, Velume 2,
"Hypotheticai Core Disruptive Accident Considerations in
CRERP: Assessment of Thermal Margin teyond the Design
Pace."

CRBR Program Office to applicants transmitting ¢ copy of
the ACRS report on the site suitability of CRERP to Chair-
man bkalladino.



July 26, 1982
July 28, 1982
July 29, 1982

July 29, 1982

July 30, 1982

July 30, 1982

July 30, 1982

August o, 1982

August 6, 1982
August 10, 1982

August 13, 1982

August 20, 1982

CRBE SEFR

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 te
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 CRER
Program Office Technical Review Section.

Applicants submitted Amendment €9 to the PSAR which'

‘includes responses to CRER 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, 1982; Revisions
to Section 3.7, "Seisiic Design"; Section 3.8, “Design

of Category I Structures"; and Chapter 4, "Reactor."

AppTicants submitted corrected pacge 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 ledye 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 CRBRP in the Natural Circulation Mode.")

Applicants submitted Amendment 70 to the PSAR which
includes responses to CRBR Program Office requests for
additional information contained in letters dated
February 26, 198¢; revisions to Chapter 13, "Conduct
of Operations"; Sections 17.0, 17.1, 17A, 17C, and
17F, “A Description of the Owner Assurance Frogran';
and Appendix C, "Safety Related Keliability Frogram.”
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August 20,

August 23,
August 24,
August 24,

August 24,

August 26,

August 31,

September
Sepiember

September
September

September
‘September
September

September

CRER SR

1982

1882
1982
1982

1982

1982

1982

1, 1982

7, 1982

7, 1982
8, 1982
8, 1982

8, 1982
10, 1982

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 witn appllcants for September 15, 1982
to discuss thermal margin beyond the design base.

Notice of meeting with app]icahts September 8 and 9, 1982
to discuss mechanical engineering.

~Summary of July 8, 1982 meeting with applicants.

Applicante submitted requested information-on instru-
mentation and control systems and inforrmation 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 degradatwon in the
nuclear steam supply systems.

CRBR Program Office provided ACRS with results of staff's
review of potential effects of a CRBRP-type plant on the
Oak Ridge Gaseous Diffusion Plant (K-25).

Sumnary of August 17, 1482 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 systemc.

Applicants submitted requested information on instru-
mentation and control systems not required for safetly.

Notice of meeting with applicants for September 16
and 17, 1982 to discuss structural engineering.

" Notice of meeting with applicants for Septenber 15,

1982 to discuss LWA-2 TMBDE and SMBDB issues. (Revised
from August 23, 1982 notice.) v
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September

September

September

September
September
September
September
September
September
September
September

September

September

20,
21,

22,

23,

24,

1982

1982

1882
1982

1982
1982
1982
;982
1982
1982
1982

1982

1982

Gctober 4, 1982

CRER SLR

Notice of meeting with applicants for September 21,

1982 at Argonne National Laboratory, Argonne, I1linois,
to discuss hypothetical core-disruptive accidents and v
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 cummary of the September 21 aid
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.e, 7, and 8,
1982 to discuss direct heat removal system.

Notice of meeting with abp]icants for October 5, 19382 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, IMEDB Instrumentation Develop-

ment."”

Applicants submitted Amendment 71 to the PSAR which
includes responses to CRBR Program Office requests for
additional informaticn 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 17t and 171, "A Description of the A-f and
GE-ARSD-RM Quality Assurance Programs."

Applicants submitted the additional information on instru-
mentation and control systems requested at the September 2]
and 22, 1982 working meeting.
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Octcber
Cctober

October

October
October
October
October

October

October
October
October
October

October
October
Octcber

October

CRER SER

~J

,

’

12,

12,

12,

13,

14,
14,
15,
15,

20,
20,

21,

21,

1982
1982

1982

1982
1982
1982
1982

1982

1982

1982

1982
1982

1982
1982

1982

1982

Applicants submitted requested information 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 reguest from the CREk Program
Office Technical Review Section.

Applicants submitted a summary of the September 28, 1982
meeting.

Notice of meeting with applicante for October 20 and 21,
1982 to discuss power systems.

CRBR Program Office requested additional information on
thermal stre.s.

Notice of meeting with applicants for October 18, 1982
to discuss containment systems.

