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Question 241.1 (3.7.3.15)

Seismic analysis of fuel assemblies described in section 3.7.3.15 as well
as in 3.7.2.1.2 are too general and the level of detail is not sufficient
to comment on their adequacy. Even thouqh.the final results may be pre-
sented in the FSAR we need the following information at the PSAR stage:

(1) A detailed description of the mathematical model includina schematics
showinq all the pertinent components of the fuel assembly such as
ducts, control rods, fuel rods, etc. Specify how many masses and
sprinqs will represent a fuel assembly and other components and how
many assemblies will actually be analyzed as representative of the
whole core.

(2) Equations and description of the mathematical model and a discussion

of their solution.

(3) A verification of the analysis

(4) A list of important input values for the analysis and a discussion
of how they will be obtained. Describe component test programs when
used as input to the analysis.

(5) Discuss how the seismic response will be combined with other
applicable accidents.

(6) Present the fuel rod and assembly mechanical design limits in terms
of stresses, and/or deflections. Provide the bases for
the limits.

You may supply this information in a topical report.

Response:

(1) (2) (3) (4)

The description of the seismic analyses and mathematical models presented
in Sections 3.7.3.15 and 3.7.2.1.2 of the PSAR are given to demonstrate
overall conservatism in the methods used to derive the seismic response.
A more detailed description of the seismic loadinq development and
structural analysis of fuel assemblies has been provided in the response to NRC 140
request No. 9 of Reference Q241.l-l. This description explains the six
computer finite element models to be used in the analyses, and the deri-
vation of the seismic input excitation. Other detailed seismic and
structural analysis techniques and detailed mathematical models on in-
dividual parts of the overall system will be developed consistent with
the finalization of detailed component design. These details will be
supplied in the FSAR.

Q241.l-1 Amend. 40
July 1977



(5)
The design bases for the fuel assemblies are described in Section 4.2.
The criteria and performance requirements for the fuel to meet these
design bases is provided in Sections 4.2.1.1.2.2 and 15.1. Sections
15.2, 15.3, and 15.4 demonstrate the ability of the fuel to meet thedesign bases. In particular, Section 15.2.3.3 provides a description of
the additional accident loads assumed to occur concurrently with the
seismic loads associated with the SSE in the fuel assembly design.

For the fuel rods, the strain criteria and stress limits are given in
Section 4.2.1.1.2.2 as modified in response to question 241.48.

REFERENCES

Q241.1 (1) NRC Letter, Themis P. Speis (NRC) to Peter Van Nort (PMC)
"Request for Additional CRBRP Information", dated October 6,

1975. 1 25

Q241.1-2 Amend. 25
Aug. 1976



Question 241.2 (4.1.4.1)

Part 1

Section 4.1.4.1 states that the fuel rod poenum is "sized to allow the
design fuel burnup to be reached without the buildup of excessive internal
gas pressure". This implies that gas in the annular space between the
fuel pellets and cladding will communicate freely with the plenum gas.
Demonstrate that this is true over the whole life of the fuel rod.

Part 2

What would be the consequences of normal operation if this were not true?

Response:

Part 1

The basis for the assumptions relating to fission gas release is provided in
new Section 4.2.1.1.3.9.

Part 2

Part two of the subject question requires making the assumption that the
gas does not communicate with the plenum. Under these assumed conditions,
the fission gas pressure *within the fuel column would be significantly
higher than used in design calculations and the probability of cladding
breaches occurring would increase. The consequences of such cladding
breaches would be similar to those for stochastic core fuel rod failures.
As d-iscussed in revised Section 15.4.1.1 of the PSAR, such failures would
be easily accommodated.

Amend. 16
Q241.2-I Apr. 1976



Question. 241.3. (4.1.4.1)

On Page 4.1-5, reference is made to- "the desired bowed configuration of the
fuel assemblies". What are the estimated dimensions.of this effect?
What is the magnitude of the reactivity effects caused by this bowing as
a function of burnup? What .is the effect on flow .area? Is this effect
accounted for in hot channel factors? If not, why is it acceptable to
ignore this effect? Describe, or give a reference describing the pads
discussed on page 4.1-5. What are the acceptable limits on this bowing?
What effect causes these limitations?

Response:

The above question consists .of five separate parts. The following
response addresses each of.these parts in the sequence they are presented.

Numerical estimates of fuel assembly bowing patterns are provided in
Figure 4.2-88 through 4.2-92 of the PSAR. The analytical bases and
methods for these results are presented in Section 4.2.2.4.1.8. Figure
4.2-85 provides arrangement information on the results presented in
Figures 4.2-88 through 4.2-92.

The magnitude of bowing reactivity change due to fuel assembly burnup was
not separately or explicitly calculated for inclusion in the PSAR because
.the core restraint model described.*in paraqraph 4.2.2.4.1.8.3 was considered
to be of limited value in predicting integrated core effects. Some of these
limitations are touched on in paragraphs 4.2.2.4.1.8.1 and .4.2.2.4.1.8.3. If,
however, the bowing pattern changes indicated by .a comparison of
Figure 4.2-88 and. 4.2-89 are combined with beginning of first cycle
reactivity worths for radial motion from Table 4.3-12, a reactivity
increase of approximately 8¢ over the first cycle is estimated. This
result should be treated as a scoping estimate. Fuel assembly bowing
patterns are a function tf the thermal and nuclear environment at each
assembly location, interaction with adjacent assemblies at the load plane
elevations, the assumed form of the irradiation creep and swelling
correlations as well as the assembly burnup status. Core restraint
models capable of better representing the above .factors are being developed
for use in the final stage of the core restraint system design (see Section
1.5.2.5). Therefore, improved estimates of burnup related bowing reactivity
and uncertainties associated with this effect will be included in the -FSAR.

The effect of fuel assembly bowing on flow area is small relative to other
effects that can influence this parameter. This effect. was accounted for
in estimating hot channel factors. The subject of flow area effects on
hot channel factors is addressed as'subchannel flow area" in Table 4.4.-2
of the PSAR, and a brief discussion of the rationale leading to their
selection is contained in paragraph 2.1.11 of Reference 15 of Section 4.4.
A description of the load pads can be found in revised Section 4.1.4.1.

Amend. 15

Q241.3-1 April 1976



The acceptable limits for bowing are defined by the requirement to
prevent general condition of duct to duct contact in the-active core
region. This requirement and its basis are discussed in paragraph
4.2.2.1.2.8h of the PSAR. Analysis has shown that both assembly bowing
and duct dilation are the important effects which influence the portion
for duct to duct contact. Paragraph 4.2.2.4.1.8.3 of'the PSAR summarized
the results of analysis of the combined effect of assembly bowing and
duct dilation as it releases to duct to duct contact.

S

Amend. 15
April 1976
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Question 241.4 (4.1.4.2)

What is the peak internal pressure expected in the radial blanket rods?

Response:

The maximum steady state pressure in blanket rods due
fill and residual) is reported in Section 4.4.3.3.4.
in the evaluation of plenum gas pressure is discussed

to gases (fission,
Conservatism adopted
in Section 4.4.3.2.4.

51

The peak transient internal pressure considered for mechanical design
purposes in the radial blanket rods is determined by applying the
temperature increment for the umbrella emergency transient of Table
4.2-59 to the steady state',pressure in the hot rod of radial blanket
assembly 201 (Figure 4.2-10B) at the end of 4 cycles. A peak transient
pressure of approximately 360 psi was determined using this method and
applied in the cladding transient evaluations described in Section
4.2.1.3.

Amend. 51

Q241.4-1 Sept. 1979



QuesIpp 241.5(42..1

a) Define thermal creep by presenting theexplict creep equation used In
fuel design. Difih6 anddilscuts ho4 one han distinguish therMal
from i rradiation .cteep in th tOu.r~ay Dast .uea to, er any other data
on Figure 4,2., Dis.cuss why only thermal .cieep and not irradiation
creep is considered in the cladding analysigi

b) Discuss Why only 2 to 1 stress blaxiality ratio is
criteria for straih.during steady state-operation.
when the stresS rdtio is other than 2 to 1. is it
circumferential to dxial stress ratio is 2 to 1 or
around?

considered in the
What do you do

rlght.to assume that
the other way

c) Define circumfet6ital strain. Is it D/DN or does the circumferentifl
strain vary a&69s the thickness? Relate cAltulat0 d strain to meao§urd
strain.

d) Discuss why post ifrvdiation test data (for xaittple; the data in Figure
4.2-1) represent the in-Peactor eavironment.

e) Design requirement 4 of Page 4.2-6 on deformation Should give
specific values.

f) Design requirements 5 and 6 Were set to be less than or equal to one.
Discuss explicitly how much of a safety factor is in this limit.

g) In design requirement 7, define by means of specific values, what you
mean by "extended period.of time" and "short duration".

h&j) Discuss why cladding melting is the only design limit used for the
faulted conditions. If stress, strain, or deflection exceed their
design limits, show how you maintain the coolable geometry of the
fuel rod (pg. 4.2-68).

Limit 5 on
terms what

page 4.2-9 discusses coolable geometry, Define in precise
is meant by "doolable geometry".

i) Clarify, or explain which design limits apply to the fuel,
to the fuel assembly (Pg. 4.2-81).

and which.

k) The following should be provided in terms of specific values:

(1)
(2)
(3)
(4)

Design limit for thawire wraps;
Design limit for th6 duct;
Design limit for fuel rod bowing;
Design limit for fuel rod vibration and fretting.

Q241.5-1 Amend. 15
April 1976



1) The design limits 1 through 6 (Pg. 4.2-8 - 4.2-9) are too general.
They should be given in terms of specific values. The statement that
"the design limit...shall be patterned after...Section III of the ASME"
is not specific enough for the PSAR.

m) The design limits on fuel rods (Pg. 4.2-5- 4.2-8) do not consider
failures due to stresses, or instability, such as buckling. Please
justify this omission. Even though the operational mode or the design
is such that stress may not be the main cause of failure we think a
complete design limit should address all possible failure modes.

n) Provide a specific numerical value for the deformation limit 4,
Page 4.2-6.

Rgsponsýe:

a) The requested creep equation is presented in Table 4.2-52, Which has
been added to the PSAR. The remaining information requested is found in
amended PSAR Sections 4.2.1.1.2.2, 4.2.1.1.3.1, and 4.2.1.1.3.2.

b) Stress biaxiality ratios other than 2 to 1 are considered in the
criteria for fuel rod component strains during steady state operation,
as described in amended PSAR Section 4.2.1.1.2.2.

c) As indicated in Section 4.2.1.1.2.2, the circumferential strain does
not vary across the cladding thickness, and is approximately
by AD/D.

d) Revised Section 4.2.1.1.3 discusses the applicability of post
irradiation test data.

e&n) A quantitative discussion of deformation limits is provided in
revised Section 4.2.1.1.2.2.

f) A discussion of safety factors is provided in revised Section 4.2.1.1.2.2.

g) As indicated in revised Section 4.2.1.1.2.2, "short duration" is a
time interval on the order of seconds. An "extended period of time"
is a time interval on the order of minutes.

h&j) The design limit in fuel rod criteria 8 of Section 4.2.1.1.2.2 should
be interpreted as "...maintaining the sodium temperature
below its boiling point,..." rather than cladding melting.
Cladding melting is the failure mechanism which is precluded by this design
limit. The section has been amended to clarify this requirement.

i) The Section 4.2.1 has been amended to identify which design limits
apply to the fuel, and which apply to the fuel assembly.

Q241.5-2 Amend. 15
April 1976



k) (1) The design limits for the wire wrap are the same as those given for
the fuel rod in Section 4.2.1.1.2.2. The pertinent stress, strain,
and COF limits are explicitly defined in that section.

(2) The design limits for the duct (as part of the fuel assembly) are
discussed in Section 4.2.1.1.2.2.2.

(3) Deformation limits are discussed in amended item 4 of Section
4.2.1.1.2.2.

(4) As evaluated in Section 4.2.1.3.1.1, Subsection 4, fuel rod
vibration is limited such that insignificant fatigue damage is
generated in the cladding or wire wrap. In other words, the
alternating stress amplitude due to flow induced vibration must
be below the fatigue endurance limit.

Fretting wear of the cladding which may result from fuel rod
vibration must not exceed the design basis wastage allowance of
2 mils given in Section 4.2.1.1.3.4.

1) Revised Section 4.2.1.1.2.2.2 addresses the applicability of the ASME
Code to the fuel assemblies.

m) It was the intent of Section 4.2.1.1.2.2 to present all potential
failure modes identified to date in the LMFBR Base Technology and FFTF
Development Programs. To incorporate any pertinent date which might
be developed any additional failure modes identified during future
testing will be evaluated against the appropriate limits.

With regard to stress limits, item 3 of Section 4.2.1.1.2.2 requires

that the primary equivalent stresses during steady state operation
remain below the proportional elastic limit. Both cladding damage
mechanisms during steady state operation, thermal creep rate in
ductility limited strain and time to rupture in CDF, are highly
sensative to stress state as well as temperature. For transient
conditions, each damage mechanism is such that the limiting value of
strain or COF would be achieved when the cladding stress reached the
ultimate tensile strength. This is shown in Figures 15.1.2-3, and
15.1.2-39 for CDF and strain respectively. Justification for not
specifying limits on buckling is provided in revised Section 4.2.1.1.2.2.2.

Q241.5-3 Amend. 15
April 1976



Question 241.6 (4.2.1.1.2.1)

Describe the tests mentioned in Section 4.2.1.1.2.1 which measured shipping
and handling loads. Mention especially those features which are proto-
typical and non-prototypical in the tests.

Response:

The response to this question is provided in revised Section 4.2.1.1.2.1.

Amend. 14
Q241.6-1 Mar. 1976



Question 241.7 (4. 2.1 2.I )

Justify a drop height of 3 inches for a fuel assembly which is correctly

located, and 1 inch for a fuel assembly which is incorrectly located.

Define what is meant by incorrectly located.

Response

An incorrectly located fuel or radial blanket assembly is an assembly that

is located in a position where it does not mate with the receptacle

discriminator. This occurs when an assembly (fuel, blanket or control)
is positioned over the incorrect zone or location. Since the discrim-
inator post lenoth is 2 inches, an incorrectly located assembly fully
inserted, would be located 2 inches above the position of a fully
inserted, correctly located assembly.

At the time the PSAR was written, there existed a possibility of releasing
an assembly 3 inches above its fully inserted position, i.e., the
tolerance on the release height was 3 inches. This tolerance was needed
to allow for:

a) length manufacturing tolerances of the various components;
b) switch hysteresis
c) switch setting tolerance; and
d) fuel assembly growth due to irradiation.

Thus, a correctly located assembly could be dropped 3 inches into its
fully seated position. Also, since the discriminators post length is
only 2 inches, an incorrectly located assembly could be dropped
(3 inches - 2 inches) or one inch into its fully inserted position due
to interference with the discriminator.

These drop heights were based on the values of items a) through d) at the
time of PSAR submittal. Since that time, improved calibration procedures
have reduced the allowable assembly release height to less than 1.5
inches above the fully inserted position. Thus, an incorrectly located
assembly cannot be released, and the maximum drop height for a correctly
located assembly is less than 1.5 inches.

This information has been incorporated into PSAR Sections 4.2.1.1.2.1,
9.1.4.4.2 and 16.3.10.3.2.

Q241.7-1 Amend. 16
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Question 241.8 (4.2.1.1.2.2, Section 4.4.1)

a) Explain how the minimum power for incipient fuel melting is determined.
If done by experimental data, cite the source of the data, provide the
reference document to the staff, tabulate the data used and discuss the
uncertainties in the data and the prototypicality of the data.

b) If done by calculation,. cite the computer program used, if any,
provide a reference document to the staff, and discuss in detail how
the fuel rod was modeled for this calculation, e.g., was a center void
region assumed? What assumptions were made as to pellet thermal
conductivity and its change with restructuring?

c) What temperature is used as the melting temperature of the fuel? Show
the change in melting temperature with burnup. Discuss the uncertain-
ties in this temperature.

d) Item 5 of Section 4.4.1 speaks of design uncertainties considered in
calculating that no fuel centerline melting has occurred. List these
design uncertainties and give their magnitude.

e) In the Table in Section 4.4.2.1, the maximum fuel temperature at
overpower is 5000*F. Why is no effect of diminution of melting point
with burnup accounted for?

f) What is the expected decrease in solidus temperature due to redistribu-

tion of actinides?

Response:

Since the above question is composed of six different questions, they will
be answered individually, in the same order as formulated.

a) The minimum power for incipient fuel melting was determined on the
basis of the P-19 experiments conducted by HEDL (Reference 12 of the
PSAR Section 4.4). The empirical equation correlating the experimental
data is reported in PSAR Section 4.4.2.6.14 (Equation 4.4.2.6-13)
together with the uncertainty band. The P-19 data were prototypical
of FFTF (and CRBRP) fuel pins: rod diameter and fuel density were
reproduced; the cold gap size was investigated parametrically (the
range included CRBRP cold gap); the cladding ID temperature (1060'F)
reproduced FFTF conditions. The correction in power-to-melt due to
different- ID temperatures in CRBRP fuel pins is reported in PSAR
Section 4.4.2.6.14.

b) As discussed in (a), the minimum power-to-melt was determined on the
basis of experimental data, ra:ther than by calculation. Confirmatory
"back-calculation" of fuel temperature, as discussed in response to

PSAR Question 241.42, for the P-19 predicted incipient melting condi-
tions,, yielded a value very close to the melting temperature of
5000°F. The adopted equation for the pellet thermal conductivity is

Q241.8-1
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reported in PSAR Section 4.4.2.6.7 (Equation 4.4.2.6-8). The adopted
restructuring parameters (191OC restructuring temperature; 98%
density in restructured zone) were those recommended by HEDL on the
basis of the P-19 tests.

c) The assumed melting temperatures and the associated uncertainties are
discussed in revised PSAR section 4.4.2.6.12.

d) Design uncertainties considered in the evaluation of the minimum
power-to-melt are those uncertainties-,affecting the heat flux as
reported in Table I of Topical Report WARD-D-0050, Reference 15 of
PSAR Chapter 4.4 and provided in response to question 241.37. A
detailed discussion on how the design uncertainties on one side and the
experimental uncertainties on the other side are accounted for in
assessing the margin-to-melting was provided in response to question
001.46.

e) Assumptions regarding melting temperature at overpower conditions are
discussed in revised PSAR section 4.4.2.6.12.

f) The effect of actinide redistribution on solidus temperature is
discussed in revised PSAR section 4.4.2.6.12.

Q241q82
Amend. 16
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Question 241.9 (4.2.1.1.2.2)

Explain the selection of the 15% overpower for the fuel melting criterion.

Response:

The discussion requested is provided in revised section 4.2.1.1.2.2. 125

Q241.9-1 Amend. 25
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Question 241.10 (4,2.1.1.2.3)

Cite data to demonstrate the design limit for fretting and wear is
acceptable. Discuss protypicality of data, What features are incor-
porated in the design to minimize fretting and wear?

Response:

The information requested is provided in revised PSAR Section 4.2.1.1.3.4.

Amend. 15
Q241.10-1 April 1976



Questi on 241.11 (4.2.1.1.2.3)

List all places in the fuel assembly where there are dissimilar materials
in contact or potentially in contact during the in-core lifetime of the
fuel bundle. At what locations is there a potential for galling or self-
welding? What type of hard coating is used to protect these surfaces?

Response:

Revised Section 4.2.1.2.l.provides the information requested. I25

Q241 .11 -1 Amend. 25
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Question 241.12 (4.2.1.1.2.3)

What tests and calculations have been done or will be done before the
manufacture of the fuel for CRBRP to show that the fuel column holddown
spring is adequately designed.

What material is used for the holddown spring?

Response:

The information requested is provided in revised Section 4.2.1.2.1.
125

Q241.12-1
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Question 241.13 (4.2.1.1.3.4)

Provide assurance that the corrosion and clad wastage allowance in the
Clinch River fuel is adequate. Provide the data base for the values
Used.

Response:

The data base for the fretting wear allowances used in the CRBRP fuel
rod design are given in the response to NRC Question 241.10. The cladding
wastage data utilized in the CDF analysis of the CRBRP fuel rod are given
in Chapter III, Section B, of the report "The Development and Application
of a Cumulative Mechanical Damage Function for Fuel-Pin Failure Analysis in
LMFBR Systems", by D. C. Jacobs (see Reference 3, Section 1.6) which was
provided under separate cover in June, 1976. The data base and correlations
used for cladding wastage in the strain-limit analysis of the CRBRP fuel rods
are discussed in the report WARD-D-0147 "Internal/External Cladding Degradation",
by M. L. Travis. This document was provided under separate cover in
August, 1977.

L2

142

142
The data base supporting the clad wastage allowance is discussed in re-
vised Section 4.2.1.1.3.4. As discussed in the responses to NRC Questions
001.284, 241.15 and 241.57, more tests are planned or in progress to
further assure the adequacy of the parameters used in the fuel rod
performance models, including the cladding wastage allowance.

122

Amend. 42
Nov. 1977Q241.13-1



Question 241.14 (4.2.1.3)

a. Clarify which fuel rod code will be used for what purpose. CYGRO-F,
MINIGRO, and LIFE are mentioned.

b. Provide the calculational method used to predict wire wrap stresses and
strains. Discuss how the method is verified.

c. Provide the calculational method used to predict duct interactions and
deflections as well as its consequences to duct, fuel assembly, and rods.
Discuss how the method is verified. Discuss the observations in EBR-II.

d. Describe how one calculates fuel rod cladding ductility limited strain.
Include a sample problem.. Identify sources of input data of the transient.
Justify the validity of the method.

Response:

a. The response to this question is contained in amended PSAR Sections
4.2.1.3.1.1 and A.18.

b. The response to this question is contained in amended PSAR Sections
4.2.1.3.1.1, 4.2.1.3.2.2.4, and A.99.b.

c. The response to this question has been incorporated into amended PSAR
Sections 4.2.1.3.1.1, 4.2.1.3.1.2 and a new figulre i centified, as Figure
4.2-26a.

d. The method for calculating fuel rod cladding ductility limited strain
is given in the response to NRC Question 001.278.

For a sample problem, the cladding ductility limited strain accumulated
over a 2-day time interval will be calculated. This time interval is
chosen to be sufficiently short so that the cladding steady state
temperature and fuel rod dimension changes during the interval are
negligible, ie., less than .0.02%. That this change is indeed
negligible has been verified by calculation. For fuel rods, this time
interval is -.1-2 days.

We assume the following conditions for the sample calculation:

a) Tm cladding midwall temperature during time interval = 1190'F = 916'K

b) P = rod plenum pressure during time interval = 1000 psi

c) ' cladding thickness during time interval = 0.011 in.

d) d = rod inner diameter during time interval.= 0.201 in.

Cladding stresses during time interval:

a) Tangential (loop)ý stre~ss = at Pdi/2T 9136 psi

Q241 .14-1 Apr. 1976



b) Axial stress =a a2 '=.ý 4568. psi

c) Radial stress = Gr -P/2 = -500 psi

d) Equivalent stress = a A-,[ (at-ar-2  (-aaor) 2 + (at-aa)2J-/ 2

- 8349 psi

The equation for the cladding thermal creep is given in Table 4.2-52.
In this equation, the term st[l - exp (-rt)] represents the primary
thermal creep. The contribution of the primary thermal creep strain
to the total ductility limited strain of the cladding is quite small
.for typical fuel rod environments, so for. this. calculation we. will
assume cc = total thermal creep over specified time interval.
At i At"

Substituting the above values for a, T, and At into the equations of
Table 4.2-52, we find:

Cm = equivalent secondary thermal creep rate = 8.229 x 10-6 %/hr.

cc = mt = (8.229 x 10-6) (2 days) (24 hr/day) = 3.95 x 10 4%

= the cladding equivalent ductility limited strain accumulated
over the 2 day period.

The cladding ductility limited hoop strain,SH, accumulated over the
2 day period is:_ c[tO5 S o) 3.95 x lO-4%

EH -1 [a -0.5 ( a = 8349 [9136-0.5(4568-500)]
H a .t a r 84
= 3.36 x 10-4%

For the fuel rod cladding strain analysis, the above steps are performed
by a computer code (FRS), which sums the strains calculated over the
short time intervals to give the total cladding strain accumulated over
the fuel rod lifetime.

The sources of thermal-hydraulic input data for the transients are given
in Sections 15.2 and 15.3 of the PSAR. The sources of cladding materials
properties data used in the transient analyses are given in Sections
4.2.1.1.3 and 15.1 of the PSAR.

The validity of the method for calculating cladding ductility limited
strain is justified by direct comparison between thermal creep strains
calculated with the equations of Table 4.2-52 and experimental thermal
creep data. Further Verification of the strain limit method is given in
the response to NRC Questions 241.48 and 241.13.

Q241.14-2 Amend. 16

Apr. 1976



Question 241.15 (4.2.1.3.1.3)

Figure 4.2-27 illustrates the number and schedules of tests which have
been, or are being conducted in various development areas. Provide the
following additional information on these tests:

1) a more detailed description of these tests and the test results obtained,

2) references for test programs and test data,

3) the role that the results of these tests play in providing verification
of the adequacy of the CRBRP fuel design.

Describe the FFTF fuel performance verification program and the transient
tests on prototypic fuel rods being planned. Discuss the applicability
of those to the CRBRP.

In figure 4.2-28, the number of stainless-steel clad mixed oxide fuel rods
irradiated to greater than the FFTF/CRBRP initial peak fuel burnup goal
of 80,000 KWD/MTD, is shown to be in excess of 500 fuel rods. Conclusions
regarding sodium corrosion, dimensional stability, fuel densification and
thermal performance capability of the fuel rods compared to the CRBRP
current design are given. The following additional information regarding
the performance of these rods should be given.

1) references for the data cited,

2) the differences between the fuel rods tested and the test conditions
compared to the CRBRP fuel rod design and operating conditions,

3) a discussion of the results of the foreign programs and comparisons
with CRBRP.

Provide more specific information on the LMFBR transient testing programs
being conducted at HEDL including:

1) The test matrix for both the transient overpower and engineering
proof tests,

2) The results of the test program should be stated in specific terms
and comparisons given instead .of statements such as "design limits
for the FFTF fuel rods were only distantly approached" as given in
the PSAR,

3) Applicability of the test matrix as established for both the
engineering proof and transient overpower tests to CRBRP,

4) A more detailed discussion of the test results and the conclusions
inferred from these results,

5) References for tests and test programs.

Amend. 20
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Discuss any plans or test programs to evaluate the potential for fuel
failure propagation and its consequences.

.Provide references and describe in more detail the results of foreign
experience to high burnups (100,000 MWD/MTU) and operation with failures
for periods up to 2 1/2 years without significant mechanical effects
that this section alludes to. Discuss the applicability of this data to
the evaluation of the CRBRP fuel performance.

Response:
The details requested on the steady-state tests and fnreinn experience
are provided in revised PSAR Section 4.2.1.3.1.3. Transient tests,
their applicability and impact on CRBRP design are discussed in response
to questions 001.282, 001.283 and 001.284.

Q241.15-2
Amend. 20
May 1976



Question 241.16 (4.2.1.1.3.8)

It is stated that fuel failures that exhibit only fission gas release :
(assembly detectable during operation) will not be removed, but failures
having gross fuel losses or excess sodium exposure will be removed on a
priority basis. What kind of surveillance program is planned? How
frequent will inspections be performed to look for such fuel?

Response:

See revised Section 4.2.1.1.3.8 for the information requested. 125

Q241.16-1
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Question 241.17 (4.2.1.2.3)

Eight styles
fuel types.
Describe the

of discriminatory systems are defined for the different
In addition, there are two types of control assemblies.
discrimination details for the control assemblies.

Response:

The response to this question is in amended PSAR Section 4.2.3.2.1.3
under the title "Assembly Discrimination".

Amend 16
Q241.17-1 Apr. 1976



Question 241.18 (4.2.1.3)

The following questions address the fuel assembly.

(1) Expand and justify the statement in page 4.2-47 "duct secondary
stresses due to differential swelling across the duct wall were found
to be relaxed by non-damaging irradiation creep. Therefore, these
stresses were not specifically evaluated in PSAR".

(2) Provide a reference from which the values in Table 4.2-7 are obtained.

(3) Discuss and justify how one can only evaluate stresses and conclude
that the design is satisfactory. How about creep and accumulated
damage.

(4) Identify
assembly

all the computer
(including duct)

codes specifically used for the fuel
evaluation.

Response:

The requested information on fuel assemblies is provided in revised Section
4.2.1.3.1.2. I12

Q241.18-1 Amend. 25
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Question 241.19 (4.2.1.3)

Part 1: On page 4.2-56 it is stated that "If necessary, a vibration
test will be performed..." Please clarify the term "if
necessary" by means of specific engineering criteria.

Part 2: The calculational technique and verification of cladding-spacer
wire interaction analysis should be provided.

Response:

Part 1: The response to this part of the question is found in amended
PSAR Section 4.2.1.3.2.1.4.

Part 2: The response to Part 2 is given in the response to Part b of
Question 241.14.

Q241.19-1 Amend. 16
Apr. 1976



Question 241.20 (4.2.1.4.2)

The list of typical inspections under Fabrication Examination should be
complete. Notably absent are the following: fuel chemical impurity
analysis, cladding metallurgical state, wire wrap analysis, fuel and tag
gas analysis, and fuel densification tests.

Will 100% radiography distinguish between blanket and fuel pellets
with the same fuel rod?

For on-site acceptance tests, describe the procedures or tests which will
assure that the fuel, blanket, and absorber pellet columns are in their
proper location within the cladding.

Response:

In Section 4.2.1.5.2 (Tables 4.2-59A and 4.2-59B) a reasonably complete but
not exhaustive listing of the characteristics of the Quality Conformance
inspection plan for fuel assembly components is given. All of the

,characteristics listed are included in the characteristics of the
inspection plan with the exception of fuel densification testing.
Analysis has shown that densification is not a problem in CRBRP (see
CRBRP-ARD-0168 provided in response to NRC Question 3, Reference
Q241.20-1).

It will be possible to distinguish between fuel and axial blanket pellets
within a fuel rod using 100% autoradiography.

After manufacture, all fuel and control rods are 100% inspected to insure
that all pellet columns are properly located within the cladding. As
indicated in the response to NRC Question 241.12, the standard analysis
techniques utilized to evaluate the pellet column holddown springs insure
that these springs will maintain column position during shipping and
handling loads up to 6g. CRBR core assembly shipping casks will have
acceleration indicators which will trip when shipping and handling loads
exceed the 6g limit. These indicators will be checked on site to insure
that the core assemblies have not been subjected to loads above this
limit. A tripped indicator will be cause for rejection; the assembly
would then be returned to the fabricator for more detailed evaluation.

Reference Q241.20-1: Letter, T. P. Speir to P. S. Van Nort, dtd.. Oct. 6, 1975

Amend. 62
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Question 241.21 (4.2.1.4.2)

The fuel quality assurance program should include measurement of a pellet
characteristic (such as thermal resintering) that will indicate the
fuels densification behavior. Information is available from the NRC on
such methods being-developed for a Regulatory Guide.

Response:

A commitment to consider all available Regulatory Guides is noted in revised
PSAR Section 4.2.1.4.2.

Q241.21-1
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Question 241.22 (4.2.3)

In regard to the answer to Question 120.6, do any of the planned
EBR-II irradiation tests of B C include transient cycling of absorber
rods, typical of their real 4 plication?

Response:

A discussion of cycling tests of B4 C is included in revised PSAR
Section 4.2.3.3.1.5.

Q241.22-1
Amend. 15
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Question 241.23 (4.2.3)

Provide a description or reference of the analytical codes used in the
absorber rod design. For example, SIEX-B and PECT-IC are used for the
FFTF program. In addition, provide an axial temperature profile for
the absorber rod-similar to Figure 4.4-1 for the inserted (at highest
absorber temperatures) and withdrawn positions.

Responsee:

The response to the question on analytical codes is provided in amended
PSAR Section 4.2.3. Discussions regarding the use of these as well as
other codes in PCA analysis are provided in the revised PSAR Section
4.4.3.4 prepared in response to NRC PSAR question 001.49. The requested
temperature profiles are provided in Figures 4.4-40 and 4.4-41, and
referenced in amended PSAR Section 4.4.3.3.4.

Q241.23-1 Amend. 16Apr. 1976



Question 241.24

Provide a table similar to Table 4.2-42 for the Primary Control Assembly
dimensions.

Response:

The requested table is provided and incorporated in the PSAR as Table
4.2-42a.

Q241.24-1 Amend. 14

Mar. 1976



Question 241.25 (4.2.3.3.2.3)

Explain how the peak centerline and hot spot temperature for the primary
and secondary absorber rods can be identical when the secondary pellet is
higher in enrichment by a factor of 1.5 and the diameter is larger by a
factor of 1.15.

Response:

There was no intent to imply that the peak centerline and hot spot
temperature for the primary and secondary absorber rods were identical.

PSAR Section 4.2.3.3.2.3 is a subsection of 4.2.3.3.2 entitled,
"Secondary System Evaluation", and was intended to convey the

.information that the peak centerline and hot spot tem p erature for the
secondary system was 2870 0 F for the hot spot and 2260 F for nominal
conditions.

PSAR Section 4.2.3.3.1.5 and Table 4.2-46 provides thermal data for
the Primary control assembly.

Amend. 14
Mar. 1976
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Question 241.26 (4.2.3.4.4)

The acceptance tests for the control assemblies and absorber pellets
should be complete. Notably absent from the present description are:
stoichtmetry, chemical impurities, fill and tag gas analysis, and cladding
metallurgical state. This section should be patterned after the
revised 4.2.1.4.2 section.

Response:

The response to this question is supplied in amended PSAR Section
4.2.3.4.4.

Q241.26-1 Amend. 16
Apr. 1976



Question 241.27 (4.4.1)

What is the cold plenum volume of the fuel rod, blanket rod, and control
rod?

Response:

The difference between the total plenum volume and the material volume of
the rod components which are located in the plenum region is the effective
plenum volume. This effective plenum volume represents the region available
for fission and/or reaction product gases. The cold effective plenum volume
of the fuel rod is given in Table 4.2-4, while the cold effective plenum
volume of the radial blanket rod is given in Table 4.2-5. These rods have
fission gas plena located above the fuel pellet stack only. Tables 4.2-4 and
4.2-5 have been revised to clarify that these are cold available volumes.

The primary controllrods have plenum spaces both above and below the
absorber pellet stack. At room temperature the primary control rod upper
effective plenum volume is 4.021 in3, whili the primary control rod lower
plenum has an effective volume of 2.349 in . The total primary control
rod plenum effective volume is therefore 4.021 in3 + 2.349 in3 = 6.370 in.

Q241.27-1
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Question 241.28 (4.4.2.4.2)

Show power generation as a function of time for: a) the peak power fuel
and; b) the average power fuel rod; c) the peak power radial blanket rod;
and d) the average power radial blanket rod.

Response:

New Table 4.3-7A, figure 4.3-8A and revised Section 4.3.2.2 contains the
requested information. I 25

Amend. 25
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Question 241.29 (4.4.2.6.3),

Is the correlation for the thermal conductivity of 316 SS based on
irradiated data? Cite the data used for the correlation.

In calculating the thermal conductance of the cladding wall, explain how
changes in cladding structure due to corrosion, wastage and irradiation
are handled..

Response:

Revised Section 4.4.2.6.3 provides the requested information.

Q241.29-1 Amend. 19
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Question 241.30 (4.4.2.6.5)

For the peak power fuel rod and the average power fuel rod using the
power histories described in Question 241.28, give the following values
as a function of time for several positions along the axial length
(where applicable):

(a)
(b)
(c)
(d)
(e)(f)
(g)
(h)
(i )
0J)
(k)
(1)(in)
(n)
(o)
(P)
(q)
(r)
(s)
(t)
(u)

burnup
hot gap
change in
change in
change in
change in
change in
change in
change in
change in
diameter o
diameter o
diameter o
fission ga
fission ga

fuel pellet diameter due to thi
fuel pellet diameter due to re
fuel pellet diameter due to dei
fuel pellet diameter due to swi
diadding diameter due to therm4
cladding diameter due to swell
cladding diameter due to corro:
cladding diameter due to wasta'
if central void
)f equiaxed grain growth region
)f columnar grain growth region
is release fraction
is distribution in pellet

ermal expansion
location
nsi ficati on
lling
l expansion

ing
sion
ge

hot pellet diameter
hot cladding diameter
internal gas pressure
gas thermal conductivity
axial fuel length
gap conductance

Response:

Not all of the parameters listed
explicitly in the PSAR analysis.
in PSAR Sections 4.3 and 4.4.

in this question were determined
Those that were determined are included

In its final form, the LIFE code will be capable of calculating all of the
parameters listed in this question. However, at this time,, the LIFE code is
undergoing checkout and caiibratiDn against experimental data. This code
will be available for evaluation of these parameters for the FSAR.

Q241.30-1 Amend. 17
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Question 241.31 (4.4.2.6)

Equation (4.4.2.6-6) does not include a term for the thermal conductivity
of the gas. Explain how this is treated in fuel temperature calculations.

Response:

The gap conductance is generally related to thermal conductivity.
explained in Revised Section 4.4.2.6.5.

QE41.31-1
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Question 241.32 (4.4.2.6.5)

Equation (4.4.2.6-6) is stated to be valid only in the range of 2 to 7
mils.- How is the gap conductance of smaller hot gaps calculated?

Response:

As stated in PSAR Section 4.4.2.6.5, the HEDL P-19 data, from
which equation (4.4.2.6-6) is derived, were conducted at beginning-of-life
conditions. Therefore, hot gaps smaller than 2 mils were not observed,
hence, the stated range of validity. As regards adoption of the P-19
correlation for other times in life than beginning-of-life conditions,
this is discussed at length in Section 4.4.2.6.5.

Q241.32-1 Amend. 14
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Question 241.33 (4.4.2.6.5)

Explain how the various uncertainties involved in the calculation of the
gap conductance uncertainty factor are statistically combined.

Justify neglecting the uncertainties of other factors which also effect
gap conductance such as fuel density.

Response:

This information is provided in revised PSAR Section 4.4.2.6.5.
17
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Question 241.34 (4.4.2.6.5)

The gap conductance equation (4.4.2.6-6) is given in terms of hot gap.
Explain how these hot gaps were obtained from the experimental data.
If computer calculations were used to obtain the hot gap, why are the
uncertainties in the computer calculations not included in the estimate
of uncertainty in the correlation?

Response:

The response to this question is contained in amended PSAR Section 4.4.2.6.5.

Q241.34-1 Amend. 15
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Question 241.35

What is the correlation coefficient of equation (4.4.2.6-6)? What is
the prediction interval of equation (4.4.2.6-6)?

Response:

It is not clear what is meant by the term "correlation coefficient" in
the question. If this question relates to the numerical values of equation
(4.4.2.6-6), they are merely empirical coefficients determined through
analytical backfitting of the P-19 experimental data.

As stated in the PSAR text, equation (4.4.2.6-6) is valid for hot gap in
the range of 2 to 7 mils and FFTF/CRBRP typical fuel rod desiqn parameters
as prototypically tested in the P-19 experiment; by substituting in the
equation, the nominal gap conductance is in the range of 900 to 3200 Btu/
hr-ft 2 -OF.

Amend. 14
Q241.35-1 Mar. 1976



Question 241.36 (4.4.2.6.6)

Explain in detail how the hot gap size of the control rod is obtained.
Include a complete description of the procedure and all material property
data used. If possible, a report may be referenced.

Response:

The response to this question is in amended PSAR Section 4.4.2.6.6.

Q241.36-1

Amend. 15
Apr. 1976



Question 241.37

Provide the following references: Section 4.4: Reference 5,
Reference 7, Reference 13, Reference 15, Reference 16, and Reference 17.

Response:

As requested, the following references are provided under separate
cover.

5. R. D. Leggett, "Interim Status Report on Thermal Performance
of LMFBR Mixed Oxide Fuel (HEDL P-19)", HEDL-TME-71-92.

7. "Recommendations of Thermal Performance Models for LIFE-II",
W/FFTF 732091, Letter, R. J. Jackson tp L. Bernath, Westinghouse
Hanford Engineering Development Laboratory, Richland, Washington,
March 9, 1973.

13. "Review of the Influence of Burnup on the Linear Heat Rating
to Incipient Fuel Melting for Mixed Oxide Fuel", Letter,
W. R. Roake to Project Director, Reactor Division Project
Office, USAEC, Richland, Washington, W/FFTF 740486, January 30,
1974, Westinghouse Hanford Engineering Development Laboratory,
Richland, Washington.

15. M. D. Carelli and D. R. Spencer, "CRBRP Assemblies Hot Channel
Factors Preliminary Analysis", Westinghouse Advanced Reactors
Division, Madison, Pennsylvania, WARD-D-0050, October, 1974.

16. M. D. Carelli and others, "Predicted Thermal Hydraulic
Performance of CRBRP Fuel and Blanket Assemblies", Westinghouse
Advanced Reactors Division, Madison, Pennsylvania, WARD-D-0054,
December, 1975.

(*}17. D. Y. Nee, "Preliminary Thermal and Hydraulic Evaluations in the

Development of the CRBRP Primary Control System Design",
Westinghouse Advanced Reactors Division, Madison, Pennsylvania,
WARD-D-0033, April, 1974.

(*)Early report to support Control Assembly design decision.

Amend. 14

Q241.37-1 Mar. 1976



Question 241.38 (4.4.2.6.7)

Provide an estimate of the uncertainty in equation (4.4.2.6-8), which
gives the fuel thermal conductivity as a function of porosity and
temperature.

Response:

The uncertainty in calculated values of fuel thermal conductivity is +10%
as stated in PSAR Tables 4.4.2 and 4.4.5, the response to Question 001.46,
and in Reference Q241.38-1.

Reference:

Q241.38-1 M.D. Carelli, D. R. Spencer,- "CRBRP Assemblies Hot
Channel Factors Preliminary Analysis", WARD-D-0050,
October, 1974.

Amend. 14
Mar. 1976
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Question 241.39 (4.4.2.6.8)

Provide an estimate of the uncertainty in equation (4.4.2.6-9). whith
gives the thermal conductivity of B4 C as a function of temperature
and porosity.

Response:

Equation 4.4.2.6-9 has been corrected for typographical errors.
It is valid between 440°F and 1800'F and at burnup levels greater
than 5 x 1020 captures/cc. A discussion of the uncertainty in
equation 4.4.2.6-9 is provided in revised Section 4.4.2.6.8.

Q241.39-1 Amend. 15
Apr. 1976



Question 241.40 (4.4.2.6.15)

Two fuel restructuring models are presented: one in LIFE and one based
on P-19 test data. List the different phenomena (e.g., gap conductance,
fission gas release, etcA) that each of these models is used to calculate.

Response:

The PSAR used only one restructuring model, that based on the P-19 data,
for all fuel thermal analyses. The gap conductance model was also based
on the P-19 data and thus, it is internally consistent with the restruc-
turing model. They have been discussed in detail in response to
questions: 241.8, 241.31, 241.32, 241.33, 241.34. Discussion of fuel
temperature calculations were provided in response to questions: 241.38,
241.42, 241.61. The fission gas release model is discussed in response to
questions: 241.41, 241.60.

The LIFE code model was referred to in the PSAR only to note that more
detailed models were under development which would be used as a basis for
future (FSAR) analysis.

Q241 .40-1
Amend. 19
May 1976



Question 241.41 (4.4.2.6.16)

In Section 4.4.2.6.16 it is stated that the fission gas yield was 0.274.
Substantiate the basis for this number. What is the uncertainty of this
number? Show the difference in the end-of-life fuel rod pressure if the
fission yield were assumed to be 0.274 + U, where U is the uncertainty.

Response:

The response to this question is included in revised PSAR section 4.4.2.6.16.

Q241.41-1 Amend. 16
Apr. 1976



Question 241.42

Describe in detail how the fuel AT hot channel factor is combined
statistically with the gap AT.

Response:

As mentioned in PSAR Section 4.4.3.2 the rationale for statistically
combining fuel and gap hot spot factors is that the combined
effect of the gap and the fuel thermal characteristics determines
the overall fuel behavior as experimentally investigated (Reference
4.4-5). The section has been expanded to discuss the statistical
combination in more detail.

Amend. 17
Q241.42-1 Apr. 1976
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Question 241.43 (4.4.3.2)

In Table 4.4.2, explain or show calculations for all the hot channel.
factors in the Table; e.g., what data was analyzed to derivesuch
factors as the 'pellet cladding eccentricity' or the 'gap conductance'?

For 'direct' variables, what reactor experience was used to select
these values?

What, if any, computer calculations were used to select these values-

for the hot channel factors?

Show how each of these hot channel factors is applied to the calculation
of fuel temperature.

Response:

A comprehensive discussion covering all the questions raised can
be found in the following document:

M. D. Carelli and D. R. Spencer, "CRBRP Assemblies Hot Channel
Factors Preliminary Analysis"', WARD-D-0050, Ocotber, 1974.

The above document is cited as Reference 15 in Section 4.4 of
the PSAR and is being sent'to you separately as indicated in the
response to question 241.37.

Amend. 14
Mar. 1976

Q241 .43-1



Question 241.44 (15.5.2.1.1).

Provide a schematic drawing of a tubular housing and grapple and the
interlock system between them.

Response:

An updated, more detailed schematic of the IVTM, is provided as revised
Figure 9.1-16. New Figure 9.l-16A gives a cross section of grapple and
core assembly handling socket, depicting the grapple fingers discussed
in their extended and retracted configurations. The interlock system
in Section 15.5.2.1 is schematically-shown in new Figure 9.1-16B. The
safety assurance diagram, PSAR Figure 15.5.2.1.1-1, has been modified
and is also attached to this response. The interlocks shown in Figure
15.5.2.1.1-1 have the same designations as those shown in Figure 9.1-16B.

Amend. 14
Q241.44-1 Mar. 1976



Question 241.45 (D.4.2.3)

In Section D.4.2.4, equations are given for the isotherms for columnar
and equiaxed grain growth. What data were used to derive these correla-
tions? Give an estimate of theuncertainty in these temperatures. How
would this uncertainty affect the various analysis done with the SAS code
if they were included?

