MIDDLE SOUTH SERVICES, INC/BOX BIO00O/NEW ORLEANS . LA 7016 1/(504) 6529-5262

THOMAS W SCHNATZ PM. D, ™ &
DiRECTOR
NUCLEAR ENGINFERINDG

January 5, 1983

Mr. Cecil 0. Thomas, Chief

Standardization and Special
Projects Branch

Division of Licensing

U. S. Nuclear Regulatory
Commission

Washington D. C. 20555

SUBJECT: Request Number 2 for Additional Information on RETRAN-.01
Dear Mr. Thomas:

Attached are the responses to the questions transmitted via your letter
of October 15, 1982. You should be aware that although your letter refer-
enced EPRI NP-1850-CCM (RETRAN-02 Manual), the questions themseives refer-
enced, through the equation numbers, EPRI CCM-5 (RETRAN-O1 Manual). The re-
sponses to the questions, therefore, are based on EPRI CCM-5 and not on EPRI
NP-1850-CCM.

Should you have any questions, please give me or Mr. Tom Temple a call
at (504) 569-4568.

Sincerely,

it

Thomas W. Schnatz
TWS/TLT/rjm

cc: Mr. J. Carter
Mr. P Abramson
Mr. G. Perry
Mr. P. Bergeron
Mr. R. Cross

File: 041-01

B ST o

SERVING' MIDDLE SOUTH UTILITIES, INC. + ARKANSAS POWER & LIGHT COMPANY - LOUISIANA POWER
& LIGHT COMPANY - MISSISSIPPI POWER & LIGHT COMPANY . NEW ORLEANS PUBLIC SERVICE INC



CHAPTER VIII. Numerical Sclution Methods

(1) Explain the order of the operators on the right hand side of eg.
(VIII.l-?) .

{1) This question addresses the same item as Question VIII-1
of the NRC Reguest Number 1. See the response for that
question.

{(2) (a) How is the Fg tarm in the momentum eguaticn, 2q. (VIII.l-2)
derived?

5) Why are there no cosine factors for the gravity tarm?

c) Justify the second term. Define Sgn’

—— e~

2a) This question addresses the same item as Question VIiI-2
of the NRC Request Number 1. See the response for that
question.

(2%) This question addresses the same item as Question VIIl-Z
of the NRC Request Number 1. See the response for that

question.

(2¢) This term represents the junction form losses. SgniW )
signifies the sign attached to Wj. J
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CHAPTER VIII., Numerical 5S¢lutfon Methods

(1) Explain the order of the operators on the rignt hand side of eq.
(Y111.1-7).

(1) This question addresses the same {tem as Question VIII-1
of the NRC Regquest Number 1. See the response for that
question.

(2) (a) How 1s the Fg tarm in the momentum equation, #q. (VIIL.1-3)
derived?
(5) Why are there no cosine factors for the gravity term?

(e) Justify the second term. Define Sgn?
(2a) This question addresses the same item as Question VIil-2

of the NRC Request Number 1. See the response for that
question,

(2h) *his question addresses the same {tem as Question VIil-2
of the NRC Request Number 1. See the response for that
question.

(2¢) This term represents the junction form losses. SgniwW )
signifies the sign attached to Wi. J
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CHAPTER 11. Flufd Differential and State Equation

(1) Is the sign of the stress term (f-:) of equation ("1.1-20) correct?

(1) This question addresses the same item as Questions [l-l and
11-2 of of the NPC Request Nwnber |, See the response for

those questions,

(2) Are there errors in equation (11.1-2%) and equation (11.2-20)?

(2)  Equations 11.1-25 and 11.2-30 are correct, There s an
error 1n £q. [1.1-20 as noted 1in the response to Question 1,

(3) In RETRAN 13 cos a of equation (11.2<11) always +17?

(3)  This question addresses the same {tem as Question -4
cf the NRC Request Number 1. See the response for that
question,

(4) Summarize the layout of the two geometrical meshes, the momentum
cell mesh and the energy/mass mesh and {1lustrate how the junciton
angle for the vector momentum is defined In <he general{zed jeome-
try.

(4)  The vector mode! 1s not in Rt TRAN-O1 .



Chapter [I (cont'd)

(5) How fs A oriented with respect to the channe! walls in the macrc-
scopic momentum equation? Reference should be made t2 equation #(3)

which poses the problem of the mass balance equation.