Notice of meeting with applicants for Uctober 19 and 20,
1982 to discuss power systems. (Revised from October 12,
1982.) ' ' (

Notice of meeting with applicants for October 19, 1882 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 Margins
Assessment for the CRBRV." :

Applicants submitted a summary of the Octoter 1Y, 1982
meeting on control room design philosophy and approach.

Applicants submitted a summary of the October 20, 192
meeting on the decay heatl removal and thermal hydraulics
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October 22,

October 25, 1982

October 26,

October 29,

November
November

November

November
November
Ndvember
November
Ncvemper

November

November
I

November

(Wih ik

1982

1982

1, 1982
2, 1982

3, 1982

3, 1982
9, 1982

10, 1982
12, 1982
12, 1982

12, 1982

12, 1982

12, 19&2

1982 |

~

Notice of meeting with épplicants for October 28 and 29,
1982 to discuss CRBR materials and mechanical issues,
including leak before break and leak detection.

Applicants submitted requested 1nformatlon on instru-
mentation and control systems.

Applicants submitted additional information requested
at the decay hect 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,

Notice of meeting with applicants for NOvember 8, 1982 to
discuss louse paerts monitoring.

Applicants submitted additiona) 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 zummary of the October 28 and 29,
1982 meeting on piping integrity.

Applicants submitted a summary of the November 8, 1382
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 CRER control room design.

Applicants submitted a summary of the September 15, 1982
meeting on thermal margin beyond the design bate.

“Supp:lementary

Applicants submitted a report entitled,
CRERP-AR{I-02%7."

Manual four the FERE-2M Computer Program,

"Rediation Protection.”



November

November

November

November
November

November

Decenber

December
December
December
December
December
December
December
[iecember

pecember

CREE G

16,

19,

23,

23,

30,

30,

1,

€.

7

1982

1982

1982

1982
1982

1982

1982

1982

1982

1982

1982
1982
1982

1582

1902

1a82

Netice of meeting with applicants for Ncvember 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 additiona! information requested
at the September 8 and 9, 1982 meeting with the Mechanical
Engineering Branch

Apulicants submitted a document entitled, "TMBLB Melting
Scenario."

Applicants submitted Draft B of the report entltled
"Fire Hazard Analysis (FHAR)."

Applicants submitted Amendment 73 to the PSAR which
includes revisions to Section 2.4, "Hydrc‘ogic Engineer-
ing"; Section 7.2, "Reactor Shutdown Sy<iem"; and Sec-
tion 17J, “A Descr1pt1on‘of the ESG-RM Guality Assurance
Program."

Applicants submitted a response tov 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 1lb&, 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.

N

Applicants submitted additicnal! information requested at
the December 2 and 3, 1982 meetings on control room design.

Applicants submit ted requested informa®ion on thermal
marging bevond the deqign hase,
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Decembter

December

December

December

December

December

December

December
December

December

December
December

December

December
December
December

December

CRBK SR

14,

14,

14,

17,

20,

.20,

21,

21,
21,

21,

21,
22,
22,

22,

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1482

Svmmary of the September 15, 1982 meeting with appli-
Ccoitts on therimal margins beyond the design base.

Applicants submitted a revision to "CRBRP-3 Vo lume 1,
Structural Margin Beyond the Design Base."

Applicants submitted requested informatian on instru-
mentation and control systems.

Applicants submitted additional information requested
by Mechanical Englneerrnq Branch.

Applicants submitted a summary of the December g, 1982
meeting on structural margin beyong the design base

Applicants submitted additional clarification of CRBRP
training program.

Applicants submitted a summary of the Detember 16, 1982

meeting on shutdown heat removal.

Applicants submitted additional information on instrumen-

tation and control systems.

Applicants submitted additional information reguested at
the December 15, 1982 meeting on plant auxiriary 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 reguested information on 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, 1982
meeting on environmental qualification of equipment.

Applicants submitted additional inforration reqard1nq
emergency planning.

Applicants submitted requested information on the inter-

mediate heat transporl system tee.
Applicants submittéd additional informaticon requested

at the November 22-24, 19%2 meeting with the Mecharncal
tngineering Branch. '
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December 23, 1982

December 23, 1982

December 23, 1982

December 28, 1382

December 28, 1982

December 28, 1982

December 28, 1982

December 29, 1982

December 29, 1982

December 29, 1982

December 30, 1982

January 5,

January 5,

January 5,

January 6,

CREkE SEk

1983

1983

1983

1983

Applicants submitted requested infcrmation on instru-
mentation and control systiems,

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 ot the December 8, 1982
meeting on con*tainment 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 €.2,
"Containment Systems'; 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 DIM) code output assumptions
used for the pipe break analysis.