Response: *6C

1. The restructuring isotherms were interim models which were considered
for, but not incorporated into, the LIFE-2 computer code. These
correlations, which were based on testing done in EBR-II (Ref. Q241.45-2),
have been superceded. However, as noted in parts 2 and 3, they are
consistent with the correlations used in the HEDL SIEX code,
Ref. Q241.45-1.

2. The uncertainties for these correlations have not been characterized.
However, SAS code restructuring predictions follow the same pattern
as those of the SIEX code (see the following section for the
comparison of SAS and SIEX), and the error in the grain growth
radius calculated by the SIEX code is approximately ± 1% (Ref.
Q241.45-1). The error in the SAS code correlation would be
expected to be similar. (See discussion in last paragraph)

3. Uncertainties in the restructuring isotherm correlation will
affect the temperature at which restructuring is predicted to occur.
If the calculated restructuring temperature is too high, too
little restructuring will be predicted, and conversely, if the
calculated restructuring temperature is too low, too much
restructuring will be predicted.

Two studies have been made in which fuel restructuring was one of the
parameters considered. The first was a comparison of a high gap
conductivity SAS3A model with that used in the CRBRP HCDA analysis (see response 160
to Q001.451); the second was a comparison of the experimentally
correlated SIEX code and the SAS3A code (see the response to Q001.469).
The restructuring patterns from these studies are shown in Figures
Q241.45-1 and 2. It-can be seen from these figures that the SAS3A model
used in the Project's HCDA analysis predicts the greatest amount of 160
restructuring. However, as noted in the response to Q001.469, the
comparison of SAS3A results and the results from SIEX, COBRA-3M and
damage parameter analyses indicate the steady state uncertainties
will not significantly affect the overall accident scenario or
energetics.

*'Note that Appendix D has been withdrawn in Amendment #24. 160

Q241.45-1 Amend. 60Feb. 1981



References

Q241.45-1. Dutt, DS. and Baker, R.B., HEDL-TME 74-55, SIEX, "A
Correlated Code for the Prediction of Liquid Metal
Fast Breeder Reactor (LMFBR) Fuel Thermal Performance",
pp. 58-59, June 1975.

Q241.45-2. Dutt, D.S., Baker, R.B., Jackson, R.J., "interim Fuel
Thermal Performance Models for LIFE-2, W/FFTF 73518,"
January 15, 1973.

Amend. 27
q241-45-2 Oct. 1976
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Question 241.46 (D.4.2.3)

In Section D.4.2.3, an equation is given for the gap conductance which
is used in SAS. What data were used to derive this correlation? Give
an estimate of the uncertainty in these data. What is the range of con-
ditions (gap size, burnup, etc.) for which this correlation is valid?

Response:

This question requests clarification of information which is no longer
a part of the current documentation. The Project has since consolidated
all considerations given Hypothetical Core Disruptive Accidents into
report CRBRP-3 (References 10a and lOb, PSAR Section 1.6) and its asso-
ciated references; consequently, PSAR Appendices D and F have been
withdrawn in Amendments 24 and 60 respectively.

The fuel-clad gap heat transfer coefficient correlation was obtained from
the LIFE-II computer code and is based on data contained in Reference
Q241.46-1. The correlation for the gas thermal conductivity used in the
heat transfer coefficient correlation fits the data of Reference Q241.46-2.

No statistical analysis of the data is available. However, as shown in
Reference Q241.46-1, the spread in the data is within approximately +50%
of the mean value for data.obtained near the CRBRP operating temperature.

References;

Q241.46-1 V. Z. Jankus and R. W. Weeks, "Analysis of Fast Reactor Fuel
Element Behavior", Nuclear Engineering and Design, Vol. 18,
p 83, 1972.

Q241.46-2 H. Von Ubisch,
Mixtures", 2nd
Uses of Atomic
through 700.

et.al., "Thermal Conductivity of Rare Gas
International Conference on the Peaceful
Energy, 1958, Volume 7, Paper 143, pages 697

60

Q241.46-1 Amend. 60
Feb. 1981



Question 241.47 (D4)

In Table D4-20, to which references do the reference numbers refer ?

Response:

This question requests clarification of information which is no longer
a part of the current documentation. The Project has since consolidated
all considerations given Hypothetical Core Disruptive Accidents into
report CRBRP-3 (References 10a and lOb, PSAR Section 1.6) and its asso-
ciated references; consequently, PSAR Appendices D and F have been
withdrawn in Amendments 24 and 60 respectively.

60

Q241.47-1
Amend. 60
Feb. 1981



Question 241,48 (4,2.1.1.2.2)

Provide the basis for the steady state thermal creep strain criterion
(0.2% hoop strain at a 2 to 1 stress biaxiality ratio). All references
must include a direct identification of the empirical evidence allowing
its full characterization. The inclusion of evidence exhibiting a typical
characteristics (e.g., alloy, temperature, fluence) must be justified.
Any normalizations of parameters must be justified (e.g. using a uniform
hoop strain definition to report a total strain measured by incremental
diametral increases).

Response:

As described in revised Section 4.2.1.1.2.2 and Figure 4.2-1, extrapo-
lation of the trend line of the four data points to prototypic FFTF/CRBRP
lifetime gives a rupture hoop strain of 0.7%. However, the steady state
strain limit is only 0.2%. As indicated in Section 4.2.1.1.3.4, Item 4,
this design factor of 3.5 was applied to account for the degradation of
material strength due to additional irradiation and depletion effects
from sodium exposure. Further revisions to Section 4.2.1.1.2.2 show
this margin to be conservative.

Q241.48-1

Amend. 15
April 1976



Question 241.49 (4.2.1.1.2.2 and 15.1.2.2)

Provide a justification for excluding a total creep strain plus plastic
strain limit which depends upon the state of stress in fuel and radial
blanket rods. This dependency has been recognized elsewhere by CRBR
(Paragraph 4.2.2.1.1.9.C) and by FFTF (Figure A-l.l, FCF-213).

Response:

A total creep plus plastic strain limit which depends on the state of
stress in the fuel and radial blanket rods has not been excluded from the
criteria. The first paragraph of Design Requirement 1 in Section 4.2.1,1.2.2
states: "During steady state operation, the primary and secondary thermal
creep strain in the circumferential (hoop) direction shall be less than
0.2% at a 2 to 1 stress biaxiality ratio. This criterion applies primarily
to fuel rod cladding and with appropriate stress biaxiality corrections
for other rod components."

/

Amend. 14
Mar. 1976Q241.49-1



Question 241.50 (4.2.1.1.2.2 and 15.1.2.1)

Provide a more definitive discussion of the uncertainties in the CDF (z)
and in the residual strength (za) and their stated dependence upon
operational histories, phenomenological synergisms and material properties.
Include some examples of the methods used to determine the magnitudes of
these uncertainties.

Response:

The response to this question is provided in revised Section 15.1.2.1.

Amend. 14
241 .50-1 Mar. 1976



Question 241.51 (15.1.2.1)

Provide the means whereby the vector quantity stress rate (&) is combinedwith scalar quantities temperature rate (t), flux (P) and the rate of
change in composition (C) to give equation 8 , page 15.1-52.

Response:

The quantity a in equation 8 on page 15.1-53 is not a vector quantity.
Rather, it is the scalar magnitude of a (positive) stress vector.

Although the distinction between scalar vs. vector is not explicitly
made, it is implied by usage, for example, the familar interchange of
vector velocity and scaler speed. The vector stress is that computed
from the operational loads on the clad, e.g., gas pressure and fuel-
clad mechanical interaction (see response to question 241.55). On the other
hand, the scalar magnitude appears (along with other scalar quantities)
in those functions which define a specific characteristic of the clad.
In these cases it is (along with the other scalars) a quasi-state variable.

When acting as a quasi-state variable the stress magnitude is not
"combined" with the other variables in the sense that they have first
order mutual dependance. These parameters merely functionally define
the current characteristics of the clad in terms of phenomena believed
to affect these characteristics in nature.

Amend. 14
Mar. 1976

Q241.51-1



C
Question 241.52 (4.2.1.1.2.2 and 15.1.2.1)

Provide a justification for the exclusion of the fatigue damage from the
CDF. Include a discussion of the potential for fatigue-creep interaction.
•Response :

A discussion of fatigue relative to the CDF is provided in the revised
Section 15.1.2.1.

Q241.52-1

(

Cb
Amend. 16
April 1976



Question 241.53 (15.1.2.1)

Provide a more definitive discussion of the third "obvious" restriction on
LT (page 15.1-54). Include a discussion of the possible combinations which
are affected by the magnitude of the rate of change .of stress (e.g., no
change in the stress level, ae, and a fluence dependent change in the PEL,
up).

Response:

The revised Section 15.1.2.1 for discussion. '.25

Q241.53-1
Amend. 25
Aug. 1976



Question 241.54 (4.2.1.1.2.2)

Provide a discussion which compares the CDF to conventional design
limits such as total inelastic strain, generalized stress, and engineering
toughness. The discussion should include the methods.for normalizing
between the CDF and other design limits (e.g., a total engineering
toughness limit for component-failure - stress times strain - and a
cumulative inelastic strain - number of times about the PEL).

Response:

In general, the CDF technique described in PSAR Section 15.1.2.1calculates loss of structural integrity due to two failure modes. When
the COF equals 1, then:

1. The equivalent stress exceeds the material residual strength,
and/or

2. The maximum principal stress for a given period of time exceeds
the creep strength for the same period of time.

These two limits are directly comparable to time independent and time
dependent "generalized stress" limits, respectively, such as those given
in the ASME high temperature code cases. However, the CDF is based on
a numerical evaluation of test data, and provides a better correlation
between environment and performance for a specific material than do
the more universal stress limits of the ASME code. More importantly,
the CDF correlates the interdependence of the ductile rupture and creep
rupture failure mechanisms, whereas simple generalized stress limits do
not.

The inelastic strain criteria as given in Section 15.1.2.2 of the PSAR
essentially guard against the same failure modes as the CDF; the
difference being that the limits are expressed in terms of strain. In
other words, a "strain CDF" could also be defined as follows:

OF s A +c yAF:p <1.0
L-Clim •lim

where: Ac = creep strain increment

Aep= plastic strain increment

Slim = 0.3% strain limit

This "inelastic strain" criteria would also predict loss of integrity,
i.e., CDFs = 1.0, for either of conditions 1 or 2 above. It should be
noted that the plastic damage term of the CDF, Lp, accumulates damage
for stress. excursions beyond the proportional elastic limit. This is
also true of the plastic strain term in the "strain CDF".

Q241.54-1

Amend. 62
Nov. 1981



The 0.3% strain limit was selected to bp cqnservative, and provides
generally a lower limit on the failure strain..

The COF does not include a damage correlation based upon "engineering
toughness", and no attempt has been made to correlate data using this
failure model, However, as discussed in the responses to NRC Questions
241.48, 241.13, and 001.36, available experimental data show that the
fuel rod performance is adequately predicted by those criteria presented
in PSAR Section 4.2.1.1.2.2.

,I

0

0Q241..54-2
Amend. 62
Nov. 1981



Question 241.55 (15.1.2.1)

Provide or reference the working definition of stress employed in the CDF.

Response:

A definition and additional data on stress is provided in revised Section
.15.1.2.1.

125

Q241.55-1 Amend. 25
Aug. 1976



Question 241.56 (1.5 and 15.1.2.1)

Specifically identify those data which must be obtained in support of the
emperical correlations employed by the CDF. The programs to provide these data
must be identified and summarized.

Response:

The verification plans requested are discussed in revised PSAR Section 15.1.2.1.

Q241.56-1
Amend. 19
May 1976



Question 241.57 (4.2.1.1.2.2)

Provide a description of the program to be employed for verification of the
CDF.

Response:

Revised Section 15.1.2.1 provides the information requested.

19

241.57-1
Amend. 19
May 1976



Question 241.58 (4.2.1.1.2.2)

Provide specific design requirements for-the fuel and radial blanket
assembly structural components. Include the interpretations for phrases
such as: "design limits...shall be patterned after the applicable portions
of Section III of the ASME...code,, "appropriate limits on primary
membrane and bending stresses shall be imposed", "... deformation limits...
shall be designed so that distortion.. .does not produce gross inter-
ference...", "...components...deformation and failure shall not interfere
with reactor shutdown or emergency cooling of the fuel rods".

Response:

The information requested has been provided in PSAR Section
4.2.1.1.2.2 as revised in response to Question 241.48.

C
0

Q241. 58-1 Amend. 16
Apr. 1976



Question 241.59 (4.2.1.3.1.1)

Provide a description of the "selective assembly of the bundle and duct"
referred to on pa-ge 4.2-39.

Response

The requested discussion is provided in revised PSAR Section 4.2.1.2.1. 15

Q241.59-1 Amend. 15
April 1976



Question 241.60 (4.2.6.16)

The fission gas release correlation gives FN, the fractional gas release
from non-restructured fuel, in therms of burnup and local linear power.
Explain how this relationship was obtained from data, and how it is used
in calculations. Define precisely the local power and show how this
quantity is calculated.

Response:

The response to this question is provided in revised Section 4.4.2.6.16.

Amend. 14Q241.60-1 Mar. 1976



Question 241.61:

Describe the overall method used to calculate fuel temperatures, and show
how all the different correlations and hot channel factors discussed are
used. A flow chart should be supplied.

Response:

It is believed that the point-by-point procedure description provided in
revised PSAR Section 4.4.3.3 answers this question, thus making a flow chart
unnecessary, since it would be a mere graphical transposition of the dis-
cussion.

Q241.61-1 Amend. 17
Apr. 1976



Question 241.62

No discussion is made of the correlation for fuel relocation used in
calculating fuel temperatures. If this correlation is used, please give..
the equation and empirical constants used, a discussion of the statistics
of the correlation (correlation coefficient, prediction interval, etc.)
and provide a complete.listing of all data used in the correlation".,

Response:

Two mechanisms can be considered under.the classification of "fuel reloca-
tion": migration of uranium and plutonium and fuel restructuring. As
regards the former mechanism, no significant migration will occur for the
stoichiometric ratio of.CRBRP fuel, as discussed in detail in response
to part f) of question 241.8. Fuel restructuring has been accounted for in
fuel thermal analyses: the restructuring model was based on the resuilts
of the HEDL P-19 tests as discussed in part b) of question 241.8.

Q241.62-1 Amend. 19.

May 1976'



Question 241.63 (1.3.12)

Table:1.3-3, (PSAR p. 1.3-13, Amend. 8, Dec. 1975).provides comparative data
for CRBRP & FFTF. The FFTF linear heat rates do not correspond to the pub-
lished FFTF data. Please cite a reference for the FFTF heat rates -in.the PSAR
or provide a corrected comparison along width appropriate changes in the PSAR.

Response

A clarification provided. by NRC for this question identified HEDL-TME 75-48
as the source .for information that differed from FFTF data listed in the.
PSAR. This HEDL document was provided.to NRC .as. information derived from
the base.technology conducted. by.. ERDA. The operating conditions quoted in
this document represent expected conditions, for which the testing program will
provide confirmatory data. This is not a primary document for the specification
of FFTF parameters; however, the peak heat .rate quoted is 12.6 KW/ft.,
which is essentially the same as..the 12.7 KW/ft. value quoted in the CRBRP
.PSAR. The value of 14.5 KW/ft. 'given'.in:.the NRC clarification cannot be
identified, unless it was found in an earlier version of the HEDL-TME 75-48
than the one transmitted by CRBRP.

Inquiries made to the FFTF Engineering Dept. at HEDL verified the accuracy
of both the peak and maximum (peak x hot channel factors at 115% power)
linear powers quoted in the CRBRP PSAR. The primary source for information
of this nature is given in'. the FFTF FSAR, Chapter 4, Reference 74.
(G. J. Calamai, et.al, Steady State Thermal and Hydraulic Characteristics
of the FFTF Fuel Assemblies, ARD-FRT,1582, June 1974.)

131
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Question 241.64 (1 .3.2)

On PSAR page. 1.3-13, state if core fluxes are average or peak. What is the
resultant fluence-to-burnup ratio and in-core residence time (at power)?
The data on page 1.3-17 (Table 1ý3-13) are insufficient and nonspecific
(e.g., "core residence time = 3 years," last item).

Response:

Amended Table 1.3-13 provides updated nuclear design data in the specific
areas related to peak core fluxes and peak-fast-fluence-to-peak-burnup
ratio.

Amend. 30Q241.64,1 Nov. 1976



Question 241.65 (4.2.1.1)

On page 4.2-2 of the CRBRP PSAR it is stated that the fuel assembly,
design life of 411 full power days, corresponding to a peak fuel pel-let
burnup of 80,000 MWD/T, has been shown by FFTF Technology and EBR-II
irradiation experience to be achievable in CRBRP with "conservative levels
of safety and reliability". With the use of specific examples, please
indicate which EBR-II irradiation test data and which aspects of FFTF
technology have demonstrated that the designated design life will be con-
servatively achieved in CRBRP with respect to safety and reliability..
In this regard it would, for example, be helpful to have a list of the
pertinent EBR-II test data, together with a short description of the test
rods and conditions. How many rods were prototypic of the current CRBRP
design? Where the rods deviated from current design parameters, how
did this affect the test results? Provide a quantitative estimate of the
degree of conservatism in safety and reliability which have resulted from
the application of the EBR-II irradiation experience and FFTF technology
to the design and design life of the current CRBRP fuel.

Response:

The referenced portion of the PSAR was intended as a general summation
of the information contained in later sections, i.e., 4.2.1.3 Design
Evaluation, 4.2.1.3.1.3 Irradiation Experience, and 4.2.1.4 Testing and
Inspection Plans. As a summation, the details of the statement are not
presented at the referenced page (page 4.2-2) but in later sections and
amendments since made to the PSAR. A specific example of the use of
FFTF technology has previously been given (Amendment 15) in a preliminary
indication that the 0.2% thermal creep strain limit used in conjunction
with the CRBRP strain calculation procedure is conservative relative to
design fuel rod lifetime. The results of this example utilize
specific EBR-II irradiation data presented in Ref. 4.2-75 and in summary
table 4.2-B. The design limits given in Table 15.1.2-1 have been chosen
to preclude failure. However, even if the cladding breaches, this does
not necessarily mean that safety is compromised. In fact, failures
have been reported in Ref. 4.2-101 in fuel rod bundles with no discernable
deleterious effects on adjacent rods. In addition, it is expected that
further operation with breached (Ref. Q24 1 .65-1) rods is safe.

Pertinent EBR-II steady state test data toqether with a description of the
test rods and conditions are given in Ref. 4.2-162, Table A-l. Figures
A-1 and A-2 of that reference list the relevant steady state program re-
quirements which each of the individual subassemblies are designed to
address. In addition, oreliminary planning for use of EBR-II test results
has been provided previously in Section 4.2.1 3.1.3.

Amende. 32
Q241.65-1 Dec. 1976



EBR-II assemblies which are considered as being key to the CRBRP are
listed in Tables Q241.65-1, 2, and 3. These assemblies contain l.200
rods. As noted in an earlier response (Amendment 20, Section 4.2.1-.3.1.3),
the major differences between these rods and CRBRP rods are the fluence/burnup
ratio, axial power distribution and coolant velocity-temperature combi-
nations. This response also noted that FFTF fuel performance verification
and CRBRP surveillance can provide more data to verify the applicability
of the EBR-II data base, the analytical methods and the CRBRP fuel
design.

It is not possible to provide a quantitative estimate of the degree of
conservatism in safety and reliability directly from the application
of EBR-II experience and FFTF technology. Therefore, the reference to the
conservatism has been deleted from Section 4.2.1.1 of the PSAR.

Reference:

Q241.65-1 Letter S:L:1628, "Additional Information on Subassembly
Faults", A. R. Buhl to R. S. Boyd, September 20, 1976
(Enclosure 2, "Operation with Failed Fuel".).

Q241.65-2 Amend. 32
Dec. 1976



V

TABLE Q241.65-1

KEY EBR-II.SUBASSEMBLIES FOR STEADY STATE IRRADIATION PERFORMANCE

em

1 PEAK PEAK CLAD GOAL PROVIDES DATA FOR TABLE 4.2-62
TEST . CLADDING TYPE POWER KW/ft (TEMP (OF) BURNUP (I/%) I ii .I V i V VI I Vil

r.3

0'~
U,

or~
0~

O~3

XX02

.XX04

X051

X054

X059

X062

X069

X073

X0 74

X076

X087

X088

X09 3

X096

X097

x.107

XI 08

XI 14

X115

X 116

xi 17

X118

PNL-17

PNL-17A

PNL-3

PNL-5

PNL-4

.GE-F98

PNL-7

PN L-6

PNL-8

WSA-2/WSA-5

PNL-9

WSA-I/WSA-5

PNL-10

NUMEC-E
HUVEC-F

P3L-1 1

P-19

P.L-5A

WSA-3

PN1L-5B

GE-F8B.

GE- FSB

20% CW'316SS

20% CW .316SS

Annealed 304SS

Annealed 304SS

Annealed 304SS

Annealed 304, 316,
321S.S

Annealed 316SS

Annealed 316SS

Annealed 316SS

Annealed 20% CW 316SS

20% CW 316SS

Annealed 20% CW 316SS

20% CW 316SS

20%.CW 316SS

20T CW 316SS

20% CW 316SS

20% CW4 3JSSS

Annealed 304SS

20% CW 316SS ,

Annealed 304SS

Annealed 304, 316SS,
INC-800

Annealed 304SS, 20%
CW 316SS, Annealed
INC-800

.1l.l

12.3

5.5

14.2

9.7

12.1

9.6

6.8

13.2

7.1 - 11.5

5.9

6.7 - 7.8

9.6

13.1

12.2

12.6

19.4

13.5

10.5

14.3

5.9

6.6

1050

1110

855

1010

905
.1055

1000

1010

1080

1075 - 1270

915

1040 - 1140

1080

1215

1115

1075

1080

1030

1125

1040

950

960

3.8

0.4

6.9

5.9

10.1

15.0

10.9

8.0

9.6

13.0

5.6

14.0

6.0

2.7

5.0

5.3

5.3

14.1

13.5

16.1

13.0

I

0

S

0

S

9

9 0

a

0

S



TABLE 241.65-1 (Cont.)

KEY EDR-II SUBASSEMBLIES FOR STEADY STATE IRRADIATION PERFORMANCE

TEST I SUBASSEMBLY

GE41IOA

-Co

cmN)

X121

XI 22

X1 38

X141

X143

X144

X145

X150

xi 51

X1154
X155

X1 59

XI 60

X1 61
X162

X169

X1 81

GE-Fl OB

P-23A

GE-Fl IA

GE-F9A/C

GE-F9A/C

GE-F9E
P-IZA

GE-EI/F5

WSA-4

GE-F9F

ANL-4
ANL-5

ANL-4A
AdL-5A

P-20

P-23B

CLADDING TYPE

Annealed 30455, 20-30%
CW, C.A., Annealed 316
SS, 20-30% CW

304, 321 ,34755, INC-
800 Annealed, 316H SS
Annealed, 20% CW, G.A.

o20% CW 316SSl
304, 316SS Annealed,
20% CW, C.A., 321,
34755 Annealed

Annealed 30455/
Annealed 316HSS

Annealed 316., 321SS/.
Annealed 316HSS
Annealed 316SS

10,20, 30% CW 316SS

304, 21 , 34755, INC-
800 Annealed

2od. CW 316SS
20% CW 31655

20% CW 316SS

20% CW 316SS

20% CW 316SS

20% CW 3165S

20% CW 31655

20% CW 316SS

15.5

12.8

14.9

12/7/12.'8

13.2/13.0

15.0

11.9

13.7

6.8

13.2

11.2

15.1

11.1

15.9

15.2

12.2

15.8 1285

1305

1400

1360

940/1055

955/1090

1135

1400

1130

1230

1240

1170

1115

1155

1140

1125

1350

PEAK , PEAK CLAD GOAL PROVIDES DATA FOR TABLE. 4.2-62
POWER KW/ft I (TEMP (oF) IBURNUP (II) [ I -[ , 1 I vii

11.0

5.8

9.35.6

13.3

1.3.0

12.7
7.9

9.5

15.0

10.6

10.5

12.1

0.1

0.1

7.8

7.0

*

0

S

S

0

S

i
S

S

0

S

S

S

S

0L

S

0.

S

S

0-



TABLE Q241.65-1 (Cont.)

KEY EBR-II SUBASSEMBLIES FOR STEADY STATE IRRADIATION PERFORMANCE

I SUY __I PEAK EAK CLAD GOAL PROVIDES DATA FOR TABLE 4.2-62
TEST ..SUBASSEMBLY CLADDING TYPE POWER KWift_ (TEMP (-F) BURNUP III% I V V1 v i. I vII

xl 86 P-1 2A 10, 20, 30% CW 316SS 11.4 1410 4.1•

X190 GE-F20 316SS Annealed, 20% CW 17.8 1255 10.0 o

X191 NUMEC-E 20% CW 316SS 12.8 1190 4.6

X192 PNL-9 20% CW 316SS 6.2 1095 9.8

X193 PNL-10 20% CW 316SS 8.8 1085 6.8 S

X194 PNL-ll 20% CW 316SS 11.8 1125 11.8 •

X199 WSA-8 316SS, 321SS, 3161 12.4 1420 7.3 o
TISS, 20% CW

X202 P-E/F 20% CW 316SS 11.1 .1060 6.5 5 f a

Q X203 P-23C 316SS and 316+TI, 12.4 1550 6.0 I .

20% CW

X204 GE-F9D Annealed 316HSS 10.3 1100 14.0 .0
L,

L X206 ANL-08 20% CW 316SS 13.1 1240 9.5

X213 P-12A 10, 20, 30% CW 316SS 11.5 1.375 8.2 I o

X215 P-15. 20% W 316SS 6.1 .1135 .1.5 0 a

X229 P-13 20% CW 316SS 14.5 1080 5.5 a

X230 P-14 20% CW 316SS 13.2 1182 8.0 e ,

X231 P-14A 20% CW 316SS 8.3 1142 8.0 oo

(D~1

Ch '.r..



TABLE Q241 .65-2

TASK B. RUN-TO-CLADDING-BREACH SUBASSEMBLIES

Test
Subassembly

Cladding
Type

Nominal
Peak Power,

kW/ft

Nominal
Peak Cladding
Temp, 'F
(outer surface)

Cladding Breach
EBR-II Run

X084
XI14

X138

X141

X155
X181
X181
X186

NUMEC-D
PNL-5A
WSA-3*
PNL-5B
P-23A
F11A

F9F*
P-23B
P-23B
P- 1 2AA

SA-316L
SA- 304
20% CW-316
:SA-304 •
20% CW-316
SA-304, SA-316
SA-347, SA-321
CW-304, CW-316
20% CW-316
20% CW-316
20% CW-316
30% CW-316

20% CW-316

20% CW-316
20% CW-316
20% CW-316
CW-321, CW-316
+Ti

X191 NUMEC-E

15
14
10
14
12
14

14
12
12
12

13

9
13
13

12
12

11
14
14
9

1180
950

1050
1050
1365
1350

1250
1300
1300
1200

1200

1025
1025
1200

1100
1250

1260
1050
1075
1100

62
66C
(1)
74F
0()
76A

(0)
76A
(0)
67A

67B

68C
75H
(1)

76F
(1)

75B
(1)(1)
(1)

X193
X19.4
X199

PNL-10
PNL-11
WSA-8* (

X202 P-E/F
X203 P-23C

X213,
X.229
X230
X231

P-.12AB
P-13
P-14
P-14A

2O%
20%
20%
20%
20%
20°,
20%

CW- 316
CW-316
CW-316+Ti
CW-316
CW-316
C'- -316
CW-316

* Grid-spaced
(1) At end of

subassemblies. All others are
Run 80B cladding breach in the

wire-wrap spaced.
test pins had not yet occurred.

Q241 .65-6
Amend. 32
Dec. 1976



TABLE Q241.65-3

SUBASSEMBLIES FOR RUN-BEYOND-CLADDING-BREACH TESTING

@7)" I

S/A
Peak Burnup at
End of Run 81

Mvd/MTM

Goal Burnup
MWd/MTMS/A Status

Hot Na Exposure
at Goal Burnup

(hours)

No. of Pins
at Peak Burnup

Peak Cladding
Temp, *F(EOL)

Peak
Power
kW/ft

P-23A(X138) 93,000

P-238(X181) 70,000

RTCB

RTCB
Run 83

RTCB

RTCB

10,O00*

7,600*

9,300*

22

18

II

0~~
U,

P-23C(X203)

P-13(X229)

P-14(X230)

75,000

45,000

50,000

In Reactor RTCB
for Runs 83
& 84

Reinsert 80,000
Run 83

In Reactor. 80,000

1260.

1320

1220

1150

1150

13

12.5

12.5'

13-14

13-14

9,100

8,200

61-37

61,37

*Exposure. at beginning of RTCB irradiation.

M:,



Question 241.66 (4.2.1.1)

For equilibrium cycle conditions the fuel assembly burnup is given as
150,000 MWD/T peak and 100,000 MWD/T average, although it is acknowledqed
in the PSAR that these burnups cannot be conservatively demonstrated at
this time. It is stated that "future test data could show that equilibrium
cycle burnups are achievable". Please outline the portions of the current
test program that are designed to confirm the conservatisms of the.equili-
brium cycle peak burnup. Include test scope and schedule as part of the
requested outline.

Response:

The response.to this question is provided in amended PSAR Section 4.2.1.1.2.1.

Amend..30
Nov. 1976Q241.66-1



Question 241.67 (4.2.1.1)

For normal and upset conditions, fuel and radial blanket assembly
component temperatures .are said to be based upon maximum expected plant
operating conditions and upper 2o level semistatistical hot channel factors,
which result in a 97.5% probability that the corresponding temperatures
will not be exceeded. It is further stated that "this is conservative
since the long term damage associated with these temperature levels is
expected to more closely correspond to that associated with time averaged
nominal temperatures." Some clarification of the above relationships
is needed as follows:

(a) Provide a list of the expected and/or design values for the fuel
and radial blanket assembly component temperatures for normal and
upset conditions.

(b) Provide a list of the maximum expected plant operating conditions
and upper 2a level "semistatistical" hot channel factors.

(c) Show how the maximum expected plant operating conditions and upper
2a level semistatistical hot channel factors result in the 97.5%
probability that the component temperatures will not be exceeded.

(d) Explain in greater detail why the 97.5% probability value is con-
sidered conservative if the long term damage associated with these
temperature levels is expected to more closely correspond to that
associated with time averaged nominal temperatures. Provide
quantitative values for the damage estimates.

Response:

The response to this question is provided by revision of the referenced
statement in PSAR Section 4.2.1.1.2.1.

Amend. 32
Q241.67-1 Dec. 1976



Question 241.68 (4.2.1.1)

The discussion of fuel rod load mechanisms (PSAR pages 4.2-3, -4, and -5)
groups the loading mechanisms into six general categories, and states that
"as shown in Table 4.2-52 and the exemplary references cited therein, the
above loading conditions are supported by FFTF fuel assembly design evalua-
tion and EBR-II reactor operating experience and information from the U.S.
and foreign LMFBR programs. Therefore, as a minimum, these loadings shall
be required for evaluation of the design adequacy of the fuel and radial
blanket assembly fuel rods".

(a) The above statements imply that the design adequacy of the
fuel and radial blanket assembly fuel rods has not yet been
assessed by the CRBRP staff. Please provide a schedule for
this assessment.

(b) The applicant should provide or reference a comprehensive
analysis and discussion of the relationships between the
FFTF fuel assembly design .evaluation, EBR-II reactor opera-
ting experience, information from the U.S. and foreign
LMFBR programs, and the postulated loading conditions in
CRBR.

Response

(a) The subject statement, which appears in Section 4.2.1.1.:.2., gives design
requirements. It is not intended to imply that the design adequacy of the fuel
rods has not yet been assessed. Indeed, the requested assessment has
been provided in PSAR Section 4.2.1.3, Design Evaluation.

(b) The references cited in Table 4.2-52 were provided only as examples
to indicate the types of loadings to be considered. They were not
intended to provide the absolute magnitude of these loadings. There-
fore, the requested discussion given below concentrates on the appli-
cability of the cited references to the postulated loading conditions
in CRBRP. Table 241.68-1 gives a summary of the nominal design and
operating conditions cited in the exemplary references. As shown in
the following subsections, the conclusion is that the cited references
do indeed support the postulated CRBRP fuel rod loading conditions.

FFTF Fuel Assembly Design Evaluation

Since the fuel and cladding design differences between FFTF and CRBRP are
minimal and the FFTF operating conditions envelope CRBRP, the loadings
given on pages 2.1 and 2.2 of Reference 4.2-59 and page 1 of Reference
4.2-60 were considered directly applicable to CRBRP.-

EBR-II Reference Fuel Irradiation Experiments

On page 185 of Reference 4.2-61, it is stated that: "At least three-quarters

Amend. 32
Q2 4 1.68-1 Dec. 1976



of.,the gas produced by• fi.ssion was rel eased to the pl enums. Thus,. i t
appears that conservative fuel el ement design cannot .rely on any substantial
retenrtiton of gas in the-ceramic". This. finding.was considered .valid. 'Other
findiings relative .to the unimportance of 'fuel-cladding :differential .expansion
and hi.gh"1 loading due to.wir e-wrap c .addin.g interac tion were discounted :be-
cause as stated. on page 1851: "Substantially more clOadding swelling was.
observed with Type 304L -than with.Type 316 stainless steel".

Reference 4.2-62 states on page 98:. ",The, potential for cladding deformation
due to fuel-cladding mechanical interaction' should be considered in LMFBR
fuel rod design". This guideline, based upon 316 solution annealed clad
fuel rods irradiated in EBR-II, was considered valid for the reason stated
on page 97: "Consequently, although the fluence-to-burnup ratio for the
experimental rods was less than will be experienced by the near-term LMFBR
fuel rods, the ratio of cladding swelling to burnup in the experimental rods
with annealed cladding may be of the same order as that anticipated.with the
cold-worked cladding in near-term LMFBR's".

Reference 4.2-63 was evaluated for results pertinent to wire wrapped 316
solution annealed fuel rods because of the applicability of the swelling
to burnup ratio as discussed above. From page 317 of this reference:
"Total fission gas release was similar, 70% in Rod F9D-l0 (coprecipitated
fuel) and 66% in Rod F9D-15 (physically mixed fuel)". And from page 316:
"In agreement with calculations, the channel (referred to as duct in CRBRP
design) could not be moved relative to the rod bundle with a reasonablepull
force limit . . . Profilometry indicated significant local rod deformation
at wire pinch planes". These results, which are indicative of loading by
support system and duct interaction, were considered overly conservative
even for the 304 SS wire wrap and duct. The reason is as stated on page
316: "An unirradiated channel was placed on the F9A test assembly after
interim examination at 6.5% burnup. During further irradiation to 9 atom %
average burnup, there was a significant growth of the bundle but little
growth of the channel because of the exponential fluence dependence of metal
swelling". Since this type of loading may occur in the CRBRP assembly be-
cause the.duct operates at lower temperatures than the wire wrapped rod
bundle, it was considered as a loading mechanism.

U.S. LMFBR Program

Reference 4.2-64 is a study of loading mechanisms in a general LMFBR with
720°F inlet and IO00°F mixed mean outlet temperature. Analyses of FFTF
type fuel rods were performed at core midplane (highest power).and core
outlet (highest cladding temperature) for a typical hot rod, peak power
rod, average rod and minimum power rod. Because of the similarity to CRBRP
design and operating conditions, the following loadings were judged to be
appropriate: Page 26 - "Stresses which are due to fission gas, thermal
strains and the differential swelling strains". Page 33 - "Stresses due
to fuel-cladding interaction. Page,48-49 - "Wire-Wrap to Cladding and
Bundle-Duct Interaction".

Reference 4.2-65 is a synopsis of LMFBR reference fuel pin transient behavior

Amend. 32
Q241.68-2 Dec. 1976



based upon the experimental data (referenced but not reported) at that time
(late 1972). The loading mechanisms, identified were all considered generic
for CRBRP since there was insufficient data to prove otherwise. Page628
states: "Several experimentally identified mechanisms may act individually
or collectively to produce cladding strain under transient conditions. These
include: a) differential fuel-cladding thermal expansion, b) intergranular
fission gas induced fuel swelling, and c) transient release of the inter-
granular fission gases". A more recent sunmary (Oanuary, 1975) of the
reference fuel transient irradiation program identifies the same loading
mechanisms. (See page 50 of Reference 4.2-56). Page 632 of. Reference
4.2-65 identified post-failure loading mechanisms as molten fuel and fission
gas ejection.

Reference 4.2-66 is a general discussion of fuel rod vibrations in an LMFBR.
Since the sample calculation given on pages 416 to 421 used parameters similar
to those of the CRBRP wire wrapped rod bundle, fuel rod vibration was con-
sidered a CRBRP fuel rod loading mechanism.

Foreign LMFBR Programs

The references cited in this area are not very detailed regarding design and
operational parameters. Therefore, a large number of the entries in Table
241.68-1 are NS (not specified). These details for PFR, the initial SNR-
300 core and Phenix, as taken from Table Ha of Reference 241.68-l, are
indicated in parenthesis after the NS entry.

Reference 4.2-67 describes the theoretical and experimental 'studies (out-
of-pile and"DFR irradiation) to support the U.K. LMFBR program. As noted in
Table 241.68-1, the design and operating conditions are not significantly
different from CRBRP. Therefore, the following loadings from page 331 of
this reference were considered relevant:

"(a) The steady mechanical interaction between fuel and cladding
after lengthy operation of the reactor at steady power.

(b) The transient fuel/clad interaction pressure during a rapid
power increase after lengthy operation at reduced power.

(c) Cladding stresses caused by the pressure of released fission
gases ..

Wd) The transient fuel/clad interaction stresses during a regular
sequence of power cycles.

(e) Self-stressing of the cladding due to differential thermal
expansion and differential voidage swelling".

The PFR initial core will use grid spacers with wire wrap as the backup
support system. In the design evaluation described in the reference, page
337, thermal bowing due to differential thermal and irradiation induced
expansion and pin vibration were considered for both support systems.

Amend. 32
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Reference 4.2-68 describes the design procedure of an experimental sub-
assembly (MOL-7B) in support of SNR. Of particular interest, a computer
code developed to analyze SNR fuel pin cladding was used to evaluate the
MOL-7B.fuel pin designs. As stated on page 173 of the reference: "The
following loads, variable with time, are considered:

(a) Outer coolant pressure;

(b) Inner gas pressure due to filling:gas and the relealse:of
gaseous fission products;

(c) Axial force associated with the inner and outer pressures
considered above;

(d) Contact pressure and axial force due.to fuel swelling;

(e) Temperature gradient caused by heat generation in the fuel
itself and the gamma heating in the cladding".

As demonstrated by the reference, these general LMFBR fuel rod loadings are
not keyed to any specific set of design and operating parameters. Therefore,
they were considered appropriate for CRBRP.

Reference 4.2-69 reports on a thermal reactor irradiation of an LMFBR (Phenix)
type fuel pin. The purpose of the study was to determine the effect of clad-.
ding breach on the fuel, fuel rod and sodium circuit. As stated in the
Abstract, page 261, the results of the testing indicated that the Drifmary
loadings were gas release and sodium-fuel interaction. These results
agree with the transient loading mechanisms reported by the U.S. LMFBR
program (Reference 4.2-65), and are considered applicable to
CRBRP.

Reference

241.68-1 - K.
Pin", Nuclear
Paris, 21-25,

Kummerer, "General Characteristics of a Fast Reactor Fuel
Energy Maturity, Proceedings of the European Nuclear Conference,
April, 1975, Vol. 3, Part 1, page 446,.Pergamon Press, 1976.

Amend. 32
Q241.68-4 Dec. 1976



or,",

TABLE Q241.68-1

Summary of Design and Operating Conditions for CRBRP Fuel Rod Loading References

Jb

co0nI

Exeinlary Reference. 4.2- . PSAR 59,60 61 62 63 .66 6 68 69

CRBRP FFTF EBR-I1 EBR-11 EBR-il L:IFBR LMFBR DFR A PFR SNR-30C Phenix

Reactor/Subassembli.es Fuel Driver Fuel F3A F2,F3,FSF9 F9 Fuel Fuel Fuel BWa/)L 7-8 Fuel

Fuel Design
Pu in (UPu)Ox 18.7, 27.1 19.8, 24.2 25 20 - 25.4 25 NS, Implied NS 30 & 25 NS NS

Oxygen to Metal Ratio --- 1.94 - 1.97 1.94 - 1,97 1.98, 2.00 1.98, 2.00 2.0 Same as NS 2 2 2

Pellet Form Note 1 SP SP, CP, wM SP & AP, CP SP & AP SP & AP, CP, 1M FFTF NS SP & VC SP, VC NS (SP)

Pellet Density Theor. 91.3 90.4 84 - 95 89 -96 79 - 98 J 90.4 NS NS (86.5) NS (85)

Pellet Diameters Inch 0.1935 0.1945 0.245 .206 - .218 NS(3) NS NS NS (.200) xS (.2165)

Smeared Density % Theor. 85.5 85.5 81.1 - 08.4 82 - 93 NS 85.5 NS (80) Ns (80.0) 3s

Cladding
SS Material Type -- 316 316 304L, 316 321, 316 316, 304, 321 116 300 Series M316,FV548,PE16 WN 4970, 4988 HS (316L)

Cold Work 20 20 .0 0 & 50 0 20 MS NS 0 MS

Outside Diameter Inch .230 0.230 0.290 0.250 0.250 .230 .230 .230 'iS (.236) us (.258)

Wall Thickness Inch .015 0.015 0.020 0.015 0.015 .015 .015 MS (.015) N1S (.015) NS (.0177)

Nominal Conditions
Mea.? Cladding MW Teep. 'F 1230(4) 1118 - _310(4 981 - 1180 815 - 1180 986 - 1058 980 - 1372 1000 1292 1292 -1110
Peak Fuel Burnup . Atom 80 MWO/Kg(2) 80 MWD/Kg(2) 5.56 3.7 - 11.1 6.8 - 15.4 MS (13,150 hrs) MS 7.5 .4-80 MWD/Kg(

2 ) 
NS (60 MWD/Y)

Peak Linear Power Kw/Ft 6.6- 11.1 7.1 - 12.4 15 - 17 12.6- 14.2 9.1- 13.6 NS, Implied NS 15.75 11.8 - 14.8 18.0

Same as

FFTF

0,>

'.0

ý'-iCW

Notes: (1) SP -Solid Pellet, AP = Annular Pellet, VC = Vibro Compacted, CP - Copreciplitated, 1 zI Mechanically Mixed

(2) 1 Atom % Burnup Corresponds to 1.5 HWI)IK9 in FFTF or CRBRP

(3) NS - 3ot Specified in Cited Reference.

(4) Design (Hotspot) Value at 00 1PVD/Kg Peak Burnup.



Question 241.69 (4L2.1.1)

Please provide further dtscussion And documientatton fn support of the
contention that irradiation induced creep and swelling are super-plastic
phenomena and thus not ductility limited.

Response:

The response to this question is provided in amended PSAR Section
4.2.1.1.2.2.

Q241.69-1 Amend. 29
Oct. 1976



Question 241.70 (4.2.1.1)

The treatment of fatigue effects in the PSAR requires amplification because
it is not sufficient to state that "the appropriate fatigue component will
be added to the CDF" )PSAR page 4.2-8). Please add specificity by listing
exemplary fatigue components and values together with estimates of corres-
ponding reductions in fuel design life or operation. Also show how the
fatigue component would be added to the CDF.

Response:

A discussion of fuel rod cladding fatigue damage is provided in revised PSAR
Section 4.2.1.3.1.1 and the methodology for including fatigue effects in theCDF procedure is discussed in PSAR Section 4.2.1.1.2.2.

Q241.70-i Amend. 29
Oct. 1976



C

Question 241.71 (4.2.1.1)

In the discussion of maximum cladding midwall temperature (item 7, page
4.2-8) the term "design guideline" is used. Please explain the significance
of this terminology. How is a "guidleing" different from a "limit"? Pre-
sent and discuss the "recent data on irradiated prototypic cladding" which
indicates "short-term failure at temperatures much higher than 1600OF", as
suggested on PSAR page 4.2-8.

Respose:

The response to this question is provided in the response to Question 241.85.

Q241.71-I Amend. 30
Nov. 1976



Question 241.72 (4.2.1.1)

CRBRP section 4.2.1.1.2.3, Requirements for Design Features, provides a
useful focus on specific design features to be incorporated into the fuel
and radial blanket assembly designs.- Nowhere in the PSAR, however, is dis-
cussion provided of. the means by which these design feature requirements
would be met. While it is understood that much of the LMFBR base technology
is still under development, the PSAR should contain this discussion,to the
fullest extent possible within the present state of the art. The appli-
cant should also make a commitment to submit topical reports, which will
resolve any outstanding items in this general area, before the submittal of
the FSAR.

Response

For a discussion of the design features that satisfy the requirements given
in PSAR Section 4.2.1.1.2.3 and itemized below, see the indicated PSAR
Section and/or question referenced: 130

1. Features incorporated into the fuel assembly design to minimize flow
induced vibration and the potential for fretting and wear are speci-
fied in PSAR Sections 4.2.1.1.3.4 and 4.2.1.2.1. An explanation of why
vibration of the radial blanket rods is not expected to occur is given
in PSAR Section 4.2.1.3.2.1.4.

2. Fuel and radial blanket assembly component materials are specified in
PSAR Section 4.2.1.2. Tests to verify that galling or self-weldinq
do not occur at the hard coated surfaces are detailed in PSAR Section
4.2.1.2.1.

3. As specified in PSAR Section 4.2.1.2.1 the fuel pellet column is re-
tained in position during preirradiation shipping and handling by a
preloaded helical compression spring. Design calculations for the
preliminary fuel column holddown spring were performed following standard,
industry accepted analysis techniques. References for spring design
calculations and the requirements satisfied are given in PSAR Section
4. 2.1.2.1.

Q241.72-1

Amend. 30
Nov. 1976



4. Explanation of the assembly external support system and thermal ex-
pansion provisions are given in the response to PSAR Question 241.80.
Unlikely events to cause loss of hydraulic balance, the precautions
taken to preclude these events and analysis of the effects and conse-
quences.of assembly movement are discussed in PSAR Section 15.2.2.1.

Within the assembly the initial cold gaps provided for differential
axial growth between the duct and fuel or radial blanket rods are
shown on the fuel and radial blanket assembly schematics (Figures 4.2-11
and 4.2-14, respectively). Presently, for the fuel assembly this gap
is 2.1 inches (Table 4.2-4) and 16 inches for the radial blanket
assembly.

5. As shown in schematics of the fuel and radial blanket assembly (Figures
4.2-11 and 4.2-14, respectively) multiple radial inlet slots or holes
are provided in the inlet nozzles. According to standard techniques
of hydraulic analysis (Reference Q241.72-I) complete blockage of one of
the six inlet slots in the fuel assembly would increase the inlet
nozzle pressure drop from the values given in Figure 4.2-2 by 4.5 psi.
This would correspond to a design flow rate decrease to approximately
97.5% in the highest flow assembly. The inlet plenum feature model
test initial results, reported in Reference Q241.72-2, verifies that.
an assembly with two partially blocked inlet slots typically has about
2% less flow than a full flow assembly (see Figure 15.4.1.3-2). Core
flow distribution tests used the same inlet plenum feature model but
effectively blocked off one inlet slot completely. The results from
this test, summarized in Reference Q241.72-3, conclude that the flow
maldistributions throughout the core is typically less than 2% and
randomly distributed. Additional information on cleanliness require-
ments, precautionary operations andsodium coolant purity requirements
that assist in the prevention of blockages to the fuel and radial
blanket assemblies are given in PSAR Sections 15.4.1.3.1 and 15.4.3.3.1.

6. A complete description of the discrimination systems that assure accurate
location in the core of the fuel rods and fuel, radial blanket, control
and removable radial shield assemblies is given in PSAR Section 4.2.1.2.3.

In view of the above, none of these items require resolution in topical
report form.

References

Q241.72-1 I.E. Idel'Chik, "Handbook of Hydraulic Resistance", AEC-TR-6630,
Clearinghouse for Federal Scientific and Technical Information.

Q241.72-2 HEDL-TME-75-94, P.M. McConnel, J. Spalek, S.J. Mech, "Inlet
Plenum Feature Model Flow Test of the CRBR: Initial Results",
November, 1975.

Q241.72-3 HEDL-TME-76-33, P.M. McConnel, "IPFM Flow Test of CRBRP: Adden
dum V" March, 1976. 30

Amend. 30
Q241.72-2 Nov. 1976 a



Question 241.73 (4.2.1.1)

Features said to minimize flow induced vibration and the potential for
fretting and wear include: (1) an axial pitch of 11.9 inches with a backup
6-inch axial pitch for the fuel rod wire wrap; and (2) minimization of
radial porosity between the fuel rod bundle and duct by means of selective
assembly techniques (CRBRP Amendment 15, page 4.2-13a). The adequacy of
these features in controlling fuel rod cladding fretting and wear is re-
portedly being evaluated in the prototypic EBR-II experimental subassemblies
P13, P14, and Pl4A. Please describe these subassemblies and tests, including
program scope, schedule, objectives, methods, expected results, and applica-
tion of findings to the CRBRP cladding fretting and wear design features
above.

Response:

The information requested is provided in revised PSAR section 4.2.1.1.3.4.

Q241.73-1 Amend. 32
Dec. 1976



Question 241.74 (4.2.1.1)

The discussion of potential differences in environmental effects in the
radial blanket versus the fuel is not quantitative enough for PSAR. Even
though existing data may be insufficient.for a finalized analysis, the
PSAR should contain quantitative estimates of the. environmental effects
in the radial blanket founded on the existing data, (and/or assumptions,
if necessary) along with *discussion of uncertainties and R&D programs
which will generate new information in this area.

Response:

The response to this question has been expanded to discuss the radial
and inner blanket assemblies. The radial and inner blanket assembly
types have been analyzed in the same detail as the fuel assembly and the

51 important radial and inner blanket performance analyses have been presented
in the comparable detail in the PSAR. The differences between the operating
environments of the two designs were pointed out in the PSAR to indicate
that the differences between the designs were considered. The differences
in operating conditions are inherent in the nuclear and the thermal data
as they are presented in the PSAR. The effect of the environmental dif-

51 Iferences on the blanket performance have been stressed in Section 4.2.1.1
of the PSAR. It is indicated that several important environmental effects
are less severe for the blanket rod than they are for a fuel rod:

51 The fuel cladding chemical interaction in the radial and inner blan-

ket is less than in the fuel rod.

Fuel-sodium reaction in a failed radial and inner blanket rod re-
sults in less relative fuel expansion than in a failed fuel rod.

f Also, due to lower godium flow velocities in the radial blanket
assemblies with long residence times, the corrosion rate will be
lower for the radial blanket rod cladding than that for the fuel

51 rod cladding.

The effect of the environmental parameters on the radial and inner blan-
ket performance was calculated in the PSAR by estimating the effect of
environmental conditions on the blanket using performance models that
were calibrated on fuel rod data.

The basic data and the analytical models used to predict the effect of
51 I the environmental conditions on the radial and inner blanket are being

generated in the fuel development programs. The development tests, the
technical information obtained from these tests and its utilization in

51 design are identified in PSAR Section 4.2.1.3. The information gener-
ated for fuel design covers a parameter range which generally envelops
the environmental conditions of the radial and inner blanket and therefore

I includes the general technical information required for the radial and
5 inner blanket design.

Amend. 51
Q241.74-1 Sept. 1979



5 Table Q241.74-1 lists this technical information which will be avail-
51 Iable from fuel rod and fuel assembly experiments or analysis. Table

Q241-74-1 also indicates which data are supplemented by specific blan-
ket tests to confirm the applicability of the fuel design data to blan-
ket design.. Additional experiments are identified to test those blanket
features which are uni~que and are not tested in the fuel development
program. Such features include the effect of larger rod sizes, 'the large
power gradients, assembly configuration and power history. Although
the testing program was initially planned to verify critical features of
the radial blanket assembly, this testing program generally envelopes
the inner blanket assembly conditions. The testing parameters in these
programs were expanded to envelope inner'blanket assembly con-
ditions, which deviate significantly from the radial blanket conditions,

51 such as the larger flux in. the inner blanket assemblies. All these
test programs do not eliminate~the uncertainty associated with the long

51 J goal operating time of nu 21,000 hours for radial blanket which requires
extrapolation of the available data. Confirmation of the validity of

51 •fthe extrapolation will be obtained from irradiation of WBA-40 and WBA-41
in FFTF which will test operation of the CRBRP. blanket.

The radial blanket test program plans, and the rationale for obtaining
data to support the radial blanket design were discussed at the:"CRBRP
Fuel Meeting" with NRC on October 13 and 14, 1976 in Bethesda, Maryland.
(Additional details are contained in the handout from that meeting, en-
titled "Radial Blanket Rod Test", H. D. Garkisch.)

Amend. 51
Q241.74-2 Sept. 1979



TABLE Q241.74-1

Blanket Development*

*m1)
51 1

51

N)

51

-~(D

Cn (1

to4~

Area of
Technical

* Uncertainty Technical Information Required Required Experiment or Analysis Utilization of Results

1. Cladding Claddin9 Material Properties Fuel Rod Data. Additional Testing Final Design Verification:I Integrity During Includes Blanket Cladding
Steady State Rupture Tests
Operation

Rod Irradiation Testing in EBR-II WBA-20,** FSf. Submittal
WBA-21** CRBRP. Operation

Rod Bundle Irradiation Testing WBA-40**, 41**, 45/46** CRBRP Operation
in FFTF

Fuel-Cladding Interactions See Item 2

Cladding Wastage See Item 4

* Blanket Rod Cladding Fuel Assembly Data
Breach Criteria and Cladding*
Steady State Performance Code

Cladding Transient Behavior See Item 3

Run Beyond Cladding Breach See Item 2

Flow Induced Rod:Vibrations See Item 7

Irradiation Creep and Swelling Fuel Rod Data FSAR Submittal
Evaluation

Cumulative Damage Function and Fuel Rod Data Final Design Verification
Creep-Rupture Evaluations

Evaluation of Irradiation Testing Fuel Rod Data FSA2 Submittal

*Only. approved planned and ongoing tests are listed.
51 f .**WBA-20, WBA-21, .WBA-40, WBA-41, WBA-45/46 are designators for Irradiation Tests which Testinq Objectives are presented at the

CRBRP Fuel Meeting with NRC, October 13 and 14, 1976 in Bethesda, Maryland.



.TABLE Q241.74-1 (Cont.)

Blanket Development*511

51

.0
N)
_1ý
ý4

Area of
Technical

Uncertainty Technical Information Required Required Experiment or Analysis Utilization of Results

2. Fuel Dehavior Fission Gas Release Determine Release Fraction in Final Design Verification.
During Steady WBA-20 WBA-21
State & Tran- Develop a F.G. Release Model in Design Release for
sient LIFE to Accommodate Radial and

Inner Blanket Parameters Fabrication

Verify Release Fraction in WBA-20 Reactor Operation
WBA-21

Fuel Swelling Determine Fuel Swellinq from WBA-21 Final Design Verification
Develop Fuel Swelling Model Final Design Verification
Based on Fuel Assembly Data and
WBA-20

Verify Fuel Swelling with WBA-21 Reactor Operation

Fuel Densification Fuel Assembly Data

Verify. Densification in WBA-20 FSAR Submittal

Fuel-Cladding Interactions WBA-20, Final Design Verification
(Steady State) Develop a Fuel-Cladding Inter-

action Model in LIFE to Accommo-
date th6' Radial and Inner Blanket
Parameters Reactor Operation

uel-Cladding Interactions During WBA-20 (Power Jump) FSAR Submittal
Transients

Assessment of CRBRP REC5 Analyze Data, Tests are being Reactor Operation.
Capabi i ties pl anned. . Design Release for

Assessment of CRBRP.Radial and Radial and Inner Blanket Rod. Analyses Fabrication
Inner Blanket Rod Performance "-SAR Submittal

51

51

CD

a.0.

.*Only approved planned and ongoing tests are listed.

51, '**WBA-2, WBA-21, WBA-40, WBA-41, WBA-45/46 are designators for Irradiation
Tests which Testing Objectives were presented at the CRBRP Fuel Meeting
with NRC, October 13 and 14, 1976 in Bethesda, Maryland.



TABLE Q241.74-1 (Cont.)

Blanket Development*

07)

51

51

,C)3
N)

.1n

(D

ko

Area of
Technical

Uncertainty Technical Information Required Required Experiment or Analysis Utilization of Results

3. Cladding In- Cladding Ilaterial Properties at Fuel Assembly Data
tegrity During Transient Temperatures and Strain
Transient Opera- Rates
tion

Fuel-Cladding Interactions See Item 2

Transient Cladding Performance Fuel Assembly Data
Code Design Release for

4. Internal/ Fretting Wear Rod Bundle Compaction Test Fabrication
External Cladding
Degradation Wire Wrap Cladding Wear Test Design Verification

Flow and Vibration Test in Water Design Verification

Sodium Corrosion Fuel Assembly Data

Fuel-Cladding Chemical Attack WBA-20 Post Irradiation Examination Design Verification

Carbon and Nitrogen Depletion Fuel Assembly Data

Develop a Cladding Wastage Model Analyze Data and Issue Topical FSAR Submittal
Confirmation from WBA-20 FSAR Submittal

Develop a Carbon/'itrogen Deple- Analyze Data and Issue Topical FSAR Submittal
tion Model

5. Wire Wrap Wire Material Properties Use Cladding Material Properties
Integrity

Wire External Degradation Use Sodium Corrosion and Fretting
Wear from Cladding. See Item 4
and Fuel Assembly Data

Wire Wrap Performance Code Fuel Assembly Data

*Only approved planned and ongoing tests are listed.

**WBA- 20 , WBA-21 , WBA-40 are designators for Irradiation Tests which Testing Objectives were presented at the
CRBRP Fuel .leeting with NRC, October 13 and 14, 1976 in Bethesda, Maryland.



TABLE Q241.74-1 (Cont.)

Blanket Development*51 '

511

51

-o

-J

Area of
Technical

Uncertainty Technical Information Required RDCgiured Experiment or Analysis Utilization of Results

Performance of CRBRP Raiial and Wire Wrap Analysis with WRAPUP Final Design
Inner Blanket Assembly Wire Wrap

6. Power-to-Melt Experimental Data for Limiting FSAR Submittal
Blanket Assembly Power-to-!Ielt Durina Blanket Rod
Thermal Behavior Lifetime, WBA-46 Experiment will

supply data.

Hot Channel Uncertainty Factors bodate Hot Channel Factors and Input to T&H Design
substantiate

Final Design Verification

Assembly Temperature Distribution Develop Rigorous Steady State and Infut to T&H Design
Transient Subchannel Analysis
Codes; Experimental netermination of Input to T&H Design
Coolant Temperature Th"rough Proto- Input to T&H Design
type Blanket Heat Transfer Test

Rod Temperature Profile Develop Method of Calculating 3-D Input to T&H Design
Rod Temperature Profile and verify

Assemblies Orificing Develop Criteria and Methodology. Input to T&H Design
for Orificing Core Assemblies Complete
(OCTOPUS Code)
Flow Orificing Test Final Design Verification

Materials Properties and Behavior Characterize Thermal Properties of Input to T&H Design
Materials; Perform Irradiation Tests
Analytical Modeling of Fuel Behavior Final Design Verification
(Fuel Rod Performance Code Develop- Input to T&H Design
ment)

*Only approved planned and onqoing tests are listed.

51

-0 r

1o Ul

'J o

51 i •WBA-V0, WBA-21: W3A-4C, WBA-411 WP-45/46 are designators for Irradiation Tests which Testing Objectives were presented at the
CRBRP Fuel ileeting with NRC, October 13 and 14, 1576 in Betnesaa, Maryland.



TAB L •-g.74-1 (Cont.)

Blanket Development*

51 1

.51

`4

51

Area of
Technical

Uncertainty Technical Information Required Required Experiment or Analy sis Utilization of Results

3-D Duct Temperature Profile Devel'!P.aent of Analytical Code (TRITON)Final Design Review
to Calculate Duct Temps. in CRBR Core
Including Inter-Assembly Heat Transfer

Blanket. inter-assembly Heat Transfer

Core Natural Circulation Testing Blanket low flow Heat Transfer Design Verification
Capability Verification and AP Testing

Rod T&H Performance Code Continue Development of Analytical Input to T&H Design
Code for Blanket Rod T&H Design
and Performance Under Steady State
and Transient Conditions

Blanket Assembly and Rod Perform T&H Design and Performance Final Design Review
T&H Design and Performance Evaluation of CRBRP Blanket

Assemblies

7. Assembly Pressure Drops through the Blanket Assembly Flow and Vibration Design Verification
Hydraulic Following Components: Test in Water Blanket Component
Behavior A. Inlet Nozzle Pressure Drop Test Design Verification

B. Trimming Orifice
C. Shield
D. Rod Bundle
E. Outlet Nozzle

Flow Induced Rod and Assembly Blanket Assembly Flow Design Verification
Vibrations and Vibration Test

'Core Exit Instrumentation Assembly Outlet Nozzle Instrumenta- Design Verification
Uncertainties tion Test

Flow Distributions in Rod Bundle COBRA-IV Loss of Flow Event Transient Analysis
During Transients and Low Flows Transient Analysis

Blanket Assembly Heat Transfer Test Transient Analysis

Whole Core T&H Code Development Design Verification
Flow Distribution in Rod Air Flow Design Verification
Testing

______________________"____________________

0.0

51

*Only approved planned and ongoing tests are listed.

51 j **WBA-20, WBA-21, WBA-40, WBA-41, WBA-45/46 are designators for Irradiation
Tests which Testing Objectives were presented at the CRBRP Fuel Meeting

with NRC, October 13 and 14, 1976 in Bethesda, Maryland.



TABLE Q241.74-1 (Cont.)
51 Blanket Development*ý

5

5J

rD
'D 0-

ii

~1 I

VI I

Area of
Technical

Uncertainty Technical Information Required Required Experiment or Analysis Utilization of Results

Blanket Assembly Flow and Vibration Transient Analysis
test in Water

8. Rod Bundle- Rod Bowing and Duct Bowing Analyses of Rod and Duct Bow Design Verification
Duct Interaction

Verification with WBA-40, WBA-41 CRBRP Operation

Duct Dilation Due to Irradiation Analyses of Duct Dilation Design Verification
Effects

Verification with WBA-40, WBA-41 CRBRP Operation

Rod-to-Rod Forces Caused by Rod Bundle Compaction Test Final Design Review
Bundle-Duct Differential Growth

Analyses of Rod Bundle-Duct Coplete
Interaction Forces

Verification with WBA-40, WBA-41 CRBRP Operation

__J *Only approved planned and ongoing tests are listed.
51 I **WBA-20, WBA-21, WBA-40, WBA-41, WBA-45/46 are designators for Irradiation

Tests which Testing Objectives were presented at the CRBRP Fuel Meeting
with NRC, October 13 and 14, 1976 in Bethesda, Maryland.

0



Question 241.75 (4.2.1.1)

a) The extent of a cesium reaction with the axial blanket in the CRBRP
fuel rods should be discussed in quantitative terms; i.e. provide a
quantitative estimate of the extent of the reaction along with the
applicable data base and estimate of uncertainty in the data.

b) Describe the planned i'rradiation tests in prototypic FFTF irradiations
which will provi'de additional information on cesium migration and as-
sociated cladding reacti'on and interraction effects.

Response:

The response to this quesiton is provided in amended PSAR Section 4.2.1.1.3.7,
4.2.1.1.3.8 and 4.2.1.3.1.1.

Amend. 29
Q241.75-1 Oct. 1976



Question.241.76 (4.2.1.1)

The current discussion in the PSAR of the development of a limit to
sodium exposure by failed fuel is vague. Please provide a more detailed
description of the program which will result in "the development of
appropriate technology which will assure the benign nature of operation
with limited fuel-sodium contact." Include scope and schedule in your
discussion of the program.

The applicant should make a commitment to remove all defected rods having
sodium contact at each refueling until sufficient data are available to.
show that such fuel can be operated with predictable and safe results.
Outline the proposed run-beyond-failure irradiation testing fuel program
to be conducted in EBR-II. When would the results of these tests be
available?

Response:

Section 4.2.1.1.3.8, presents a summary of the state of the art
for operation of failed fuel in contact with sodium. It identifies
the lack of sufficient data to predict local swelling under non-uniform
reaction conditions as the major difficulty from the standpoint of steady-
state operation with breached cladding. Task C - Run Beyond-Cladding-Breach
(RBCB) of the Reference Fuel Steady State Irradiation Program Plan
(Reference Q241.76-1) is intended to. provide this data as well as assure
the benign nature of operation with limited fuel-sodium contact.

A brief description of the RBCB task may be found in Section 4.2.1.3-1 1 of the
PSAR and a more detailed description is given in Reference Q241.76-1. The
EBR-II phase of the program will provide: 1) reactor operational exper-
ience with breached fuel rods, 2) confirmation of the capability of
reactor instrumentation to monitor fuel and fission product release from a
breached fuel rod, 3) verification of the capability to detect a new
cladding breach with a previously breached fuel rod residing in the core,
4) data on the growth of the cladding fissure after breach, 5) information
on the potential for fuel washout, and 6) the effect of failed fuel rods
on neighboring fuel rods.

Subassemblies for the RBCB test include P-23A, P-23B,P-23C, P-13, and P-14.
Naturally. occurring failures are antici.apted for these assemblies and the
failures are expected to occur at high burnups (in excess of 80,000
MWD/MTM). Irradiation of some of the rods will continue beyond Na-fuel
contact as indicated by continuous delayed neutron signals up to EBR-II
operational limits. It is anticipated that initial irradiation test-
ing of the run-beyond-cladding breach subassemblies in EBR-II will be
completed by late 1978. This will allow time to complete the postir-
radiation examination, analyze the test results and prepare a Topical
report for submittal to NRC about the same time as FSAR submittal. 31

Q241.76-1

Amend. 31
Nov. 1976



The applicant has committed to remove all known defected fuel rods having
fuel-sodium contact at each refueling until sufficient data are available
to show that such fuel can be operated with predictable and safe results.
This commitment.is contained in Section 4.2.1.1.4 revised as a result
of the applicant's response to Q241.79.

The RBCB program is scheduled to continue in the FFTF once FFTF operation
is initiated. The scope and schedule are given in Reference Q241.76-1.
Final confirmation of the benign nature of operation with limited fuel-sodium
contact is expected to come from the EBR-II phase of the Task. As a
fallback position, data from the FFTF phase of the Task or a combination
of the EBR-II phase and limited surveillance type CRBRP operation as given
in answer to Question 241.78, will be utilized.

All known defected fuel rods having fuel-sodium contact will be removed at
each refueling until suficient data are available to show that such fuel
can be operated with predictable and safe results.

131

.4

REFERENCE

Q241.76-1, TC-573, Revision 1, "Reference Fuel Steady State Irradiation
Program-Plan, Revision 1"s March, 1976.

Q241. 76-2 Amend. 31
Nov. 1976



Question 241.77 (4.2.1.1)

Please present a detailed explanation of the statement that t.., fuel assem-
blies charged into the initial reactor loading should be well characterized
and identified relative to fabrication attributes." In particular, define
the term "well characterized" and specify the fabrication "attributes"
alluded to on CRBRP page 4.2-24.

Response:

The response to this question is contained in revised PSAR Section 4.2.1.1.4.1.

Amend. 29
Q241.77-1 Oct. 1976



Question 241.78 (4.2.1.1)

Please explain the selection of the proposed surveillance schedule (on
page 4.2-25 of the PSAR). The statement that "surveillance assemblies
which are run to failure may be left in reactor after the initial demonstra-
tion phase of the operation" also requires additional clarification and
justification.

Response:

The response to this question is located in-amended PSAR Sections 4.2.1.1.4,
4.2.1.1.4.1 and 4.2.1.1.4.3.

Amend. 29Q241.78-1 Oct, 1976



Question 241.79 (4.2.1.1)

A strong surveillance program is essential for CRBR and will be ýequired.
The extent of the surveillance will be established during the FSAR review,
and will depend, in part, on the availability of useful results from EBR-II
and FFTF. The lack of such adequate results could necessitate special rea-
ctor shutdowns or.fuel handling activities to provide the verification
that is needed.

Response:

The response to this question is located in amended PSAR Section 4.2.1.1.4,
4.2.1.1.4.1, and 4.2.1.1.4.3.

Amend. 29
Q241.79-1 Oct. 1976



Question 241.80 (4.2.1.1)

Please list the hydraulic and gravity forces and the net hold force acting
to keep the fuel assembly seated in the receptacle. Discuss in more detail
how the hydraulic holddown is to be sustained even if the fuel assembly is
lifted to contact the upper internals structure.

Response:

The requested information is provided in amended Section 4.2.1.2.1

Q241.80-1
Amend. 29
Oct. 1976



Question 241.81 (4.2.1.2)

Describe the stress analyses and/or tests which have been performed which support
the assertion that the load pads are capable of (1) transmitting the-radial core
restraint loads, and (2) restraining an assembly from irradiation and thermally
induced twist and bow.(3) What are the magnitudes of the stresses associated with
these phenomena and with local pressure pulses, from which the hexagonal ducts
are said to be capable of absorbing damage?

Response:

The response to this question is divided into three parts. The first of these
consists of minor changes to PSAR Section 4.2.1.2.1. The purposes of these changes
are to improve clarity of the text and to delete any reference to irradiation
and thermally induced twist of core assembly duct structures since the current
refined analysis status does not indicate existence of this kind of loading
condition. The latter two are discussed in the following paragraphs.

Minor torsional duct loads could originate from manufacturing tolerances. Recent
calculations show a maximum expected shear stress due to this loading condition
of about 2200 PSI. This stress is combined, using a MOHR'S circle approach, with
operational and seismic stresses several times greater in magnitude. Consequently,
the effect of duct twisting stresses upon the overall net design marqin is negli-
gible. Deletion of the reference in the PSAR to irradiation and thermally induced
bow is justified, since that effect is reflected in the magnitude of radial core
restraint loads.

A comprehensive structural analysis of the worst loaded core duct was recently
completed. The analysis focused on the above core load pad which preliminary
screening work showed to be most severely stressed. The analysis considered
two loading cases. The first of these combined operational core restraint loads
with seismic loads and produces the lowest margins of safety in an evaluation of
primary stresses. The second loading case combined operational core restraint
loads with thermal steady-state and transient loading condition. That load combi-
nation provides a check against long-term evaluation criteria such as the com-
bined effects of creep and fatigue damage. The latter analysis does not consider
irradiation creep effects, since the end-of-life fluence level at the area con-
sidered is low (- 1.3 x 1022 n/cm2 , E>O.lMev). However, irradiation effects upon
material properties were considered as appropriate. Table 241.82-1 provides a summary
of the analysis results. It shows a minimum margin of safety of 0.31.

These results were derived from a three dimensional finite element model of the
above core load pad. The model mses the ANSYS finite element computer program.

The computer model is optimized for mechanical loading conditions and allows a
practically arbitrary lateral and axial load distribution at or about the ACLP
region. However, to achieve this load versatility, numerous finite elements
were required. As a consequence, the computer time required per run is con-
siderable. Therefore, the model has been used under elastic conditions of
analysis only and the stresses predicted do not reflect possible stress re-
ductions due to local yielding. However, an elastic/plastic analysis is not
expected to result in a significant reduction of critical stresses.

Time-dependent effects, i.e., creep damage, were assessed by applying a con-
servative relaxation procedure, (same as used in comparable FFTFanalyses ) to
the elastically calculated stresses.

Amend. 31
Nov. 1976

241.81-1



No detailed structural analysis has been conducted on the effect upon the
hexagonal duct by local pressure pulses from escaping fission gas. However,
an assessement of that loading situation is presented-in the response to
another PSAR Question, Reference PSAR Q241.96.

The foregoing information is interim in nature. Existing applicable PSAR
information will be updated as appropriate.

Amend. 31
241.81-2 Nov. 1976
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Table 241.81-1
REVIEW OF MINIMUM MARGINS OF SAFETY AND DAMAGE FACTORS

FOR CORE ASSEMBLY DUCT STRUCTURE

em

IN)

CA)

:,t-tre of Environment Max. Equiv. Al I cw, oDI 2.'rgin of
Governing Tern*. (7F) Condition of Structural Stress (PSI) Strecs tPSI) or zfety or
Loading Critical Load CU7:b~natitlns Fl Lnce (n/cm

2
) S;ress Evaluation Area or Strain Strai. (in/in) ECL Dae

Ccndi ion and [valuaLior: Oj-:tiv25 . ') E>.l. MEV Cote'gory Criteria Considered (in/in)* Ref. Table T5-3 Factor
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Core Restraint plus Thermal 9ormal/Upset 27220 10gO00 3.00
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Operational . -
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BOL Begin-of-Life
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SBR = Stress Biaxiality Ratio
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Pb" Primary bending stress

Q - Secondary stress

F - Peak stress

* - Greater of Von Mises or
Maximum Pos. Principal Strain

** Applies for Worst Fuel Assembly



Question 241.82 (4.2.1.2)

The mating surfaces of the inlet nozzle are said to be chrome plated (and
the load pads on the duct and outlet nozzle are chrome-plated) "to minimize
the potential for damage, galling, and wear". Please describe the tests
which have been performed on these components to demonstrate their resis-
tance to damage, galling, and wear.

Response

The information requested is provided in revised PSAR Section-4.2.1.2.1.

Q241.82-1 Amend. 29
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Ouestion 241.83 (4.2.1.3)

Please provide more detail on the analysis and modeling of pellet-cladding
mechanical interaction (PCMI). Specifically, which codes are used to analyze
what aspects of this phenomenon? Please provide a topical report on this
subject. The report should include a description of (1) the phenomena
associated with PCMI, (2) the codes used to analyze and model it, (3) the
physical and mechanical properties used as input to the codes, (4) the results
of the analyses, and (5) tests used to verify the code results. Descriptions
of any planned tests on PCMI should also be provided.

Response:

Pellet-Cladding Mechanical Interaction (PCMI) is addressed In the user's
manual for the LIFE III provided in response to item #1 of PSAR question/
response section "Responses to 10/6/75 letter." The manual addresses the
analysis code and the mechanica! properties input to the code. PCMI analyses
will be reported in the FSAR. Tests to determine the effects of PCMI are
described in the Reference Fuel Steady-State Irradiation Program Plan and in
the plan for the National LMFBR Mixed Oxide Fuel Transient Performance
Program, TC-705, Rev. I previously submitted to NRC.

Q241.83-1
Amend. 71
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Question 241.84 (4.2.1.3)

A. Please show some examples where using upper material property design
.limits is conservative (as indicated on PSAR page 4.2-38).

B. In the discussion of fuel rod steady state analyses, please provide
a description of test results which support the contention that "steady
state operation to-411 full power days can be achieved within the con-
straints of the design requirements for steady state cladding damage."

C. Are "design requirements" intended to mean "design limits" here?

D. Please list the specific "design requirements" or "design limits" for
this section and show how the test results indicate that they will not
be exceeded.

Response:

A. The conservatism of using upper material property design limits is
discussed in revised PSAR Section 4.2.1.3.1.1.

B. Revised Table 4.2-B in the PSAR demonstrates how EBR-II experiments
support the fuel rod lifetime of 411 full power days. As noted in
Section 4.2.1.1, 411 full power days corresponds to 80,000 MWD/T peak
burnup.

C. Yes.

D. The design requirements and limits for the fuel rods are presented in
Section 4.2.1.1.2.2 of the PSAR. These requirements and limits are
evaluated by utilizing analytical models. The requirements, limits and
models are evaluated against test results to verify their adequacy as
described in Section 4.2.1.1. Section 4.2.1.3 provides-the evaluation
of the CRBRP fuel rod design using these requirements, limits and models.

Q241.84-1
Amend. 32
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Question 241.85 (4.2.1.3 and 4.2.2.1)

Certain test data make the bases for fuel rod failure criteria and
design limits unclear. Examples are given below:

(A) With respect to steady state limits (e.g., 0.2% strain) stress-rupture
tests on irradiated cold worked cladding, at low fluences, show'
failures near or below the 0.2% strain limit (see HEDL-TME-75-4, V.1,
p. A-22). In addition, HEDL-TME-75-48, p. VD-3 ff shows fuel rod
diametral change data with 0.2% AD/D at very low burnups and fluence.

(B) Regarding transient limits (0.1% additional strain) FCTT tests (HEDL-
TMi 2 75-28) show failure strains as low as 0.03% AD/D at 0 (t) <1 x
10• , and further analysis (BNWL-2041) indicates a zero AD/D 95%
confidence limit (in plot of AD/D versus midwall irradiation temper-
ature).

(C) In regard to the 1450°F (upset) and 16000 F (emergency) cladding tem-
perature limits (associated with PPS trip settings), FCTT tests
(HEDL-TME-75-28) indicate that most fuel failures occur below these
temperatures. TREAT tests (GE, ANL, R&E series.) on irradiated rods
also show failures occurring well below these values.

(D) With respect to the CDF limit (<1.0), residual strength, values
obtained from FCTT data fall beTow those utilized in evaluating the
CDF approach as an analysis method which can ensure rod integrity.
For example, a CDF of 0.725 to 0.864 is quoted in the CRBRP PSAR
(Table 15-1.2-5) whereas a 95% conidence limit of 0.3 to 0.5 was
obtained in FCTT tests in which 10 F/Sec heating rate was used (See
plot of percent of unirradiated load bearing capability versus mid-
wall irradiation temperature for fueled specimens (Fig. 3 BNL-204i)).

The above data examples, used in the comparisons with design limits, amy
also not reflect worst case values since they represent (1) irradiations
at less than goal CRBRP burnup (80,000 MWD/T), (2) less severe cladding
fluence to burnup ratio than planned for CRBR, and (3) potentially l•
severe fuel/cladding chemica 3httack (PCCI), due to the burning of U
in EBR-II, as compared to Pu in CRBR.

In view of the above findings, which appear to provide reason to challenge
the CRBRP fuel design limits and failure criteria, please restate the
bases for these limits and criteria. Respond to the above comparisons and
challenges point-by-point in your discussion. Provide further substan-
tiation for the presently proposed PPS system set points and emergency
conditions. Please distinguish between design "limits" and design "guide-
lines" and provide explanations of the choices of term and its use for each
specific case in which it is applied. List the relevant experimental data,
models and codes with which one can assess (1) the adequacy of the value
used for design "limit" and "guideline" as well as (2) the adequacy of the
arguments used to justify the choice of terminology.

Q241.85-1
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Response.:

Point-by-point responses to the specific items presented by NRC and
Reference Q241.85-1 are given below. However, prior to considering
these detailed phases of the response, the general issues given above
will be discussed.

First, it is recognized that.the currently available data base does
not encompass the entire range of CRBRP parameters with respect to burn-up,
fluence, etc. However, the design limits and criteria will beperivdi-
cally evaluated and updated as more relevent data become available (e.g.,
see the response to Question 241.134). These data will derive from
numerous sources, viz., (a) the Reference Fuel Steady State Irradiation
Program,.(b) the Transient Testing Program, and (c) various elements of
the Reference Cladding and Duct Program; these programs are described in
the responses to Questions 241.15, 001.284 and 241.56, respectively.

Next, the *current codes that might be used for various phases of the
assessment of the CRBRP limits include: FORE-II, FRST, FURFAN and LIFE.
These codes are described in PSAR Appendix A.

Finally, with respect to the terminology "design limit" and "design
guideline", the following definitions are offered:

*(a) Design Limit - a value of some parameter which cannot be exceeded
during the design lifetime of the conponent, on the basis of prior
agreement or physical impossibility.

(b) Design Guideline - a policy, rule or practice to be followed as a
matter of course when a component is being designed or when its go-
tential; operating conditions are being considered; this policy, rule
or practice is voilable so long as the restrictions set forth by any
relevent design limit are upheld.

I. Temperature Limits (see Item C and Question 241.71)

With 6espect to cladding temperature, it should be recognized that the
"1450 F (upset) and 1600 F (emergency)" temperatures referred to in this
question and in Reference 241.85-1 are not limits. CRBRP does not employ
single valued temperature limits for the fuel pin. Rather, the design
procedures are such that the cladding temperature limits for an emergency
event are time dependent functions of (a).the prevailing steady state-con-
ditions, (b) the fuel pin's prior history, and (c) the nature of the emer-
gency event itself. This is the underlying concept of the Transient
Limit Curve (TLC.) which is discussed in considerable detail in PSAR pages
15.1-59 to 15.1-61 and in Reference Q241.85-2.

The source of the misconception regarding the 14500F and 16000F values
may well derive from PSAR Figures 4.2-19 and 4.2-20 which define the umbrella
conditions for the analysis of upset and emergency events, respectively.

Q241.85-2
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In simulating these events, the temperature changes shown by these curves
(rather than the absolute values of temperature) are applied to the pre-
vailing steady state clad temperature; this aspect of the simulation is
discussed on PSAR page 4.2-42 and is graphically illustrated in PSAR
Figure 4.2-21. Since the steady state temperature decreases with time,
the peak transient 0 temperaturgs will follow accordingly. On this basis,
if the quoted 1450 F and 1600 F temperatures were ever achieved by a fuel
pin, it would be only at start of life.

Figure 4.2-21 (as well as Figure 4.2-22) also illustrates the time de-
pendence of the temperature limit as defined by the TLC. As shown, the
TLC yields a limit which decreases with time, reflecting the effects of
the fuel pin's prior history and the prevailing steady state condition.
Importantly, the TLC's shown are applicable only for the fuel-pin and axial
location in question; as stated in response to NRC question 241.92. TLC's
for other fuel-pins and at other axial locations will be provided.

In addition to the erroneous interpretation of the CRBRP temperature limits,
the Reference Q241.85-1 interpretation of the FCTT data is inaccurate;
specifically, Reference Q241.8571 ignores stress as a parameter is these
rupture tests. Indeed, when the stress levels of the tests are considered,
the results show the ability of the CRBRP fuel pin to withstand undercooling
emergency events.

The FCTT failures referred to in Reference Q241.85-1 were achieved at tem-
perature-stress combinations that are well beyond those expected in the
CRBRP fuel-pins, even at design lifetime (i.e., 411 Effective Full Power
Days, EFPD).. To illustrate this point, a conservative estimate of the
tengential stress at. 411 EFPD, as derived from gas pressure during a
transient, is compared to-the FCTT data in Figure Q241.85-I; these data
are from Reference Q241.85-3. The line showing the CRBRP condition waa
computed assuming an initial (steady state) plenum temperature of 1200 F
and a pressure of 1000 psi. The pressure, and hence the stress, was taken
to increase with plenum temperature, as might be the case during an
undercooling event. As shown in Figure Q241.85-1, at comparable temper-
atures, the anticipated CRBRP condition is well below the FCTT failure
condition. This figure also shows that fo cladding stress below 20 ksi,
failure temperatures much higher than 1600 F have been recorded.

II. Residual Strength as Defined by.the CDF Procedure (see Item D)

The procedures for computing the residual strenqth of the cladding have
been discussed in considerable detail in PSAR Section 15.1 and in Reference
Q241.85-2. However, two salient features of the procedure should be
emphasized.

First, for desgin computations, the relative strength factors are applied
to the irradiated tensile strength at its lower 99% confidence band; thus,
the irradiated tensile strength is assumed to prevail even at start of
life.

Q241.85-3
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Secondly, the relative residual strength at any time is defined by the
product of two independent factors, viz., R whichdefines the effect of
interstitial loss and R which defines the affect of the accrued CDF.
Both R1 and R are funciionsof time, depending on the prior operating
history; for 9xample, for operation at "1200 F, R rapidly equilibrates
at '-0.7. Furthermore, the product R =R R will ;ften vary from -.0.7 to
,-0.4 during the major period of operatiof',ultimately tending toward
zero as the steady state failure point is approached, e.g., see Section
VI, in Reference Q241.85-2.

With these key features in mind, the merit of the Reference Q241.85-1
conclusions can now be evaluated. First, Reference Q241.85-1 computes,
the FCTT residual strengths or irradiated material on the basis of unirra-
diated properties. Clearly, this is inconsistent with the COF procedure
which utilizes, as its base, the irradiated properties at their lower
levels of uncertainty.

Next, Reference Q241.85-1 uses as its basis for conclusion, totally
unrelated values for residual strength, i.e., "0.735 to 0.864" from Table
15.1.2-5*. This table defines the parameters used in the Section 15.5
validation study of the CDF. Specifically, the 0.864 value was the
nominal relative residual strength (R ) of unirradiated material held at
37.5 ksi and at 1200 F for 40 hours; ihe 0.735 value was for material
held at these conditions for 80 hours. Beyond this special application,
these values have no meaning and they certainly are not universal.

Assuming for a momentthat the above relative strength values are more
general than they actually are, it is instructive to follow the Reference
Q241.85-1 logic to its rightful conclusion. As explained above, the
Table 15.1.2-5 values were for unirradiated material subjected only to
prior creep. On the other hand, the relative strengths from the FCTT
test as computed in Reference Q241.85-1, result from not only prior creep
but also from irradiation. Thus, the Reference Q241.85-1 is predicated on
a comparison of the effects of prior creep alone to the combined effects
of prior creep and irradiation.:' Obviously, such a comparison has no merit.

The FCTT data reported in Reference Q241.85- 3 are with cladding specimens
which had been sectioned from fuel pins irradiated in EBR-II, viz., fuel
pins from NUMEC F, PNL-10 and PNL-ll. These data show a significant
difference in the behavior between those sections adjacent to fuel and
those from above or below to fuel column; specifically, the fudl-adjacent
sections exhibit a marked.reduction in FCTT strength.

.*Table 15.1.2-5 has since been deleted from the PSAR by Amendment 2.
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Although the cause of the fuel-adjacency effect is as yet not clearly
understood, one potential cause is that the fuel-adjacent sections had
accrued a substantial CDF during their irradiation period; furthermore, they
may also have suffered a'loss of interstitial elements, although this has
not yet been detected. On the basis of this hypothesis, it would follow
that the fuel-adjacent sections entered the FCTT test with Ra..RI < 1.

The actual values for.R and R for. the FCTT specimens are unknown.
However, it is notewort~y that the CRBRP procedures regarding the relative:
strength can adequately explain the data by utilizing reasonable values
for the project R .RI; this is illustrated in Figure Q241.85-2.

The first curve in Figure Q241.85-2 defines the design level (i.e., lower
99% confidence) strength taken to exist at start of life (i.e., R = R .R
1.0). As shown, this curve encompasses (or would have limited) -77% C
of the failures, including all the non-adjacent sections. As the relative.
strength decreases (R = 0.9, 0.5 and 0.3) the strength curves collapse
through the remainder of the data so that when R = 0.5, 94% of the data are
explained.

As mentioned earlier, a relative strength of 0.5 (computed at the design
level) is not unusual; this corresponds to a steady state design level
CDF of %0.7. Thus, the residual strengths (relative to the design level
properties) inferred from the FCTT data are not unreasonable and are
certainly within the realm of calculation by current CRBRP procedures.

The above analysis is, of course, qualitative and does not prove the
concept of residual strength as employed by the CDF technique. On the
other hand, the analysis does show that the concept can indeed explain
the observed FCTT results.

III. Strain Limits (see Items A and B)

The procedures related to the CRBRP strain criteria were initially set
forth in FCF-213 (Ref. Q241.85-4) and have been adopted by the CRBRP
project; this reference prescribes the methods and mechanical properties
to be employed by the procedure.

In CRBRP design applications, the fuel pin cladding strain computed
according to the FCF-213 methods, must be less than the limiting values
(i.e., 0.2% for steady state and 0.1% additional for upset and emergency
transients).

There are two salient features of the FCF-213 methodology that should be
emphasized. First, the mechanical properties utilized in the procedure
are for unirradiated, solution annealed 316, in no way related to those of
the actual cladding, e.g., see Tables A.2.1, A.2.2 and A.l.l in Reference
Q241.85-4. Second, the FCF-213 transient limit, although nominally a
strain limit, is in fact a stress limit (e.g., see PSAR Section 15.1.2.2,
page 15.1-65) and the computed transient strain is only a measure of the
proximity to the stress limit. Therefore, the strain values computed via
the FCF-213 procedures bear no relationship to actual physical displace-
ments that might be measured experimentally, regardless of the data source.

Q241.85-5 Amend. 30
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In view of the above, a comparison of the CRBRP strain limits to experi-
mental deformations is moot. Indeed, the key issue is whether the FCF-213
methodology coupled with the CRBRP limits can preclude failure; this can
only be gauged in terms of the computed time (or condition) to achieve
the specified limit vs. the actual failure time (or condition).

The steady state aspects-of the FCF-213 procedure coupled with the 0.2%
strain limit are examined in Figure Q241.85-3. The data in Figure
Q241.85-3.are stress-rupture data on irradiated material from Reference
Q241.85-5; the curves were computed using the FCF-213 creep rates and
define the time at which the 0.2% limit would be achieved. As shown, these
limits would have precluded all of the experimental failures. Clearly,
with the limits of these data, the results shown in Figure Q241.85-3
confirm the steady state FCF-213 procedure as combined with the 0.2%
strain limit.

The applicability of the FCF-213-methods with respect to transient be-
havior are examined against the FCTT data in Figure Q241.85-4. The curve
shown in Figure Q241.85-4 corresponds to the tangential stress in a pressu-
rized tube that would achieve the design limit; nominally 0.1% incremental
strain but, in reality, the ultimate strength.

As shown, the FCF-213 limit encompasses (or would have precluded)
,,,83% of the FCTT failures which is somewhat comparable to the results
obtained in the previous section when the relative residual strength was
taken to be 1.0, i.e., see Figure Q241. 5-2. Interestingly however, the
limit curve encompasses I00% of the 200 F/sec points including those
adjacent to fuel.

Figure 241.85-5 compares the 200OF/sec Fuel Cladding Transient
Test (FCTT) data to the Fuel Cladding Mechanical Interaction (FCMI) related
stresses developed during a rapid reactivity insertion. These stresses were
computed in a study simulating a characteristic rapid reactivity insertion
with a 0.5 second duration. The stresses shown in the figure are the max-
imum achieved at each axial location throughout the life of the fuel-pin
and correspond to the point in time at which the steady state FCMI is max-
imum. As shown in Figure 241.85-5, the stress-temperature cladding conditions
developed during the rapid reactivity insertion are well below the FCTT
failure conditions. 38
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Question 241.86 (4.2.1.3 and 4.2.2.1)

The translation, in Amendment 15, of strain limits into predictions of the
time required to reach the strain limits (steady-state burnup or transient
time of failure) and the applicant's comparison of these predictions with
experimental values are of concern for two reasons:

(1) the predictions use models of rod performance that, in themselves, are
the subject of questions as to their validity; for example, while the
codes do not predict fuel rod failures under upset and emergency tran-
sient conditions to occur at temperatures less than 16000F, experi-
mental data suggest failures will occur at 1600OF.

(2) experimental data, though limited, do exist (see previous question)
against which the design criteria might be assessed, but there are no
design limits in the PSAR as to time to preclude failure, especially
not for transients.

Is time to be considered a fuel rod design limit along with strain and
temperature? Points 1 and 2 above, should be addressed as part of the
explanation provided in response to this question. If time is to be con-
sidered a design limit or design "guideline", please provide the relevant
experimental data, models and codes with which to judge the adequacy of the
values chosen.

Response:

Time is not an independent fuel rod design limit. Time is explicitly
included as a parameter in the CDF evaluation of fuel lifetime. Further
discussion of design limits, design guidelines, and their relationship to
experimental data is given in response to Question 241.85.