Applicants submitted requested information on seismic
margin beyond the design base criteria and a writeup
on the benchmarking analyses against the SM-]1 test.

Applicants submitted reguested information on the direct
heat removal service.
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January
January
January

January

January

Jaruary
January
January
January

January

January

January

vanuary

Janudry

TSN AT

~J

10,

11,

11,

11,

11.

11,

11,

11,

12,

12,

12.

1983

1983

1983

1983

1683

19e3

1983

1983

19€3

1983

1983

1983

19€3

1983

Applicants submitted a repcrt on tne "Methodoiogy for
CRBRP's Application ot Raaiolcgical Source Terms in
Containment."

Applicants submitted acditional information on the
reactor vessel and ex-vess¢! storage tank non-
destructive examination.

Applicants submitted responses to questions ccncerning
auxiliary liquid metal systems and plant fire protec-
tion system.

EGAG report to CRBR Program Cffice entitled "Comparison
of Clinch River Breeder Reactor Design Basis Accidents
With Those for Lighl Weter Resctors and Liguid-Metal-
Cooled Fast Reaciors," EGG-NTAP-6152.

4pplicants submitted additional information on steam
generator nondestructive examination and reactor vessel
core support cone structural integrity.

Applvcants submitted additional information on mechanlcaI
engineering.

Applicants submitted additicnal information on material
surveillance. :

Applicants submitted additiovnal information on core
instrumentation.

Applicants submitted personnel résumés - 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 Lategory 1 structures.

Applicants submitted the “CRBRP Reliability Assurance
Activities" program.

Anplicants submitted a summary of the November 17, 1687
meeting of seismic/structure/cell liner anelysis and
responscs to questions brought up at the meeting.

Applicants submitteu a modification of PSAR Section 14
claritying the application of operational and test
experience from similar uperaling reactors to the CRHERP

test program

Applicants submitted additional and revised information
on Lhe plant auxiliary systems.
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January
January
January
January
January
Janﬁary

January

January
January
January
January

January

January

January

January

20,
20,
21,
25,
26,
26,
26,
27,
27,
27,
27,

27,

27,

28,

29,

february 2,

CRi:R SEE

1983
1983
1983
1983
1983
1983

1883

1983
1983
1983
1983

1983

1983

1983

1983

1983

)

Applicants submitted additional information on inerted
cells in the reactor service building.

Applicants submitted additional information on the com-
position of NaK and its solidus temperature.

Applicants submitted additional information on CRBRP
engineered safety features and maintenance system.

Applicénts submitted additional and revised information
on CRBRP auxiliary systems.

Applicants submitted additioral informaticn on the elczc-
tric power system. ‘

Applicants submitted additional information on the
instrumentation and control systems.

Applicants submitted additional information on the
primary heat transport system hot-leg 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 of
limited accessibility.

Notice of meeting with applicants for february 9, 1923
on Phase ]I of the Probabilistic Risk Assessment effort.

Applicants submitted additional information on mechanical
engineering. '

Applicants' response to the recenlly issued NRC CRLRE

‘principal design criteria.
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february

February

February

February

February

February

February

February

February

February

February

February

February

fFebruary

bosruary

CRRE LK

2,

10,

10,

14,

14,

14,

1983

1983

1983

1983

1983

1983

1983

1983

1983

1883

1683

1983

1983

1983

1983

Applicants submitted two puges that were inadvertently
left out of response dated December 14, 13982 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 information on sodium
spills.

Applicants submitted additional information on mitigation
of waterhammer in the steam generator system.

Applicants submitted information on precauvtions that
preclude assembly blockages.

Applicants submitted Amendment 75 to the PSAR which
includes: Revisions %o Section 1.4, “"ldentification 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 pctential
highway accidents with resulting toxic plumes that
could impact CRBRP.

Applicants submitted aiditional information on nitrogen

gas services system.

Letter from applicants on reactor closure head capabil-
ity to meet margin reguirements.
Applicants submitted additional information on incstru-
mentation and control.