Amend. 30
Q241.86-1 Nov. 1976



Question 241.87 (4.2.1.3)

What fretting results from fuel pin broken wire wraps, and how is it ac-
counted for in the fuel design?

Response:

No additional fretting wear is assumed to occur due to broken wire wraps.
Wire rupture is considered highly unlikely based on the conclusions pre-
sented in the response to NRC Question 241.106.

Even if wire rupture would occur, it would only result in a loose wire.
Fuel rods with loose wires have been operated without obvious additional
rod wear, as noted in the response to NRC Question 241.88.

Finally, assuming increased fretting wear did occur due to loose wires.
this wear would at worst result in a stochastic pin hole cladding failure.
These have no serious safety consequences, as described in PSAR Section 15.4.

Amend. 29
Q241.87-1 Oct. 1976



Question 241.88 (4.2.1.3)

The section on fuel rod wire wrap interaction includes the statement that"tcalculations based. on varying cold work levels and swelling equation con-
fidence limits indicate that loads present in the wire wrap never cause
the design limits to be exceeded during steady state operation." These
calculations should be discussed in greater detail than currently presented
in the PSAR. In particular, the calculation methods, codes, margins, and
values used for cold work levels and swelling equation confidence limits
should be described. Discuss how the EBR-II PNL-17 irradiation test re-
sults relate to the alledged acceptability of a value of 0.025% maximum
wire slackening.

Response:

The information requested is contatned in the Toptcal Report No. 6, WARD-D-0149
"Wire Wrap Cladding Interacti'on fn LMFBR Fuel Rods." This report discusses
the calculation methods, codes, margins, cold work values, swelling equation
confidence limits, and EBR-II test data used to evaluate the fuel rod wire
wrap performance. Briefly, fuel rods in the PNL-17 test assembly experienced

wire slackening in excess of 0.025% due to solution annealed 316 SS wire
being applied to 20% cold worked 316 SS cladding. Despite this, no increased
fretting wear or rod failures due to this wire slackening were observed in
this assembly, WARD-D-0149 was provided to NRC in September, 1976.

An-end. 29

Q241.88-1 Oct. 1976



Question 241.89 (4.2.1.3)

The treatment of fuel rod bowing is inadequate. Results of test programs
should be given in specific terms and comparisons.instead of generalities
such as "based on FFTF analyses,.the above mentioned design requirement is
expected to be satisfied and no limit on fuel pin performance imposed."
The details of these FFTF analyses should be presented and related to CRBR.
The details of the analysis and prototypic irradiation tests which are in-
tended to confirm the above conclusion should also be presented.

Response:

The details of the FFTF analysis techniques and the details of the analy-
tical and test results to date, which show no adverse fuel rod bowing
effects, are discussed in Appendix A and Section 3.0 of the Topical Report
No. 4, WARD-D-0150 "Fuel Rod Bowing". WARD-D-0150 was provided to NRC
in November 1976.

131
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Question 241.90 (4.2.1.3)

With respect to fuel rod vibration and fatigue, why are water flow tests
and irradiation tests required to verify that "no problems are expected in
these areas" if FFTF water and sodium flow tests already indicated that?
Why are the FFTF tests inadequate? Present a schedule for the reporting
of the results on the 37 pin assemblies fretting and wear tests.

Response:

The requested discussion is provided in revised PSAR Section 4.2.1.3.1.1.
Also, see revised PSAR Section 4.2.1.1.3.4.

Q241.90-1 Amend. 32Q 0 Dec. 1976



Question 241.91 (4.2.1.3)

The discussion of CDF due to steady state operation and the combined
upset events show that at the design level for assembly 6 failure would
occur at 540 full power days. Using the same type of analysis and
assumptions, viz., maximum uncertainty in properties, 2a plant, etc.,
as used for the assembly 6 analysis, how many assemblies would be shown
to fail before their goal lifetimes for equilibrium operation?

Response:

If the same conservative CRBRP first core material properties, environments,
and failure criteria are applied to determine the fuel and blanket rod
lifetimes during equilibrium cycle operation with steady state and worst
upset transient loads (as simulated by cycle 3-4 conditions), it is
found that:

a) At least 70% of the 156 fuel assemblies achieve the 550 day
(2 equilibrium cycle) lifetime goal with a worst rod cladding hot spot
CDF less than 1.0. However, only 5% of the rods in a typical fuel
assembly bundle experience cladding temperatures similar to those for
the worst rod. Furthermore, a cladding CDF equal to one implies a
survival probability of at least 80 to 90 percent for equilibrium
cycle cladding hotspot temperatures. Thus, it is anticipated that
future refinements in orificing, environmental uncertainties, material
properties and design criteria for precluding cladding failure will
result in 100% fuel assembly lifetime goal achievement for equilibrium
cycles.

b) All inner blanket assemblies currently achieve the 550 day lifetime
goal with all rods having hotspot cladding QDF's less than 1.0.

c) Insufficient environmental information is available to predict radial
blanket performance over 4 to 5 year equilibrium cycle operation.
However, all radial blanket assemblies achieve their first core life-
goals (878 full power days for cycles 1 through 4) as noted in PSAR
Section 4.2.

It should also be noted that the homogeneous CRBRP core assembly designation
numbers indicated in this question have been changed to heterogeneous
core assembly numbering scheme shown in Figure 4.2-10B.

Q241.91-1 Amend. 62
Nov. 1981



Question 241.92 (4.2.1.3)

The transient limit curves (TLC's) shown in Figure 4.2-22 are for a re-
activity insertion of<l second duration. What is the justification for
the 1 second cut-off?- Provide a matrix of additional TLC studies for assem-
blies and axial conditions other than those discussed on PSAR page 4.2-45.
These studies should be conducted and reported prior to submittal of the
FSAR.

Response:

The 1 second cut-off referred to in Figure 4.2-22 is the limiting time
envelope for which the TLC's are valid, e.g., see PSAR Section
15 1 2 1 As it relates to rapid reactivity insertion, this time envelope
is'ete' duration over which the temperatures of the fuel and clad are
increasing. On this basis, the above 1 second envelope was chosen to
encompass this effective duration for the various rapid reactivity events
to be considered ;e.g., see Figures 15.2-83 and 15.2-84.

Consistant with FSAR submittal, a complete performance analysis, which will
include TLC's or their equivalent, will be conducted for at least the hot
fuel pins in the highest burnup assembly and the assemblies representing the
five orificing zones; currently assemblies: 6, 8, 29, 30, and 31. These
analyses will be done at 10 axial locations along each fuel pin; specifically.,
at X/L = 0.1, 0.2, 0.3,..., 1.0.

Amend. 29

Oct. 1976
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Question 241.93 (4.2.1.3.1.2)

This section requires greater specificity concerning the FFTF fuel assembly
structural analyses. Describe or reference these analyses and show how they
are related to the CRBR structural analysis.

In particular, show how the FFTF analyses led to the selection of the 3 duct
locations considered to be limiting areas on page 4.2-47 of the PSAR.

For these 3 cases, for which the calculated stresses, margin of safety, and
fatigue damage are summarized in Table 4.2-8, please discuss how "it can be
concluded that the duct will probably meet the desired design lifetime" when
the safety margin for some of the stress categories are as low as 0.06 and
0.11.

Discuss in detail the planned additional analysis to consider the effects of

irradiation damage and sodium exposure, including brittle fracture modes.

Response:

Under the revised sub-section numbering in the PSAR, the stress analysis
of the core assembly structural components is addressed in Section
4.2.1.3.2.3. This section has been updated to reflect the most current
analyses methods, structural criteria and design margins in the CRBRP core
assemblies. The concerns raised in Question 241.93 have been resolved by
using the state-of-the-art analyses procedures which go beyond the scope
and the depth of analyses used previously. The results from.the new
analyses, as described in Section 4.2.1.3.2.3, confirm the structural
adequacy of the CRBRP core assembly structural components.

A number of design verification tests are planned for CRBRP and these
are summarized in Tables 4.2-19 and 4.2-20 of the PSAR.

Q241.93"1 Amend. 62"3 Nov. 1981



Question 241.94 (4.2.1.3)

It is stated on page 4.2-49 of the PSAR that fuel rod failure is not ex-
pected to occur by bundle-to-duct interaction, even though preliminary
analyses indicate interferences between 0.045 and 0.100 indhes at the end of
design life, because irradiation induced creep has not been considered in
either the preliminary deformation analysis or derivation of the allowable
interference.

Outline the future detailed analyses which will incorporate those effects as indi-
cated, based on "available LMFBR technology". Specifically, what available
LMFBR technology is expected and on what schedule? Describe the R&D pro-
gram which will provide verification of the analyses. Include scope and
schedule. Verification of the'contention that no design life limitation
is expected due to bundle-to-duct interaction should be provided consistent
with the submittal to the CRBRP FSAR.

Response:

Both completed and planned fuel rod bowing analyses, including the effects
of irradiation creep, are discussed in Sections 3.0 and 4.0 of the Tooical
Report No. 4, WARD-D-0150, "Fuel Rod Bowtng" WARD-D-0150 was submitted to 31
NRC in November 1976.

Task A.VI of the National Reference Fuel Steady-State Irradiation Program
(Reference Q241.94-1) contains tests to verify the fuel rod bowing analyses
in general, including the assessment of rod bundle-duct interaction effects.
Subassemblies involved in these tests include PNL-9, PNL-l0, NUMEC E,
P-E/F, P-13, P-14 and P-14A. These subassemblies are described in Tables
A-1 and B-l of Reference Q241.94-1. Schedules of these tests are given in
Figure A-2 of Reference Q241.94-1.

Reference

Q241.94-1 TC-573, "Reference'Fuel Steady-State Irradiation Program Plan, Revision
1", March, 1976.

Amend. 31
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Question 241.95 (4.2.1.3)

(a) Did the uncertainty factors used in the fuel bundle/duct interaction
calculations take into account the potential increase in coolant tempera-
ture from differential coolant channel closing due to swelling and creep?
If not, please explain the rationale for ignoring this phenomenon and list
the value of the contributions to the uncertainty factors when this phenom-
enon is considered.

(b) For the interferences discussed on page 4.2-49, (0.045-0.100 inches),
what is the end-of-design life?

(c) For the interferences discussed and the bending from thermal stresses,
is it possible to have contact between adjacent fuel element cladding sur-
faces in fuel column regions (i.e., no spacer wire between them)? Can this
result in inadequate heat transfer and loss of cladding integrity? Please
provide a quantitative answer to this question; i.e., a response which in-
cludes a description of the analyses or tests which provide the basis for
the response.

Response:

(a), (c) The thermal effects of coolant channel closing, the configuration
of the bowed fuel rods under various conditions, and the application of
these considerations to completed and planned fuel rod bowing calculations
are discussed in Sections 3.1.2 and 4.0 of the Topical Report No. 4, WARD-
D-0150, "Fuel Rod Bowing" WAD-D-0O50 was submitted to NRC in November 1976. I 31i
(b) For the interferences discussed on
is 411 equivalent full power days.

page 4.2-49, the end-of-design life

Amend. 31
P5-1 Nov. 1976Q241.9



Question 241.96 (4.2.1.3)

Is the stored mechanical energy in the reference CRBR fuel element at
terminal burnups of 80,000 and 150,000 MWD/MT large enough to distort
or fracture the duct via pressure pulses associated with the loss
of cladding integrity? Is there an experimental program in effect that
evaluates the effect of pressure pulses? If so, provide the
details, including objectives, scope, and schedule. If no program
exists or is planned, please explain why one is not needed.

Response:

The stored mechanical energy in the reference fuel elements would not
distort or fracture the duct if a loss of fuel pin cladding integrity
were to occur. A discussion of the mechanical effects of a loss of
cladding integrity is provided in Section 15.4.1.1.4. This section
discusses the pressure that would be applied to the duct in the event of
a stochastic fuel pin cladding failure and defines the strength of the duct.
In summary, this section shows the following:

1. For the lower burnup (80,000 MWD/MT peak) initial core operated
at a maximum duct temperature of 11.00 0F, the peak pressure
applied to the duct would be about 180 psi and the duct strength
would be sufficient to withstand a pressure greater than 300 psi and,

2. For the higher burnup (150,000 MWD/MT peak) equilibrium core
operated at a maximum duct temperature below lOOuF, the peak
applied pressure would be about 300 psi and the duct strength
would be sufficient to withstand a pressure of about 525 psi.

In conclusion, duct fracture or distortion that could interfere with ad-
jacent ducts would not occur (See Section 15.4.1.1.4 for details).
Consequently an experimental program to evaluate the effect of pressure
pulses on a duct as a result of fission gas release is not considered
necessary to support CRBRP.

Section 15.4.1.1.4 has been modified to address duct deformation resulting
from a fission gas pressure pulse. 131

Q241.96-1 Amend. 31
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Question 241.97 (4.2.1.3)

Please discuss how the EBR-II tests underway at 9000 F, which are represent-
ative of earlier FFTF rod designs and are thus no longer prototypic of
current design CRBR, are used in the formulation of fuel rod performance
models. Discuss the schedule for the PIE of GE-HEDL, EBR-II mixed oxide
rods, referred to on page 4.2-50 of the PSAR. What is the schedule for
reporting the LASL PIE results? Discuss the HEDL run-to-failure tests.
Include scope and schudule in your discussion.

Describe the capsule irradiation program for FFTF driver fuel rods.
Describe the planned irradiation program for. vendor produced fuel pellets
in EBR-II.

In addition to scope and schedule for these tests, show precisely how the
scientific information to be obtained from each test is to be applied to
the CRBR fuel design and the design verification.

Outline the features of the fuel rod characterizations which are carried
out in the U.S. irradiation program which provide greater performance
predictability in the U.S. programs than is obtained by the larger statistics
of the foreign programs ( as contended on PSAR page 4.2-51).

Response:

The information requested is provided in 'evised PSAR Section 4.2.1.3.1.3.

Amend. 29
Oct. 1976
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Question 241.98 (4.2.1.3)

Other than the data of HEDL-TME-75-48, how has the adequacy of the current
design fuel-cladding chemical interaction wastage allowance of 2 mils been
demonstrated for terminal burnups in CRBR? The concerns here are the follow-
ing:

1. The CRBRP wastage allowance requires extrapolation beyond the maximum
burnup (43,800 MWD/MT) for the data base of TME-75-48.

2. Cladding fluences/fuel burnup ratios are vastly different for CRBR
when compared to EBR-II irradiations.

3. Fuel-cladding chemical interaction is expected to be larger for CRBR
fuels (natural urania-enriched plutonia) than EBR-II experimental,
enriched, urania-plutonia fuels (ANL-,75-53).

Response:

1. The fuel-cladding chemical interaction.wastage allowance is based on a
conservative correlation developed using data at peak rod burnups up to
48,100 MWD/T (43,800 MWD/T average burnup). At the time that the corre-
lation was developed, the data base did not extend beyond this burnup.
At the present time many experimental EBR-II rods have exceeded this
burnup, but the resultant fuel-cladding chemical interaction has not
yet been quantified. Experimental rods which achieved a peak fuel
burnup of 80,000 MWD/T and which were irradiated at CRBRP temperatures
are currently awaiting hot cell examination. The forthcoming data will
be used to either justify the current correlation or to develop a new
correlation.

2. Fluence to fuel burnup ratio has no known relevance to fuel-cladding chemical
interaction.

3. ANL-75-53 reports that natural urania-enriched plutonia fuel would be
expected to have higher fuel-cladding chemical interactions than enriched
urania-plutonia fuel due to the lower affinity of its fission products
for oxygen. The report further concludes that a lower initial O/M ratio
would cause less fuel-cladding chemical interaction than a fuel with
a high initial O/M ratio. This was observed in the P-23B experiment
where the low O/M rods showed substantially less reaction than the
high O/M rods. (See Figure 4.2-8 in the PSAR for a comparison of the 13
O/M ratio history for both natural and enriched urania fuel).. Figure
Q241.98-1 also demonstrates that fuel cladding chemical interaction for
high O/M fuel is significantly higher than for low O/M fuel. For the
CRBRP cladding wastage analysis the correlation based on an O/M ratio
of 1.985 was used. The CRBRP fuel tnittally 4s or. AM ratio of 1.955

(nominal), which should counteract the effect of a higher reaction
for natural urania-enriched plutonia. In addition, HEDL experiment
P-15, which contains natural urania-enriched plutonia, is currently
being irradiated in EBR-II and is scheduled for several interim exam-
inations and a final examination at 26,000 MWD/T. This test will
supply experimental data on reactions between natural urania-enriched
plutonia fuel and cladding prior to FSAR submittal.

Q241.98-1 Amend. 33
Jan. 1977
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question 241.99. (4.2.1.3)

Will there be any operating restrictions placed on the rate of power in-
crease during startup or during power changes to avoid PCMI failures? If
so, provide the basis for these restrictions or discuss test programs to
evaluate these effects.

Response:

If necessary, operating restrictions will be placed on the rate of power
increase during startup and power changes to avoid PCMI (Pellet Clad Mechan-
ical Interaction) failures and/or minimize its effect on subsequent opera-
tion. The LIFE code (see response to NRC Question 241.83) will be used
in conjunction with FURFAN and FRST to analyze the effects of power change
rates on PCMI in fuel and radial blanket rods. The power change rates
utilized in the EBR-II reactor which are being applied in the reference
fuel tests will initially be considered. EBR-II power change rates are
typically between 0.4%/mmn. to 0.6%/min., with an administrative limit
of about 1.1%/min.. These results will be reported consistent with the
schedule for submittal of the FSAR.

Q241.99-1
Amend. 29
Oct. 1976
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Question 241.100 (4.2.1.3)

Present a detailed discussion of the calculation reported performed with
the LIFE rI computer code to assess the possibility of fuel cladding
mechanical interaction in the radial blanket fuel rods. List the assump-
tions used, justify their use, and discuss any sensitivity studies per-
formed to determine the assumptions impact on the results Of the calculation.

Response:

The response to this question is provided in amended PSAR Section 4.2.1.3.2.1.

Q241.l00-1 Amend. 29
Oct. 1976



Question 241.101 (4.2.1.3)

51

If the residence time of the radial blanket fuel rods is 6 y6ars, how
are the calculations, which showed that the hot rod of radial. blanket
A has a 5.29 year service lifetime, to be employed?

Response: .

The lifetime of the outer *row radial blanket assemblies is 5 years, the
inner.row of radial blanket assemblies have a.4 year lifetime, while
the inner blanket assemblies have a 2 year lifetime. Preliminary an-
alyses indicate that all blanket assembly types meet these lifetime
objec tives.

Q241.101-1 Amend. 51

Sept. 1979



Question 241.102 (4.2.1.3)

How is the fact that the CDF analysis of radial blanket rods resulted in
a CDF >1.0 to be utilized in CRBRP fuel design or operation?

Response:

For final design, the radial blanket rod CDF at end of life is qxpeqtpd
to be <1.0. This is explained tn detail "n the response to Question 241,101.

Amend, 29
Oct. 1976
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Question 241.103 (4.2.1.3)

An explanation should be provided for the neglect of stress effects on
irradiation swelling and swelling effects on irradiation creep in the,
ANSYS calculation of rod-rod contact forces.

Response:

The response to this question is found in amended.PSAR Section 4.2.1.3.2,l,3,.

Amend. 29
Oct. 1976

Q241.103-1



Question 241.104 (4.2.1.31

The details of the ANSYS code calculation of the primary, secondary, and
bending components of the stresses at critical duct locations should be
provided.

The margin of safety for the duct ACLP primary and secondary stresses is
less than one (0.439). What constitutes an adequate safety margin?

Please explain the statement "the design criteria for the duct and the
associated stress limi't magni"tudes are currently being revised".

Response:

The response to this question is found in amended PSAR Section 4.2.1.3.2.2.1
and Table 4.2-13.

Amend. 29Q241.104-1 Oct. 1976



Question 241.105 (4.2.1.3)

The fact that a bundle/duct interaction is predicted to occur when stress
affected swelling and swelling enhanced creep ard included in the calcula-
tion of clearances is cause for concern. A commitment to the determination
of an allowable compressive limit for a radial blanket assembly must be
made, including a schedule consistent with submittal of an FSAR. In the
interim, design alternatives should be presented and the effects of these
alternatives on performance should be analyzed. Ul.timately, experimental
verification of the analyses must be provided.

Response

A discussion of radial blanket bundle/duct Interaction, including analysis,
testing and limits, is provided in revised PSAR Section 4.2.1.3.2.1.3.

Amend. 32
Dec. 1976Q241.105-1



Question 241.106 (4.2.1.3)

The maximum wire stress of 21,000 psi at EOL for the hot rod in radial
blanket assembly A is said to be within the design limit with a margin
of safety of 0.03. Is this considered to be an adequate margin? Explain.

In view of the fact that transient temperature increases and temperature
gradient effects on the wire stress were neglected in the analysis, it
appears likely that wire rupture mayoccur, particularly since the safety
margin not including these effects was already near zero. Please present,
therefore, a detailed analyses of the potential effects of wire rupture,
particularly simultaneous rupture during a transient.

Response:

A discussion of the margins of safety, steady state stress and transient
effects with respect to the wire wrap is provided in revised PSAR
Section 4.2.1.3.2.2.4.

Q241.106-1

Amend. 29
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Question 241.107 (4.2.1.3)

Please present a detailed description of the scoping studies asserted to
show that a six face duct loading during seismic events results in
acceptably low ACLP stresses. Describe the current additional investigation
of the load distribution during seismic events.

Response:

The response-to this question is found in amended PSAR Section 4.2.1.3.

Q241.107-1
Amend. 29
Oct. 1976



Question 241.108 (4.2.1.3)

Please describe in detail the "1970-initiated" experiments on mixed oxide
fuel rods which provided irradiation experience asserted to be applicable
to radial blanket rods. Show how the results are applied to the cladding
design.

Provide a reference for the rod radial blanket test initiated in EBR-II
in 1974.

Response:

The requested discussion and references are provided in revised PSAR
Section 4.2.1.3.2.4.

Q241.108-1 Amend. 32Dec.. 1976



Question 241.109 (4.2.1.4)

Please provide a precise definition of the term "final design release".
Is it intended to be synonymous with FSAR?

Response:

The design process for CRBRP fuel and radial-blanket assemblies proceeds
through a series of phases. The discussion below defines "final design
release" relative to the overall design process. It should be noted
that it is not synonymous with FSAR input or submittal.

* Conceptual Design

During this phase the component design requirements and the documents which
control interfaces with mating equipment and/or systems are developed, re-
viewed, approved and released to the CRBRP Project. One or.several con-
ceptual layout drawings are developed for designs which analyses indicate
satisfy the basic requirements.

* Preliminary Design

During this design phase engineering studies of the conceptual designs are
pursued. The end product is a design layout drawing which identifies the
engineering parameters and component design.features including critical
dimensions, tolerances and fits, and associated materials and processes.
This drawing along with the supporting-analyses and proposed testing pro-
gram form the basis for formal design reviews and approvals of the equip-
ment designs. Upon approval, the preliminary design layout drawings are
released and procurement activities for long lead material are initiated.

* Final Design

During this phase of the design process, the component detail drawings
and equipment assembly drawings are preapred consistent with the released
design layout drawing. The associated manufacturing requirements, including
material, process, fabrication and inspection requirements, are also de-
veloped. Detailed specifications for testinq are written; performer test
plans and drawings are reviewed ýand approved. Near term tests are completed 131
and evaluated. The drawings, requirements, test results and supporting
technical analyses (nuclear, thermal-hydraulic, structural) to demonstrate
design adequacy are formally reviewed and approved. The final design
drawings and manufacturing requirements are released (final design release)
to the CRBRP Project and become the basis for subsequent procurement..

0 Design Verification

Long term test results are being evaluated and resolution of areas of tech-
nical uncertainty are being documented through topical reports which are
reviewed, approved and released. Technical analyses supporting design

Amend. 31
Nov. 1976
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adequacy are also updated where necessary to incorporate the most recent
information. Concurrently, the released design and manufacturing require-
ments are the basis for preparation of "request for fabrication quotes",.
vendor negotiations, purchase order placement and vendor manufacturing
qualification. Culmination of these efforts is the approved fabrication
release for manufacture of the actual.CRBRP equipment.

a FSAR Input

The design requirements, design description and technical analyses and
testing results which support design adequacy are described. This input.
to the FSAR is based upon the current information available including as-
fabricated manufacturing data, very long term tests data (primarily from
high exposure irradiation tests) and all applicable experience to date.
This information is included in the derivationm of plant technical specifi-.
cation limits.

Relative to the above activity descriptions, two key points should be
emphasized:

1. Subsequent to release of a given design document, that document is
subject to formal change control procedures. The released design
and manufacturing requirements may be changed at any time prior to
.release for fabrication. Thereafter, any changes in design margins
•are accommodated by adjusting performance and operational require-
ments (e.g., increased power, temperature, or burnup). e

2. Technical analyses supporting design adequacy are performed during
each design phase. In the current evolutionary state of LMFBR fuel
technology, each set of analyses may be an improvement over previous
analyses. Environmental predictions, irradiated material properties,
basic behavioral models and design limits may be updated during each
design phase to incorporate the latest-CRBRP design supporting test
results or results from the ongoing LMFBR base technology programs.

The above discussion defines the "final design release" relative to the
overall design process. It should be noted that it is not synonymous
with FSAR input or submittal.

Q241.109-2 Amend. 29
Oct. 1976



Question 241.110 (4.2.3.1)

In the original version of the PSAR (Table 4.3-1, page 4.3-52) B4C
diametral pellet dimensions were 0.470 inches with a 0.013 inch
nominal diametral pellet-clad gap for the primary control rods.
In subsequent Amendment 14 (March 1976, Page 4.2-272a) these di-
mensions have been changed to 0.459 inches for the pellet diameter
and 0.024 inch for the nominal diametral gap. Provide the revised
B4 C operating temperatures for the primary control rods resulting
from the pellet-clad gap increase from 0.013 to 0.024 inches. Also
explain why the diametral dimensions were not increased for the
secondary control rods. Supply maximum diametral swelling values
for these two control rod types to substantiate their gap sizes.

Response:

The current primary control rod dimensions are provided in revised
Table 4.2-42a and Table 4.3-1. Nominal pellet diameter is 0.459 inch,
and nominal pellet/clad gap is 0.023 inch.

Also Table 4.2-46 has been revised to provide new primary control
rod operating parameters, including maximum B4 C temperatures.

Information on minimum primary control rod pellet/clad gap as a
function of time in operating cycle, as well as the maximum pellet
swelling is referenced in revised PSAR Section 4.2.3.3.1.5 and shown
in Figure 4.2-111a.

Maximum diametral swelling value for the secondary control rod pellets
is included in revised Table 4.2-36. The secondary control rod diametral
dimensions were not increased (or decrease) at the same time the primary
control rods were, since the swelling data base changes that warranted
the increase in the primary had no impact on the secondary control rods.

Q241.110-1 Amend. 28
Oct. 1976



Question 241.111 (4,2.3.15)

Provide an axial burnup profile for primary and secondary control
rods.

Reponse

The calculated axial distribution of neutron captures in the peak absorber
pin of the Secondary Control Assembly has been incorporated into a new
Figure 4.2-93a.

Figure 4.2-111b provides the axial burnup profiles for the four typical
primary control rod locations in an equilibrium cycle.

Q241 .111-1 Amend. 28• Oct. 1976



Question 241.112. (4.4.2.6)

Question 241.32 is not completely answered. Tables 4.4.14 through 4.4.19
show that there are hot gaps of less than 2 mils and that the gap conduc-
tance changes with burnup (or power) when the gap is closed. How was
the gap conductance calculated for hot gaps less than 2 mils?

Response:

Question 241.32 was: "Equation (4.4.2.6-6) is stated to be valid only in
the range of 2-7 mils. How is the gap conductance of smaller hot gaps
calculated?".

The answer to Question 241.32 was given within the frame work of the em-
pirical model adopted during 1973 and 1974 for preliminary analysis in-
cluded in the originally submitted PSAR. As stated in that version
of the PSAR, Section 4.4.2.6.5, the model is strictly valid for beginning-
of-life conditions because the HEDL P-19 test, upon which the model was
based, was performed under beginning-of-life conditions. For these
conditions, calculations with the empirical model yield hot gaps which are
larger than 2 mils (diametral) for the P-19 fuel pins and CRBR fuel rods.
These results formed the basis for answering Question 241.32.

However, an earlier question, 001.45 requested gap characteristics as a
function of burnup at rated power and overpower conditions. The empir-
ical model referred to above does not provide this detail. Thus, Question
001.45 was answered using the most updated, detailed model available at
that time (July 1975), namely the LIFE-Ill code. (This detailed model
has undergone and will continue to undergo further update).

The hot gaps of less than 2 mils and the gap conductances referred to in
the current Question (241.112) and shown in Tables 4.4-14 through 4.4-19
were calculated with the LIFE-III code in response to Question 001.45.

Note that the hot gaps shown in the Tables at the beginning -of-life are
greater than 2 mils diametral (the Tables give radial gaps) and thus fall
within the range of validity established for equation 4.4.2.6-6.

With regard to the above the following shouldbe noted: 1) Additional
discussion of the methodology used in employing and deriving the empiri-
cal model will be given under Questions 241.119 and 241.122. 2) The LIFE-III
code and detailed models based on and correlated with the LIFE-III code
will be used for final design and preparation of the FSAR. Additional
information in this area is provided under Question 241.120.

Q241.112-1 Amend. 29
Oct. 1976



Question 241.113 (4.4.2.6)

The answer given to question 241.35 is not the desired response. According
to statistical theory, the correlation coefficient, requested in question
241.35 is defined as a measure of the amount of relation between variables
or the portion of the sum of squares deviation which has been.removed by
correlation.

The prediction interval also has a statistical definition. It is the con-
fidence range of any single predicted value of the dependent variable. It
will be wider than the confidence range of a value estimated from the correla-
tion by a measure of the confidence of the correlation itself.

Using these terms with their exact statistical definitions, please answer
question 241.35 again

Response:

Equation 4.4.2.6-6 describes the preliminary correlation between gap conduc-
tance and gap size based on P-19 data as discussed in response to question
241.112. Figure Q241.113-1 shows equation 4.4.2.6-6 and the six data points
from which it was developed. These points represent the relationship between
gap conductance, as inferred by metallographic examination of P-19 fuel, and
calculated gap size based on a simple thermal expansion model of the fuel pellet.

Subsequent evaluation of the P-19 data, using improved powers as re-calculated
from ANL (Ref. Q241.113-1) has shown that the preliminary correlation adopted
in PSAR analysis was conservative; i.e., a larger hot gap size corresponded
to a given gap conductance, or for a given hot gap size, the gap conductance
was larger than predicted by PSAR equation 4.4.2.3-6.

The best fit (minimum absolute variance) hyperbolic curve for the revised
set of P-19 gap sizes is given by:

8047hg -75.2 + hot gap

where the units are the same as for equation 4.4.2.6-6..

Another hyperbolic curve may be fit to these data such that the relative
variance (*) is minimized. This correlation, equation 2 below., gives a
better fit with regard to the points corresponding to lower values of gap
conductance.,

hg -117.1 + 7649 (2)hot gap

T()The relative variance is defined as:

(measured) - hg (calculated)) 2

( ~hg hg (measured)

Q241.113-1

Amend. 33
Jan. 1977



Figure Q241.113-2 shows a comparison of PSAR equation 4.4.2.6-6 aga.inst the
revised data points as well as their best .fits, i.e., equations (1) and (2)
reported above.

The conservatism of the nominal gap conductance correlation adopted in PSAR
Is evident and is very clearly shown from a different point of view in
Figure Q241.113-3: all the points considered in determining.the gap con-
ductance design correlation used in PSAR lay on the conservative side of the
450 regressiton line. The reevaluated data points are shown for comparison,
along with the lower confidence limits (90th and 95th percentiles) on
.individual ap conductance. The pred ction interval for the re-eyaluated

date points is symmet ric abdOUt -the 45 . lines sihXvWn-riFigure:Qý241.lT3-S;:-.
As an example Figure Q241.113-3 demonstrates the conservative portion of
the 95% Confidence prediction interval for the case of a calculated gap
conductance of 1400 BTU/hr-ft 2 -OF. Note that when applied to the data
used in the PSAR, it represents a conservative estimate, as discussed
previously.

The correlation coefficient was calculated to be 0.907.

No attempt was made to update equation .4.4.2.6-6 and fuel temperature calcu-
.lati.ons reported in PSAR since,: a) the conservatism of the adopted correlation,
as discussed before; and b) future analyses will adopt, rather than an empirical
fit, a phenomenological gap conductance model, based on LIFE-Ill, as discussed
in detail in response to questions 241.117 and 241.120.

Reference

Q241.113-1. L. B. Miller, et al., "Characterization
Experimental Irradiation Subassembly of
EBR-II%, ANL/EBR-047, September, 1971.

of the Power in an
Mixed Oxide Fuel in

Q241.113-2 Amend. 33
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Question 241.114 (4.4.2.6)

Provide a derivation of the equation for HCF•g given in Section 4.4.2.6.5
and explain how hl, h2 and h3 are calculated.

Response:

The response to this question is provided in amended PSAR Section 4.4.2.6.5
and new Figure 4.4-55.

Amend. 29
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Question 241.115 (4.4.2.6)

The answer to Question 241.62 did not give the desired response. In the
context of this question, fuel relocation is the cracking of the fuel
pellet due to thermal stresses, and the subsequent movement of the cracked
pieces towards the cladding.

Please answer PSAR question 241.62 again

Response:

Cracking of the fuel pellet due to thermal stresses is a highly anisotropic
and localized phenomenon. Movement of the cracked pellets towards the clad-
ding results in reducing the gap, thus effectively reducing the fuel center
temperature. The simplified thermal analysis procedure given in section
4.4.2.6 does not explicitly account for this type of relocation. However,
cracking and relocation is indirectly accounted for, since the correlation
was directly based on P-19 experimental results.

The LIFE-III code will be used for FSAR analysis. This code includes an
isotropic fuel cracking model which simulates the effects of fuel cracking
on the fuel mechanical and thermal behavior. In order to assess, on a
comparative basis, the effect of accounting for fuel cracking, the peak pin
in fuel assembly #6 (i.e., the pin with highest fuel temperature) was analyzed
for beginning-of-life conditions using the LIFE-Ill code. Two conditions were
examined: a) adopting the code fuel cracking model; and b) assuming that no
fuel cracking occurs. The fuel centerline temperature predicted by LIFE was
higher in the second case, as expected, since accounting for fuel cracking
will actually enhance the gap heat transfer characteristics. Therefore, the
one-dimensional PSAR analysis which does not explicitly account for fuel
cracking, is conservative.

Amend. 33
Q 241.115-1 Jan. 1977



Question 241.116 (4.4.2.6)

The hot channel factors used for calculating fuel temperatures should
account for uncertainties in such a way that the resulting temperature
calculated by this method are conservative. Please explain how, if the
hot channel factors have been properly obtained and applied, this pro-
cedure results in "very good agreement . . . between predicted fuel center-
line temperature and the P-19 data," as stated in Section 4.4.3.2?

Response

The response to this question is provided in amended PSAR Section 4.4.3.2.

Amend 30
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Question 241.117 (4.4.2.6.)

Describe experiments or calculations planned to update the gap conductance
correlation used in the NICER code as discussed in Section 4.4.2.6.5

Response:

Work is in progress to substitute in empirical gap conductance equation
with a comprehensive modelinq of QaP behavior in the fuel rod thermofluids
desing code NICER. Specifically, the following three models are being added:

1) The complete gap conductance model used in the LIFE-III code;

2) A fuel-cladding gap closure model based on the LIFE-III code;

3) A fuel-cladding contact pressure model based on the LIFE-III code.

Each of these models are briefly described below.

1. The Gap Conductance Model

The overall gap conductance defining the heat transfer across the fuel-
cladding gap is given by:

H H Hg+H + Hr (1)

where H = the conductance due to conductive heat transfer through
g the gas bond and at the gas-solid interface;

Hs = the conductance due to conductive heat transfer across
points of fuel-cladding contact;

H = the conductance due to radiant heat transfer.
r

Equation (1) is used solely to compute the fuel surface temperature, Ts,

from the cladding I.D. temperature, Tci, the cladding inner radius, Rci,

and the linear power, Q, using the relationship

Ts - Tci = Q/(2iRciH) (2)

Since this model is exactly the same as in LIFE-Ill, the expressions des-
cribing each heat transfer mechanism and the detailed derivations will be
available in the LIFE-Ill code documentation. This gap conductance model
has been calibrated and verified against the P-19, P-20, and F-20
experimental fuel pins.

Amend. 30
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2. Fuel-Cladding Gap Closure Model

The NICER code does not perform structural/mechahical analyses and
does not compute the time-variation in fuel cladding'gap during gap
closure occurring early in life. The LIFE-Ill gap conductance model, however,
requires a value for the gap width as a function of time since this is an
important factor in determining the gap conductance. Thus, an expression
for gap closure Was developed and fit to gap size histories calqulated by the
LIFE-Ill code over a wide range of operating conditions. The equation. takes
into account the. following parameters:

* thermal expansion of the cladding;

* thermal expansion (and cracking) of the fuel;

* swelling of the fuel.

It is not necessary to account for swelling of the cladding, since gap
closure typically takes place over less than a few hundred hours which is
not enough time for significant cladding swelling to occur. Also,.the. gap-
closure equation accounts for variations in:

e cladding I.D. temperature, Td;

• linear power, Q;

* initial cold gap, G

@ fuel surface temperature, Ts;

e as-fabricated fuel density, p.

The basic equation for the fuel-cladding gap is given by:
- f=G+AR- (3)G = R ci -R fo =Go0+A ci - AR fol AR Rfo2(3

where Go = gap initial (cold) value;

Rci = cladding inner radius;

Rfo = fuel outer radius;

ARfoI = increase in fuel outer radius due to thermal
expansion and cracking;

ARfo 2 = increase in fuel outer radius due to fuel swelling;

ARci = increase in cladding inner radius due to thermal
expansion.

The constants in the gap-closure model were chosen to produce gap widths
varying with burnup, power, fuel density, cladding temperature and fuel
surface temperature in essentially the same way as those computed by the
calibrated LIFE-Ill code.

The details of this gap-closure model will be available in the NICER code
documentation.

'Q 241.117-2 Amend. 30Nov. 1976



3. Fuel-Claddinq Contact Pressure Model

The LIFE-Ill gap conductance model included in the NICER code also requires
evaluation of the fuel-cladding contact pressure since one component of the
gap conductance is that due to solid-solid contact. A simple theoretical
model was developed to calculate fuel-cladding contact pressure as a function
of parameters available in the NICER code. The model takes into consideration
such variables as,:

* fission gas release;

e cladding swelling and thermal expansion;

* smear density;

e power rating;

e burnup;

* solid fission product swelling;

e fuel thermal expansion and fission-gas swelling.

Basically, the fuel-cladding contact pressure arises due to fuel swelling
which in turn is due to fission gases and solid fission products. Pertinent
LIFE-III models were combined to develop a simplified model for NICER. The
predictions from the simplified model were compared with the LIFE-Ill pre-
dictions and were observed to be in reasonably good agreement. The details
of this model also will be available in the NICER code documentation.

Thermal performance fuel, pin tests currently available, P-19, P-20, F-20,
were used to calibrate and verify the LIFE-III code models as indicated
above.

Q.241.117-3 Amend. 30Nov, 197.6



Question 241.118 (4.4.2.6).

The 3o uncertainty value of -20% for equation 4.4.2.6-6 seems unrealistically
low. This uncertainty includes only the statistical scatter of the data
points and not any uncertainty in the data points themselves or in the cal-
culation of the hot gap. Such effects as the uncertainty in the power
generation, variations in density, etc., were apparently not.considered
(see Question 241.33).

Also, is it not true that the fuel rods for the test from which these data
were obtained (P-19) were fabricated so that there was less variation in
fuel rod dimensions than would be the case for standard CRBRP fuel rods?
What allowance was made for this in developing the uncertainty in the
correlation? How are uncertainties in power included in application of
this correlation?

Equation 4.4.2.6-6 applies only to Beginning-of-Life conditions. The uncer-
tainty should be high as burnup increases due to increasing amounts of
relocation, fission gas release, fissionproduct redistribution and fuel
restructuring. Justify keeping the uncertainty constant at the Beginning-
of-Life value

Response:

The 3a interval of +20% for equation 4.4.2.6-6 is a conservative estimate of
the uncertainty attributable to the use of the correlation itself. In fact,
the major contributor to the statistical scatter of the data points shown in
Figures 1, 2 and 3 of the response to Question 241.113 is not the uncertainty
in the correlation (equation 4.4.2.6-6) but rather the combined uncertainties
of such effects as local power generation, local coolant temperature, fuel
solidus temperature, fuel pellet conductivity, cladding conductivity, film
coefficient, etc. On a basis of the best estimate of each of these contributing
uncertainties, for the EBR-II reactor and P-19 test conditions, their combined
effect is approximately 70% of the total uncertainty which is manifested as
statistical scatter of the data points of the above mentioned figures. The
uncertainty of 20% in the gap conductance correlation above (which is part of
the gap hot spot factor, see response to Question 241.114) is therefore con-
servative; moreover, the conservatism in the derivation of equation 4.4.2.6-6
was discussed in detail in response to Question 241.113. An objective of the
P-19 tests was to minimize the uncertainty in the evaluation through the use of
controlled cell gap sizes in the range of 4 to 10 mils. The actual gap sizes
are tabulated in the response to Question 241.119.

Uncertainties in power generation and vartatlons, in.ftssfle densjty are accounted
for through the heat flux factor (see, for example, Table 4.4-2) which is con-
sidered together with the gap conductance hot spot factor in calculating the
gap temperature drop. As regards the second and third parts of the question,
the preliminary status of the gap conductance empirical model adopted in PSAR,
since it was the only one available at that time, has been discussed in detail
in response to Questions 241.117 and 241.120. In particular, the response to
Question 241.117 gives an outline of the comprehensive modeling of gap behavior
which is derived from LIFE-Ill and will be adopted in final design analyses and
FSAR preparation. As specifically stated in response to uestion 241.120, a
reassessment of uncertainties will be performed, including proper consideration
of burnup effects, to assure that all design criteria are met during the fu'el
rod lifetime (accounting for 3o uncertainties and 15% overpower).

Q 241.118-1 Amend. 33
Jan. 1977



Question 241.119(4.4.2.6)

The answer to question 241.34 is incomplete. What was the analytical
procedure used to calculate the hot gap conductance correlation (equation
4.4.2.6-6)? Is fuel relocation (fuel cracking and subsequent movement of
the fragments towards the cladding) included in this calculation?

In deriving the correlation of equation 4.4.2.6-6 what values were assumed
for fuel thermal conductivity and fuel melting temperature?

Describe the model used to calculate the thermal expansion of the fuel
pellet.

Response:

The requested information is provided in amended Section 4.4.2.6.5.

Q241.119-1
Amend. 33
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Question 241..120 (4.4.2.6)

List the analyses for which equation 4.4.2.6-6 is used.

Response:

The response to this question is found in amended PSAR Section 4.4.2.6.5.

Amend. 29
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Question 241.121 (4.4.2.6)

Providez the rationale for using the P-19 irradiation results in the thermal
analysis of the radial blanket in view of the fact that whereas the fuel in
the P-19 pins restructured before the high power operation the radial blanket
fuel will see a different power history with essentially no restructuring
during early life. (Recall the 3.5 mil gap P-20 pin that melted at high
power, most likely due to little early-in-life restructuring). Also provide
the quantitative relations that equate power-to-melt of 0.230 and 0.250 inch
pins with the power-to-melt of 0.520 inch pins. Explain when and why.thermal
over or under predictions are conservative. See PSAR page 4.4-16 as an
example of the use of "conservative".

Response:

The detailed prediction of fuel temperatures requires an integrated set of
models for gap conductance, fuel thermal-conductivity, thermal expansion,
cracking, pore migration, hot pressing and fuel stress-strain behavior.

However, in the case of fuel rods, the beginning-of-life melting powers
were determined from P-19 test results because the test was designed to be
nearly prototypic. A simplified but adequate model based on P-19 results
was used as given in Section 4.4.2.6.5. Radial blanket rods have a larger
diameter and a different power history than fuel rods. Hence, the
simplified model based on the P-19 results could not be used for thermal
analysis of the radial blanket rods.

In order to perform the thermal analysis of blanket rods, the CYGR0-F code
was used. In this code, the material properties and behavior models indicated
above were formulated using basic data and fundamental formulations as far as
possible. The uncertainties in models were resolved by calibrating the code
against selected fuel pin experimental results and making appropriate modifi-
cations to the behavioral models. The code then provides a detailed rigorous
thermo-mechanical analysis system which is sensitive to variations in power,
temperature, state of the fuel and the reactor environment.

Specifically, the CYGRO-F code was statistically normalized to the P-l9
midplane section data to predict the melt radius, central voids and grain
structure. The code was then verified using the P-19 incipient melt
section data, and the GE-Fl and WSA-l and -2 experimental data (see
References Q241.121-1 and 2). These analyses confirmed the suitability
of the fundamental models in the code for design studies. The fundamental
nature of the behavioral models allows the use of the code for conditions
different than in fuel rods such as radial blanket rods. No quantitative
relations were used to equate the power-to-melt of 0.230 and 0.250 inch
pins with the power-to-melt of 0.520 inch pins. The differences in
dimension, power history and restructuring characteristics were accounted
for by the behavioral models in the code. In the analysis, the thermal
conductivity values of mixed oxide fuel were used. The mixed oxide thermal
conductivity values are 5 to 15% lower than that for UO and hence, the
results of the analysis are considered-to be conservative.

Amend. 32
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For preliminary analysis, the CYGRO-F code was considered to be adequate.
The FSAR analysis, however, will use the LIFE-Ill code, which has improved
models specific for radial blanket and has been verified more thoroughly.

References

Q241 .121-1

Q241.121-2

S. A. Rabin, W. W. Kendall, W. F. Bailey, "Short-Term Fast
Flux (EBR-II) Irradiation of PuO2 -UO2 Fuel Pins," GEAP-5570,
October 1967.

U. P. Nayak, et. al., "Post Irradiation Examination Results
of WSA-I & WSA-2 Fuel Pins (Interim Discharge)," WARD-OX-
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C Question 241.122 (4.4.2.6)

:Provide the detailed analysis for the derivation from the P-19 test of
equation 4.4.2.6-6 which states hg = 27 + 6385/hot gap. Also show how
the -3o confidence level was determined to be -20%. Your analysis should
show how the hot gap was calculated using thermal expansion, cold gap pin
power and cladding temperatures. Give an actual example, using a P-19 pin,
of the analytic procedure

Response:

As described in the response to Q241.113, equation 4.4.2.6-6 represents a
preliminary correlation between equation 4.4.2.6-6 and the six data points
from which it was developed. This response also presents a new equation,
hg = -75.2 + 8047/hot gap, which is the best fit hyperbolic curve for a
revised set of P-19 gap sizes.

A discussion of the 3a interval of +20% is contained in the response to Q241.118.

An analysis showing how the hot gap was calculated is contained in the response
to Q241.119. This response also provides an actual example of the analytic
procedure using pin 10-19-2.

Amend. 33Q241.122-1 Jan. 1977



Question 241.123 (4.4.2.6)

a) Since the fuel is not at isothermal conditions, please explain how
the fuel radial and axial thermal expansions are determined.

b) What data are used to provide values for fuel thermal emissivity?

c) What is the density of liquid fuel at its various liquidus tempera-
tures?

d) Provide the data based on the thermal properties of liquid fuel
needed for safety analysis (e.g., heat capacity, thermal Conduc-
tivity, etc.).

Response:

a) Fuel radial and axial thermal expansions were explicitly accounted
for in PSAR mechanical, but not in fuel thernal anal ses. Horever,
fuel radial expansion was considered in calculating 'he amoun otqap
closure, in order to obtain the correlation between cold and hot gap:
this will be discussed in more detail in response to Question 241.122.

As shown in Ref. Q241.123-1 the fuel thermal expansion coefficient used
in the above calculation was:

= 6.689 x 10-6 T + 3.244 x 10-9 T2

where a is in °C- and T in 0C

Explicit consideration of fuel thermal expansion will be included in
future analyses conducted using the LIFE code, chiefly in preparation
of the FSAR (see discussion in response to question 241.120).

b) Fuel thermal emissivity per se was not considered. Again, the P-19
data were the basis for calculation of beginning-of-life fuel tempera-
tures. Since the gap conductance correlation was merely an empirical
fit of experimental data, it included all phenomena affecting the heat
transfer across the gap, thence fuel emissivity among the others.

The radiation component in the fuel thermal conductivity is included in
the reconmended correlation.

c) and d) Liquid fuel is beyond the scope of the analyses pertaining to
Section 4.4. It is a design limit and constraint that the fuel stays
below the solidus line during steady state operation (to which Section
4.4 addresses itself) even for sustained operation at 115% of rated
power, including uncertainty factors at the 3,o levilblf F o•f•ence.
lowever the information requested can be ouna in ae -
Ref. Q241.123-2 and the Fuel section of Ref. Q241.123-3.

Amend. 29
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Question 241.124 (4.4..2.6)

What effect does pore size, shape and distribution (fabrication process
and feed material dependence) have on fuel thermal performance-mainly
fuel thermal conductivity? Will additional P19, P20 type of tests be con-
ducted with actual CRBR fuel? If no such tests are planned, please explain
why they are notneeded even though the P19, P20 test fuel was not fabricated
by the same vendor as CRBR fuel.

Response:

The response to the first part of this question is found in amended PSAR
Section 4.4.2.6.7.

Additional P-19 and P-20 type tests are not specifically planned for the
CRBRP fuel. The justification for this position is based on the following:

1. The P-19 fuel was fabricated using a high pressure preslug, low
pressure compaction fabrication process. This process resulted in
fuel pellets with laminar porosity and microcracks of the type which
show a decrease in thermal conductivity compared to fuels with
isometric, uniformly distributed porosity. The PSAR fuel pin desiqn
analysis was based on power-to-melt values determined from the P-19
experiment, and therefore, the possible effects of pore morphology
which cause lower thermal conductivity are already conservatively
included. When CRBRP fuel characteristics are available, a comparison
with experimental fuel (such as P-19, P-20, and F-20) characteristics
will form the basis for a reassessment. Note that the current analysis
of the P-19 and P-20 results indicate substantial marqin between CRBRP
maximum linear heatinq rate and power-to-melt as discussed in the
PSAR and in response to Questions 241.116 and 241.127.

2. The CRBRP fuel is expected to be fabricated by similar processes as
that used for FFTF fuel. HEDL is performing comparative power-to-melt
experiments with the two FFTF vendor fuels and HEDL fuel manufactured
to the same fuel sDecifications in the GETR reactor. (References
Q241.124-1 and PSAR Reference 4.2-164).These GETR tests will provide a
comparison of irradiation performance or vendor fuel and HEDL type fuel
and indicate if any unanticipated performance characteristics were
introduced by the vendor's process. These tests are completed and the
results will be available prior to FSAR preparation.

References
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Question 241.125 (4.4.2.6)

How is the + 10% thermal conductivity hot channel factor determined? Are
variations Tn density, stoichiometry, etc. included in this number? Is the
porosity correction included in this number? List all the factors considered
and their values.

Response:

The.requested information is.provided in amended Section 4.4.3.3.1 and
is discussed below:

Effects of:Variations in Density:

The + 10% uncertainty in the thermal conductivity does not explicitly
accou-nt for the variations in the density from the specified nominal value.
The CRBRP fuel specification specifies fuel pellet weight per unit
length, with nominal fuel density as a percent of theoretical density.This specification in.combination with the dimensional specification results
in a density-requirement of 91.3% + 1.61% TD. This narrow band of density
variation will result in an uncertainty of + 5.5% in.thermal conductivity.
As previously stated, this out-of-reactor difference will be reduced due to
in-reac.tor effects such as restructuring. The adopted10% hot spot factor.
was an overall estimate to be used in conjunction with theempirical model
based on P-19 data; its adequacy for preliminary analysis was verified by
analytically reproducing, the P-19 data as discussed in detail in revised 130
Section 4.4.3.2. As mentioned in revised Section 4.4.2.6.5, phenomeno-
logicalmodels developed for the LIFE-III code are being incorporated in
the fuel thermal analysis and will be used in final design and FSAR
preparation. Following incorporation of these models and the availability
of final fuel specifications, the uncertainties including the effects of
density variation will be re-assessed.

Effects of Stochiometry

Under in-pile conditions, variations in stoichiometry occur across the
diameter of the fuel as a result of temperature gradients. Based on the
analysis of Rand and Markin (Ref. Q241.125-1) the oxygen to metal ratio.
(O/M ratio) in the cooler outer region will increase towards the stoich-
iometric value resulting in an increase in the thermal conductivity value
with a concomitant decrease in the hot region.

Amend. 30
Q241.125-1 Nov. 1976



The. thermal conductivity correlation was formulated to be representative
of in-reactor fuel which had an original O/M ratio of-Vl.96. The lower
temperature regions of the correlation were developed using an O/M ratio I
of 2.00 and the higher temperature region was based on in-reactor experiments
which used fuel with an O/M ratio of 1.96.

The important parameter,ýn the fuel thermal analysis is the KdT value.
C~-istensen (Ref. 4.4-53) compared the in-reactor heat-ratings to melting 130
(YmeltKdT) for mixed oxide fuel of O/M ratios 2.00, 1.99 and 1.94. The

results showed that the melting heat ratings in this O/M range were nearly
identical within experimental error. There was essentially no difference
between an O/M ratio of 1.99 and 1.94 (note that CRBRP.fuel will range
between 1.94 and 1.97). Similar studies by Cantley et.al. (Ref. Q241.125-2)
at GE showed that the effect of fuel O/M on the integrated conductivity to
melting (ImeltKdT) was within experimental error. Based on these results,.
it was concluded that stocihiometry variations in the range of the CRBRP
fuel specifications.have a negligible effect on temperature calculations.

Effect of Porosity

The recommended + 10% thermal conductivity hot channel factor includes the
uncertainty in the porosity correction correlation. The experimental
data existing for various fuel densities were originally normalized to a
single density using the porosity correction factor. The uncertainties in the
thermal conductivity values were than determined and hence the recommended
hot channel factor accounts for the uncertainties in the porosity correction
factor. 4
References:

Q241.125-1. M.. H. Rand and T. L. Markin, AERE-R-5560 (1967).
Q241.125-2. D. A. Cantley, B. F. Rubin and C. N. Craig, GEAP-13935,

January 1973.
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Question 241.126 (4.4.2.6)

PSAR Table 4.4-20 indicates that certain fuel data values were obtained
from the Nuclear Systems Material Handbook, but we are unable to locate
these data in the handbook (actually, the handbook does not appear to
contain any ceramic fuel data). Please clarify the reference to Nuclear
System Material Handbook data.

Response:

The Nuclear Systems Material Handbook Advisory Committee is currently in
the process of compiling, reviewing, and approving the data for ceramic
fuels. The data supplied and referred to in Table 4.4-20 is the melting
temperature data for the fuel and has been approved by the NSMH Ceramic
Fuels Working Group as interim data. These approved interim data were
sent to the NSMH Advisory Committee in February, 1976 and publication in
the Handbook is expected in the near future.

Amend. 29
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Question 241.127(4.4.2.6.14)

Explain the derivation of the 3a va'lue of +.92 kw/ft,. on equation 4.4.2.6-13.

Response:

The response to this question is in amended PSAR Section 4.4.2.6.14 and

Figure 4.4-55.

Amend. 29
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Question 241.128 (4.4.2.6)

How is equation 4.4.2.6-14 used in the context of CRBRP? Give values
of Al, A2 and A3.

Response:

The response to this question is found in amended PSAR Section 4.4.2.6.

Amend. 30
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Question 241.129 (4.4.2.6.16)

List the additional data fit to Dutt's correlation and show predicted
versus measured values for a comparison. Also, what was the standard
deviation, p, for the new correlation, where the correlation coefficient
is:

SY2

yp.= 1 -

S

and Sy2 =n ( Yi) 2 /(n-p)
i

2 - 2/ (n-p)

where n number of data points;

Yi = observed value of ith data point;

yi = predicted value of ith data point

y average of observed data;

p = number of parameters in model.

Response:

The response to this question is provided in amendment PSAR Section
4.4.2.6.16.

Amend. 30

Nov. 1976
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Question 241.130: (4.4.3.2)

Provide a derivation of the equation for TE on page 4.4-25.
the various quantities in the equation are calculated.

Discuss how

Response:

The information requested is provided in revised Section.4.4.3.2.

Amend. 29
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Question 241.131 (4.4.3.2.)

The response to question 241.43 lacks sufficient detail. 'The response
contains information on the combination of hot channel factors but it is
not clear what data or analyses were used to obtain the hot channel
factors. For instance, the fuel thermal conductivity hot channel factor
does not state which data were used or how the data were manipulated to
obtain a hot channel factor of I.I.

Response:

A detailed discussion of the fuel thermal conductivity hot spot factor was
reported in response to question 241.125.

As regards the first part of the question, i.e., "what data or analyses
were used to obtain the hot channel factors", they were discussed in
topical report WARD-D-0050. This information is again summarized in the
following for all the hot spot factors listed in Table 4.4.2. Before going
into the point-by-point discussion, it should be mentioned that these hot
spot factors are preliminary and are continually being refined.

1) Power Level Measurement and Control System Dead Band

This factor accounts for the specified power measurement error plus
the set dead band. The value reported in PSAR is currently being
updated for Plant Expected Conditions, following detailed Monte
Carlo type analyses.

2) Inlet Flow Maldistribution

This factor is an engineering estimate based on FFTF experience. The
same value was used in PWR early analyses and was found to be overly-
conservative (present PWR's FSARs have an inlet flow maldistribution
hot channel factor equal to 1.01). Data from CRBR hydraulic tests and
additional detailed analyses have become available since PSAR
preparation, thus, this value is currently being re-evaluated.

3) Assembly Flow Maldistribution Calculational Uncertainties

This factor is a conservative engineering estimate based on analytical
evaluation of numerous rod bundle tests. Since PSAR preparation, a
very systematic, detailed statistical study has been completed by
comparing and calibrating the code COTEC against experimental data.
The data examined included: 217-pin HEDL water test, ANL 91-pin salt
and hot water tests, 19-rod bundle sodium test in FFM, the very recent
11:1 air flow test conducted at Westinghouse Research Laboratories,
MIT 61-pin test,' etc. Following this study, an optimized set of empirical
parameters to be used in C0TEC analyses for CRBR was recommended along
with uncertainties affecting C0TEC predictions. Typical C0TEC
calculations were also compared against parallel COBRA, THI-3D and
ENERGY predictions. The value reported in the PSAR is therefore being
reassessed.

Q241.131-1 Amend. 30
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4) Physics Calculational Methods and Control RodEffects

Discussions are provided in PSAR Section 4.3.2.2. These
uncertainties are currently being updated.

5) Cladding Circumferential Temperature Variation

This was calculated employing the FATHOM-II code. FATH0M-II
calculations showed excellent agreement (Reference 25, PSAR Section 4.4)
with published results of similar studies (References 21 and 22, PSAR
Section 4.4). Since PSAR preparation, the more advanced FATHOM-360
code was developed and made operational. Re-evaluation of this
fa.ctor.is therefore in progress.

6) Inlet Temperature Variation

See Item 1. It should be noted that this hot channel factor applies
only to Plant Expected Conditions and is not 'used in safety and
transient analyses, which are based on Plant T&H Conditions.

7) Reactor AT Variation

See Item 6.

8) Nuclear Data

See Item 4.

9) Fissile Fuel Maldistribution

See Item 4. Current CRBR fuel manufacturing specifications confirmed
that this factor was under-estimated for the coolant enthalpy rise
factor (see discussion in WARD-D-0050). A value of 1.03 is being used
in present analyses.

10) Wire Wrap Orientation

Value based on analyses performed with the COTEC code for all
combinations of wire wrap orientations. The quoted value, even though
small, is conservative, since COTEC slightly over-predicts the peripheral
flow component.

11) Subchannel Flow Area

Value based on analyses performed with the COBRA code accounting for
bowing and worst stackup of tolerances leading to maximum channel
closing. Re-evaluation and updating of this factor is in progress.

12) Film Heat Transfer Coefficient

Value based on analysis reported in WARD-D-0034.

Q241.131-2 Amend. 30
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13) Pellet-Cladding Eccentricity

Value based on Reference Q241.131-1 analyses. The factor is
currently being reassessed following availability of the LIFE-Ill
code for calculation of gap size and conductance.

14) Cladding Thickness and Conductivity

Value calculated from uncertainty on published data combined with
tolerances effect.

15) Gap Conductance

Discussed in detail in response to several NRC questions (see, for
example, 241.114).

16) Fuel Thermal Conductivity

Based on published data uncertainty, as discussed in response to PSAR
question 241.125.

17) Coolant Properties

Uncertainty on adopted sodium properties (Reference 2, PSAR Section 4.4).

References

Q241.131-1 R. Nijsing, "Temperature and Heat Flux Distribution in
Nuclear Fuel Element Rods", Nucl. Eng. and.Design, 4,
pp. 1-20, 1966.
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Question 241.132 (4.4.3.2.)

It is *a staff position that the values of the hot channel factors cannot
be accepted until the computer codes used to obtain these factors and the
experimental data and fabrication data used to obtain these factors have
been reviewed and approved by the staff. This can be done during the review
of the CRBRP FSAR.

Response:

The preliminary bases for hot channel factors philosophy, method of combin-
ation and quantitative value are discussed in topical report WARD-D-0050
referenced in the PSAR. Hot channel factors evaluation is continually up-
dated following availability of new experimental data, development of new
analytical techniques or improvement of existing ones, better characterization
of plant operating parameters, finalization of fabrication process, etc.
Therefore, periodic revisions of the topical report will be issued to reflect
updating of the hot channel factors.

Q241.132-1
Amend. 30
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Question 241.13314.4.3.3-)

In topical report WARD-D-0054, page 17 (Reference 16, Section 4.4 of
the PSAR), the amount of y energy deposited 4in structure and coolant is
considered in the calculated power-to-melt. Was this taken into account
in determining the power in P-19 and P-20 experiments? If so, what value
was used for the heat generation in materials other than the fuel? How
was this number-determined for the P-19 and P-20 experiments? How is the
number calculated in the design? Does the number change with burnup? Is
the change with burnup accounted for? When monitored in the plant for
comparison with the limit, what value will be monitored, the total or the
fuel power?

Response:

The distinction is made in topical report WARD-D-0054 between pellet linear
power rating (which accounts for only the power produced in the fuel pellet
by either fission or y-production) and rod linear power rating (which also
includes y-energy deposited in structure and coolant). Assessment of the
margin between maximum operating conditions and limiting power-to-melt
should be based on the pellet power rating, as recommended in WARD-D-0054.
Most importantly, however, both operating conditions and limiting power-to-
melt shall be calculated on the same basis; for this reason, PSAR Section
4.4 and WARD-D-0054 report the core mapping of the maximum (3u plus over-
power) linear power rating for both pellet and rod.

P-19 powers were adopted by HEDL on the basis of calculations performed by
ANL/EBR-II (Ref. Q241.133-1). In ANL calculations, the distinction was made
between fission and y-heating; however, y-heating occurs in the fuel as well
as in the structure and coolant and no distinction in this respect was made.
P-20 powers were normalized on P-19 powers (Ref. Q241.133-2). Therefore, P-19
and P-20 powers were calculated from the total assembly power and thus,
represent rod, rather than pellet, limiting power-to-melting. In conclusion,
calculated rod linear power ratings shall be compared against P-19 (and P-20)
experimental power-to-melt; since the amount of y-heating outside the fuel
pellet is only of the order of 3%, a substantial positive margin exists as
discussed in the PSAR and in response to question 241.127.

The gamma and fission heating distributions in CRBRP are determined using
two-dimensional diffusion theory techniques with coupled neutron-gamma
cross sections. These techniques are verified by comparison against measure-
ments in the ZPPR critical as described in PSAR Section 4.3.2.2 for the power
(fission) distributions. In the core, the gamma and fission heat deposited
external to the fuel pellet (in the cladding, wire wrap, coolant and duct)
ranges from 2-3% of the total power, as previously mentioned. The fraction
of power generated within the fuel pellets is therefore 97-98% of the total
power; the change of this value with burnup is within the specified range.

In CRBR operation, total power will be monitored; assembly exit instrumen-
tation (thermocouples) will indirectly monitor the total power in individual
assemblies, while neutron flux monitors will verify the total reactor power.

Q 241.133-1 Amend. 29Oct. 1976
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Question 241.134 (15.1.2)

"Validation" of the CDF technique and its ability to preclude fuel-pin
failures is discussed on page 15.1-64, Section 15.1.2.1 (Amendment 2).
Please present more detail on how the EBR-II and TREAT irradiation results
will be used. Be more specific regarding scope and schedule; i.e., relate
the schedule to the CRBR licensing schedule. Discuss fall-back positions
should the CDF technique prove non-verifiable.

Response:

As they relate to the validation of the CDF technique, the EBR-II and
TREAT test data will be utilized in the manner described on PSAR pages
15.1-63 and 15.1-64. The schedules for these tests and their relations to
submittal of the FSAR are given in References Q241.134-1 and 2.

If, on the basis of the EBR-II and TREAT data, the CDF technique proves
to be non-verifiable, the following fallback positions, in order of pre-
ference, are available:

1. Develop a new analytical technique based on a statistical approach

consistent with the requirements outlined in PSAR Table 15.1.2-1;

2. Reduce the allowable CDF value downward from unity;

3. Adopt completely the strain limit criterion.

4. Develope a new design criterion.

References:

Q241.134-1.

Q241.134-2.

TC-573, "Reference Fuel Steady-State Irradiation Program
Plan, Revision I", March, 1976.

"Summary of CRBRP Transient Testing Portion of the Plan
for the National LMFBR Mixed Oxide Fuel Transient Perfor-
mance Program", April, 1976.
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Question 241.135 (15.1.2)

It is stated on PSAR page 15.1-55 that "the fuel, blanket and absorber
rods must operate under expected steady state conditions, must be capable
of sustaining all anticipated transients (operational incidents), must be
capable of surviving one minor incident (emergency event) without loss of
cladding integrity, and must be capable of surviving one major incident
without loss of core coolability." Disregarding the clad strain limit
arguments, are there data to support no loss of cladding integrity up to
maximum emergency event cladding temperature of 1600 F?

Response:

This question is addressed in Part I of the response to Question 241.85;
in particular, see Figure Q241.85-1 in that response. This figure clearly
shows that the conservatively estimated CRBRP fuel pin cladding stress
during a design basis undercooling emergency event at 411 EFPD is well
below FCTT failure data obtained with clad sections from fuel pins from
NUMEC F, PNL-10 and PNL-lI.

Amend. 30
Nov. 1976
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Question 310.1 (3.5)

The set of tornado missiles and corresponding impact velocities
in Table 3.3--l do not conform with the spectrum of missiles
currently used by the staff and described in WASH-1361.

An acceptable degree of protection against tornado
be attained by designing the Clinch River plant to
the impact of the following missiles.

missiles will
withstand

A - Wood plank

B - Steel pipe

C - Steel rod

D - Steel pipe

E - Steel pipe

F - Utility pole

G - Automobile

4" x 12" x 12'
31" 4, 10' long,

schedule 40

1" q x3' long

6" , 15' long,
schedule 40

12" ý, 15' long,
schedule 40

13.5" ý x 35' long

20 ft 2 frontal
area

200 l b

78 lb

8 lb

285 lb

743 lb

1490 lb

4000 lb

420 fps

210 fps

310 fps

210 fps

210 fps

210 fps

100 fps

These missiles are to be considered as striking in all directions.
Missiles A, B. C, D, and E are to be considered at all elevations
and Missiles F and G at elevations up to 30 feet above all
grade levels within 1/2-mile of the facility structures.

Alternatively, we have found, based on an interim review of TVA's
Topical Report TVA-TR74-1, that the use of their no-tumbling
horizontal velocities in addition to a 4000-lb automobile at
70 mph forms an adequately conservative design basis. Vertical
velocities equal to 80% of the TVA no-tumbling horizontal velocities
will also be acceptable. These velocities are summarized in
Table 1.

It is also stated in the PSAR that separation of redundant
components is used as a method of protection against tornado
missiles. The staff, however, does not consider this an
acceptable method of protection. Provide a list of the systems
or components that -Fall under this category and indicate new means
of protection.

Q310.1-1 Amend. 17
Apr. 1976



TABLE 1

TORNADO MISSILE VELOCITIES ACCEPTED IN PRELIMINARY

EVALUATION OF TVA-TR74-1

A -Wood plank

B - Steel pipe

C - Steel rod

D - Steel pipe

E - Steel pipe

F - Utility Pole

G - Automobile

4" x 12" x 12'
3" 4, 15' long,

schedule 40

1" 0 x 3' long

6" 0, 15' long,
schedule 40

12" 4, 30' long,
schedule 40

Horizontal
Velocity

200 lb 368 fps

115 lb 268 fps

8 lb 259 fps

300 lb 230 fps

Vertical
Velocity

294 fps

214 fps

207 fps

184 fps

1500 lb 205 fps

241 fps

100 fps

164 fps

193 fps

80'fps

14" 4 x 35' long 1500 lb

20 ft 2 frontal 4000 lb
area

Missiles A, B, C, D, E, and F are to be considered at all elevations
and missile G at elevations less than 30 feet above all grade levels
within 1/2 mile of the facility structures.

Q310.1-2 Amend. 17
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Response:

Table 3.3-1 has been revised to indicate that CRBRP will be designed to
withstand the impact of the tornado missiles listed in WASH 1361.

In response to the second part of the question, there is no statement
in the PSAR such that separation of redundant components is used as a
method of protection against tornado missiles", as stated in the Question.
Nor does CRBRP presently have any safety-related redundant components
relying upon "separation" alone for protection against tornado missiles.

It appears that what gave rise to this second part of the question could
be an interpretation of the "Protection Method" No. 3 of the seven methods
delineated under Desi n Basis 3, Section 3.5.of the PSAR (page 3.5-1).
The description of this protection method is recapitulated below:

"3. Separation - Sufficient separation of redundant systems or complete
train separation of components in a safety network so that a potential
missile cannot damage both redundant systems and prevent safe shutdown
of the reactor. plant."

As stated immediately below Design Basis 3, "Method of Protection", on
p. 3.5-1 of the PSAR,

"Protection against a potential missile may be provided by, but
not necessarily be limited to, any one or combination ofthe
following methods".

Of the seven protection methods identified (PSAR pages 3.5-1 and 3.5-2), it
is not intended that Method No. 3 alone will be used for protection of
redundant components against tornado missiles, although it may be proper
and adequate for protection against certain other types of missiles,
such as "internal" missiles.

Q310.l-3 Amend. 17



Question 310.2 (3.5)

Given (a) a design overspeed turbine failure, and (b) a destructive over-
speed failure, provide an analysis which evaluates the overall probability
of a high trajectory turbine missile (from LP stages) strike with respect
to the plant vital systems. Vital system targets should include all plant
structures and equipment whose damage could lead *to significant radiolo-
gical consequences. This should include direct effects (e.g., damage to
vital systems, spent fuel, etc.) and indirect effects (e.g., control room).

List in tabular form the following information:

a. Vital system target name (e.g., control room, diesel generators, etc.).

b. Horizontal target area - in the case of a control room or containment
this would correspond to the roof area. For vital systems and com-
ponents within the building subcompartments, an area smaller than the
total roof may be appropriate.

c. Horizontal barrier thickness - itemized list of one or more horizontal
barriers protecting vital systems in terms of thicknesses and material
properties (e.g., 18 inches of 5000 psi concrete, 1/4" steel plate,
etc.).

d. Separation distance - where vital system targets are redundant, the
physical separation between the systems should be indicated.

e. Turbine missile characteristics in terms of size, shape, and turbine
exit speed ranges for design and destructive overspeed.

f. Strike probabilities with respect to each vital system target roof area
for design and destructive overspeed missiles.

g. Penetration probability of each vital roof area for design and des-
tructive overspeed missiles (provide and justify the penetration
formulas used.).

Response:

The response to this question is provided in revised PSAR Section 10.2.3.

Amend. 12
Feb. 1976
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Question 310.3 (6.4)

Describe the physical location of the outside air intakes for the con-
trol room ventilation system. Indicate the locations on plant layout
drawings (plan and elevation views).

Response:

The interim response to this question stated that the need for a secondControl Room air intake would be evaluated based upon the radiological
dose rates, Control Room leakage rate, plant effluent release point locations
and site meteorological conditions. To insure Control Room habitability
following extremely low probability accidents which are beyond the design
basis, two widely separated intakes are provided. One Control Room
air intake will be located at the SW corner of the Control Building roof

49 at approximately elevation 880' and the other one will be located at the
NE corner of the Steam Generator Building Auxiliary Bay wall at approximately

5 elevation 858'. The selected air intake locations are based on the following:

(1) Control Room Filter Units
(a) 500 CFM outside air intake through charcoal/

HEPA filter train for 1/4 inch W.G. Control
Room pressurization.

591 (b) 8,500 CFM Control Room air recirculation
through same charcoal/HEPA filter train,
as (a) above.

(c) Redundant charcoal/HEPA filter trains with
95% charcoal and 99.97% HEPA filter
efficiencies.

(2) Two door vestibules for all Control Room exits/entrances.

(3) 3 CFM unfiltered air infiltration based on Item 2 above.

The following new and revised sections, tables and figures indicate re-
visions to the design basis of the Habitability System, the addition
of redundant toxic chemical and smoke detectors in the Control Room air
intake duct, the increase in size of the Control Room filter trains, the
deletion of water sprays for the charcoal filter banks, and the conformance
to Regulatory Position 4d of Regulatory Guide 1.52:

(a) Revised Section 6.3.1.1

Wb Revised Section 6.3.1.2

(c) Revised Section 6.3.1.3

(d) Revised Section 6.3.1.5

(e) Revised Table 6.3-1

(f) Revised Section 9.6.1.2
22

Q310.3-1 Amend. 59
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(g)

(h)

(J)

Revised Section 9.6.1.3.:l

Revised Section 9.6.1.3.4.

Revised Table 9.6-1

Revised General Arrangement Drawing 1.2-72.
?2 15o

Amend. 50
June 1979
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Question 310.4 (6.4)

Identify all toxic materials that may be stored on or in the vicinity of
the site, as well as those that may be transported in significant quan-
tities on nearby roads, waterways, rails, or pipelines. Apply Regulatory
Guides 1.78 and 1.95 in evaluating the severity of accidents involving
toxic gas releases and the steps taken to mitigate their consequences
with respect to control room operators.

Response:

Information concerning the storage of toxic chemicals in the vicinity
of the site, the evaluation of the severity of accidents involving toxic gas
releases and the steps taken to mitigate the consequences of such acci-
dents to control room operators is provided in Section 6.3.1.6.2 andTable 6.3-3. 25

Amend. 25Y
Q310.4-1 Aug. 1976 "



Question 310.5 (6.5)

The discussion in Section 6.3.1.2 on the emergency operation of the
control room ventilation system does not identify explicitly the mode
of system actuation. It is our position that the Control Room emer-
gency ventilation mode should be initiated automatically by appro-
priate accident signals including signals from redundant radiation
detectors in the outside air intakes. Clarify this matter and also
indicate the physical location of the radiation detectors, as well
as their location on a schematic, such as Figure 9.6-20.

Response:

.The initiation of the Control Room HVAC System emergency operation is
described in the revised Section 9.6.1.2.1. The locations of the

491 radiation detectors are identified on revised Figure 9.6-1. The up-
dated Section 12.2.4 describes the airborne radioactivity monitoring.
Figures 12.1-1 through 12.1-19C illustrate the location of the airborne
radiation monitors for the plant. The Control Room radiation monitor-
ing. is described in Section 11.4.2.2.

Amend. 49ý
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Question 310.6 (6.3)

Provide an estimate of the free air space volume serviced by the control
room emergency ventilation system.

Response:

The response to this question is provided in Section 6.3, Table 6.3-2, "Free
Air Space Volume Serviced by the Control Room Emergency Ventilation System".

Amend. I
Q 310.6-1 July, 1975



Question 310.7 (3.5)

The "Observation Room Plan Above El. 831'-0" shown in Figure 1.2-37 is
insufficient for evaluating the control room layout. Provide plan and
elevation views of the control room. Indicate all doorways, stairs, ele-
vators and other major openings which are on the boundary of the control
room emergency ventilation system. Indicate the placement of major control
room items, such as control consoles.

Response:

A plan view identifying the control room layout is provided on new Figure
1.2-43, Control Building General Arrangement Plan Elevation 794'-O" and
816'-0". An elevation view of the control room is provided on new Figure
1.2-44, Control Building Section A-A and Section B-B.

Amend. 1
Q 310.7-1 July, 1975



Question 310.8 (3.5)

Provide ingress/egress dose and supporting analyses with respect
to control room operations when changing shifts under accident conditions.
analysis should include source terms as the direct radiation source from
the distribution of noble gases, hologens, fission products, and activated
sodium.

Response:

Section 6.3.1.3 has been expanded to incorporate the requested information.

The

1 25
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Question 310.9 (6.3)

In Section 6.3.1.1, the radiation source for control room dose analysis
is described in terms of "100% noble gases and 1% of all other fission
products." However, later in the same section, reference is made to
the "Control Room Design Source" of Section 12.1.3, which is described
as consisting of noble gases, halogens, volatile solids, and
remaining fission products. It is not apparent that the two source des-
crjAtions are consistant. Furthermore, it is not evident whether
Na• has been included in the accident dose calculations for the control
room operators. Provide additional discussion clarifying the above
including a tabulation of the nuclide quantities in each source term.

Response:

For the Reference Design, the Control Room shielding design radioactive
source term is a third level design requirement; provided to extend the
plant capability beyond that necessary to accommodate the Extremely
Unlikely Faults included in the Reference Design.

Although the wording used in Various sections of the PSAR to describe
the Control Room shielding design source term is slightly different,
the intent of the requirement has been applied consistently. To
clarify the requirement, elaboration is provided in expanded Section 6.3.1.1. 125

Amend. 25
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Question 310.10 (6.4)

Given a significant sodium release (e.g., the rupture and spill of a
-sodium storage tank) describe the effectiveness of the control room
habitability systems in protecting the control room operators against
the direct and indirect effects of the sodium (e.g., sodium fire,
sodium aerosol, sodium-concrete reactions). Also, consider the case
of tank ruptures caused by external missiles (tornado or turbine missiles)
which may breach barriers as well as cause tank failures.

Response:

Information concerning the effectiveness of the control room habitability
systems in protecting the control room operators against the direct and
indirect effects of sodium is provided in Section 6.3.1.6.1. 125

Q310. 10-1

Amend. 25
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Question 310.11 (15.1)

Present the radiological consequences of all transients and accidents producing
a turbine trip with and without the assumption of a loss of offsite power.

Response:

The data requested is provided in revised Sections 15.3.1.5.2 and 15.3.1.5.3. L5

Q310. 11-1 Amend. 25
August 1976



Question 310.12 (15.1 )

The method used for calculating the radiological consequences of sodium
spills (15.6) is not acceptable. It should include a tabulation of the
fission products released to the containment volume. If it is assumed
that any of these fission product isotopes are partially retained in
theliquid sodium, finite partition coefficients should be stated and
justified for each element. For spills outside the primary containment,
all assumptions concerning the isolation, ventilation, or leakage.of the
receiving building must be stated and justified.

Response

For the analysis of sodium spills in Section 15.6 of the PSAR, it was
assumed that all of the airborne activity in a cell from the spill is
due to the sodium oxide aerosol produced from sodium burning. The radio-
isotopic activities (pCi/gm sodium) in the. aerosol are-assumed equal. to
the activities in the liquid sodium pool. It is implied in the analysis
that the fission product release from the bulk sodium pool is negligible
compared with the release from the airborne sodium oxide aerosols.

The bulk of experimental work on fission product release from sodium during
a sodium fire is being done at Atomics International (AI). Recent experi-
mental results at Al for burning of 10000 F sodium containing 1-131 in a
one cubic meter test cell are as follows: the ratio of

1Ci 1-131 to PCi 1-131 is 2.6 {Reference Q310.12-1)
gm Na in air gm Na in pool

Independently, S. Kitani measured the release of 1-131 and sodium from pool
fires in air in a one cubic meter chamber and obtained similar results.
(Reference Q310.12-2) For uranium release, experimental work at AI has
indicated negligible release fractions of uranium for burning of 10 gms of
sodium containing 0.1 gm uranate and a uranium release fraction of 0.1% for
burning of 20 gms of sodium containing 0.2 gm uranate. The release fraction
of sodium in these experiments was 5%. (Reference Q310.12-1). More recent
experiments at AI have shown that the plutonium release from burning sodium
is very small; nine experiments resulted in an average plutonium release
fraction from burning sodium of lxlO- (Reference Q310.12-3). 41

The assumption of equal concentrations of the isotopes in the aerosol and
the bulk pool should be conservative when applied to non-volatiles which
do not tend to concentrate at the gas liquid interface as the volatiles
do. (Reference Q310.12-4) In fact, if the non-volatiles behave as uranium,
then their aerosol concentrations will be well below the assumed value.

From the results of the aforementioned AI experiments, it is possible
that the activity concentration of iodine and volatile fission products
(cesium) may be higher in the aerosol than in the sodium pool. However,
in the response to Q310.50, the current methodology for evaluating sodium
fires used in the PSAR (equal aerosol and liquid concentration) is shown
to provide ample margin for such potential preferential releases of iodine.
and cesium.

41
Amend. 42

Q310.12-1 Nov. 1977



The other source of activity release from sodium fires other than from
aerosol formation is from the partitioning of each of the radionuclides
between the bulk sodium and air. It has been shown experimentally by,
Hart and Nelson.(Reference Q310.12-5) that release of volatile fission pro-
ducts from a sodium pool at 15000 F-to an inert cover gas is small. Release
fractions were on the order of 10-4 for Cs and Rb, 10-6 for I, and 10-7 for

•Sr and Ba. In-pile experimental results from Kunkel, Elliott, and Gibson
give release fractions on the order of 10-5 for I, and 10-4 for Cs, Ba, La..
(Reference. Q310.12-6) The release fractions for non-volatiles from sodium
based on the above would be so small that the pool release would not add
significantly to the aerosol component. However, as the response to Q310-50
shows, these measured release fractions are based on equilibrium-.
vaporization experiments not directly applicable to the evaluation of
sodium fires, and, in any event, the measurement of activity releases in
the burning-release experiments reflect the total (aerosol transport
*and vapor partitioning) release associated with pool burning conditions.

Q310.12-2 Amend. 41
Oct. 1977
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The total release of radionuclides to the containing cell for each
accident in 15.6 is given below.: These numbers are based on the
assumption of equal aerosol-liquid concentrations, which is shown to
provide a conservative radiological assessment in the response to
Q310.50.

Accident 15.6.1.1: Primary Sodium In-Containment Storage Tank Failu

41

re
During Maintenance

Release to Cell
(curies) NuclideNuclide

Na 24

Na 22

Cs 137

Cs 136

Cs 134

Sb 125

I 131

Te 132

I 132

Te 129m

Te 129

Sr 89

Sr 90

7.68

26.8

1221.

178.2

33.1

7.09

327.

5.83

58.3

8.66

8.66

1.40

0.995

Ru

Rh

Ba

La

Ce

Ce

Ce

Pr

Pr

Nd

Pm

Pu

Pu

106

106

140

140

141

143

144

144

143

147

147

238

239

Release to Cell
(curies)

0.828

0.828

0.550

0.550

0.924

0.481

0.654

0.654

0.482

0.201

0.375

0.231

0.064

Amend. 41
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Nuclide
Release to Cell

(curies) Nucl ide.
Release To Cell

(curies)

Y 90

Y 91

Zr 95

Nb 95

Ru 103

0.995

0.407

0.768

0.768

1 .07

Pu

Pu

Pu

H-3

Co

Co

Mn

240

241

242

0.083

7.00

1 .77-4*

33.1

4.08-2

7.64-2

0.302

60

58

54

*1.77-4 = 1.77 x 10-4

Accident 15.6.1.2: Failureof the
Cooling System

Release to Cell
Nuclide (curies)

Na 24 0.100

Na 22 4.42-3*

Cs 137 0.260

Cs 136 4.08-3

Cs 134 2.59-3

I 131 9.13-3

Ex-Vessel Storage
During Operation

Tank Sodium

Nuclide

Pu 238

Pu 239

Pu 240

Pu 241

Pu 242

H3

Release to Cell
(curies)

5.38-5

1.43-5

1.84-5

1.25-3

4.02-8

5.20

* 4.42-3 = 4.42 x 10-3

Accident 15.6.1.3: Failure of Ex-Containment Primary
Tank

Sodium Storage

Nucl ide

Na 124

Na 22

Cs 137

Release to Cell
(curies)

1.06-2*

3.73-2

1.70

Nucl ide

Ru 106

Rh 106

Ba 140

Release to Cell
(curies)

1.15-3

1.15-3

7.66-4

* 1.06-2 = 1.06 x 10-2

Q310.12-4
Amend. 14
Mar. 1976



Nucl ide

Cs 136

Cs 134

Sb 125

1 131

Te 132

I 132

Te 129m

Te 129

Sr 89

Sr 90

Y 90

Y 91

Zr 95

Nb 95

Ru 103

Release to Cell
(curies)

0.248

4.60-2

9.86-3

0.455

8.11-3

8.11-2

1.20-2

1.20-2

1.95-3

1.38-3

1.38-3

5.66-4

1.06-3

1.06-3

1.48-3

Nucl ide

La 140

Ce 141

Ce 143

Ce 144

Pr. 144

Pr 143

Nd 147

Pm 147

Pu 238

Pu 239

Pu 240

Pu 241

Pu 242

H3

Co 60

Co 58

Mn 54

Release to Cell
(curies)

7.66-4

1 .28-3

6.70-4

9.10-4

9.10-4

6.70-4

2.79-4

5.22-4

3.21-4

8.90-5

1.16-4

9.74-3

2.47-7
4.60-2

5.68-5

1 .06-4

4.20-4

* 1.06-2 = 1.06 x 10-2

Accident 15.6.1.4: Primary Heat Transport System Piping Leaks

Nuclide

Na 24

Na 22

Cs 137

Cs 136

Cs 134

Sb 125

1 131

Release to Cell
(curies) Nucl ide

Release to Cell
(curies)

1.26+3*

6.52-2

2.95

0.713

8.06-2

1.72-2

1.87

Ru

Rh

Ba

La

Ce

Ce

Ce

1 06

106

140

140

141

143

144

2.04-3

2.04-3

2.32-3

2.32-3

2.74-3

1.93-3

1.61-3

* 1.26 + 3 = 1.26 x 10+3

Q310.12-5
Amend. 14
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Nucl ide

Te 132

1 132

Te 129m

Te 129

Sr 89

Sr 90

Y 90

Y 91

Zr 95

Nb 95

Ru 103

1.26 + 3 = 1.26

Release to Cell
(curies)

0.119

1.19

2.56-2

2.56-2

3.86-3

2.40-3

2.40-3

1.10-3

2.06-3

2.06-3

3.06-3

Nucl ide

Pr 144
Pr 143

Nd 147

Pm 147

Pu 238

Pu 239

Pu 240

Pu 241

Pu 242

H3

Co 60

Co 58

Mn 54

Release to Cell
(curies)

1 .61-3

1 .93-3

9.05-4

9.14-4

5.58-4

1.54-4

2.02-4

1.69-2

4.29-7

7.97-2

9.87-5

1 .84-4

7.29-4

0

10+3

Accident 15.6.1.5: Intermediate Heat Transport System Leak

Nucl ide

Na 24

Na 22

Cs 137

Cs 136

Cs 134

Sb 125

1 131

Te 132

1 132

Te 129m

Release to Cell
(curies)

1.18

6.08-5*

2.75-3

6.65-4

7.52-5

1.64-5

1.75-3

1.11-4

1.11-4
2.39-5

Nucl ide

Ru 106

Rh 106

Ba 140

La 140

Ce 141

Ce 143

Ce 144

Pr 144

Pr 143

Nd 147

Release to Cell
(curies)

1.90-6

1.90-6

2.16-6

2.16-6

2.56-6

1.80-6

1.51-6

1.51-6

1.80-6

8.44-7

*6.08.5 = 6.05 x 10-b

Q310.12-6
Amend. 14
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Nucl ide

Te 129

Sr 89

Sr 90

Y 90

Y 91

Zr 95

Nb 95

Ru 103

Release to Cell
(curies)

2.39-5

3.60-6

2.24-6
2.24-6

1.03-6

1.92-6

1.92-6

2.86-6

Nucl ide

Pm 147

Pu 238

Pu 239

Pu. 240

Pu 241

Pu 242

H3

Co 60

Co 58

Mn 54

Release to Cell
(curies)

8.52-7

5.20-7

1 .44-7

1.88-7

1 .58-5

4.00-10

7.44-5

9.20-8

1.72-7

6.80-7

Wi-T.-0-4 = 1.02 x 10-4

With regard to spills outside containment, three events fall in the
category of spills outside the primary containment. These are:

(1) Failure of ex-vessel sodium cooling system during
operation (Section 15.6.1.2),

(2) Failure of ex-containment primary sodium storage
tank (Section 15.6.1.3), and

(3) Intermediate Heat Transport System (IHTS) piping
leak (Section 15.6.1.5).

The receiving building for the first case is the Reactor Service Building
(RSB). For the second and third cases the receiving building is the
Intermediate Bay of the Steam Generator Building (SGB/IB).

In all three cases no credit for retention, plate-out, or settling of
the aerosol was taken. It was conservatively assumed that all the
aerosol generated during combustion was released directly to the atmos-
phere.

For the third case, operator action to turn off the ventilation fans
after five minutes is assumed. Building venting during this initial
five minutes was simulated in the SOFIRE-II analysis; however, the venti-
lation rate (1000 CFM) is relatively small and has little in-
fluence on the amount of oxygen available for combustion. The burning rate
for this spill falls off very rapidly due to the large ratio of spill area
to cell volume which results in a rapid consumption of available oxygen.
The SOFIRE-II analysis shows the cell pressure decreases to atmospheric

Amend. 14
Mar. 1976Q310.12-7



pressure after eight minutes and terminates any further release from the
building. However, all the combustion products from the first eight min-
utes are assumed to be released directly to the atmosphere with no clean-
up action by the ventilating system.

Because the ventilation rate has little influence on the extent of
sodium combustion and since no credit for depletion of the sodium aerosol
in the ventilation system is taken in the analysis, the predicted con-
sequences of this event, as presented for the PSAR, are judged to be
conservative.

Amend. 14
Q310.12- 8 Mar. 1976
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question 310.13 (15.1)

The list of primary coolant activities should include the plutonium
concentration expected from the design basis (1%) failed fuel operation.
This activity should be taken into consideration for all accidents
involving primary coolant release.

Response:

Response to this question is provided in the revised introduction of
PSAR Section 15.6. Based on limited data, conservative calculations

indicate that for 1% failed fuel a maximum reactor coolant plutonium
concentration of 1 PPM was calculated. However, the project has
accepted a commitment to limit the plutonium concentration in the reactor
coolant to lOOppb.

Q310.13-1 Amend. 1
July 1975



Question 310.14 (15.1)

The analysis of water-to-sodium leaks in the steam generators
(Section 15.3.2.3) should include leak rates up to and including
the design basis leak rate from seven failed tubes (which is
stated to be the design basis condition in Section 5.5.1).
Include the maximum permissible intermediate-to-primary sodium
loop leak rate in the analysis of the radiologicalconsequences of
this accident. Specify the design basis and technical specification
requirements for closure times and leak rates of all isolation
valves used for the mitigation of the consequences of this accident.