Applicants submitted auditional infurmation reguested by

the Mechanical Engineering Branch at the February 9. 1943
meeting. -
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Febrﬁary
February
Februéry
February
February
February
February

february

March 2,

BN

15,

23,

24,

25,

25,

28,

28,

1983

1983

1983

1983

1983

1983

1883

1983

1983

Applicants submitted the revised Section 3.1 of the PSAR
that incorpcrates the final principal design criteria.

App]wcants submitted additional 1nformat1on on the
circulating water system.

Applicants submitted additional 1n‘ormat1on on the
secondary control rod system.

Applicants submitted supplemental information to the
Mechanical Engineering Branch.

CRBR Program Office transmits criteria requirements that
the CRBRF Reliability Assurance Program must meet.

Applicants submitted additional informaton on plant
emergency planning.

Applicants submitted additional information on nondestruc-
tive examination procedure.

Applicanris submitted additional information on primary
sodium gas entrainment and assembly flow b]ockage
criteria.

Applicants provide further responses on the CRBRP
Reliatility Assurance Program.






APPENDIX F
NRC STAFF CONTFIBUTORS ARND CONSULTANTS
This Safety Evaluation Report is a product of the NRC staff and consultants.

The NRC staff members listed below were priacipal contributors to this report.
A list of consultants follows the list of staff members.

NRC Staff
Name Branch
Allen CRBR Program Office
Allenspach Licensing Qualification
Becker CRBR Frogram Cffice
Bell Accident Evaluation
Bhatt Materials Engineering
Block Radiological Assessment
Bosnak - Mechanical Engineering
Brooks Core Performance
Cheng Materials Engineering
Codell Hydrologic & Geotechnical Engineering
Dinitiz State Programs '
Dunenfeld Core Performance
Eltawila Containment Systems
Ferrell Siting Analysis
Garg Equipment Qualification
Gaskin Office of Nuclear Material Safety and Safeguards
Holz CRBR Program Office
Hou Mechanical Engineering
Hum Materials Engineering
Ireland Division of Systems Integration
Kennedy ‘ Procedures & Testing Review
King 'CRBR Program Office
Knox Power Systems
Lewis Inspection & Enforcement
Liaw Materials Engineering
Long Procedures & Test Review
Long CRBR Program Office
MacKay Procedures & Test Review
Matthews Emergency Preparedness Licensing
Mauck Instrumentation & Control Systems
McMulilen Geosciernces
Miller Effluent Treatment Systems
Moran CRBR Program Office
Morris CRER Program Office
Nehemias Radiological Assessment
Pearring Hydrologic & Geotechnical Engineering
Perrotti fmergency Preparedness Licens:ng
Petersen State Programs
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Name

Randall
Possi
‘Rothman
Salah
Sands
Schemel
Schiffgens
Shuttieworth
Spickter
Spraul
Stang
Stark
Swift
Sylvester
Tan
Tokar
Tomlinson
Wright
Wu

Consultants
- Name

Shah
Barthold
Agrawal
Berlad
Chan
Fischer
Gasser
Guppy
Horak
Khatib-Rahbar
Perkins
van Tuyle
Weeks
Burr

Copp
Dafoe
Hanson
Haroldsen
Kido
Killian
Kinnaman
Morken
Rawlins
Russell
Uldrich
vanderBeek
wWare

CRBE SER

Branch

Materials Engineering

Instrumentation & Control Systems

Geosciences
Operator Li

fee] Program Office

censing

5

b .niactors Engineering
biLer  .is Engineering

CRER ':ogram Office
Acci ~ * Evaluation

Qua® . s

Chemmice: Engineering

CRBR Progra

CRER Program Office

Auxiliary S

yrance
m Office

vetems

Structural Engineering
Core Performance

Power Syste

ms

Equipment Qualification

Chemical Engineering

Company

Argonne National Laboratory
Associates

Barthold &
Brookhaven
Brookhaven
Brookhaven
Brookhaven
Brookhaven
Brookhaven
Brookhaven
Brookhaven
Brookhaven
Brooxhaven
Brookhaven
EGAG
EGAG
EG&G
EG&G
EG&G
EG&G
EGEG
EG&G
EGE"
EGaw
EG&G
EGRG
EG&G
£GRG