Response:

Table 5.5-11 presents the calculational results for a number of different
steam generator tube failure sequences. Revised Sections 15.3.2.3 and
15.3.3.3 discuss the potential release of radioactive sodium as a
result of water-to-sodium leaks.

Isolation valve leak rates are given in Table 5.5-12. The leak rates given
in the Table are not technical specifications, but design criteria and are
easily met in the types of valves specified for the systems.

Q310.14-1 Amend. 22

June 1976



Question 310.15 (15.1)

Table 11.1-9 lists the radioisotope inventory in the primary cold traps after
15 years operation. It is noted that no uranium isotopes are included.
Please elucidate, in view of Section 3.2, Sodium Cooled Reactors, page 721 of
"The Technology of Nuclear Reactor Safety", Vol. 2, which indicates that cold
traps remove essentially all of the uranium. Indicate the frequency and
method of replacement of the cold trap.

Provide a design basis accident analysis which assumes that this primary
coolant cold trap is suddenly ruptured and ignited in air during removal
releasing all of the activity to the cell in which the trap is located. Based
on the design leak rate of the containment, provide an analysis of the site
boundary and low population zone doses.

Response:

The question has been responded to in the following manner:

(a) Uranium source term for cold traps - response provided in revised PSAR
Table 11.1-9.

(b) Frequency and method of replacement of cold traps - response addressed
with response to Q011.7 and provided in revised PSAR Section 11.5.3.

(c) Design basis accidents for cold traps.
As concluded in the response to NRC ER Question 001.12
which is discussed in ER Amendment II pages 28 through
in non-inerted environment cannot occur. Also, PSAR
has been revised to incorporate this discussion.

Q310.15-1

(Section 7.1.2.4)ý,
32, cold trap fires
Section 15.7.2.7.2

Amend. 25
August 1976
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Question 310.16 (9.7)

Section 9.7, Page 9.7-1, indicates that Dowtherm J is used as a coolant
in the airconditioning systems located in the containment building and
the reactor service building.

1) Describe any possible paths for this material to leak into
a sodium system.

2) Indicate the effects of this compound on sodium and/or heat
transfer surfaces within the primary containment system.

3) Indicate the effects of high level radiation from the core
if this material should enter the primary sodium cooling
loop.

4) Indicate the effect of this material on the primary cold trap.

5) Also discuss the effect of a post-accident high radiation
source term on this fluid.

Response:

Since the time that this question was originally asked, chilled water
has replaced Dowtherm J as the coolant in the air conditioning systems
located in the Reactor Containment Building (RCB) and the Reactor Service
Building (RSB) (Amendment 15, April 1976). Dowtherm J is still utilized
in certain applications where the requirements of Section 9.7.3 cannot
be met for water. These are the service to the fuel handling cell com-
mercial coolers in the RSB and to the primary Na cold trap NlaK cooler in
the RCB. Section 9.7.4 should be consulted for details.

Individual responses are provided below:

1) For a discussion of possible water leak paths into a sodium
system, see Section 9.7.3. For Dowtherm J, see Section
9.7.4.

2) See Section 9.7.4.

3) See Section 9.7.4.

4) See Section 9.7.4.

5) See Section 9.7.4.

4.4

Q310.16-1 Amend. 44
April 1978



Question 310.17 (15.1)

Table 9.7-4 describes the principal properties of Dowtherm J to have a
flash point of 1450 F and a fire point of 155°F. Indicate the location
of the coolers within the primary containment and the total quantity
of this fluid within the cooling units in this area. In the event of
an electrical fire in a containment cooling unit, provide an analysis
of the combustion of this material on the safe operation of the nuclear
reactor. Indicate the distance from the fan coolers to the large 48-inch
diameter containment isolation valves. Evaluate the effects of a Dowtherm
J fire on the gasketing material used on these valves and other sealed
openings such as personnel and equipment hatches.

Indicate the pressure in the Dowtherm J lines inside the primary contain-
ment. Assume that a leak inside primary containment causes a vapor cloud
to form. Discuss the effects of a deflagration or of a detonation on the
integrity of the containment and safety-related equipment.

Response:

The only Dowtherm J located in the Reactor Containment Building is con-
tained in the secondary coolant loop serving the Primary Cold Trap NaK
heat exchanger. The secondary coolant loop components are contained in
cell 168 at elevation 752' - 8" (Figure 1.2-10) and serve the primary
cold trap NaK heat exchanger in cell 131 at elevation 780' - 0" (Figure
1.2-8). The location of the Dowtherm J containing cells assure that a
Dowtherm J fire will not affect the integrity or operation of the con-
tainment and other safety related equipment due to their location below
the operating floor and remoteness from containment penetrations.

Further design information and parameters are contained in the PSAR
Section 9.7.4. The possibility of a vapor cloud and the potential for
deflagration or a detonation are discussed in Section 9.7.4. It
should also be noted that Table 9.7-4 has been redesignated as Table
9.7-6.

Q310.17-1 44

Amend. 44
April 1978



The HVAC system unit cooler and air conditioning motors are
mounted external to the metal cabinet housing the coils and fans.
The motors are totally enclosed and the wiring is in metal conduit.
Leak detectors are provided in each unit to actuate isolation valves to
limit the spill to a minor amount and to stop the fan to prevent the
spread of Dowtherm J to the surrounding area. The quality and con-
servative design of the piping together with the location of the elec-
trical equipment and highly sensitive leak detectors precludes any
credible Dowtherm J fire resulting from the electrical equipment.

The Recirculating Gas Cooling System (RGCS) cooler motors are
totally enclosed and the wiring is enclosed in metal conduit. Any
electrical fire would be contained within the motor housing and metal
conduit which precludes having a Dowtherm J fire resulting from an
electrical fire in the cooler. Additional safety features are:

1. The Dowtherm J heat exchanger is fabricated from I" con-
tinuous tubing which has no joints inside the cooler
casing. All joints are made outside the casing thus
precluding any credible leak of Dowtherm J in the cooler.

2. Except for the Head Access Area (HAA) cooler, all units
serve inerted cells, which, due to lack of oxygen, pre-
cludes any fire in these cells.

3. The recirculating atmosphere of all cells (including the
HAA) is continuously monitored for Dowtherm J leakage.
Upon detection of a Dowtherm J leak, an alarm is sounded
and the isolation valves for that cooler actuate to limit
the Dowtherm J spill to a minor amount.

4. All inerted cells served by the RGCS are monitored for oxy-
gen content. Presence of oxygen will be alarmed well below
the threshhold of combustion so that appropriate protective
action can be taken.

5. The RGCS system cooler motors are separated from the cooling
coils be a metal barrier thus preventing direct impinge-
ment on hot motor surfaces in case of a leak.

Even though the HAA unit does not benefit from the added fire
protection afforded by the inerted atmosphere, there is still sufficient
fireprotection redundancy combined with the high quality, conservative
design and highly sensitive leak detection to preclude a credible
electrical fire in this unit.

In summary all units served by ACFS are adequately protected
from an internal electrical fire thus precluding any affect on the opera-
tion of the nuclear reactor.

Q310.17-3 Amend. 1
July, 1975



The closest cooler is 26 ft. from the 48" isolation valve.
As stated above, quick leak dectection and isolation will limit any
leak to a minor amount and will be contained. If the leaking Dow-
them J cannot be contained and if the resulting uncontrolled Dow-
therm J leak were to be ignited, the extent of the resulting fire would
be limited to a small area due to the minor amount of Dowtherm J
spilled.

The small area affected by the fire coupled with the distance
from the fire to the containment isolation valves and the personnel
and equipment hatches ensures that their seals and gaskets will not be
affected by the heat generated by the fire. The gaskets will be selec-
ted to be compatible with Dowtherm J and its products of combustion.

Q310.17-4 Amend. 1
July, 1975



Question 310.18 (15.1)

Radiological consequences of any accident resulting in releases from the
containment should consider the delay time required and the mechanism
employed to isolate the containment ventilation system and achieve con-
tainment isolation. Provide an analysis of the potential radiological conse-
quences of each accident prior to containment isolation.

Response:

As discussed in the technical specifications, containment isolation will
be initiatedif sensors in the head access area or H&V ducts indicate
activity levels at a to-be-determined fraction of 1OCFR20. As indicated
in Section 7.3 of the PSAR, the requirement for containment isolation
is a delay time of 4 seconds with a 3 second or less detection time.
As mentioned in response 310.45, the air transport time between the
exhaust sensors and isolation valve is 10 seconds or more. Hence, the
volume of air initiating the isolating signal will not be released to the
atmosphere.

PSAR accident analysis has taken credit for containment isolation in
Section 15.6.1.1 and 1.5.6.1.4. In either case, as indicated above, the
potential consequences of releases will result in conformance to 1OCFR20
requirements and are decades below the requirements of IOCFRIO0.

10

130

Q310.18-1 Amend. 30
Nov. 1976

A ;:•



Question 310.19 (15.1)

Radiological releases resulting from sodium fires in any portion of the
containment should be considered as release directly to the environment
until containment isolation is assured, and directly to the containment
when it is isolated, unless the particular cell to which the release is
made has a design leak rate, which is presented in the Technical Specifi-
cation, and which is tested periodically. Justification for any dilution
in the containment atmosphere before release should be presented.

Response:

The containment design basis accident is examined in detail in Chapter 15.
A spectrum of postulated in-containment sodium fires has been analyzed.
Table 6.2-1 summarizes the results of the analysis for the most limiting
fire investigated, which is the Primary Sodium In-Containment Storage Tank
Failure during maintenance.

This postulated failure results in the maximum postulated spill of liquid
primary sodium in any de-inerted in-containment cell, and thus represents
the most limiting fire condition with respect to containment integrity.
In this analysis, no dilution is assumed, and the sodium aerosol is released
directly to containment. Section 7.3.2.1. of the PSAR indicates that the
main exhaust and inlet valves will close in less than 4 seconds after a
signal is received. Since the air transport time from the exhaust detector
to the valve will be 10 seconds or more and the detection time is three
seconds or less, the valves Will be closed before the aerosol reaches them.
As shown in Table 6.2-1, reproduced on the following page, the potential site
boundary doses confirm the ability of the containment isolation system to
mitigate the external consequences of this accident.

1 30
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Question 310.20 (15.5)

(Section 15.5.2.4) Release of reactor cover gas from an open floor-valve
should be assumed to be directly to the environment unless containment
integrity and isolation can be assured.

Response:

]The response to this questions has been incorporated into amended
49 Section 15.5.2.4.

Amend. 49Q310.20-1 April 1979



TABLE Q310.20-2

OFF-SITE DOSES FROM COVER GAS

RELEASE DURING REFUELING

(Based on on-site Meteorological Tower X/Q's)

Dose (Rem)

SB (2-hr.)

(0.42 mi.)

LPZ (30 days)

(5.0 miles)

Case 1 - Extremely Unlikely
(Release 3 hrs. after shutdown)

DO (Skin)

Dy (Whole Body)

1OCFRIOO

1 .33

1 .46

25

0.085

0.094

Case 2 - Unlikely
(Release 30 hrs. after shutdown)

DM (Skin)

Dy (Whole Body)

1OCFR20

2.5 x lO-4

1.6 x lO-4

0.5

1.6 x 10-5

1.0 x 10-5

Q310.20-3
Amend. 1
July 1975
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Question For design basis accident dose calculations, a con-
tainment leak rate of less than 0.1% per day at peak

310.21 accident pressure is not considered acceptable because
(15.0) of the difficulty of establishing lower leak rates by

test with sufficient confidence. Provide analyses of
all accidents using a containment leak rate of not less
than 0.1% per day.

Response There are two design basis accidents evaluated in the
PSAR for which credit for containment isolation and sub-
sequent controlled leakage are taken, namely:

Accident 15.6.1.1, "Primary Sodium In-Containment
Storage Tank Failure During Maintenance".

Accident 15.6.1.4, "Primary Heat Transport System
Piping Leaks".

For Accident 15.6.1.1, leakage from the RCB to the
environment was computed based on the pressure/time
history in containment resulting from the postulated
sodium fire, and the relationship that leakage is
proportional to JZF.

For Accident 15.6.1.4, no direct means of containment
pressurization is evident. As a conservative allow-
ance for possible variations in atmospheric pressure
outside the containment and some heatup of the build-
ing atmosphere following shutdown of the ventilation
system and containment isolation, a RCB overpressure
of 0.5 psig was assumed to exist for the duration of
the accident. Using the relationship that leakage
is proportional to qAP, and the RCB design leak rate,
0.1%/day @ 10 psig, a leak rate of 0.022%/day was com-
puted and used in the analysis.

The potential radiological consequences of each of
these events have been re-evaluated assuming contain-
ment leakage at its design rate, 0.1%/day, for the
duration of the events. Other accident conditions
and assumptions pertinent to the analysis are identi-
cal to those used in the PSAR.

ACCIDENT 15.6.1.1 - With the assumption of RCB leakage
at its design rate, radioactive sodium aerosol release
to the environment during specific time intervals is
as follows:

Q310.21-l Amend. 1
July 1975



Time (hr.)

0-2

0-8

8 - 24

24 -96

96- 720

Mass Na Released (gm)

21

147

292

1014

2070

Aerosol leakage beyond 30 days (720 hrs.) is not ex-
pected. Sodium combustion, the source of aerosol, is
over at approximately 21 days because of RCB oxygen
depletion. The suspended aerosol crncentration in
containment at 30 days is 3.7 x IF ugm/cc; this cor-
responds to approximately 30 grams of radioactive sodium
suspended in containment. To insure the conservatism
of the analysis, this remaining 30 grams of sodium was
assumed released instantly at the end of 30 days, and
added to the 96-720 hour release value of 2070 grams.

The potential 2-hour, site boundary and accident dura-
tion low population zone whole body and organ doses
resulting from the radioactive sodium release are
itemized in Table I. A large margin (greater than a
factor of 105) exists between each of the potential
doses and the applicable guideline limits.

ACCIDENT 15.6.1.4 - With the assumption of RCB leakage
at it design rate, radioactive sodium aerosol release
to the environment during specific time intervals is
as follows:

Time (hr.) Mass Na Released (gm)

0-2

0-8

8 - 24

24- 96

96- 720

2.4

14

19

12

2.3

The suspended aerosol concentrat on in containment at
30 days (720 hours) is 3.9 x 10- ugm/cc; this corre-
sponds to approximately 3 grams of radioactive sodium
suspended in containment. To insure the conservatism
of this analysis, this remaining 3 grams of sodium was
assumed released instantly at the end of 30 days, and
added to the 96-720 hour release value of 2.3 grams.

.0Q310.21-2 Amend. 1
July 1975



The potential 2-hour, site boundary and accident
duration low population zone doses are itemized in
Table II. A large margin (greater than a factor of
10) exists between each of the potential doses
and the applicable guideline limits.

Q310.21-3 Amend. 1
July 1975



TABLE I

Potential Off-Site Doses Following

Failure of In-Containment Na Storage Tank

*RCB Leakage at Design Rate, 0.1%/day, for Accident Duration

Dose (Rem)*

SB (0.42 mi.) LPZ (5.0 mi.)

Organ 1OCFRIOO 2-hour Accident Duration

Skin (Beta) - 1.05E - 7 6.84E - 8

Whole Body** 25 4.33E - 5 2.82E - 5

Thyroid 300 2.33E - 4 1.52E - 4

Bone 150' 1.18E - 3 7.68E - 4

Lung 75+ 2.45E - 4 .59E- 4
Based on s~~~itmesrdamshrcdltofcos

*

**

+

Based on site measured atmospheric dilution factors
(X/Q's) per Supplement I to Chapter 2 of the PSAR.

Includes both inhalation and external gamma exposure.

Not covered in lOCFRlO0; used as guideline values.
E - 7 = 107

Q310.21-4 Amend. I
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TABLE II

Potential Off-Site Doses Following

Design Basis Primary Heat Transport System Piping Leak

ORCB Leakage at Design Rate, 0.1%/day, for Accident Duration

Dose (Rem)*

SB (0.42 mi.)+ LPZ (5.0 mi..)

Organ lOCFRIOO 2-hour Accident Duration

Skin (Beta) - 6.51E - 6 2.65E - 6

Whole Body* 25 9.54E - 5 3.88E - 5

Thyroid 300 6.43E - 5 ý2.62E - 5

Bone 150+ l.35E - 4 5.49E - 5

Lung 75+ 7.91E - 4 3.22E - 4

*

**

+

Based on site measured atmospheric dilution
per Supplement 1 to Chapter 2 of the PSAR.

factors (X/Q's)

Includes both inhalation and external gamma exposure.

Not covered in IOCFRIOO;
E - 6 = 10-6

used as guideline values.

Q310.21-5 Amend. 1
July 1975



Question 310.22 (15.5.2.3)

Releases from the dropped fuel assembly should be assumed as direct to the
environment, or direct to the containment if it is isolated, unless a tech-
nical specification limit and appropriate testing are planned for leakage
from the EVTM (ex-vessel transfer machine).

Response

The release of fission gas for the accident described in Section 15.5.2.3
takes credit for low leakage through the EVTM seals. This small leakage
will be assured by a technical specification limit and appropriate leak
testing requirement. The technical specification, Section 16.3.10,
has been revised.

Q310.22-1 Amend. 1
July 1975



Question 310.23 (15.7)

(Section 15.7.2.4) Rupture of the RAPS Surge Vessel should assume an
instantaneous release of its contents to the atmosphere with no mixing
in the cell volume unless technical specifications and appropriate testing
procedures are provided for the cell leak rate. The assumption of
"50 vol. %/day" is not acceptable for a design basis calculation.

Response:

Credit was taken for cell leakage following a RAPS surge vessel rupture,
since a technical specification and testing provision are included as
discussed in Section 16.5.8, "Pressure and Leakage Rate Test of RAPS
Surge Tank Cell".

Q 310.23-1 Amend. 1
July 1975



Question 310.24 (15.7)

(Section 15.7.3.2). The results of a realistic analysis for an environmental
report are not appropriate in preparing a safety analysis of a design basis
event. Provide this analysis using conservative assumptions for parameters
such as decay time, gap inventory, and number of failed pins. Justify that
each assumption represents a reasonable upper bound for the accident in
question.

Response:

A conservative analysis is presented in revised PSAR Section 15.7.3.2 for the
purpose of demonstrating the inherent safety margins of the spent fuel
shipping cask (SFSC) design for the accident in question.

A drop of the SFSC from the maximum handling height in the RSB to the bottom
of the cask handling shaft is considered a hypothetical event as discussed in
Section 15.7.3.2 of the attached accident description. The postulated SFSC
drop height has been assumed as 72 ft.-an assumption containing safety margin
relative to the vertical distance from the operating floor of the RSB to the
bottom of the SFSC handling shaft (67 ft.)

Calculations have shown that the impact energy of a 72-ft. free fall of the
SFSC is limited by the crush strength of concrete. The peak cask deceleration
would be about 92 g as compared to the 123 g deceleration (Reference Q310.24-1)
the cask would experience impacting an unyielding surface after a 30-ft free
drop.

The gap activity is defined in Regulatory Guide 4.2 as 1% of the total activity
in the fuel rods. However, for this analysis, it is conservatively assumed that
the entire fission gas activity of all fuel rods in the SFSC is released .into
the cask containment following a hypothetical cask drop. The SFSC for the
CRBRP is the same as the one used in the FFTF and has two leak-checked contain-
ments. The space between both containments is at a lower than ambient pressure.
Both containments are designed to maintain their integrity following the
hypothetical 30-ft. drop accident condition. Following cask loading below the
FHC, the SFSC is closed and is handled only in the closed-up condition.

The assumptions and results of the analysis are presented in the attachment.

The major assumptions postulate conservatively that:

(a) The SFSC drops 72 ft. onto a surfade which causes a break of the outer
cask containment.

(b) All volatile fission products from the fuel rods of all fuel assemblies
in the cask are released into the inner cask containment, and

(c) volatile fission products leave the inner cask containment at the maximum
allowable leak rate of the inner containment seals, specified in Reference
Q310.24-1.

Q310.24-1 Amend. 12
Feb. 1976



The -a nalysis of radi.oacti vity re1ease fromthe -SFSC is .consistent. wi th the
corresponding-ýanalysis for"-the EVTM.as shown in,:Section 15.5.1.2 .as supple-
mented by .the :response -tor question 001.212.

Reference:

Q310. 24-1 SafetyPAnalysisReport forLMFBR.Spent Fuel Shipping Cask Model I-
(182)-l. Aero.jet.-'AMCO Report::AMCO-02-R-107, Revision 2, March 1975.

Amend. 12
Q310.24-2 Feb. 1976



Question 31-.25 (15.

Provide justification for use of continuous containment purge through
large purge lines considering the radiological impact of early releases
following a design basis accident (particularly sodium fires) prior to
containment isolation.

Response:

As indicated in response to NRC questions 310.18 and 310.19, the integrated
system design (air transport time, isolation valve closure time, and sensor
location) of the Reactor Containment Building Isolation System insures con-
tainment isolation prior to activity releases approaching IOCFR20 guide-
lines. Sections 7.3 and 6.2.4 of the PSAR present the description and
functional design requirements of the Containment Isolation System.

PSAR accident analyses have takbn credit for containment isolation in
Sections 15.6.1.1 (Primary Sodium In-Containment Storage Tank Failure
During Maintenance) and.15.6.1.4 (Primary Heat Transport System Piping
Leaks). In either case, as indicated above, the potential consequences
of releases will conform to IOCFR20 requirements and are decades below the
requirements of IOCFR100. Therefore, use of a continuous containment purge,
during normal reactor operation, does not lead to unacceptable consequences
to the health and safety of the public even in theevent of design basis
sodium fire accidents.

Q310.25-1 Amend. 30
Nov. 1976
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Question 310.26 (6.5.3)

Section 9.6.2 indicates that a 48-inch diameter, 50,000 cfm continuous purge is
used to cool the reactor containment building during normal operation and to main-
tain the radioactive gas concentrations at an acceptable level for routine occupancy.
It is further indicated that four (butterfly-type) isolation valves (one on each
side of the two containment building penetrations), are used for isolation. Indicate
the gasketing material for these valves and list its qualifications to withstand
thermally hot or burning sodium which might be ejected into the upper area of the
containment building.

Response

The supply duct isolation valve inside the Reactor Containment Building is located
approximately 40 CCW to the N-S axis of the building at Elevation 858-011 . The
exhaust duct isolation valve inside the Reactor Containment building is located
approximately 60 CW to the N-S axis of the building at Elevation 847'-6".
No event resulting in postulated ejection of burning sodium onto the operating
floor has been identified. However, even if this were'te be postulated, it could
not reach the isolation valves because of their location.

The'Containment isolation valves gasketing material will be based on an assumed
conservative temperature of 400°F and on its ability to withstand any chemical
reaction with the combustion products of burning sodium.

Q310.26-1 Amend. 1
July, 1975



Question 310.27 (15.1)

Page 15.1-23 indicates that the Control Room shielding design is based
on the release of 100% of the noble gases, 1% of the halogens and 1% of
other fission products. Describe the basis of the 1% halogen source
term. Indicate the maximum quantity of radioactive sodium and list the
curie inventory of each radio-nuclide which could be in the containment
building following a design basis accident. Provide a plot of gamma
radiation level vs. distance from the outer surface of the steel containment
building. Describe the basis for not including a concrete building around
the steel liner to provide both shielding and protection against external
missiles.

Response:

5This information has been incorporated in revised Section 15.1.1.3.4.

Q310.27-1 Amend. 25
August 1976



Question 310.28 (15.1)

Page 15.6-46 indicates that in the event of a large leak in the IHTS
piping, pressure buildup in the cell could be accommodated by strength-
ening the cell walls or by venting at 700,000 cfm.

Indicate all accidents for the LMFBR where venting is to be used to pre-
vent overpressurization of a cell or structure. Describe the type of
filters tu be used to reduce the exposure to the outside population.
Accident doses resulting from incidents which could be expected to happen
with moderate frequency should be shown to result in only small fractions
of the 1OCFR Part 100 siting guideline exposures.

Response:

As stated in the PSAR (15.6.1.5.3), a large leak in the IHTS piping
equivalent to the complete severance of the pipe is not considered to
be appropriate as a design basis event. Work is currently in progress
to establish a design basis leak for the IHTS system. This effort is
expected to result in a conservatively established leak rate which is
much smaller than that caused by the complete severance of the pipe.
Additionally, the venting rate of 700,000 CFM cited above is based upon
a very conservative analysis of the maximum postulated spray rate. The
venting rate and cell pressures calculated by this analysis are overly
conservative. Once the design basis leak has been established, cell
pressures, and venting rates if venting is necessary, will be determined.

As indicated on
worst case IHTS
lines.

PSAR Table 15.6-1, the off-site doses resulting from the
spill are all less than 3 percent of the 1OCFRIO0 guide-

Q31C 28-1 Amend. 26
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Question 310.29 (2.1)

Table 1.3-3 compares the 975 MWt CRBR plani with the 400 MWt FFTF.
Compare the exclusion distance and the-low'population zone distance for
these two plants. Provide a table showing the comparison of CRBR design
parameters with the 714 MWt Monju reactor which more closely compares
with the CRBR power level ..

Response:

(a) Comparison with FFTF of the boundaries for dose calculations is
provided in revised PSAR Section 2.1.2.2.

(b) Comparison of the CRBR plant with the 714 MWt Monju reactor is
provided in revised PSAR Table 1.3-3.

Q310.29-1 Amend. 8
Dec. 1975



Question 310.30 (6.5)

Page 6.2.3 indicates that, as presently envisioned, there is no require-
ment for a containment atmosphere cleanup system following a fire with
sodium (which is radioactive after reactor operation). Provide the basis
for determining that such a system is not required.

Response

The most limiting in-containment radioactive sodium fires result from
1) the postulated failure of the Primary Sodium Storage Tank during
maintenance, and 2) a postulated Primary Heat Transport System piping leak
during operation. A containment atmosphere cleanup system, or some other
accident mitigating device, would be necessary if leakage of radioactive
sodium aerosol to the environment, resulting from either of these postu-
lated fires, resulted in unacceptable off-site exposures.

The potential consequences of these events have been analyzed in detail
and are reported in Section 15.6.1 of the PSAR. The PSAR analyses computed
aerosol leakage to the environment as a function of containment over-
pressurization. In response to NRC Question 310.21, aerosol leakage
to the environment has been re-evaluated based on continuous leakage
at the RCB design leak rate. Both of these analyses indicate clearly that
the total integrated offsite exposure from the released radioactive aerosol
results in potential doses well within (greater than a factor of 104) the
guideline values of IOCFR100. Since the RCB design leakage rate provides
adequate protection to the health and safety of the public, a containment
atmosphere cleanup system is not required.

Q310.30_1 Amend.1
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Question 310.31 (15.1)

All assumptions in Appendix D9 concerning the retention of fission products
in intact fuel, molten fuel, and sodium must be adequately supported. Re-
ference to experiments simulating LWR LOCA conditions does not constitute
adequate justification of arbitrary fission product-release fractions.
Provide justification for the conservatism of the fission product release
and transport assumptions using as a data base those experiments which can
be shown to be applicable to the LMFBR accident conditions. Note that the
Contamination/Decontamination experiment results are not applied directly
to LWR release fraction computations as they are not adequately represen-
tative even of LWR meltdown conditions.

Response:

Appendix D has been deleted from the PSAR. Analyses of hypothetical
accidents involving significant molten fuel are discussed in CRBRP-3,
Volume 2 (Reference lOb of PSAR Section 1.6). Section 4 of that document
provides results of a range of radio-nuclide release scenarios that
address the concern reflected in this question.

Q310.31-1 Amend. 62
Nov. 1981



Question 310.32 (6.4 Yellow)

In reference to the question 310.10 response regarding the evaluation of
sodium fire effects on control room habitability, the expressed intent
of providing the requested information for the PSAR is not acceptable
for the purpose of evaluating the PSAR. Review question 310.10 and provide
the requested information.

Response!

Information concerning the release of sodium or NaK caused by sodium/NaK
tank or pipe rupture by external missiles, or by transportation accidents
and the subsequent operation of the control room HVAC system upon detec-
tion of the release, is discussed in the response to Question 310.10.

The release of sodium and subsequent sodium fires resulting in the release
of sodium combustion products to the atmosphere is described in Section
7.2.1.1 of the Environmental Report. A preliminary analysis was conducted
to determine the effect of the release of these products to the atmosphere
on the habitability of the Control Room in accordance with Regulatory Guide
1.78. The analysis was based on the following assumptions:

a. At the time of the sodium release and start of the fire, any one of
the following sensors, which are located in non-inerted cells containing
sodium, will initiate an alarm in the Control Room.

o sodium leak detectors
o cell temperature detectors
o cell pressure detectors

In addition, sodium combustion product detectors are also provided in the
Control Room air intakes and will activate the emergency operating mode
of the Control Room HVAC System.

b. Upon detection of sodium smoke, the control room HVAC system emergency
operating mode functions as follows:

I
59

59

591

59159 I
591

59e

e 59 149 1

* The outside air intake where smoke iB detected is isolated
9 The control room is pressurized to 1/4" positive pressure
a The air required for the control room pressurization is

supplied from the redundant air intake
* A portion of the control room atmosphere is continuously recirculated

through one of the two redundant Safety Class 3, 99.97% efficient
HEPA filter units at an 8500 CFM rate

9 The air required for the Control Room pressurization is also
filtered by one of two redundant, Safety Class 3, 99.97%
efficient HEPA filter units

# The control room atmosphere is also recirculated through the
85% efficient HVAC system filters contained in the air condidioning
units at a 51500 CFM rate.

Q310.32-1 Amend. 59
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c. The Control Room is provided with double doors. The unfiltered
infiltration is estimated to be 3 CFM.

The findings of the preliminary analysis are as follows:

a. The time required to isolate the normal control room air
intake and initiate operation of the emergency control
room HVAC system is significantly less than the time between
the initiating signal at the source and the time required for
the sodium plume to reach the control room intakes.

b.. During the first two minutes after the i'nitiation of the sodium
release alarm' in the control room the toxicity level in the control
room. will not exceed the 2mg/m 3 toxicity limit, which is
identified in Regulatory Guide 1.78. However, this limit
may be exceeded during the course of the accident.

Since the sodium or NaK combustion product concentration may exceed the
permissible concentration during Li-e early p1ase of tn- Accident, but not
within the:first two minutes, the operability of the control room will
be assured by requiring the Control Room operators to use breathing
apparatus and protective clothing upon the initiation of the sodium
or NaK combustion product alarm in the Control Room. Each operator will
be taught to use the breathing apparatus and protective clothing. Practice
drillswill be conducted to ensure that personnel can don breathing
apparatus within two (2) minutes. The time period during which the toxicity
limit would be exceeded is anticipated to be relatively short, so that
long term operation of the Control Room following the accident can be
performed without masks.

The analysis of the sodium fire effect on the control room habitability
is continuing as part of the design process and the information presented
above will be updated if future results will require a change.

Q310.32-2 Amend. 24July 1976



Question 310.33 (App. F)

.The following events are postulated in the PSAR for the purpose of evalu-
ating the reactor cavity (RC) radiation source terms:

1. A melt through of the reactor vessel and guard vessel occurs wherein
100% of the core. is deposited in the ex-vessel core catcher (EVCC).

2. The molten fuel in the EVCC is covered with the primary sodium that
drains out of the reactor vessel and associated primary sodium piping.

3. With the exception of the noble gases.(all which-are assumed to be
released.to the sealed head access area), the fission products in- the
molten fuel are released to and mixed with the primary sodium.

4. The resulting fission product inventory in the RC atmosphere above the
sodiumis determined on the basis of equilibrium concentration relation-
ships.

It is not clear if the above sequence of events results in the most severe
RC source term that cah be expected with respect to radiological consequences.
For example, if reactor vessel and guard vessel melt through can be postulated
to occur with only a fraction of the core fuel participating in the melting,
then subsequent drainage of the primary sodium into the RC would leave the
remainder of the core in a "dry configuration.' Subsequent melting of the
"dry" fuel could release fission products directly to the RC atmosphere,
bypassing the attenuating effect of the primary sodium.

Re-assess your evaluation and provide a response to address this concern.

Response:

A radiological source term appropriate for the sequence of events leading to
a "dry" core, suggested in this question, has been conservatively developed.
This response is provided in the context of the thermal margin beyond the de-
sign base (TMBDB) design features, since the scenario represented in.the
question is not within the spectrum of design base accidents. While the
analyses referenced herein were performed for the homogeneous core arrange-
ment, the conclusions reached are equally valid for the heterogeneous core
arrangement. It is also noted that the EVCC and the sealed head access area
are not part of the CRBRP design, and thus were not assumed to exist for the
analysis.

The principal release mechanism for this "dry" fuel case would be vapor-
ization of the more volatile fission products as the fuel heats to its melting
temperature. An anA'lysis was conducted to determine the rate at which fuel
melting would proceed given that the core was left in a "dry" configuration.
The analysis assumed complete drainage.of the reactor vessel at 1000 seconds
(the minimum calculated vessel melt-through time), end of equilibrium cycle
decay heating rates, and adiabatic conditions in-vessel after sodium drainage.
Under these conditions, the range of times involved in melting assemblies
under their own decay power was determined. The average inner core assembly
would melt in 8 minutes, the average outer core assembly in 10 minutes, the
highest power radial blanket assembly in 32 minutes and the lowest power
radial blanket assembly in 90 minutes. The fuel is supported by stainless
steel (either the cladding or surface within the vessel on which the fuel

Q310.33-1
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debris has collected). Penetration of the steel would occur at temper-
atures in the range of the steel melting temperature (n.25000 F).

The alternative to this continuous downward slumping is eventual solid-
ification of the fuel-clad mixture postulated by assuming sufficient
mixing-with structural steel such that the mean temperature of the mixture
is below the steel melting point. In either instance, the time during
which "dry" fuel could be releasing materials in the reactor vessel is
limited.

The fission peoduct release from the fuel during the meltdown phase was
treated conservatively. Based on the compilation of experimental data on
meltdown release fractions presented in Reference Q310.33-1, it was
conservatively assumed that 100% of the noble gas, halogen, and volatile
(Cs, Rb, Te, Sb, Se) fission products and 1% of the solid fission products
were released from.the "dry" molten. fuel immediately. Because of the
extremely low vapor pressure of fuel at,.temperatures in the range of the
melting temperature of steel, the amount of fuel released as a vapor would
be insignificant. Thus the source term would not contain fuel.

It was assumed that this source term immediately enters the Reactor Con-
tainment Building (RCB). Except for the noble gases, the airborne fission
products in the RCB atmosphere would be reduced by plate out and deposition
on internal surfaces. The rate o.f aerosol depletion in the RCB was calcu-
lated by the HAA-3B computer code.

During the period from zero to twenty-four hours, reactor containment
integrity would be maintained as indicated in Table Q310.33-1 (based on
CACECO results). It is noted that the containment conditions would be
less severe for this "dry" fuel case than for the "wet" fuel case in which
all fuel and fission products are released to the reactor cavity at the
time of reactor vessel and guard vessel melt-through. This results since
the release of heat producing fission products to the Reactor Containment
Building reduces the heat in the sodium pool and, consequently, delays
the onset Of sodium boiling andthe rate of sodium vapor generation.

Leakage of the source term from the RCB to the environment would be by
way of the Annulus Recirculation and Filter System. The leakage rate of
the source term to the annulus was calculated by the CACECO code, Unfiltered
bypass leakage was also considered. The potential radiological consequences
of off-site exposure resulting from the dry fuel scenario are compared with
the corresponding consequences of the wet fuel case in Table Q310.33-2. At-
mospheric dispersion factors used were the fiftieth percentile x/Q values
based on site measured data. Although the doses for the "dry".case are
higher than for thewet fuel case, the conclusion that the doses are ac-
cepta.bly low is not changed.

References I .
Q310.33-1 WASH-1400, Appendix VII, "Release of Radioactivity in Reactor

Accidents" (Draft August 1974).
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TABLE Q310.33-1

Comparison of RCB Atmosphere Conditions at 24 Hours
for "Wet" Fuel Case and "Dry" Fuel Case

"Wet" Fuel Case "Dry" Fuel Case I
Temperature( 0F)

Pressure (psig)

495 310

16 8

0% H2 I

Amend. 62
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TABLE, Q0310.33-2

COMPARISON OF POTENTIAL OFF-SITE EXPOSURES
for "Wiet Fue! Case and "Dryý-7Fu&WCase I

2 Hour

E. B.

Organ

Bone

Lung

Thyroid

Whole Body*

Doses in REM

"Wet" Fuel Case

0,027

0.0029

0,0017

0.16

"Dry" Ftuel Case

0.029

0.109

5.75

0.26

I

24 Hour

LPZ

Bone

Lung

Thyroid

Whole Body*

0,020

0.0024

0.0059

0.099

0.028

0.11

5.33

0.16 .I

* Includes: Inhalation, external gamma cloud, and direct gamma shine

Q310.33-4 Amend. 62
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Question 310.34 (2.2.3)

The Oak Ridge Reservation Land Use Plan (ORO-748, August 1975) indicates
possible uses of land near the CRBRP site not presently identified in the
PSAR.

Examples of new facilities being considered for location in the vicinity
of the CRBRP site are found on the following pages of the aforementioned
report:

Page 20 Gas-Centrifuge Plant

Page 22 Fusion-Research Type Experimental Power Reactor

Page 23 Hydrogen-Protection Process Development Plant

Page 23 Demonstration Plant for Bioconversion of Wastes
to Fuel Gases

Page 39 Spent Fuel Reprocessing Plant

Page 39 Pipeline Corridor

Page 41 Airstrip

The considerations that should be addressed in the PSAR in describing new
facility/land use requirements are as identified in Sections 2.2.1 through
2.2.3 of NUREG-75/087, (Standard Review Plan).

Describe in the PSAR the requirements that have or will be established to
assure that potential new activities on ERDA controlled land will not pose
an undue risk to the continued safe operation of the CRBRP.

Response:

New Facility/Land Use Section 2.2.3 has been added to Section 2.2 in response
to this question.

Q310.34-1
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question 310.35 (2.1)

On the basis of the information presently in the PSAR, we find that
U.S. Government ownership and TVA custodianship of the site con-
stitutes adequate control over all activities as required by 10 CFR

".Part 100. However, to complete our evaluation, provide a clarification
in the PSAR of the distinction, if any, between the site area and
the exclusion area. Provide a suitability scaled map which indicates
the boundaries of each if they are not identical. Indicate the re-
lationship of the Clinch River Consolidated Industrial Park (CRCIP)
to each of these areas; also indicate for each of the 16 sectors of
the compass, the minimum distance from the plant to the exclusion
boundary.

SRe~sponse:_

Section 2.1.2 of the PSAR has been revised to more clearly define the
Clinch River Site and the exclusiDn area. The Site is the peninsula
containing 1364 land acres bordered on the north by the ERDA Oak
Ridge Reservation and the south by the Clinch River. The Clinch
River Site includes the Clinch River Consolidated Industrial Park con-
taining approximately 112 acres located at the north boundary of the
Site between Bear Creek Road and Grassey Creek (see Figure 2.1-4).

* The exclusion area is shown on Figure 2.1-5. It includes the Clinch
River Site (except the CRCIP) and the river adjacent to the Site.
Below are listed the distance in feet from the center of the contain-
ment/confinement building to the nearest point on the exclusion
boundary in each of the 16 sectors of the compass.

Minimum Distance to
Sector Exclusion Boundary (feet)

N 7100
NNE 8150
NE 2870
ENE 2670
E 2685
ESE 3190
SE 3990
SSE 2700
S 2280
SSW 2200
SW 2200
WSW 2290
W 2490
WNW 2290
NW 2700
NNW 3160

Amend. 28Q310.35-1 Oct. 1976



,Question 310.36 (RSP) (2.2)

Your response to item 310.34 does not provide tl,e necessary assurance that
potential industrial developments in the Clinch River Consolidated Industrial
Park (CRCIP).will not pose an undue risk to the safe operation of the CRBRP.
It is our position that you should provide a commitment that you will remain
informed and will also inform the NRC of the-nature of proposed industrial
developments in this area, and that you will provide.an analysis of the impact
of any development Upon the safe operation of the CRBRP. In this regard,
provide an expanded discussion and analysis of the impact of the activities
of the U.S. Nuclear,-Inc. and Nuclear Environmental Engineering, Inc. on the
CRBRP.

Response:

The CRBRP Project will remain informed of industrial developments in the CRCIP
and will determine their potential effects, if any, on the safe operation of
the CRBRP. NRC will be informed and provided an evaluation of a new industrial
development in the CRCIP when such a development is certain and if there is
any potential impact on the CRBRP. Assurance that the CRBRP will be compatible
with all activites in the CRCIP is described below.

The CRCIP is presently U.S. Government property in the custody of TVA. TVA
has given the City of Oak Ridge a permanent industrial easement to four (4)
parcels within the CRCIP. The. City of Oak Ridge subsequently conveyed three
(3) of them to Nuclear Environmental Engineering, Inc. (five acres), and U.S.
Nuclear, Inc. (33 acres) (see PSAR Section 2.2.1.1 and Figure 2.2-2).
Additionally, easements for a small sewage treatment plant, sewage treatment
plant access road and sewer lines have been conveyed by TVA to the City of
Oak Ridge. Conveyance of any TVA land including the CRCIP is made only after
a thorough assessment has been made by TVA. Upon receipt of a request for
conveyance of TVA land, all TVA offices and divisions having a program interest
in the land make a formal review and determine whether the proposed use is
compatible with and furthers TVA's program objectives, is in the public
interest, and will not be adverse to the interests of the United States.

TVA applies controls and procedures in its disposal of real property which
protect its financial interests and which safeguard public benefits and
obligations. When it conveys or transfers property, it includes in the transfer
documents such covenants, reservations, and restrictions as it considers to be
necessary in carrying out the provisions and objectives of the TVA Act.

When TVA receives a request for land near any of its nuclear facilities, a
review is initiated to determine the compatibility of the proposed use of the
inquiring industry with the nuclear project (including assurance that the
industry can comply with the emergency plans of the TVA facility). TVA
requires that prospective industries submit, in writing, details of their
planned operation. The above will assure that potential developments in the
CRCIP will not pose an undue risk to the safe operation of the CRBRP.

Amend. 28
Oct. 1976

Q31 0.36-1



Section 2.2.1.1 and. 2.2.2 of the PSAR have been revised to provide an
expanded discussion and evaluation of the impact of activities of U.S.
Nuclear, Inc. Section 2.2.1.1, concerning Nuclear Environmental Engineering,
Inc. has been revised to indicate their proposed plans, and the Project
will determine the impact of their facility, if any, on the safe operation
of the CRBRP at the time construction is initiated.

Amend. 28
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Question 310.37 (2.2)

Your response to item 310.4 asserts that transportation accidents involving
barge traffic on the Clinch River are not postulated, since the frequency of
traffic is extremely low and does not involve toxic materials. However, the
ýonly data presented to support this (Table 2.1-5) shows only the total ton-
nage through the river and are insufficient for us to make a conclusion.
Provide additional data on the frequency or average weight of barges passing
the site. Indicate how much of the traffic is associated with explosive,
toxic or hazardous materials.. Provide data on barge accidents, if any, on
the Clinch River.

Response:

The response to this question is provided in revised-Section 2.2.1.3.3.

Amend. 28
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Question 310.38 (2.2)

With regard to the proposed Exxon reprocessing facility, provide anlevaluation
of the possible effects on the Clinch River plant of an accidental release of
potentially hazardous materials which may be stored at the Exxon site. State
all your assumptions. Provide a revised Figure 2.2-1 which indicates the
:location of the Exxon facility. We will require that the CRBRP be designed
to safely withstand the consequences of any design basis event at the Exxon
facility.

Response:

The proposed Exxon reprocessing facility will be required to obtain a construc-
tion permit and operating license from the NRC and the requirement for demon-
strating the environmental acceptability of the proposed site and plant safety
will be the responsibility of Exxon. Compliance with NRC licensing require-
ments should insure accidents from the Exxon facility will not impact the safe
operation of the CRBRP. The CRBRP Project will, however, evaluate the possible
effects on the CRBRP from accidents occurring at the Exxon facility when Exxon
has received a construction permit from the NRC. Until that time the CRBRP
will continue to follow the activites of the Exxon facility.

Figure 2.2-1 has been revised to indicate the 2500 acre site on the Oak Ridge
Reservation which Exxon has requested from ERDA for the proposed Exxon facility.

Amend. 28
Oct. 1976
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Question 310.39 (RSP) (6.4)

Verify that the Control Room air intakes will be provided with hydrogen
fluoride detectors and that the ammonia storage vessels on-site will be
provided with leak detectors and that the Control Room will be automa-
tically isolated upon a signal from these detectors. It is. our position
that these-instruments should meet the performance criteria for monitoring
instrumentation as given by Regulatory Guide 1.78, and shouldhave de-
tection sensitivities such that the toxic vapor concentrations inside the
Control Room shall not exceed the respective toxicity limits of hydrogen
fluoride and ammonia. In this regard, indicate-what action you plan to
take.

Response:

The response to this question is contained in Section 6.3.1.6 and revised
Section 9.6.1.2. The intent of Regulatory Guide 1.78 will be met.

Amend. 28
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Question 310.40 (10.2.3)

We have reviewed the proposed plant design with respect to turbine
missile hazards and find that it meets the general intent of our position
on turbine missile protection requirements as outlined in Standard
Review Plan Section 3.5.3 and Regulatory Guide 1.115. However, there
are some specific aspects of the turbine missile analysis (General
Electric Report "Ilypothetical Turbine Missile Data and'Probability of
Occurrence for 3600-RPM TC6F-23 InchLSB Unit for Use with Liquid Metal-
Cooled Fast Breeder Reactor," submitted on April 9, 1976) that need
clarification. Accordingly, provide additional information in response
to thefollowing questions:

1. Scaled cross sectional drawings of the turbogenerator should be
provided. The drawings should illustrate the principal configu-
ration features of the turbine rotor and the stationary turbine
internals.