National
National
Nat’ onal
Nsticnal
Kational
National
National
Nationa)
National
National
National
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Laboratory
Laboratory
Laboratory
Laboratory
Labcratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory



Name

P;bxvt::m:bL;;{pmth‘.‘m-—!-—dtbgnxp—ln:om

Alcouffe
Ba=rs
Bell
Butler
Giger
Kidman
Linder
Scott
Yomkins
Urban
Wehper
Theofanous
Basin
Horton
Liner
Johnson
Rumble
Yoder
Badlani
0'Donnel
Porowski
Reynolds
Algermissen
Lickey
McDowel1l
Morris
Perkins

CRER SER

Company

Los Alamos Nationa!
Los Alamos National
Los Alamos National
Los Alamos National
Los Alamos National
Los Alamos National

~Los Alamos National

Los Alamos National
Los Alamos National
Los Alamos National
Los Alamos National
Purdue University

Science
Science
Science
Science
-cience
Science
SMC/G'D

Applications
Applications
Applications
Applications
Applications
Applications

Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory
Laboratcry
Laboratory
Laboratory

Inc
Inc
Inc
Inc
Inc
Inc

onnell & Associates Inc

SMC/0'Donnell & Associates Inc
SMC/0'Bonnell & Associates Inc
University of Virginia
U.S. Geological Survey

U.S. Geological Survey
U.S. Geological Survey
U.S. Geclogical Survey
U.S. Geological Survey
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Sincerely,

éf%;;<é2f_1/a4?7;%;/bz4&€5¢i;éf%7' |
James F. Dovine

Assistant Director
for Engineering Geology

Enclosure



Final Review
Geology

D, D. Dickey

R. €. McHowell
Seismolcgy

D. M, Berkins

S. T. Algermissen
January 19, 1983

U.S. Department of Energy
Clinch River Breeder Reactor Plant
02k Ridge, Tenr.essee
NRC Docket MNo. 50-537

Introduction

The U. S. Geological Survey has reviewed the geological and
seismological data and analysis in the Preliminary Sefety Analysis
Report (PSAR) for the Clinch River Breeder Reactor Flant 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 end has compared it tc the geoslogic

literature of the area including the Phipps Bend PSAR, Docket Nos. &0-
£3, 50-554, and the Watts Bar SER Docket HNos. 50-390 and 50-3°21. A

~ y

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 encd of Watts Bar Lake.

The site is in the vValley and Ridge Physiographic Province, which
extends about 500 miles northeastward from Alabama to Vircinia and is
about 25 to 50 miles wide. The northeast-trending valleys are underlain
by easily erocible shale and mudstone and soluble limestore, wherezs the
ridges are supported by more resistant sandstone, smltstone. and
siliceous limestone and dolomite.

The topography in the vicinity of the site 1s characterized by such
northeast- trendwng ridges with intervening valleys, liormal 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 Q00 ft.



- —————

The Rome Formation and the Conasauga, Knox, and Chickamauga Groups
constitute most of the bedrock of the Valley and Ridge Frovince 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 thicknecs of 1,200 ft, The Conasauga
Group, of middle and Late Cambrian je, roasists of about 2,000 ft
mainly of alternating gray shale and limestone, The amount of limestone
decreases northwestward where, at the province bouncery, the Conesauge
is nearly all shale. The 2,500-to 3,000-ft-thick Kknox Group of Late
Cambrian and Early Ordovician :ye is predominantly chert-bearing
dolomite and lesser amounts of limestone. The Chickemaugz Group of
Middle and Late Ordovician age consists of alternating layers of gray
ard meroon Yimestone, calcareous siltstone, and shale. Tne thickness
rances frcm B,000 ft in the southeastern part of the province to 2,000
t in the northwest (PSAR, p. 2.5-4).

Celcareous mudstone and limestone of the Knox and Chickamauga Groups
uncerlie the plant site. Typical strike and dip of the beds ere N. 52°
E. and 37° 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 attein 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).

§tructurq

!

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 southeastward
near the ground surface and flatten with depth (Harris enc Milici, 1977,
fig. 1, plate 5, 6). Swingle (1973, fig. 1) postulated & flat sole
feult, which the thrust faults join, at a depth of about 9,000 ft.
Herris and Bayer (1979, fig. 3) put the depth of the decollement at
cleser to 15,000 ft. This later work benefited from the COCORP seismic
profiling (Cook and others, 1979). FKkodgers (1970, p. 64) believes that
the deformation and major structural features in the southern
Acpalechiens were completed well before Late Triassic time,

The CRBRP site is located between two of these thrust fauits--the Copper
Creex 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
and dip are H. 52° E. and 25° S.E. The site is near the midjoint of the
100-mile mapped length of the fault., The Ror.z Formatian was thrust over
rocks of the Chickamauga Group for @ horizontal distence estimeted in
miles and @ stratigraphic displacement of about 7,200 ft (PSAR, p. 2.5-

21).



The Whiteoak Mountain Fault system consists of a main thrust foult with
several subsidiar~y hrench faults, the nearest trace heing 1.7 =iles
northwest of the site. This northeasterly-trending fault is tens of
miles long and is estimated to dip 45 tc 50 degrees S.E. near the site

(pSI\R, p- 2.5'22). ~
Qiscussigg

The general concept of the geology, presented by the arplicant, is based
upon & survey of the literature supplemented by drill core. racdiometric
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 0f mzjor corcern arising in our review Of the PSAR ware (1)
the possibility ¢f & limestone cevern underlying some portion of the
site, because caverns are known to be present nearby, and (2)
identificetion of active faulting, because seismicity is presest in the
province, although at a relatively low level, : )

Exemination of the drill-core and the geologic cross-sections of the
site c¢rawn by the applicant, limitation of known ceverns to the Knox
Group (PSAR, p. 2.5-7), end the concept of “"continuous rock" besed on
core-hole data ard seismic refraction work, makes reasonzble the
epplicant's contention that the presence of a major undetected cavity
beneath a site structure is unlikely (PSAR, p. 2.5-15a).

Seismic events occur infreguently in the site area., The applicent
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
decollement 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), complete
incepencdence of seismicity and shallow structures has not been
de-onstreted, and the focal-depth range cited appears to be much too

limited.

Recent thrust faulting in the Appelechians was the subject of a study by
Schifer (1979) (PSAR, p. 2F-3). His evicence for recent thrusiing was
offsets along subhorizontal fractures and bedding planes, of holes
drilled during construction of roecds, He noted such offsets, 12 years
éfter roadway construction, at several locetions, the closcst to the
Clinch River site being on Interstete Highway 40 between Harrinen end
Rockwood., Further stucdy by Hatcher and wWebb (1981) allowed them to
conclude thet offeet is not e result of recent tectonism, Evidence of
two kinus led the~ to tnis conclucinn: (1) in multiple offsets amcunt
of offset increases upwarc, and (7) offsets are not consisteat 10
direction and favor @ dispiastencnt direction towdrd the center of the
highway, Stress relief. & factor rnioted in other studies in tho
Appaiechians (wyrick and Borthers, 1521) may be called upon &5 an
¢rslenation even for those ¢‘“onts in girccticne parallel to directions

of rast thrust faule .nyg.



Further, the applicant supports assignment of an ancient age Yor
movement on the Conper 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 anc¢ Ridge Province, such dating techniques do not preclude
suhsequent movement on the fault after erosion reduced the confining
cover so that mylonite would not be formed. Evidence such as that from
mepping and/or trenching of alluvial terraces across critical faults was
not obtained., Such evidence could have demnnstrated conclusively that
the Copper Creek fault and Wniteoak Mountain fault are not capable.

Conclusion

In conclusion, although there has not been as definitive a deronstration
as possible cf noncapebility for faulting in the area, the anelysis of
site geology by the applicant results in reasoneble conciusions based
upon current theories of Appalechian tectonics and upon the deta
gvailable. It may be appropriate to noiv- that to date no active feults
- heve been recocnized throughcut the Appalachian region,

Seismology
Introcduction
The U. S. Geological Survey has reviewed the seismological anelysis in
tie Preliminary Safety Analysis Report (PSAR) for the Clinch River

Breede. Reactor Plant site and compared it with the seismalogical
litercture for the region and with some results of on-going research in

the Survey.