2. Provide the basis for each of the following s`atements or infor-
mation indicated in Reference 1:

a. "...energy stored in the hypothetical fragments is of the same
order as the energy absorbing capability of the stationary
parts." (Page 3, Paragraph 4).

b. "Only one rotor failing.. .is assumed..." (Page 3, Paragraph
2).

c. ".. .we assume that the high pressure rotor sections.. .will not
eject missiles." (Page 4, Paragraph 4).

d. "...the ensuing damage would preclude further speed rise of
other rotors..." (Page 9, Paragraph 5).

e. "...we suggest a uniform probability distribution to be assigned
to the impact orientation angle." (Page 18, Paragraph 3).

f. The zero energy and velocity entries in Table III for the
minimum energy and velocity of high speed burst missiles.

3. The statement on Page 6, Paragraph 2 of Reference 1 that it takes a
combination of stuck valves and electronic faults to lead to destruc-
tive overspeeds does not appear to be justifiable. For example, a
common mode failure of the turbine steam valves would lead to a
destructive overspeed in a loss of load incident, even though the
speed sensing and tripping portions of the overspeed protection
system were fully operational. A clarification of this aspect of
overspeed protection should be provided.

Q310. 40-i
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Response:

1. The actual cut-away drawing for the CRBRP Turbine is scheduled
to be developed by G.E. in April 1979. A similar drawing is shown
in Figure Q310.40.1 except the double flow intermediate .pressure
sectdon will be deleted., the high pressure exhaust will come off the
top into the crossover pipe to the low pressure turbine and one low
pressure section will be added in the case of the CRBRP. The
nomenclature and the relative size and location of the various
parts in Figure Q310.40-1 are applicable to the CRBRP Turbine
design.

2a. The initial energy of a hypothetical rotor fragment produced by an
L.P. rotor and the energy absorption capabiliity of its casings are
of the same order of magnitude. A complete treatment of calculating
initial energies of rotor fragments and energy losses due to collision
and penetration of stationary sections is provided in Reference 19
of the report and is included as Appendix A to this response.

2b. In order to account for the worst possible (most destructive)
missiles, a high speed or runaway failure mode is included in our
analysis. We do not believe that a rotor burst is the inevitable
result, of an overspeed excursion, but to account for the possibility,
we make the assumption that a rotor will burst prior to or at its
highest possible (see section V of report) overspeed. It's at this
highest speed that the kinetic energy of each missile is calculated
as the maximum.

Since the material properties and inherent physical characteristics
of rotors vary between forgings, in any given group of rotors there
will be one rotor which is more susceptible to failure than the
others. So we assume that no two rotors in the same power train
will burst simultaneously. Furthermore, at the instant that a
rotor does burst, additional damage would occur throughout the
system which would preclude further speed rise of those rotors
still intact and force then to decelerate (steam path opened to
atmosphere,. bucket shedding, rubbing, bearings seize, etc.).
Therefore, if the first rotor to burst does so at less than the
maximum possible overspeed, the other rotors would not continue to
accelerate and hence, would not burst.

2c. Calculations show that the relatively low energies of tile missile
which would be postulated for a high pressure rotor burst would
easily be contained within their heavy cast-steel shells. This was
stated in the referenced report on page 2, paragraph 4 and page 4, paragraph
4. -This is due primarily to the fact that our high pressure rotors
are encased by two low alloy stcel shells, each with a minimum
thickness of three inches.

2d. See response to b.

Amend 39
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2e. The calculation of missile penetration of given targets was not
within the scope of the report. We do, however, review our assum-
ptions in relation to how they would eventually be applied. Of
particular concern was how the group 1 and 2 missiles would be
treated in making penetration estimates. Their geometries are such
that the difference between using the minimum projected area and
the maximum projected area would result in large deviations in
their penetration capabilities. We believe that use of the minimum
projected area would be unduly conservative since it. seems reasonable
to us that if a target is substantially distant from the missile
source, any impact orientation is possible. Therefore, the recommen-
dation was made that a uniform probability distribution be used.

2f. To account for the variations inherent in the calculation of a
multitude of rotor fragments penetrating the surrounding mass of
metal (web, ring, casing and hood), a range of exit energies is
provided for in each of the postulated missile groups. Thus,.
depending on a fragment's orientation, size, angle of ejection,
etc., it is possible that a fragment from a particular group would
either be contained or else exit. the hood at some calculated maximum
value. Thus, the zero value entry for missile groups 1, 2 and 4
indicates that the fragments could be contained. Calculations for
the group 3 fragments indicate that total containment is unlikely.
Group 5 and 6 missile fragments are explained on page 18, paragraph
1 of the report. In any case, the midpoint value supplied in Table
III can be used to represent the characteristic energy and velocity
values of any fragment possible within a group. Further discussion
of how the range of values are determined can be found on Page 4 of
reference 19, (Appendix A to this response).

3. In response to the request for clarification of the aspect of overspeed
protection described in Page 6, Paragraph 2 of Reference 1, i.e., that
it takes a combination of stuck valves and electronic faults to lead to
destructive overspeeds, the following information is provided to clarify
and replace Page 6, Paragraph ? of Memo Report, Hypothetical Turbine
Missile Data and Probability of Occurrence for 3600 RPM TC6F - 23" inch
LSB Unit for Use with the Liquid Metal Cooled Fast Breeder Reactor dated
August 29, 1975 (Reference 1).

In order for steam flow through the main steam valves to lead to a des-
tructive overspeed during a loss of load incident, at least one stop valve
and associated control valve must fail to close. For this situation
to arise, one of the following failure combinations must occur:

(1) steam stop valve and associated steam control valve mechanically stuck.

(2) hydraulic system component failure'to relieve emergency trip system
pressure under the steam stop and associated steam control valve
pistons.

(3) electronic component failures and failure of the mechanical overspeed
trip mechanism.

Amend 39
May 1977
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(4) hydraulic and electronic component failures.

(5) hydraulic component failures and control valve mechanically stuck

(6) electronic failures and failure of the mechanical overspeed trip
mechanism and control valve mechanically stuck.

(7) hydraulic and electronic component failures and failure of the
mechanical overspeed trip mechanism.

For the case where the turbine is not carrying loads, for a destructive over-
speed to occur, either of the following failure combinations must occur:

(1) electronic component failures and failure of the mechanical over-
speed trip mechanism.

(2) hydraulic and electronic component failures.

Q310.40-4
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I. INTRODUCTION

The licensing procedures of the Atomic Energy Commission

require the consideration of hypothetical turbine missiles as

part of the review of plant safety. The Turbine Department

has assisted the utilities in the preparation of their Safety

Analysis Reports by providing a description of these hypo-

thetical turbine missiles. This description includes the

probability of occurrence as well as the resulting energy

and velocity of the missile, should a burst occur.

Earlier work in connection with missile description

includes that of Downs [1]* and Zwicky [2]. Zwicky concludes

that the most energetic turbine wheel missile is a 1200 frag- 9
ment of a last stage wheel. Downs finds that the probability

of generation of such a missile is extremely small.

The Turbine Department has recently reconsidered the

missile problem and has issued a series of Memo Reports

[3-61 summarizing its findings. This new body of work con-

siders all the wheels of the low pressure turbine and takes

into account a spectrum of fragment sizes per wheel burst.

The purpose of this report is to describe the technique

employed in the evaluation of these fragments.

Prior to obtaining the information contained in Ref-

erences [3] through [61, missile energies were calculated using

Zwicky's method of analysis. Many assumptions were made in 9
*Numbers in brackets refer to the references.

Q310.40-9 AaynM9 y
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that analysis, including the manner in which energy is

absorbed by the stationary parts. Zwicky assumed that

the stationary material surrounding Lhe last stage wheel

would be stretched .to its ultimate strength. Simple con-

tainment tests recently conducted by the Turbine Department

have indicated that energy is lost to the containment pri-

marily by local plastic deformation rather than by gross

stretching. In light of these findings, a new technique

for the calculation of missile energies has been developed.

II. RESULTS

II. A. Missile Sizes and Energy

Turbine missiles are assumed to be generated as a result

of a hypothetical burst of a low pressure turbine wheel.

Two burst situations are considered: (1) a "low speed" burst

near running speed due to material deficiency and (2) a

"high speed" burst at 80% overspeed in a runaway condition

following a control system failure. These two postulated

burst situations are identified in *the studies of the

probability of wheel burst by Downs [1] and [3].

All wheels of the low pressure turbine are considered

as candidates for bursting. The probability of burst of a

given wheel is a function of the speed as well as the par--

ticular turbine type under consideration.

.To simplify calculations, wheels with similar character-

istics (e.g., weight, size, energy) are grouped together

and the properties of one wheel of the group are used to

Q310.40-10 [0ay n9•
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calculate missile properties. For example, the seven wheels of

the 43 inch last stage bucket low pressure turbine are divided

into three Groups. Group I consists of the first three stages;

Group II - the fourth through sixth stages; and Group III - the

last stage wheel. Assumming that a burst occurs, it has been

found that all wheels are capable of producing missiles external

to the turbine in both the low speed and high speed burst situa-

tions. However, the analysis contained in'Ref.[41 points out

that the probability of burst of stages in Groups I and II at

low speed is not statistically significant.

For each wheel fragment and assumed burst. speed a range

of energy is specified. This range results from uncertainties

associated with the orientation of the missile fragment as it

penetrates the turbine casing as well as the energy absorbing

capability of the stationary components. A small fragment,

for example,. may exit through a hole created in the turbine

by a larger missile, or it may be completely contained by the

stationary components. In this case, its escape energy can

vary between its initial energy (no collision) to zero (con-

tainment).

Table 2 is a summary of the exit energy and velocity

ranges that have been calculated for the entire spectrum of

postulated fragments. Notice that the fragments of the last

stage wheel are significantly more energetic than those of

all the other wheels. The velocity ranges given in the table

are intended for use in trajectory related calculations.
Amei

The entire spectrum of fragment sizes, energies, and May

velocities. given in Tables 1 and 2 is required to perform a

Q310.40-11
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detailed analysis of the overall probability of unacceptable

consequences due to hypothetical turbine missiles. The need

for this information has been prompted by consideration of

trajectory related calculations.

II. B. Model for Energy Calculations

A small fragment (chosen less than 450) could escape the

turbine through a hole made by a largbr fragment. In this

case, its escape energy is equal to its initial energy. On

the other hand, a small fragment could be completely contained

within the turbine, in which case its exit energy is zero.

Then the range of exit energies for small fragments is

taken to be between their initial enerqies and zero.

The larger fragments (45' or larger) cannot escape the

turbine casing without loss of energy due to impact with and

penetration of various stationary components. The model used

in estimating the energy absorption capability of these sta-

tionary parts is shown in Figure 1.

The complex nature of the geometry and uncertainties

such as the effect of rotation has led to an idealization of

the overall problem. Components included in the analysis

are the wheel fragment, the web and ring of the diaphragm,

the inner casing wrapper, and the exhaust hood.

The behavior of the hypothetical missile is postulated as

follows: (1) the wheel bursts into various fragments with no

loss of total energy, (2) each major fragment impacts the dia-

phragm web and creates at least two web fragments, (3) the web Amend 39

flay 1977
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fragments are accelerated out of the path of the missile,

(4) diaphragm ring fragments are also created and accelerated,

(5) the inner casing. is penetratedand finally (6) penetration

of the exhaust hood occurs.

Figure 2 shows the calculated energy and velocity ranges

as a function of fragment size. Data for the 43 inch last

stage wheel are used for illustration. Note that a wide

variation in velocity exists for the smaller fragments.

III. TECHNICAL DISCUSSION

III. A. Wheel Fragments

Missile studies in the past have been concerned with only

one size fragment; the fragment that possessed the highest

energy external to the turbine. This simplification was justi-

fied since it was further assumed that, given a wheel burst,

the fragment would strike a critical target. The missile with

the highest energy would, therefore, have the highest overall

probability of damaging the critical target.

The introduction of trajectory-related calculations

requires consideration of both the energy and the velocity of

hypothetical missiles. The velocity is required to determine

the strike probability. Downs [6] shows that a missile

with low velocity is important since it has a relatively higher

probability of striking a given target. Furthermore, various

fragment sizes must be considered since the fragment mass in-

fluences the relationship between energy and velocity.

Amend 39
lay 1977
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Two sources of information have been utilized in osti--

mating the number and associated sizes of wheel fragments

assumed in this report. One source is the Hinkley Point

failure of September 1969 [7]; the other source is an ex-

tensive experimental disc-bursting study conducted by the

Steam Turbine Department of the General Electric Company.-

A review of General Electric burst tests clearly indicates

a trend of fewer fragments with increasing excess temperature*

(increasing toughness). All tests produced three or four large

fragments. In addition, those tests conducted at negative ex-

cess temperatures produced many small fragments.

The failure of the Hinkley Point wheels is attributed to

their low material toughness, which made them incapable of

accommodating small cracks produced by stress corrosion.

These wheels, which burst at negative excess temperature,

generated between about 5 and 40 fragments.

The followingnumber of fragments and associated sizes

have been selected for use in thisreport after a careful

review of many burst tests:

Fragment Group Number of
(See Table I) Fragments

Type a 2

Type b 1

Type c 3

Type d 10

*The excess temperature is defined as the operating temperature
minus the fracture appearance transition temperature.

Amend 39
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Because of the high material toughness of wheels used in

nuclear turbines built by the author's company, a relatively

low number of smaller fragments (Type d) is expected. A

number of ten is assumed to admit other potential missiles,

such as buckets, to the distribution.

III. B. Assumed Burst Speeds

Two situations are postulated which r6sult in a hypothetical

wheel burst. One case is termed a "low speed" burst which is

assumed to occur at or near running speed. The specific turbine

speed for this situation is taken to be 120% of normal running

speed, since it is the maximum rotor speed reached without a

complete control system failure. The second case is termed a

"high speed" burst during runaway following a complete control

system failure.

The "high speed" burst is assumed to occur at the vane

shedding speed which is 180% of running speed. It is postulated

that the rotational unbalance developed during the loss of the

vanes will cause gross mechanical failure, particularly of the

bearings, so that higher rotor speed is unlikely.

Thus, the high speed wheel failure is postulated to occur

at an upper limit of maximum turbine speed. Even at this speed,

it is unlikely that the wheel will fail since the unloading of

*the wheel caused by the. loss of the vanes results in a higher

overspeed capability of the wheel.

Amend 39
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III. C. Initial Fragment Energy

C.l. Translational and Rotational Energy

The wheel is assumed to fracture into various fragments

with the fracture surfaces occurring in an axial-radial plane.

The assumption of conservation of linear and angular momentum

leads to the following expressions for the translational and

anqular velocities of the center of gravity of each fragment.

VC 5 (1)

(2)

where

ýc =linear velocity at center of gravity of
fragment,

V = angular velocity of shaft at burst,

= radius to center of gravity of fragment¢C9 measured from shaft centerline, and

4• = angular velocity of fragment.

The translational and rotational energy of the fragment

are simply:

, ztrr (3)

KE f1 Y (4)

where

K • = translational kinetic energy of fragment,

KEo = rotational kinetic energy of fragment,

= total mass of fragment, and

11 = polar moment of inertia about c.g. of fragment.

fraymenjt.
Q310.40-16
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These formulations of initial fragment motion and energies

conservatively assume that there is no loss of energy during the

generation of fraqrients and that there is no transfer of energy

between fragments due to collisions subsequent to the burst.

III. C.2. Effective Translational Energy

The rotational energy comprises a significant fraction of

the initial total energy of a fragment, and can contribute to the

penetrating capability of the fragment. Hence the rotational

energy cannot be neglected in estimating the escape energy of the

missile fr'agment. The rotational energy of a 1200 fragment, for

example, represents approximately 35% of the total energy.

An "Effective' Translational Energy" is defined which accounts

for the additional penetrating capability of a fragment possessing.

rotational as well as translational energy. The fragment is

visualized as a system of particles,.each with a different veloc-

ity. A particle having a velocity normal to a stationary compo-

nent, has greater penetrating capability thananother particle

with the same velocity magnitude, but impacting the plate at an

oblique angle. A particle with a velocity in a direction par-

allel to the stationary component has no penetrating capability.

This model leads to the following definition of the quantity,

"Effective Translational Energy":

V~ 2- C,2 (5)
V

Amend 39
Q310.40-17 May 1977
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where

= effective translational energy,

'• = component of absolute velocity

normal to the stationary component,

S= mass density of fragment, and

dV = incremental volume of fragment.

*Figure 3 describes the model and the nomenclature which

is used to develop Equation 5. The wheel fragment is treated

as a sector of a disc and the stationary component as a flat

surface. The fragment has both rotational and translational

motion.

The integration of Equation 5 leads to the following ex-

pression for the Effective Translational Energy of the disc

fragment:

(6).

The important feature of this relationship is that the

Effective Translational Energy is a function of the missile

size, , and the orientation of the missile at impact., o(

Equation 6 can also be expressed in terms of the translational

and rotational energies of the disc sector:

KE,44  = E., + C KEro. (7)

Amend 39
May 1977
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The value of "C" in Equation 7 is a function of the missile

size and the orientation at impact. For example, the value of

"C" for a 1200 segment striking a stationary component in the

direction of minimum projected area (* =O0) is 0.25, and in

the direction of maximum projected area (K =900), "C" is 0.75.

A study dealing with the effect of "C" has shown that the

hypothetical missile energy external to the turbine is largest

when the motion of the fragment is in the direction of minimum

projected area (o( =0). Although other orientations result in

higher initial energies of the missile fragments, the energies

external to the turbine are lower because of larger impact areas

and greater energy absorption by the stationary components.

Equation 7 is, applied to the wheel fragment. The uncer-

tainty concerning the angle of orientation leads to an uncer-

tainty in exit energies and is included in the ranges of hypo-

thetical missile energies.

A number of fragment properties are necessary to compute

the initial missile energy. These include the fragment mass,

location of center of gravity, and the polar moment of inertia.

Because of the irregular shape of the wheel fragment, a numeri-.

cal technique similar to that described by Zwicky [2] is used

to calculate the properties.

III. D. Diaphragm Web and Ring Collisions

The diaphragm is in the path of the wheel fragment and

must be accelerated out of the way to permit the escape o~f the 0
l IAmend 39

missile. It is assumed that the impact causes the diaphragm May 1977
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web to fracture in a brittle munner with no loss of energy, so

that the only energy absorbed is that required to accelerate

the diaphragm web fragments out of the missile path. The energy

absorption capability of the diaphragm partitions is assumed to

be zero--they are neglected.

The wheel fragment is assumed to accelerate the fragments

of the diaphragm web that are directly in its path and transfer

energy to them during the collision. A similar collision and

energy transfer is assumed to occur between the wheel fragment

and the diaphragm ring.

Figure 4 illustrates the model that is used to estimate

the energy loss by the missile as a result of the web and ring

collisions. R~ecall from the discussion of the Effective Trans-

lational Energy that the wheel fragment is assumed to be ori-

ented in the direction of minimum projected area at the instant

of impact (to minimize energy loss in penetration, and thus

maximize the escape energy).

The wheel fragment is assumed to accelerate two web frag-

ments in directions approximately 450 from the missile path.

The assumed number and directions of the web fragments chosen

were based primarily on the shape of the impacting wheel frag-

ment missile. The same model is used for the ring impact.

Conservation of both momentum and energy is assumed in

calculating the energy of the wheel fragment after collision:

Momentum: M V+ ; WIk/• + C.•-jj 1 os 1- (8)

Energy: (9)

Amend 39
hay 1977
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where

4 = mass of wheel fragment

Mw = mass of web fragments,

Vki = wheel fragment velocity before collision,

Vit = wheel fragment velocity after collision, and

V = web fragment velocity after collision.

The resulting expression for the energy retained by the

wheel fragment is:
Mf

KL KK E
+ (10)

where

E = wheel fragment energy after collision and

= wheel fragment energy before collision.

The mass of the web and ring fragments is calculated

using the.volume of web and ring material which is in the path

of the exiting wheel fragment. One web and ring are considered

per wheel.

III. E. Wrapper and Exhaust Hood Penetration

The energy lost by the missile during penetration of the

inner casing wrapper and the exhaust hood is calculated by use

of the emperical relation described by Moore [81 as the "Stan-

ford formula." The Stanford formula applies to missiles having
Amend 39
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a right circular solid shape which impact a flat plate with

the axis of the cylinder normal to the plate.

An "equivalent circular diameter" concept is used to

account for the irregular shape of the wheel fragment missile.

Since the penetration is produced primarily by a shear mode,

the perimeter of the projected impact area is used to define

the equivalent circular diameter:

where

Deg = equivalent circular diameter, and

p = perimeter of projected impact area.

The "window width," which defines the unsupported area of

the plate, is conservatively approximated by the equivalent

diameter. The modified Stanford formula is thus:

los e -ý (0,3'1 it; +' 0.00 Ve5o (12)
where

•Los6 = energy loss during penetration (ft.lbs.),

U] = ultimate tensile strength of stationary
component (psi),

De= equivalent circular diameter (in.), and

t thickness of stationary component (in.).

Defining the thickness and the perimeter to use in connec-

tion with the inner casing wrapper penetration calculations re-

quires judgment. Fig . 5 is a cross section of a typical low pres-

sure turbine illustrating the wheels, diaphragm web and ring

sections, and the inner casing wrapper. All structures illust.Ai-d

Amend 31
May 197i
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extend the full 3600 about the machine axis. The flange, axial

ribs, and struts are conservatively neglected in penetration

calculations.

Note that the wrapper does not extend axially over the

entire last stage wheel. In this situation the perimeter is

taken to be one half of the value calculated by the minimum

projected area of the fragment (Eq. 11). The thickness is

taken to be the minimum value.

The second stage has a large radial section which is

directly over the wheel. The wheel fragment is assumed to be

deflected slightly by this section with no loss of energy.

When two wrapper regions cover a wheel, separate energy ab-

sorption calculations are made for each thickness, and the

total absorbed energy is taken to be the sum of the two in-

dividual energy values. Since the exhaust hood completely

encloses all wheels, the energy loss to the hood is found

using the full projected perimeter and a thickness of 1-1/4".

Many assumptions and approximations are necessary in

evaluating the energy absorbed by the inner casing wrapper

and exhaust hood. Consideration is given to these uncer-

tainties in defining the reported range of external energies.

III. F. Exit.Energy and Velocity'

Figure 2 is a typical plot of exit energy and velocity

as a function of missile size. Note that ranges of energy

*are given. These ranges result from the many uncertainties

involved. Amend 39

1May 1977
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The energy range shown for the larger fragments (greater

than 450 in size) is basically due to the uncertainty connected

with the absorption capability of the stationary components.

The energy range for the smaller fragments (less than 450)

results from the assumption that the small fragments may be

ejected through a hole created by a larger fragment or may be

slowed down or stopped by the stationary components.

The velocity is calculated by assuming that the energy

is all translational energy. This assumption is consistent

with the definition of Effective Translational Energy.

_ - G4,4 EV (13)

where

V = velocity of c.g., ft. per sec.;

E = exit energy, ft.lbs.;

= fragment mass, slugs; and

= fragment weight, lbs.

The fragment sizes and associated energy and velocity

ranges given in Table 2 assume that the spectrum of fragments

described in Section III.A. is generated for each wheel burst.

Amend 39
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IV. CONCLUSIONS

A new method for the calculation of the energy of hypo-

thetical turbine missiles has been developed. The principle

difference between this new method and the method of Zwicky [3]

is the mode by which energy is absorbed by the stationary tur-

bine components. Simple containment tests recently conducted

by the General Electric Company indicate that local shear de-

formation rather than the gross deformation assumed by Zwicky

is the principle mode of energy absorption. The local deforma-

tion mode of energy absorption is utilized by the new method.

This results in considerably higher exit energies than those

predicted by Zwicky.

The introduction of trajectory related calculations has

led to the consideration of both large and small wheel fragment

missiles. The number and sizes of these fragments is taken from

disc bursting tests by the author's company and from Ref. [7].

The larger wheel fragments impact with and transfer energy

to the stationary components of the turbine casing. An "Effec-

tive Translationalý Energy" is utilized to account for the rota-

tional energy of the postulated missile fragments. The "Stanford

formula" is employed in calculation of energy absorbed by the

turbine casing. A range of exit energy is reported which accounts

for the uncertainties involved in these calculations.

The smaller fragments are visualized as either escaping
Amend 39

through a hole in the turbine casing created by a larger May 1977

fragment or being Slowed down (or stopped) by the stationary

turbine components,. The reported energy ranges for the smaller

fragments thus lie: between their initial energy and zero.

Q310.40-25
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Many assumptions and approximations are used in connection

with the initial size and number of fragments, the initial burst

speeds, the path of the missile, and the energy absorption

capability of the stationary components. These assumptions

result in conservative limits of the reported energy and

velocity ranges.

Amend 39
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TABLE 1

Simplified Geometry of Hypothetical Wheel Missiles

K 1  1  . Types c and d

b

Type a: wheel shape, • = 1200

Type b: wheel shape, • = 600

Type c: xl, square, t 2 thick

Type d: x 2 , square, t 2 thick

Wheel r1 r3 t1 t2 x1 x2

43" LSW

L-2

L-5

17

18

20

28

27

27

45

47

48

27

12

9

12

5

3

20

20

19

8

10

11

Note.: All dimensions in inches

Q310.40-30
Amend 39
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TABLE 2

Hypothetical Missile Energy and Velocities

For All Wheel Groups and Fragment Types

Of a 43" Last-Stage Bucket Unit

I 9

4th to 6th
Wheel
Group

Last
Stage
Wheel

Group Wheel

Weight

Energy

2000 (1)

2 0•8
0-3 (2)

4000

0-17
0-7

0-520
0-340

8200

26-53
10-22

(Type a)

Velocity 0-2510
0-320

450-650
280-420

Weight 1000 2000 4100
1

Energy 0-8 0-16 0-38

(Type b) 0-3 0-6 0-18

Velocity 0-720 0-720 0-770
0-440 0-440 0-530

Weight 300 600 1400
3

Energy 0-5 0-8 0-16

(Type c) 0-2 0-4 0-8

Velocity 0-1000 0-930 0-860
0-660 0-660 0-610

Weight 100 150 200

10 Energy 0-2 0-2 0-3
0-1 0-1. 0-2

(Type d)

Velocity 0-1100 0-930 0-980
_ _ 0-800 0-660 0-800

Note: (1) weight is given
in ft /sec.

in lbs ; energy in 106 ft lbs ; velocity

(2) the upper range of values of energy and velocity are
calculated for a high speed burst at 180% running speed;
lower values - low speed burst at 120% running speed.

Amend 39
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VIII. LIST OF FIGURES

1. Sketch of Wheel Region Illustrating Components Included
in Penetration Model.

2. Distribution of Hypothetical Missile Energy and Velocity
as a Function of Missile Size.

3. Model Employed to Evaluate the Effective Translational
Energy

4. Collision Model for Web and Ring Impacts.

5. Cross Section of Typical Low Pressure Turbine.
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FIGURE 1

Sketch of Wheel Region Illustrating Components.

Included in Penetration Model
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Distribution of Hypothetical Missile. Energy

And Velocity as a Function of Missile Size
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FIGURE 3

Model Employed to .Evaluate the

Effective Translational Energy

9

Missile

Stationary Component
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FIGURE 4

Collision Model for Web and Ring Impacts

vw . 4

Mw~

Web or
Ring

Wheel
Fragment

Amend 39
May 1977

Q310.40-36



VN-60-8 (1,o491 O()NERAL ELECTRIC COMPANY

TECHNICAL INFORMATION SERIES

NO. DF73LS12

Page 29 of 29

FIGURE 5

Cross-section of Typical Low Pressure Turbine

Illustrating Major Structural Components
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wheel
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Question 310.41 (15.3)

Indicate whether there are any small lines, such as instrument lines or
sample lines, that are connected to the primary coolant boundary and
whose failure could result in a release of primary coolant outside of the
containment. If so, provide an analysis of the radiological consequences
of such a failure.

Response:

In the CRBRP design, there are no small
sample lines, that are connected to the
whose failure could result in a release
containment.

lines, such as instrument lines or
primary Coolant boundary and
of primary coolant outside of the

Amend. 28
Oct. 1976Q310.41-1



Question ý310.42 (15.3)

The design basis steam generator tube failure accident is stated to be a
double-ended .failure of a steam generator tube which results in the failure.
of six additional tubes. By definition, the consequences of a design
,basi•sevent must be demonstrated to be acceptable in order to determine
the adequacy of the design and its protective features. However, this

:.design basis event has not been included in the analysis of steam genera-
tor tube failure accidents in Section 15.3.3, in spite of specific re-

.quests (e.g. item 310.14). It is our position that the consequences of
this design basis steam generator tube failure accident must be analyzed,

•including.its radiological.consequences. Your analysis should include:

a) asingle failure anywhere in the system or its support system.
".Include the possibility of a failure to reseat of a SWRPRS relief

valve in your consideration of the worst single failure.

b) the effects of the initial pressure pulse on the integrity of
the primary heat exchanger, particularly in view of the possibility
of undetected deterioration of the primary barrier during normal
operation. Provide the primary to intermediate loop leak rate
following the depressurization of the intermediate sodium loop.

c) technical specification leak rate for all valves. The use of
.best-estimate or expected values.for valve leak rates is not accept-
able for.design basis accident calculations. If technical specifi-
cations cannot be provided at this time, indicate the maximum
acceptable leak rates required to control the consequences of this
event to acceptable levels.

Response:

An amendment to 15.3.3.3.1 is provided, to clarify and better identify the
Design Basis Leak (DBL) information which has been provided in the PSAR
and in response to previous NRC questions. Also an amendment is provided
to 15.3.3.3.2 to summarize.the potential effects of release of radioactive
sodium and radioactive water/steam.

Part (a) of this question requests consideration of the consequences of failure
of a SWRPRS relief valve to reseat during a sodium-water reaction incident.
Relief valves are not used in the SWRPRS to provide overpressure protec-
tion to the IHTS. Main rupture disc assemblies are located on the IHTS
piping adjacent to the sodium inlet nozzle of the superheater module and
adjacent to the sodium outlet nozzles in the evaporator modules to provide
the overpressure protection for the IHTS from large sodium-water reaction
.incidents.

Amend. 30
Q310.42-i Nov. 1976



When overpressure protectionl against large sodium-water reactions is
provided by the large rupture-discs, the IHTS will blowdown into the SWRPRS
and will vent until the pressure in the*IHTS has been reduced to essen-
tially 'ambient pressure. This is the normal manner in which the system
functions and analyses of the events related to activation of SWRPRS follow-
ing a sodium-water incident are based upon this. The limiting type analysis
,discussed in 15.3.3.3.2 encompasses theleffects of postulated single failures.

The response to part .(b) regarding IHX integrity is .provided in PSAR Sections
5.3.3.1.5 and 5.3.3.5.. Briefly, the IHX is designed to withstand conser-.
vatively determi'ned pressure flow., temperature transients for the design
basis SWR within the .emergency limits of the ASME Code (Section III,.Class
I with Code Case 1592). Long term degradation effects(e.g. corrosion) have
been accomodated..in tube thickness allowances. Primary to intermediate sodium
leakage is considered in analysis of the radiological consequences of a
SWR as discussed in Section 15.3.3.3.2.

Part (c) requests information on valve leakages. The only valves associated
with SWRPRS operation are the steam/water pressure relief valves, the evaporator
water dump valves and the modul-e isolation valves. Valve leakage across the
isolation valve seat during a large SWR is of interest. Valve water leakage
does not contribute to either the maximum pressures eKperienced during the
event, nor does it contribute significantly to the maximum expected exposures
at the site boundary Site boundary dose for this event is far below accept-
able limits.

The maximum valve leakages given in Table 5.5-12 are only for establishing
the limiting leakagefrom the system during SGAHRS operation to establish
the minimum auxiliary feedwater supply required. Technical specification
values for valve leakage have not yet been established, but will be developed
as part of continuing design evolution. Technical Specifications will be
provided in the FSAR.

Amend. 30
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Question 310.43 (15.3.3.4)

Although we have not completed our analysis, our preliminary calculations
of the off-site dose consequences as a result of postulating the NRC
staff site suitability source term indicate that the off-site doses and
in particular the bone dose will be in excess of the dose guidelines
given in our position of May 6, 1976 from R. P. Denise to L. W. Caffey
and that they are, therefore, unacceptable. The staff evaluation model
assumed a dual containment having a primary containment design leak rate
of 0.1% per day where the releases are treated via filters having a
removal efficiency of 99% for all forms of iodines, solid fission products
and plutonium and where no more than 1% of the primary containment leak
rate bypasses the filters and is released directly to the atmosphere.
Staff values of atmospheric dispersion factors appropriate to the site
were used. In addition, our calculation model assumed that the secondary
containment annulus region is maintained at a negative pressure of at
least 1/4" WG so that there is no positive pressure transient during the
accident. Furthermore, our calculation assumed that no other pathways to
the atmosphere such as the containment purge lines, were open.

It is our position that you should provide a design for the CRBRP that
incorporates sufficient Engineered Safety Features, that will bring the
off-site doses within the limits of acceptability with respect to the
exposure dose guidelines as given in our position letter of May 6, 1976.
Based on our LWR reviews, improvements in the annulus filtration system
could achieve the necessary dose reductions. Sequoyah, OPS, WPPS 3&5,
and Black Fox employ annulus air recirculation, which is one way of
achieving further dose reduction beyond-that proposed in the current
CRBRP design. Indicate what.action you plan to take in this regard.

Response:

An annulus air recirculating filter system has been incorporated into
CRBRP design, as committed in Reference Q310.43-1. This system is
described in revised PSAR Sections 6.2.5 and 9.6.2.

References:

Q310.43-1- S:L:1805, A. R. Buhl (ERDA) to R. S. Boyd (NRC), "Resolution
of CRBRP Site Suitability Source Term" dated November 2, 1976.

Amend. 36
Q310.43-1 March 1977



Question 310.44 (15.5)

Your response to Item 310.20 indicates that the radiological consequences
of a reactor cover gas release are unacceptably high. We believe the
acceptable off-site dose consequences should be limited to no more than
a small fraction of the Part 100 limits. It is our position that, in order
to mitigate the consequence of this event, you should either assure that
containment is isolated before this event can occur, or provide venting
through an ESF system which is effective in absorbing and delaying noble
gas release, such as a refrigerated charcoal system, and which delays
their release to the atmosphere sufficiently so that the doses will be
reduced. In this regard, indicate what action you plan to take.

Response:

The analyses originally presented were based on very preliminary and
intentionally very conservative data regarding refueling times. Since

491 that time, a more thorough study of the operational sequence has been
conducted. This has shown that the minimum time after reactor shutdown
before cover gas release could occur is 30 hours rather than the 3 hours
originally assumed. The analyses have been revised for this new time and
appear in amended Section 15.5.2.4.

49

From the data shown on Table 15.5.2.4-1, the whole body dose
sion.boundary is well below the 10 CFR 100 guideline limits.
Project does not consider any further action required.

at the exclu-
Therefore, the

Amend. 49
April 1979Q310.44-1



Question 310.45 (15.7)

In your. response to items 310.13, 310.19 and 310.25 you make the a
priori assumption that the continuous containment purge of the RCB
can be terminated, and containment isolation achieved, prior to any
significant release of activity to the environs. The statement that
activity detectors.will be located in the RCB to achieve isolation prior
to release implies that all accidents involving activity release from
the containment must be analyzed in sufficient detail to permit ap-
propriate design, sensitivity, and location of the detectors. How-
ever,.no analysis of any of the applicable accidents is provided.
In view of the uncertainties involved in the numerous accident
analyses requiring exact computation of accident location, sequence of
.events, release mechanisms, and diffusion and convection paths in the
containment, it is our position that it is not appropriate to assume
that containment isolation can be achieved in all cases prior to.the
.release of activity via the RCB ventilation system. Therefore, wel
will require the inclusion of the release prior to isolation in the.
accident dose calculations. In lieu of appropriatelydetailed
analyses of release paths and mechanisms, the incident source term
may be assumed to be instantaneously dispersed in the RCB atmosphere
(implying the balancing assumption of instantaneous dilution by the
RCB atmosphere, as well as immediate availability in diluted concen-.,
trations, for release).

Response:

Design requirementsimposed on the containment isolation system are
consistent with safety analyses which assume containment isolation
before activity release.

As stated in PSAR sections 7.3 and 15.1, one of the design requirements
of the CRBRP is to assure that containment isolation will be achieved
prior to release of activity via the RCB ventilation system. Spe-
cifically, scoping analyses, as mentioned in PSAR section 15.1 have
determined that this requirement is achieved. Such a-scoping study
was done assuming a 50,000 CFM exhaust rate. The current design value
of 14,000 CFM implies an added margin for the current design to~achieve
the desired objective for the. air transport time and valve closure time.

The study assumes a 10 second air transport time from the exhaust detector
sensing point to the isolation valve. This provides a conservative margin
since the instrument response and valve closure can be achieved in 7
seconds or less. A maximum of 3 seconds is required for instrument
response from the time levels as low as 10-6 VCi/cc appear at the sampling
point in the RCB exhaust duct until the signal is received at the isola-
tion valve, with a maximum of 4 seconds for complete valve closure.

The three second detection time and four second closure time, per dis-
cussion with equipment vendors, are achievable with state of the art
hardware. The concomitant air transport delay is a design requirement
imposed on the design of the RCB exhaust ducting. Additionally, a
positive pressure with respect to the containment atmosphere will
be maintained at the HVAC inlet duct until containment isolation is
achieved.

Q310.45-l Amend. 30
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It is emphasized that the design requirements .are imposed on sensors
.in the exhaust duct i.e. located directly in the pathway to release.
Activity in the process of release will be identified by the detectors.
Potential locations.of accidents, sequence of events, release mechanisms
and diffusion and convection paths in -containment will possibly impact
:the time elapsed, after a postulated accident initiation, before
activity reaches the exhaust ducting. However, the final design of
the exhaust ducting.will assure an air transport time ofO1 seconds
or more between exhaust sensor and isolation valve. The time between
sensor action, initiation, and valve closure will be 7 seconds or less.
Thi• combination of times wil.1 prevent activity release above levels of
10- PCi/cc before isolation of containment. The Project is appropriately
taking account of this design requirement in its accident analyses.

Based on the above isolation capabilities, all appropriate criteria are
achieved including conformance with IOCFR2O and IOCFRlO0. The placement*
of a sensor set in the actual release path assures that the sensors detect
activity released. Additionally radiation monitors in the Head Access
Area (NSS) will provide early signal for closing.the containment
isolation valves if the release is from that area.

Section 6.2.4.1 and responses to NRC Questions 310.18, 310.19 and 310.25
have been revised to more clearly identify the requirements discussed above.
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Question 310.46 (15.5, 15.7.3)

While we recognize that the reference refueling concept requires an open
containment, our review of the postulated accidents during this mode
lead us to conclude that the potential consequences of refueling acci-
dents could be unacceptably high. Since the refueling concept is, as
yet, unproven in service, we conclude that it is inappropriate to have
two EVTM seals as the only means for preventing a large uncontrolled
release to the environment in the event of EVTM failures. We therefore
believe that additional barriers to release of radioactivity are re-
quired. It is our position that refueling operations should be per-
formed either with the containment and RSB isolated, or that venting to
the atmosphere should be through ESF filters which fully comply with the
positions in Regulatory Guide 1.52, and where the areas served by the
filters are maintained at a slight negative pressure to prevent out-
leakage. In this regard, indicate what action you plan to take.

Response:

The revised design of the HVAC Systems serving the RSB and the RCB
provides capability to mitigate the consequences of the SSST. The
changes to the RSB HVAC System have been incorporated into Sections
9.1, 9.1.4.1, and 9.6.3. The Engineered Safety Feature portion of
the HVAC System is described in Section 6.2.6.

The General Arrangement Drawings included in Section 1.2 presently are
being updated to include the revised RSB HVAC Systems as identified
above, and will be supplied in a future PSAR amendment. The figures and
tables listed below are being revised also and will be supplied in a
future amendment.

Amend. 36

Q310.46-1 March 1977



Table Title

3.5-4 Roof and Wall Openings for Ventilation System Air
Intakes and Exhausts

8.3-l.A Diesel Generator "A" Load List

8.3-IB Diesel Generator "B" Load.List

8.3-ýA 1i25V DC System "A" Load List

8.3-2B 125V DC System "B" Load List

8.3-2C 250V DC System Load List

9.6-5 Reactor Service Building HVAC System Equipment List

9.7-3 Components Served by Emergency Chilled Water System

9.13-1 Non-Sodium Fire Protection System Areas of Coverage
and Fire Barriers

9.13-3 Non-Sodium Fire Protection System Design Basis/
Features

11.4-1 Process and Effluent Sampling and Monitors

Figure Title

49 1 9.6-7 through, 9.6-10 Flow Diagrams - Reactor Service Building HVAC System

12.1-8 thru Plant Radiation Protection
14
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Question 310.47 (15.7.3)

The analyses presented are very brief and fail to support the conclusion
that fuel handling failures will have small consequences. Specifically
we disagree with your conclusions in Section 15.7.3.1.3 that the conse-
quences of core component pot leakage are bounded by the radiological
consequences described in 15.5.2.3. Significantly larger fission product
releases must be expected for an over-heating fuel assembly than the gap
activity release as a result of mechanical failure of the clad. It is
our position that the radiological consequences of the CCP leakage must
be shown to be well within 10 CFR100 assuming all gap gases are released
and include a conservative estimate of the fission products released from
the fuel matrix. Provide a revised analysis in this regard and describe
any designs or features proposed to limit the consequences.

Response:

The information requested is provided in revised Section 15.7.3.1

Amend. 29
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Question 3.10.48 (15.7.2)

We have performed an evaluation of the radiological consequences of the
failure of a RAPS surge vessel assuming credit for the cell being a
controlled release environment and using a leak rate.of.50%.per day
(assuming a satisfactory leakage test program in compliance with
Appendix J of 10CFR 50). We calculate that-the two-hour.dosewat the
exclusion boundary would be well in excess of the 0.5 rem acceptance
criterion given in Standard Review Plan 15.7.1. Since we believe that
.the radiological consequences-of a radioactivewaste gas system failure
for the CRBRP should not be greater than that for an LWR, itis our
position that either the design leak rate of the tank cell should be
reduced or else the activity placed in more than one tank such that a
failure of any one component will not result in a whole body dose at the
nearest exclusion boundary in excess of 0.5 rem. In this regard,
indicate what action you plan to take.

Response:

Standard Review Plan Section 15.7.1 "Waste Gas System Failure" was
written to guide the review of accidents involving failure of LWR
waste gas systems. Specifically, the Plan specifies that offsite
doses greater than 0.5 rem, whole body, should not result from single
failure of a component of a system "that (complies) with the current
staff position on seismic and quality group design requirements".
Standard Review Plan Section 11.3 "Gaseous Waste Management Systems",
subsection 11.3 states that "the seismic and quality group classi-
fication of . . . the gaseous waste treatment system . . . should
conform to the guidelines of Branch Technical Position (BTP)
ETSB 11-1 (Rev. 1)". BTP ETSB 11-1 (Rev. 1) Section II.a states
that the system should be designed to industry codes for Quality
Group D (non-Safety Class); and Section V.a.(1) requires the system
be designed to withstand~loadings from the OBE (Seismic Category II).
The requirement that a single failure in a non-Safety Class Seismic
Category II system result in offsite doses no greater than 0.5 rem
is consistent with Regulatory Guide 1.26 "Quality Group Classifica-
tions and Standards for Water-, Steam-, and Radioactive-Waste- con-
taining components of Nuclear Power Plants". That Reg. Guide
(Section C.2.e) requires that components "whose postulated failure
would result in conservatively calculated offsite doses . . . that
exceed 0.5 rem to the whole body . . . " should be constructed to
Qualify Group C (Safety Class 3) standards.

The CRBRP Radioactive Argon Processing System (RAPS) has been de-
signated a Seismic Catagory I Safety Class 3 (Quality Group C) sys-
tem. The PSAR Section 15.7.2.4 provides a conservative analysis of
the Safety Class system which shows that accidental offsite doses will
be maintained below (2.5 rem wholebody) for failure of such a system.

*Amend. 36
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The RAPS circuit has been relocated with the RAPS surge vessel relo-
cated in -the Reactor.Containmment Building (RCB). Two interconnected
vessels.are used, but with a total effective volume equal to the original.
The RCB has.a leak tightness specification of 0.1% per day at a pres-
sure differential of 10.psid,so that the rupture of either of these RAPS
surge vessels within the RCB is estimated to result in a maximumO0-2 hr
site boundary dose of 0.001 rem. Therefore, thils.postulated accident
is no longer the most serious one in the inert gas receiving and pro-
cessing system.: The appropriate revisions to the PSAR to reflect the
relocation of the'RAPS circuit will be provided in a future amendment.

The revised RAPS circuit has the cold box located in a Reactor Service
Building (RSB) cel-l adjacent to the RCB. A postulated failure of the
process gas boundary within the cold box could result in not only the re-
lease of absorbed gases from the cryogenic charcoal beds; but also, part
of the surge vessel contents could be released into the cold box cell.
As a consequence, this cell must have a leak tightness specification with
a test program in compliance with Appendix J of 10 CFR 50. For the postu-
lated accident in the cold box cell, the cell tightness required to
limit the site boundary dose to 2.5 rem is 40% per day at 11.0 psid.

Because the postulated rupture of the surge vessel in the RCB does not .
constitute a site boundary dose hazard, and because the postulated Cold
box rupture in the RSB is potentially the most serious accident in the
inert gas receiving and processing system, Paragraph 15.7.2 is retitled
and replaced by a description of the cold box accident.