Applicent's sefe-shutdown earthquake (SSE)

On seismicity maps prepared without specialized relocation techniques
the Clinch River Breeder Reactcr Plant (CKBRP) lies in th2 midst of a
diffuse tend of earthquake epicenters running roughly from Alabama to
West virginia. Because this band is spatially associated with the
Appalechien mounteins, it is netural, in the absence of more specific
kngcwlzoge about the seismotectonics of the region, to consider that this
seismicity is a feature of a so-called Southern valley and Ridge
sercmotectonic province, The applicant haes taken the larjest historical
ezrthqueke in this province, the Giles County eerth-uake of 1897, and
hypcthesized @ similiar eavent in the vicinity of the site, The
grpiicant accepts an assessment of the maximum epiceniral intensity of
this eerthnuake as being @ modified Mercelli intensity V]I or V11«
(#5-P, p. 2.5-25). The safe-snutdown earthquake ground m2tion (SSf) is
teeen tc be .25 g, corresponding to epicentral intensity VIIl on @
correietion of intensity with near-ficid stronc motion accelerction
(¢¢2R, p. 2.5-26). This intensity anc the corresponcing acce'eration
v:iue are reaconable results of the epplication of Appencix A procedures
recroneg: seysmic histury., We point out that the rocent analysis
1) of the Yest 20 years of epicertral cete in the files
ok the posetdbility of the evicstenre of ¢ structure
R R B R R AT T ST HS e 6.0 20 M, T 0 gmet

e

inzer (158

b‘t



The conservatism of the applicant's SSE

Appendix A to 10 CFR Part 100 defines a deterministic procedure the
purpose of which is to arrive at an assessment of maximuem ground mction
at a site. In assessing the conservatism-of this SSE, we have Inoked 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 ar Appalachian province and that the earthquakes were
crustal earthquakes that could be modelled as pecint sources near the
surface, For these aszumptions, .25 g has an annual exceedance
probability of 2 x 10~% if statistical variability in the attenvation
function is not taken into account, or 4 x 10°" if the standard
devization of the attenuation veriability is taken to be 0.6.

Maximum magnitude is important in the ebove results. If the meximunm
macnitude in the model is assumed to be as low as M_ = §,8, the above
exceecance probabilities are expected to derrease by a factor of 3,

A possible local seismic source

The above results depend upon a mocel of diffuse uniform seismicity in a
broed Appalachian source zone. Hadley and Devine (1974) show the
Appalachian seismicity to have @ "hot spot" in eastern Tennessee. Much
more recently, Dewey (personal communication) and Gordon (personal
cormunication) heve relocated & large number of instrumentally recorded
eastern U.S. earthguakes. (A list of thece earthquakes and their
relocated coordinetes have been sent to the NRC and the applicent's
corsultants). Nine of these relocated earthguakes can be seen to make
up & zone 15 km wide and 180 km long, extending from about 34°87'N lat.,
84°36'W long., to 36°25'N lat., 83°40'W long. A line connecting these
points runs through Knoxville and forms en azimuth of nearly 20 dearees
more northerly then the surface trend of the Appalachians, This may
represent a concentration of seismicity in eastern Tennessee, Althcugh
there is insufficient evicdence of a specific structure, it is possible
thet this alignment represents & basement seismic source zone or fault
enelogous to the proposed structure for the Giles County earthaquake

(8ollinger, 1921). N

The conservatism of the SSE, assuming @ local source

]t might be asserted that the conseguences of the existence of the
hypcthotical locel source is elready enticipated by the movement to the
C2trP site of a hypothetical earchquake of epicentral intensity V111,
The applicant acknowledges (CRERP PSAR, amencdment 71, page 2F-5) thet
Bollinger suggests that megnitudes up to M_ = 7.0 are possible on thre
hyrotii2tical Giles founty structure, The hypothetical structure
considered for the vicinity of rroxville is significantly longer than
thet proposed by Bollinger for the Giles County structure, Accordingly,
trere 15 scme poesibility of an esrthzueve on thic hypcthaticel
clruttuce havine en epicentral intensity creater than VI, ®Serause
thig ¢iryrtyre 15 not proven, under 2rnengix £ 10 world be inarsrerciste
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to bring an intensity greater than VII! to the site on the basis of this
structure., However en assessment of the significance of such a
structure is addressable through & probabilistic ground motion anaiysis,

As before, assessmant 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 & line source, 140 km
long, on which earthquakes were modelled as ruptures, with theé 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 raéiaI distance of 1% km
from the CRSRP. 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 c¢le first estimate, one-quarter of the seismicity of the
Appalachian seismic . urce zone (zone 100 from the national model of
Algermissen ana others, 1582) was considered attributzble to the
hypothetical line source, This fraction was an approximation resulting
from inspection of seismicity maps, considsring the contiguity of the
seismicity to the hypothetical structure. For the second estimate, 3
1ist appearing in Bolling.~ and others (1976) for historical earthguakes
occurring in the vicinity of the Maryville, Tennessee, earthquake of
1973 was usea. All of these events were attributed to the hypothetical
structure, and those with magnitude greater than 4, or intensity V or
greater, were counted. The annual rates derived from the two orocedures
agreed within 15 percent of one another. The use c¢f their averege in

the model yielded an annual exceedence probability for .25 g of 17 x 10~

- % for no attenuation variability or 21 x 10-° for a stendard deviation
of attenuation variadility equal to 0.5. These results do not change

significantly if the maximum magnitude is reduced to

M. = 6.4. Exceedance probabilities of thece sizes may be legitimate

cause for concern, However, if the maximuv~ magnitude on this source is

5.8, the exceedance probability is 0 for no attenuation variebility end

7 X 107" with attenuation variability,

In @ 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 treatec probabil:cticelly: (1) the
seismic rate assigned to the fault, (2) the likelihocd 0f the existence
of this fault, and (3) the distance of the fault to the plent. The '
exceedance probability is directly proportional to factors (1) anc (2)
ebove and, over & limited distance réngn, inversely proporticnal tc some
power of (3). (lf the distence is taken to be 20 km instezc of 15 km,
the esceedance prodebility decreases by ebout & factor of 1.6). It is,
of course, factor (2) which .s most in dispute. For the remzinder of

* - -

the review we address those facts relating to the crecibility of the
strutture, .



Evidence for anc ageinst the hypothetfcal Structure

The seismological evidence which best addresses the hypothetical
structure, other than the relocated epicenters themselves. is that
information generated by 1nvest1gat10ns into the Maryville, Tennessee,
earthguake of 1973. Maryv111e is on the apparent alignment of the
relocated epicenters, and it is reasonable to evpect 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
(1976). The authors, howeve., believe :hat their evidence is net
cefinitive erough 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
snows @ hE-striking nocal plane, as does Herrmann's (197¢) combined P-
weve and =nrface-wase solution. However, the former solution is

constst c'h pormal faulting ¢owa to the southeast, and the latter
solutica . consvztent with reveirrse feulting on & northwest dipping
plare. Boih solutions have strike-slip mction component of the same
sense. However, Boilinger 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 sclutions inconsistent
with the mein shock mechanisms proposed by Bollinger and others (1976).

The major geophysical feature in the vicinity of the alignment is the
“New York-Alabama lineament", which runs NE through Knoxville, This
lineament has been interpreted (King and Zietz, 1978) as & 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 "Hew York-Alabemea
lineament" out rather has a more ncrtherly strike, If the epicenters of
the alignment are plotted on the Boucuer anomaly map of figure 2 of
Keller and others (1982), the epicentars are found to lie not on the
regions of strong gravity gradient, but rather on the tops or flanks of
smell gravity highs of length 40 to 60 km. The alignment, if it is as
rmuch es 180 km long must span three of these local highs., This may
arque against a single structure and may limit the potential max1mum

magnitude,

Sy_mr..e ry

The selection by the applicant of the Giles County earthguake in the
Southern Valley and Ridge Province as the controlling earthquake at the
site is reasoneble. Ve also concur with the assessments of the maximum
intensity end SSE, end the anchoring of a Regulatory Guide 1.60 respounse
spectrum to this 0.25 g SSE. Furthermore, the CRBRP SSE has a
cnnservative excecdence probability §f one can confidently acopt @
d1{fuse sricmicity model to an Appalachian province, However there fs
evicince of a more concentrated local source in the vicinity of the
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CRBRP. This source appears to have sufficient linear extent to generate
large meznitude events. Furthermore the seismicity in th2 vicinity of
this sourze, if attributable to a fault, is sufficient tc imply that the
CRBRP SSE hes an exceedance probability notably higher than

1 x 1074, At the present time, the data are insufficient tu establish
the situation one way or the other. Accordingly, we belisve that
although the CRBRP SSE is reasonable un the basis of present data, &
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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