Amend. 36 9
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EVS Sodium Cold Trap

A conservative assessment of the consequence of a postulated EVS cold trap
fire has been conducted by assuming a sodium spray and subsequent pool fire.
In the scenario which is analyzed herein, it was assumed that a
sodium leak occurs in the cold trap cell, causing the cold trap
cooling system to fail. The plant operators would be alerted by several
sodium leakage, temperature, smoke, radiation and pressure detectors, but
it is assumed that they fail to isolate the cold trap circuit with the
isolation valves which are located in a separate environment and thus not
affected by the fire. The leaked sodium burns all the oxygen available
in thý cell. It should be noted that a leak in this cell is not expected
to release the radioactive contents of the cold trap inventory since this
inventory consists of condensed solids in the trap,. Nevertheless, it is
conservatively assumed that the radionuclide concentration in theleaked
sodium is that which would exist if all of the cold trap inventory was
redissolved in the EVS sodium. In fact, most of the redissolution would
take place long after the available oxygen was consumed.

For a sodium leak, the resultant cell temperature,and thus the cold trap
temperature, would not rise to a value above that of the leaked sodium.
Analysis for the Primary Cold Trap shows that it takes tens of hours to
redissolve the cold trap contents, even if the cola trap temperature
rises to 6000 F. Similar analysis for the EVS cold trap has not been
done, but similar behavior would occur. I'n actuality, the EVS cold trap
release would be expected to be slower since its normal inlet sodium
temperature is less than 500 0 F. The temperature rises to 600°F infrequen-
tly, only during operations to remove sodium surface impurity buildup
in the EVST.

The decay heat generated in the cold trap is not sufficient to cause a
significant temperature rise in the cold trap. If the trap were cut off
from both its cooling system and the sodium process stream, the trap tem-
perature would not rise above its normal operating temperature.

The radiological consequences of this event were analyzed as follows:

I. The total inventory of the cold trap is redissolved into the EVS
sodium. The radioactivity within the 60,000 gal. of EVS sodium
includes the normal inventory plus that from the cold trap. It was
obtained from the cold trap inventory as given in Table 12.1-24 and
the distributions ratio between the cold trap and the EVS sodium as
given in Table 12.1-7. The concentration was assumed uniform through-
out the volume.

2. Following failure of the EVS cold trap, 15,250 gal. of sodium spills
into the cold trap cell. This is the maximum amount that can spill
due to the arrangement ofthe lines from the EVST. With the conser-
vative assumptions followed, the radiological consequences are in-
sensitive to the total volume of sodium spilled.

Q310.49-5 Amend. 62
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3. All of the oxygen within the cold trap cell
which share a common atmosphere reacts with
volume of these cells is.33000 cubic feet.
maximum of 2.w/o oxygen in nitrogen.

and the adjoining cells
the sodium. The total
These cells contain,a

4. All of the sodium oxide produced is Ný2O and all of it is airborne as
an aerosol.

5. All of the aerosol generated is immediately released to the, atmosphere
without credit.for plate-out or settling within the cold tr~p cell or
the Reactor Service Building (RSB), depletion along the leak paths.

.from the cold trap cell to the RSB or filtration through the RSB exhaust
system.

6. The concentration of radioactivity in the aerosol is the same as that
in the spilled sodium, The discussion forwarded in response to
Question 310.50 reviewed the partitioning of fission products in the
aerosol resulting from burning of the spilled sodium. It was shown
that the assumption of equal activity in the pool and aerosol sodium
was conservative.

7. Radioactivity decay during the accident is neglected.

8. Fallout (cloud depletion) of radioactive material during downwind
transport is conservatively neglected.

Using the dose calculational TethqdQlpgy criOed in qhapter 7 of the ýR
and 95%.X/Q's, potential offsite doses have been determined. Doses at the
Exclusion Boundary and the LOw Population Zone are itemized in Table Q310.49-2.

Q310.49-6
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Question 310.50 (15.6)

Your response to Q310.12 lists partition factors for iodine and cesium
in the range of 10" to 10-7. Also, observed increases of iodine concen-
trations in sodium aerosols over bulk sodium are cited. These observations
appear to contradict each other, as the most likely mechanism for increased
-iodine concentration in the aerosol is scavenging of iodine from the vapor
phase. It should also be noted that iodine partition factors Vary by
orders of magnitude depending on the iodine species present. Your response
does not address these considerations, nor the applicability of the ex-
perimental conditions of Reference 310.12-5 to the postulated accident
conditions.

In lieu of applicable data on partitioning of the various forms of
volatile fissions products, analysis should be performed with the conser-
vative assumption of immediate volatilization of these species.

Response

Two basic types of experiments were discussed in the response to Q310.12.
One type dealt with the release of fission products from essentially
static sodium pools in the absence of oxidation, and the other with
the release of iodine from sodium pools under burning conditions.

The former (Refs. Q310.12-5 and -6) are basically equilibrium-vaporization
studies in which the relative volatility of particular isotopes (solutes)
are measured in relationship to sodium (solvent). In these experiments
the only mechanism for release of either the solute or solvent to the gas
space above the sodium is evaporation - partitioning of the Volatile
substances between the liquid sodium and the gas phase. Two principal
parameters are determined in these types of experiments. One is the
"distribution coefficient" and the other is the "release (partition)
fraction".

The "distribution coefficient'is defined as the ratio of the mole fraction
of solute in the gas phase to its mole fraction in the liquid, and is
determined experimentally by relating the specific activity of an isotope
in the gas phase to its specific activity in the liquid. For dilute
solutions, representative of the fission product concentrations in the
sodium coolant, the distribution coefficient is a function of temperature
only, and is meaningful only for equilibrium conditions.

Kunkel (Reference Q310.50-1) used the experimental data cited in Q310.12
(Refs Q310.12-5 and -6) to obtain distribution coefficients for iodine
and cesium. For iodine/sodium, Kunkel obtained distribution coefficients
between 1 and 0.6 for equilibrium temperatures between 925 0 F and 10000F.
As the temperature increased, the iodine distribution coefficient decreased
and for temperatures less than about 925°F the distribution coefficient
exceeded unity. Kunkel's experimentally determined iodine distribution
coefficients were compared and agreed well with theoretical coefficients
developed by Pollock (Reference Q310.50-2). Pollock's model predicts that
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the iodine distribution coefficient exceeds unity for temperatures less
than 970'F. For cesium/sodium, Kunkel also found that the distribution
coefficient decreased with increasing temperature; the measured
coefficients ranqed from 60-90 for an equilibrium temperature of about
10000F.

Pollock, Silberberg, and Koontz (Ref. Q310.50-3) have also measured
distribution coefficients for iodine and cesium in sodium. Their
measured iodine coefficients were 2.5, 1.1, and 0.8 for temperatures of
7906F, 9000F, and 1100F. These values are ;in reasonable agreement with
Kunkel's and again indicate that the iodine coefficient exceeds unity
for temperatures less than about 1O000F. For cesium, the measured
coefficients ranged from 37 to 96 for a temperature range of 7650F to
11000F.

The release fraction is defined as the ratio of the actual isotope
activity in the gas space above the sodium pool to that in the sodium
pool. The release fraction as opposed to the distribution coefficient
depends on temperature as well as system parameters such as cell volume
and sodium mass. The release fractions cited for iodine in
Q310.12 varied frot 2 x 10-4 to 1 x 10-6. The larger of these release
fractions (2 x l0- to 4 x 10-5) were based on in-pile experiments
(Reference Q310.12-6) involving fission product releases from partially
vaporized uranium fuel; this set of experiments is more typical of
hypothetical core events involving molten fuel and subsequent fission
product vapor releases to the sodium. The smaller of these release
fractions (5 x 10-6 to 1 x 10-6) were based on out-of-pile static
sodium pools containing NaI (Reference Q310.12-5) much more
typical of postulated sodium spill conditions. Saroul has also
conducted out-of-pile experiments in which iodine release fractions
of approximately l10- were observed (Reference Q310.50-4).

The distribution coefficient alone is insufficient to quantify the
amount of a particular isotope (solute) released from a sodium pool.
Rather it provides a measure of the release of the isotope to the qas
space relative to the release of sodium via evaporation, but
this relationship only applies strictly for equilibrium conditions.
With regard to sodium fire evaluations, the distribution coefficients
are not directly applicable since equilibrium conditions are not
attained. However, since the distribution coefficient or relative
volatility for iodine exceeds unity for temperatures near or below
1000°F and since the cesium coefficient exceeds unity over the entire
temperature range associated with sodium fires, releases via
evaporation over the course of a sodium fire could result in the
preferential release of iodine and cesium vis-a-vis sodium vapor,
l6ading to increased airborne concentrations for these isotopes. Note,
however, that the distribution coefficients are concerned with
concentrations and not absolute quantities of activity released.
Consequently, release fractions less than unity, as cited in response
to Q310.12, do not imply that the concentration of solute in the gas
phase is less than that in the liquid phase; thus, release fractions
less than unity do not contradict the observation of increased iodine
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concentrations in the gas phase for the sodium burning experiments.
On the other hand, release fractions considerably less than unity,
as consistently found in the cited experiments, demonstrate
clearly that iodine and cesium are mainly retained in sodium pools,
even for relatively high temperature conditions, and do not experience
immediate volatilization. It is in this sense, that the results of
the equilibrium-vaporization experiments are directly applicable to
the response to Q310.12.

The sodium-iodine burning experiments (References Q310.12-1 and -2) are
directly applicable to the evaluation of sodium fires. The mechanisms
for release of iodine in these experiments include both evaporization
and aerosol transport from the sodium pool, and, consequently, the
experimental measurement of the iodine airborne concentration reflects
the total release of iodine from the pool under burning conditions.

The burning experiments cited in Q310.12 included sixteen separate
sodium-iodine pool burning tests. The initial iodine concentration
in the liquid sodium for these tests ranged from 0.08 to 59 ppm.
In all these tests, the sodium was completely burned, but the fraction
of the sodium combustion product becoming airborne did not exceed 15%.
One common and important finding of all these tests was that, even for
complete sodium combustion, the iodine was not completely released,
i.e., the assumption of immediate volatilization is overly conservative.

While demonstrating that the iodine is not completely volatilized,
the burning experiments cited in Q310.12 do show that the specific
airborne concentration of iodine exceeds the corresponding pool
concentration. For the experiments reported in Reference Q310.12-1,
it was found that the airborne concentration of iodine was 2.6 times
the liquid concentration. In the Reference Q310.12-2 tests, the
average airborne to liquid concentration ratio was approximately 2.

Other sodium-iodine burning tests have also been conducted in which
the initial iodine concentration in the liquid was lower, more typical
of CRBRP sodium conditions. Specifically, the maximum iodine/sodium
concentration expected for CRBRP is about 0.4 ppb. Burning experiments
reported in Reference Q310.50-5 involved sodium with a trace amount
of iodine (<0.01 ppb) and experiments reported in Reference Q310.50-6
were conducted with an initial iodine liquid concentration of 3 ppb.
Again, in these experiments, all the sodium was burned but the
iodine was not completely released, confirming that the assumption
of immediate volatilization is overly conservative. For these lower
initial iodine concentration tests, it was found that the airborne
concentration of iodine was the same as its liquid concentration or,
in other words, the release fraction of iodine was about equal to the
sodium release fraction.. Noting that the CRBRP iodine/sodium
concentration (0.4 ppb) is much more typical of these lower iodine
concentration tests, it is considered conservative to apply a
preferential release factor of 3 for iodine compared to sodium,
based on the higher iodine/sodium concentration tests.
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Equally extensive burning experiments for sodium-cesium are not
available. However, a series of small-scale experiments, including
more than twenty separate burning tests, are reported in
Reference Q310.50-6. In all these tests the initial concentration
of cesium in the liquid sodium was 5 ppm, typical of the maximum
cesi'um concentration expected in CRBRP (7ppm). For all the tests,
the sodium was completely burned but the cesium was not completely
released,i.e., the assumption of immediate cesium volatilization is
overly conservative. For each test, the release fractions (ratio
of the quantity becoming airborne to the quantity initially in the
liquid) of both sodium and cesium were measured. The sodium release
fraction was found to decrease with increasing oxygen concentration,
increasing humidity and decreasing temperature. Similar findings
concerning decreasinq sodium releases with increasing oxygen
concentration have been reported in Reference Q31n.50-7. The maximum
sodium release fractions were approximately 15-30% and occurred for
high temperature (930°F-1l0n*F) low oxygen (<10%) concentration
conditions. The cesium release fractions varied identically with the
sodium fractions as temperature, oxgen, and humidity varied.
However, the cesium release fraction was consistently greater than
that of the sodium. Except for very hiqh humidity (z2 wt%) and
high oxygen (>21%) conditions, for which sodium release was less
than 5% and cesium releases less than 4P%, the cesium release
fraction did not exceed the sodium release fraction by more than a
factor of 10. Such a preferential cesium release could be expected
based on the large relative volatility of cesium with respect to
sodium; however, the assumption of immediate and complete cesium
volatilization is refuted by these experiments as well as the equilibrium-
vaporization experiments discussed previously.

Considering the experimental data reviewed above, it would be overly
conservative to assume the immediate volatilization of iodine and
cesium from sodium pools during postulated fires. In fact,
the data indicate that a conservative assessment can be made by
applying a preferential release factor of three for iodine and ten for
cesium compared to sodium.

However, in addressing the potential consequences of postulated
sodium fires, it is necessary to consider the total radiological source
term associated with such fires. It will now be shown that the overall
approach as used in the PSAR (i.e., airborne and liquid concentration
assumed equal) contains substantial conservatisms that provide margin
for any uncertainties associated with the preferential release of
the more volatile nuclides (iodine and cesium).
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In assessing'the potential radiological consequences of sodium fires, the
starting point for defining an appropriate source term is the initial
radionuclide concentrations in the liquid sodium. Such concentrations'have
been conservatively defined and presented in the PSAR (Section 12.1.3).
*The basis for computing these concentrations was conservatively established
as continuous plant operation for 30 years with 1% failed fuel and a primary
sodium content of 100 ppb. of Pu.

Three distinct types of radioactive sodium were considered in the PSAR
sodium fire accident analyses. The first was termed Primary Sodium - 0 days
decayed; the radioactive inventory of this sodium consists of fission pro-
ducts, fuel and corrosion products which have become entrained in the primary
coolant during 30 years of operation with 1% failed fuel plus the steady
state nuclide inventory resulting from activation as the coolant is
exposed to the core neutron flux as well as the plant operating limit of
100 ppb plutonium. Postulated accidents involving this type of sodium are
necessarily limited to leaks in the primary system during power operation.
The second type of sodium considered was termed Primary Sodium - 10 days
decayed; the radioactive inventory of this sodium is similar to 0 day de-
cayed - Primary Sodium, except that the inventory of short-lived species
is substantially reduced following reactor shutdown. Postulated accidents
involving this type of sodium are associated with maintenance activities,
which are generally restricted to times at least as long as 10 days after
shutdown to permit sufficient decay of the primary sodium. The last type
of sodium considered was Ex-Vessel Storage (EVS) sodium; the radioactive
inventory of this sodium increases slowly over the life of the plant as
small quantities of primary sodium are mixed with the EVS sodium during
refueling operations. The radionuclide concentrations of each of these types
of sodium are specified in the PSAR (Tables 12.1-6 and 12.1-23).

The radiological hazard associated with each type of sodium can be defined
on a unit mass basis. The procedure for developing such a hazard index is
as follows: each isotope concentration (' 1Ci/gm) is multiplied by its
respective inhalation dose factor (Rem/Ci inhaled) for each critical organ
(bone, lung, thyroid, and whole body) considered. These products are.
summed over each organ to provide a value of Rem per organ per unit mass
of sodium inhaled. If the radionuclide concentrations in sodium aerosol
are equal to the initial concentrations in the liquid sodium (potential
variations in this are addressed later), the Rem per organ per unit mass
of sodium values then represent a measure of the doses associated with the
inhalation of a unit mass of sodium. This procedure is meaningful in that
the principal exposure pathway associated with sodium fires is the dispersion
of sodium aerosol, containing radionuclides, to off-site locations and the
resultant intake of this aerosol by individuals exposed to the dispersing
aerosol cloud.

Summaries of the Rem per organ per unit mass of sodium inhaled values for
each type of sodium considered are provided in Tables Q310.50-1, -2, and
-3.
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Table Q310.50-1 shows that with the assumption of equal aerosol.-
.liquid nuclide concentrations, the most limiting exposure (minimum
allowable intake) resulting from inhalation of Primary Sodium.- 0 days
decayed-is the bone dose. The principal contributors to this exposure
,re Na-24 (36%) and the Pu isotopes (61%). The major volatile isotopes,
Iodine and cesium, contribute little (,4%) to the total bone exposure.
Specifically, the release fraction of io&dine would have to be increased by
more than two orders of magnitude before its contribution to bone exposure
would become comparable to the Pu contribution; likewise, the cesium
rilAase .fraction would have to increase by approximately a factor of 20.
Data already cited In.response to question 310.12 and amplified herein
indicate that such large increases in the fractional release of iodine and
cesium from a sodium pool fire would not occur. A conservative variation
based on the experimental data is a factor of 3,for iodine and 10 for
cesium. The possibility that increased release of either iodine or
cesium would result in an organ other than the bone being limitinq has
also been considered, Again, examination of Table Q310.50-1 indicates
that this will not be the case. Considering each organ in turn, the
Lung Rem/qm would Kave to increase by 27% for lung exposure to be limiting.
Such an increase would require the fractional cesium release to increase
by more than a factor of 20.

For thyroid exposure to become limiting, the Iodine release fraction would
have to increase by more than a factor of 20, and for the whole body
exposure to become limitinq the cesium release would have to increase by
more than a factor of 30. Such large increases are not supported by
experimental data.

Although the preceding discussion is based on Primary Sodium-0-days
decayed (Table Q310.50-1), identical conclusions would be reached re-
gardless of which type of sodium is considered. This can be verified
by comparison of Tables Q310.50-1, -2, and -3. :In all cases, at least a
factor of 20 increase in iodine or cesium release would be required to
cause the bone contribution from that isotope to be comparable to the
contribution from plutonium, or to cause any other organ dose to be
comparable to the bone dose.

The discusston to this point has shown that the Na-24 and Pu isotopes
control the exposure from sodium fires, under the assumption of equal
aerosol/liquid concentrations and that only by grossly overestimating
the release of the more volatile species could this be reversed.
The assumption of equal aerosol/liquid concentrations for the Pu
isotopes is extremely conservative based on applicable sodium burning
test data. In Reference Q310.50-8, 6hatfield determined that a.plu-
tonium release fraction of 2.9 x 10 resulted from the burning of
sodium containing PuO2 . Recent experiments at Atomics International
(Reference Q310.50-9) have further assessed the airborne concentration
of plutonium resulting from the combustion of plutonium

Amend. 41
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contaminated sodium. In these tests, sodium was doped with from 10 to
233 ppm PUO2 or Na4PuO5 and then ignited in air at temperatures of 500
to 550°C. The aerosol released from this burning pool of sodium was
collected and analyzed for plutonium content. For the sodium containing
PuO2 , nine eperiments resulted in plutonium release fractions ranging
from 1 x 10-0 to 3.6 x 10- . The average release fraction was 1.1 x l0-•.
For sodium-plutonate, the results indicate the release fractions are
several orders of magnitude less than for PuO2 . The application of these
data to the evaluation of sodium fire consequences would essentially
eliminate the Pu contribution to exposures and thus significantly reduce
predicted consequences. However, to insure a conservative assessment of
potential radiological consequences, the PSAR analyses include the Pu
contribution by pessimistically assuming equal aerosol/liquid concentrations.
This assumption overestimates the Pu exposure contribution by several orders
of magnitude and consequently provides conservative doses to the limiting
organ (i.e. bone) that contain margins for uncertainties. in the fractional
releases of more volatile species.

To summarize, the PSAR sodium fire analyses are based on the assumption
of equal aerosol/liquid radionuclide concentrations. This assumption
leads to an overestimate of several orders of magnitude of the contri-
bution of Pu, which is the controlling nuclide dose contributor,
This approach results in a conservative assessment of potential
radiological consequences and provides ample margin-for any uncertainties
associated with the preferential release of volatile isotopes.
Alternately, the experimental sodium burning-release data could be
directly applied to the PSAR sodium fire evaluations. This would
result in essentially the complete elimination of the plutonium source
term, a factor of three increase in the iodine source, and a factor of ten
increase for cesium. These latter two factors have already been shown to
be conservative. The overall result of this approach, as shown in the
above discussion, would be a net decrease in the controlling off-site
exposures, leading to an assessment which is enveloped by that
currently presented in the PSAR.

Amend. 42
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TABLE Q310.50-1

RADIOACTIVE SODIUM HAZARD INDEX

PRIMARY SODIUM - 0 DAYS DECAYED

leda

Na-22 3.49
Na-24 2.94+4

Total Na

1-131 43.7
1-132 27.8

Total I

Cs-134 1.88
Cs-136 16.6
Cs-137 68.7

Total Cs

Pu-238 1.30-2
Pu-239 3.60-3
Pu-240 4.70-3
Pu-241 3.94-1
Pu-242 1.00-5

Total Pu

Total Others

4.54-2
4.97+1
4.97+-1

1..38-1
4.04-2
T 78-

4.54-2
4.97+1
4.97+1

2.30-2
2.50-2
6.48-1
6.96-1

4.54-2'
4.97+1
4.97+1

6.52+1
1.52
6.67+1

4.54-2
4.97+1
4.97+1

1 .12-1
4.04-3
1.12-1

8.78-2
8.14-2
4.12
4.29

1.71-1
2.32-1
3.68
4.08

3.50+1
1.09+1
1.46+1
2.38+1
2.90-2
8.43+1

2.28
6.02-1
8.02-1
5.98-2
1.59-3
3.75

8.66-1
2.72-1
3.62-1
5.08-1
7.18-4
2.01,

5.32-1 4.54-1 8.25-4 1.00-1

Total (Rem/Gm)

Exposgre
Limitu (Rem)

Allowable
Intakec (Gm)

139

15

0.108

54.60

7.5

0.137

117

150

55.91

20

1.28 0.358

a) Rem/Gm Inhaled = (VCi/gm) (10, 6 Ci/1 ICi)
Guide 1.109, Rem/Ci).

(Inhalation Dose Factor Per Regulatory

b) Exposure Limit based on dose (rem) guidelines appropriate at the construction
permit stage.

c) Allowable Intake = Exposure Limit (Rem)/Total(Rem/gm).

Q310.50- 9 Amend. 42
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TABLE cl00.50-2

RADIOACTIVE SODIUM HAZARD INDEX

PRIMARY SODIUM - 10 DAYS DECAYED

Rem/Gm Na Inhaleda
In Lung Thyd aWhole

:Isotope ,,Ci/gm Na Bone Lung Thyroid Whole

Na-22
Na-24

1-131
1-132

Total Na

Total I

Cs-134
Cs-136
Cs-137

Total

Pu-238
Pu-239
Pu-240
Pu-241
Pu-242

Total

3.46
4.32-1

1.84+1
3.28

1 .86
I. 00+1
6.87+1

1.30-2
3.60-3
4.70-3
3.94-1
1.00-5

4.50-2
7.30-4
4.57-2

5.80-2
4.76-4
35.85-2

8.,68-2
4.90-2
4.12
4.26

3.50+1
1 .09+1
1 .46+1
2.38+1
2.90-2
8.43+1

5.00-1

4.50-2
7.30-4
4.57-2

2.26-2
1.51-2
t6.48-1
6.86-1

2.28
6.02-1
8.02-1
5.98-2
1 .59-3
3.75

3.88-1

4.50-2
7.30-4
14.57-2

2.74+1
1.79-1
2.76+1

4.69-4

4.50-2
7.30-4
4.57-2

4.72-2
4.76-4
4.77-2

1.69-1
1.39-1
3.68
3.99

8.66-1
2.72-1
3.62-1
5.08-1
7.18-4
2.01

3.66-2

Cs

Pu

Total Others

Total (Rem/Gm)

Exposure
Limitb (Rem)

Allowable
Intakec (Gm)

89.20

15

0. 168

4.87

7.5

1 .54

27.65

150

5.42

6.13

20

3.26

a) Rem/Gm Inhaled = (uCi/gm) (l0-6Ci/VCi)
Guide 1.109, Rem/Ci).

(Inhalation Dose Factor Per Regulatory

b)ý Exposure Limit based on dose (rem) guidelines appropriate at the construction
permit stage.

c) Allowable rntake = Exposure Limit (Rem)/Total(Rem/Gm).

Q310.50-10 Amend. 42 B
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TABLE Q310.50-3

RADIOACTIVE SODIUM HAZARD INDEX

EX-VESSEL STORAGE SYSTEM SODIUM

Rem/Gm. Na Inhaleda

I Whole
Isotope uCi/gm Na Bone Lung Thyroid l Body

Na-22
Na-24

1-131
1-132

Cs-134
Cs-136
Cs-137

Pu-238
Pu-239
Pu-240
Pu-241
Pu-242

6.50-1
1.47+1

Total Na

1. 34

Total I

Total Cs

Total Pu

3.80-1
6.00-1
3.82+1

7.90-3
2.10-3
2.70-3
1.84-1
5.90-6

8.45-3
2.48-2
3.33-2

4.22-3

1 .77-2
2.94-3
2.28
2.30

2.16+1
6.10
8.52
1.11+1
1.73-2
4.74+1

8.45-3
2 48-2
3.33-2

4.64-3
9.00-4
3.60-1
3.66-1

1 .41
3.34-1
4.68-1
2.80-2
9.54-4
2.24

1 .02-4

2.64

7.5

2.84

8.45-3
2.48-2
3.33-2

1.99

T.99

8.45-3
2.48-2
3.33-2

3.44-3

3.44-3

3.46-2
8.34-3
2.04
2.08

5.32-1
1.51-1
2.10-1
2.38-1
4.30-4
1.13

1.02-4

3.25

20

6.15

Total Others

Total (Rem/Gm)

Exposgre
Limit (Rem)

Allowable
Intakec (Gm)

49.74

15

0.302

1.02-4

2.02

150

74.25

a) Rem/Gm Inhaled : (,PCi/gm) (10 -6Ci/pCi)
Guide 1.109, Rem/Ci).

(Inhalation Dose Factor Per Regulatory

b) Exposure Limit
permit stage.

based on dose (rem) guidelines appropriate at the construction

c) Allowable Intake = Exposure Limit(Rem)/Total(Rem/gm).

Q310.50-11
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Question 310.51 (15.7)

Sodium fires and sodium-water reactions can occur accidentally in
several places. The resultant combustion products and/or sodium
aerosol will disperse towards the site boundary and low population
zone (LPZ). Provide detailed analyses of the non-radiological con-
sequences at the minimum site boundary distance and at the LPZ
outer radius of sodium fires or sodium-water reactions on all the
cases such as these listed in Section 7.0 of the Environmental
Report. Include, in addition, analyses for the cold trap fire
and the intermediate heat exchange rupture.

In these analyses, the following data should be provided: the expected
total sodium spill or burning rate, duration of the fire, the building
leakage rate, the aerosol dispersion factor (I/Q), and the aerosol
concentration at the control room air intakes, the closest site boundary,
and the LPZ. State all your assumptions.

Results of an analysis on cases 3, 5, and 6 are presented in Table 7.2.2
of the Environmental Report. However, there are two versions of this
table, and the values do not agree with one another. Please resolve
these discrepancies and provide the information in the PSAR.

Response:

Those events evaluated in the response are itemized below and include
all events in the Environmental Report resulting in the release of
sodium reaction products to the atmosphere:

ER Accident 4.1

ER Accident 4.2

ER Accident 5.2

ER Accident 8.1

ER Accident 8.2

ER Accident 8.3

ER Accident 8.4

ER QOOO.28

PSAR Section
15.6.1.5

Failure of ex-containment primary sodium drain piping
during maintenance.

Failure of the ex-vessel storage tank (EVST) sodium
cooling system during maintenance.

Steam Generator tube rupture.

Primary sodium in-containment drain tank failure during
maintenance.

Large primary coolant sodium spill during operation.

Gross failure of ex-containment primary sodium storage
tank.

Rupture of the ex-vessel storage tank sodium cooling
system during operation.

Primary cold trap fire.

IHTS Pipe Leak Amend :
May 19

Q310.51-1



Table Q310.51-1 provides a summary description of each event and the
analysis results pertinent to this Question.

For each event, the average aerosol concentrations, in terms of
milligrams of NaOH per cubic meter, at scheduled downwind locations
have been determined. These concentrations are provided in Table
Q310.51-2. This analysis is based on the assumption that all the Na
released to the atmosphere is immediately converted to NaOH. Per unit
mass of Na released-to the atmosphere 1.74 mass units of NaOH are
produced. In determining the downwind aerosol concentrations at the 42
exclusion boundary and the LPZ the 0-8 hour 50th percentile x/Q values
were employed. Reference Q310.51-1 was used in developing x/Q values
for the Control Room Intakes.

The Specific values used are as follows:

Location x/Q (sec/m3 )

Control Room Intakes 4.0 x 10-3*
3.7 x 10-3*

Exclusion Boundary 2.20 x 10-4
Low Population Zone 0.59 x 10-4

A depletion factor credit of 100 has been applied for sodium hydroxide
in its transit from release to arrival at the exclusion boundary and LPZ.
As described in response to PSAR question 001.233 this factor conservatively
accounts for fallout of the sodium and conversion to carbonate form before
reaching the exclusion boundary and LPZ. Also, no credit for the confinement
annulus filters or RSB filters was taken for events postulated in the RCB
or RSB.

For each event, an average aerosol concentration is defined for each down-
wind position requested. The average concentration is directly proportional
to the total aerosol released over the course of the event.and inversely
proportional to the duration of the release period.

Table 7.2-2 of the CRBRP Environmental Report as modified by Amendment VIII
(February 1977) is consistent with the corresponding information in Table
Q310.51-2 except for the X/Q values utilized. See ER Section 7.1.1.1 for the
explanation of X/Q values utilized in ER Section 7.0.

* ER Accidents 4.1, 8.3 and the IHTS Pipe leak (PSAR Section 15.6.1.5)

** All other Accidents of Table Q310.51-2.

Reference Q310.51 K. G. Murphy and K. M. Campe, "Nuclear Power Plant
Control Room Ventilation System Design for Meeting General Criterion 19",
Proc. 13th AEC Air Cleaning Conf., Vol. 1 (pp401-428).
Conf. 740807.

Amend. 42
Nov. 1977

Q310.51-2



TABLE Q310.51-1
SUMMARY OF ENVIRONMENTAL.REPORT EVENTS RELEASING SODIUM REACTION PRODUCTS TO THE ATMOSPHERE

PARAMETERS

Sodium Spill JLBS)
Pool Area (FT
Location

Max. Burning Rate
(LB/HR-FT

Release Pathway
(leakage rate)

Duration of Aerosol
Release to Atmosphere

Total Aerosol Released
to Atmosphere
(kg of Na)

LJ

U~1

Accident 4.1 Accident 4.2 Accident 5.2 Accident 8.1 Accident 8.2 Accident 8.3 Accident 8.4 "Q000.28 p"

130 250 337* 240,000 193,000 600,000 57,000 5,000 15.6
2500 280 N/A 830 1450 2500 280 285

SGB-Open Cell RSB-Open Cell Steam Generator- RCB-Open Cell RCB-Closed SGB-Closed Cell RSB-Closed EVST RCB-Closed Cold
1During Maintenance During Maintenance Sodium Water During Mainte- PHTS Cell Cell Trap Cell

Reacttor% Pressur nance
Relief System

2.30 2.30 N/A 4.90 0.46 0.20 0.30 0.33

Leakage from Cell Leakage from
Leakage from (Calculation ** f.eg from Cell

Direct Release Direct Release SWRPRS Exhaust RCB to based on 100%/day Leakage from
to Atmosphere to Atmosphere direct to e 10 to Cell to based on 100%"

~Atmosphere @~ophr the PSig) t RCB; Atmosphere Atmosphere -Atmosphere (Calculated** then leakage from 4(Ca" lt d (C-*cu.at e d "hasd n 0.%/RC8 to atmosphere,(Calclaed ** ln~ (Calculated** I• day P(

hsdnn 0.1%/ RBtatop.to Ice; t
day •10 psig) (Calculation *hr based on 100%/ based on 100%/. leakage frtmbased on 0.1%/day day @ 10 ps:g) day @ 10 pslg) eK t o

@ 10 psig) atmospherf,

2 minutes 30 minutes 15 seconds 145 hours 720 hours 192 hours 96 hours (Calcolotio '

bated on, 0.31/a)
@ 10 isig)

16 32 9.2 1.2 720 hours0.10 2.23 0.5
0.003

*Accident 5.2 considers rupture of a steam generator
tube. The 337 pounds of sodium is the quantity of
intermediate sodium that reacts with steam generator
water.

"Assume squar. root pressure-leakage relationship

142

= i.

0'Jr'



TABLE Q310.51-2

DOWNWIND NaOH CONCENTRATIONS

Milliigrams NaOH/Cubic Meter

Control Room
Accident Air Intake

Excl us ion
Boundary LPZ

ER 4.1

ER 4.2

ER 5.2

ER 8.1

ER 8.2

ER 8.3

ER 8.4

ER QOOO.28

IHTS Pipe Leak
(PSAR Sect. 15.6.1.5)

9.4

1.2

4.0

1.5

2.6

2.2

9.4

8.0

3.5

x10
2

X 102

x 103

x 10-4

x 10- 4

x 'lo-2

x 10-3
x 10-6

x 103

5.2

6.9

2.4

0.9

1.5

1.3

5.7

4.5

2.4

x

X

x

X

X

X

x

10-1

110- 2

10-8

10-7
10 -5

10-6

10-9

0.14

2.0 x 10-2

O. 63

2.4 x 10-6

3.'9 x 10-9

3.3x 10-6

1.5 x 10-6

1.2 x 10-9

0.63

142*
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Question 310.52 (4.1)

To confirm that the requirements of the May 6, 1976 letter are met in
relation to comparability with LWRs, we believe it is necessary to consider
the spectrum of reasonably likely scenarios leading to core melting and
the consequence scenarios that may be postulated thereafter and judge the
TLTM design features in the context. The current analyses are based:on a
very limited number of scenarios and are therefore deficient in this
regard.

(a) Provide a preliminary evaluation of dominant accident sequences
leading to core melt in the CRBR. This evaluation should include an
assessment of those events considered analogous to the dominant accident
sequences in WASH-1400 (cf. pp. V-45 through V-54).

(b) Additional consequence scenario beyond that summarized in TLTM
Section 4.1 should also be presented. As a minimum, the following
additional consequence scenarios should be considered.

1. Same as 4.1.A except portions of the core/blanket remain in the
reactor vessel (as may be postulated for events not involving loss of
heat sink), from which radioactivity may subsequently volatilize
without entrainment i.n liquid sodium.

2. Same as 4.1.B except the bulk sodium temperature is that associated
with a complete loss of heat sink accident.

3. Same as 4.1.A and B except that an initial larger release of radio-
activity, as per the 5/6/76 letter assumptions, occurs directly into
the reactor containment building.

4. For scenarios which involve failure to recover electrical power,
include the effects of loss of effective cooling to the cold trap.

Response:

(a) The information requested will be found in CRBRP-3, Volume 1
(Reference lOa of PSAR Section 1.6), Section 3.0.

(b) 1. A scenario for which the core melt down would occur in a "dry"
condition was discussed in the response to NRC Question 310.33.
The fission product release for this condition was conservatively
assumed to be 100% of the noble gas, halogen, and volatile (Cs,
Rb, Te, Sb, Se) fission products and 1% of the solid fission
products. Because of the low vapor pressure of the fuel in the
range of the melting temperature of steel, the amount of fuel
released as a vapor would be insignificant. It was assumed that
this activity immediately enters the Reactor Containment Building
following meltdown.

Q310.52-1 Amend. 60
Feb. 1981



The consequences of large initial fission product releases from
the core are also discussed in CRBRP-3, Volume 2 (Reference lOb of
PSARSection 1.6), Section 4 and Appendix G.4.

(b) 2. The effect of higher bulk'sodium temperatures, such as would be.
associated with a loss of .heat sink accident, is discussed in Section
3.1.4 of CRBRP-3, Volume 2.

(b) 3. Pertinent information on large initial releases of radioactivity
to the reactor containment building will be found in CRBRP-3,
Volume 2, Section 4 and Appendix G.4.

(b) 4. Loss of radioactivity from the primary system cold trap during
a TMBDB event would have no significant effect on the consequences
of the event. The amount of activity contained within the cold
trap is less than lO-4 of that contained within the core. Any
releases from the cold trap during the TMBDB.scenario would be
attenuated by the containment cleanup system, as are the releases
from the core.

Failure in the cold trap system during normal operation was
discussed in response to NRC Question 310.49. Even in the event
that the sodium inventory is lost from the cold trap, the decay
heat-generated is insufficient to significantly raise the tempera-
ture of its contents.

Q310.52-2
Amend. 60,
Feb. 1981



Question 310.53 (4.1)

Discuss the effect of CO2 reactions with airborne NaOH, as it may effect
the behavior and release of airborne radioactivity (including release of
previously co-agglomerated fission products).

Response:

The potential for CO2 reactions with NaOH and its effect on the release
of sodium and fission products from the containment cleanup system are
discussed in CRBRP-3, Volume 2 (Reference lOb of PSAR Section 1.6),
Appendix E.7.

Q310.53-I Amend. 60Feb. 1981



Question 310.54 (4.1)

Provide an analysis of the release of fission products from the core debris
subsequent to sodium boil off.

Response:

After the sodium pool in the reactor cavity has evaporated a bare fuel/
steel debris bed is left. Most of the fission product release is expected
to occur prior to boil off. Potential mechanisms for further release of
fission products and plutonium from the debris are:

1)
2)
3)

Surface vaporization
Particle levitation, and
Gas sparging

A detailed description of these mechanisms can be found in CRBRP-3,
Volume 2 (Reference lOb of PSAR Section 1.6), Section 4.1 and Appendix E.

Amend. 60
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Question 310.55 (1I.2.1)

Since the RC pressure may exceed 15 psi, indicate any requirements on
leakage above that value (e.g., is the leakage rate assumed to increase
linearly above 100 v/o per day with pressure).

Response:

The design upon which the information requested was based has been
superseded by the present design which vents the Reactor Cavity to the upper
portion of the Reactor Containment Building. For details of the RC vent
into the containment see Sections 2.1.2.6 and 2.2.6 of CRBRP-3, Volume 2
(Reference lOb of PSAR Section 1.6).

Q310.55-1 Amend. 60
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Question 310.56 (1I.2.1)

The sodium boiling temperature is a function of pressure. The value
of 1650'F appears low in this respect. Justify the proposed 1650'F
value.

Response:

The information requested will be found in CRBRP-3, Volume 2 (Reference lOb
of PSAR Section 1.6), Section C.1.4.4 which provides the basis for the
sodium properties.

Q310.56-1 Amend. 60
Feb. 1981



Question 310.57 (11.2.1)

Justify the claim that increases in the leak rate beyond two hours can
have little effect on the consequence scenarios.

Response:

The information requested is no longer relevant with respect to the current
scenario described in CRBRP-3, Volume 2 (Reference lOb of PSAR Section 1.6).

Amend. 60
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Question 310.58 (III.l.E)

List the elements considered as volatiles and the basis for that
classification.

Response:

The list of volatile elements and their volatility factors are
discussed in Section 4.1.1 of CRBRP-3, Volume 2 (Reference lOb of PSAR
Section 1.6).

Q310.58-1 Amend. 60
Feb. 1981



Question 310.59 (III.I.E)

Provide a discussion of the basis for assuming that 100% of the volatiles
will co-agglomerate with sodium based particulates.

Response:

The bases for assuming that 100% of the volatiles will co-agglomerate with
sodium based particulates are discussed in Section 4.1.1 of CRBRP-3,
Volume 2 (Reference lOb of PSAR Section 1.6).

Q310.59-1 Amend. 60Feb. 1981



Question 310.60 (III.l.E)

Gas sparging has been shown to be a significant means of releasing
radioactivity from liquids. Provide an analysis of this effect.

Response:

The information requested will be found Section 4.1.1 and Appendix E to
CRBRP-3, Volume 2 (Reference lOb of PSAR Section 1.6).

Gas sparging has been considered as a mechanism for fission product and
plutonium release from the molten pool.

Q310.60-1 Amend. 60
Feb. 1981



Question 310.61 (111.2)

It is not clear what specific assumptions were made in the relative
release rates of fission products and sodium. Discuss the assumptions
made in the context of Castleman's data on volatilization of fission
products from sodium and the phenomenon of entrainment. The percent
fission product vaporization as a function of sodium vaporization is
temperature dependent. Although the assumption that the concentration
of radionuclides in the sodium vapor is the same as in the liquid sodium
appears to be conservative, the implied assumption that all of these
nuclides remain associated with the sodium reaction products as an
aerosol subject to settling is non-conservative and has not been substan-
tiated. The release of fission products by carry-over or by gas-sparging
should be analyzed. The experimental or analytical basis for assuming
no uncombined airborne fission products should be provided.

Response:

The information requested regarding assumptions made about volatilization of
fission products, and fission products released by the gas sparging
mechanism are discussed in Section 4.1.1 and Appendix E.6 to CRBRP-3,
Volume 2 (Reference lOb of PSAR Section 1.6).

Amend. 60
Q310.61-1 Feb. 1981



Question 310.62 (11.2)

Describe the instrumentation used
mitigate core melt consequences.
instrumentation relative to R. G.

to detect and initiate system action to
Describe the provisions of this
1.97.

Response:

The instrumentation requirements will be found in CRBRP-3, Volume 2
(Reference lOb of PSAR Section 1.6), Section 2.1.2.12. The instrumentation
design is described in Section 2.2.12 and the operator actions are
described in Section 2.3. In addition, monitors for measuring the radia-
tion level inside containment are being added to the design.

Amend. 60
Q310.62-1 Feb. 1981



Question 310.63 (11.2.5)

The Annulus Air Cooling System, which forces 400,000 cfm of unfiltered
outside air through the confinement building annulus, appears to negate
the purpose of that structure, i.e., confinement of radionuclides leaking
from the RCB. Justify that this method of cooling the RCB is compatible
with the concept of a dual containment system or the need to contain the
site suitability source term as discussed in the 5/6/76 letter. (You
may wish to coordinate this response with Items 001.662 and 222.91.)

Response:

The response to this question is provided in Section 2.2.10 of the CRBRP-3,
Volume 2 (Reference lOb of PSAR Section 1.6).

Amend. 60
Q310.63-1 Feb. 1981



Question 310.64 (11.2.3)

The concept of the separate liner vent systems may be defeated by a liner
failure which involves both upper and lower sections of the reactor cavity
wall. The validity of the radiological assessment, therefore, depends on
the ability to predict the exact location, timing, and mode of liner
failure. In view of the uncertainties involved in such a detailed
time-space dependent analysis of this hypothetical accident, additional
analyses appear to be required. The accident analysis should include the
evaluation of the consequences of venting fission products (from the fuel
in contact with the concrete) via the liner vents into the non-inerted
cells.

Response:

Section 3.2.1 of CRBRP-3, Volume 2 (Reference lOb of PSAR Section 1.6),
describes the liner failure scenario and indicates that there would not be
simultaneous failure of upper and lower sections. Section 3;2.2 provides
the information on location and time of liner failure and Appendix F.7
discusses the sensitivity of the base scenario to variations in assumed
times of liner failures.

Q310.64-1 Amend. 60
Feb. 1981



Question 310.65 (1I.2)

The CDA source term in the RCB is based on the assumption that leakage
into the RCB will be limited to a mixture of sodium and fuel until the
sodium is boiled off. Hence leakage rates are identified in terms of
sodium transport (e.g., on a "per pound of sodium leaked out" basis). This
is not necessarily a conservative assumption. As indicated by the staff
in Q,310.33 (transmitted to the applicant on 12/30/75), it is possible to
postulate portions of the molten core remaining in an uncovered condition
within the vessel immediately following a vessel melt-through. This
assumption leads to the possibility of leakage of fission products into
the RCB without the interaction with, and dispersal throughout, the bulk
sodium inventory. The release path of radionuclides to the RCB via the
liner vent system should also be included.

Response:

The information requested was provided in response to Question 310.33..

Amend. 60
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Question 310.66 (11.2.8)

On p. II-31 it is indicated that the guideline exposure value for
control room operators is 25 rem. Clarify that the 25 rem refers to
whole body dose and provide equivalent organ dose limits (bone, lung,
thyroid). Provide the basis for selecting a value of 25 rem versus the
5 rem value in CRBRP Design Criteria 17.

Response:

CRBRP-3, Volume 2 (Reference lOb of PSAR Section 1.6), Section 2.1.2.15
provides the whole body and organ dose limits for the control room
operators following a TMBDB condition. This shows that the 25 rem value
is indeed a whole body dose. The rationale for its selection is given
in the section identified above.

Q310.66-1



Question 310.67

Credit for dual air intakes (p. V-4) cannot be given with the proposed
outside air intake locations as they are too close to the plant structures
and to each-other. Guidance on the criteria for dual inlet credit are
outlined in Reference 7 of Section 6.4 of the Standard Review Plan. Revise
the TLTM discussion accordingly.

Response:

Credit for dual control room air intakes is not required for design basis
accidents because the control room doses based on a single intake are well
below the radiation exposure limit of CRBRP GDC-17. The dual inlets,
however, are provided to further reduce the resultant risk following an
HCDA which is beyond the design basis.

According to Reference Q310.67-1 there are two kinds of acceptable dual
inlet configurations:

1) Remotely placed dual intakes

2) Dual intakes placed on the main plant structures.

Each configuration utilizes a different approach in estimating the
atmospheric dilution factors (X/Q values).

The acceptable intake locations for the second concept above are shown in
Figure 1 of Reference Q310.67-1.

The dual control room air intakes are described in Section 2.2.15 of the
CRBRP-3, Volume 2 (Reference lOb of PSAR Section 1.6).

The locations of these intakes were selected in accordance with the
guidance on the dual inlet criteria given in Reference Q310.67-1.

Reference:

Q310.67-1, K. G. Murphy and L. M. Campe, "Nuclear Power Plant Control Room
Ventilation System Design for Meeting Design Criterion 19", 13th AEC Air
Cleaning Conference, August 1974.

Amend. 60
Q310. 67-1 Feb. 1981