This question addresses the same item as Question [I-13b
of the NRC Request Number 1. See the response for that

question,

(5)

{6) The term Floe 18 missing frem equation (11.3-5). why?

f4) Equation I1.3-5 is a mass balance equation,

(7) 1Is there a typographical error in equation (!11.3-17)?

(7} Yes, the equation should he
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(3) s the sign of the next %o the last term in the right-hand side of
equation (I11.3-13) correct?

a) Yes, it L8 CcOorrect.



Chapter [I (cont'd)

(9) (a) 1In the variabie channel area momentum dalance equation, equa-
tien (11.3-23), the F,, ¢, term needs to be corrected.
(b) Is there a typographical error in the last term of the right
hand side.

(9) a) Yes, this term should be preceded by a "-" sign.

b) Yes, the equation should be
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(10) Show how equation (11.3-29b) {s derived. Why is it correct %o
assume that the flow is isentropic? How s it refncorporated inta
the final flew equation? There are typographical ervors in
§3.3.2. Correct. '

(10) The compressible flow with area change model discussed in
Section 111.3.2 of volume 1| {s used only when the sonic choking
mode! is allowea, This mode! was a carryover from the RELAPG
codes. The option was seldom specified, and when the model
was used, it frequently caused difficulties (see Section
111.3.1 of the RETRAN-O1 Application Manual, EPRI NP-2175).
This model was not included in RETRAN-02.



Chapter [I (cont'a)
{11} Are theres typographical errors fn equation (11.2-30)?
(11) VYes, the equation thould be

—
G serwdec] towey o+ oav + ov], A cosa a g o %
vk

o1l 3=30,

(12) In equation (11.3-26), is there a typographical arrer in the seccnd
term ¢f the rignt hand side?

(12) Yes, the equation should de



CAAPTER [1I. Constitutive Models

(1) The derivation of the mass dalance, eq. (111.1-62) as presented in
eqs. (II11.1-56) - (I11.1-61) is incorrect as the 1-D equations used
cannot descridbe a 3-0 situation with iransversc junctions. A simi-
lar comment applies to the derivaticn for eq. (111.1-67). Discuss.

(1) This question addresses the same item as Question [II-2

of the NRC Reguest Number 1. See the response for that
auestion,

(2) why do the procduction tarms in eqs. (I11.1-66) and (I[l.1-67) in-
volve m's?

(2) This question addresses tnhe same item as Question I[I1-3

of the NRC Request Mumber 1. See the response for that
question.

(3) The meaning of &, in eq. (I11.1-67) is inconsistent with its meaning
in eq. (I11.1-69). Why is it that in eq. (III.l

I11.1-87) 1% is used as
an area fracticn wnile in 2q. (1I1.1-83) it is used 315 2 mass frac-
tion?

(3) This question aadresses the same item as Question I[I-4
of the NRC Request Number 1., See the response for that
question,



Chapter III (cont'd)

(4) How and where is M

fn eq. (II11.1-65) for the %otal steam mass
balance determined?

(4) This auestion addresses the same item as Question II[-5

of the NRC Request Number 1. See the response for that
question,

[5) How are the inlet junction qualities in eq. (II1.1-73) deternined?

(§) This guestion addresses the same ‘tem as Question 1116
of the NRC Request Mumber 1. See the response for that
question,

(6) There are errors in egqs. (I1I1.1-79) to (I11.1-30), egs. (I1:11.1-32)
to (II11.1-85), eo. (II1.1-87) and eq. (1I1.1-35). Carrect.

(6) This question addresses the same ftem as Question [1[-7

of the NRC Request Number 1. See the response for that
question,

(7) Wi11 RETRAN autcmatically switch between homogeneous and separated
models during a transient?

{7} This question addresses tae same item as Question [11-8

of the NRC Request Number 1. See the response for that
question,



(3)

(5)

(10) Why does the W; term in egs. (II11.2-37) and (I11.2-38) use 3 |

Chapter !I! (cont'a)

How are the control solume momentum and energy dalance equations
derived in Chapter 2 used in conjunction with the phase senaration
model?

(8) This question addresses the same ftem as Question III-S
of the NRC Request Number 1. See the response for that
question.

Equation (111.2-37) of the junction eathalpy model assumes that

volume average preoperties are equal to volume centar properties.
*he same assumption made for all the thermal/hydrauiic macrsscapic
balance equations?

(9)  This question addresses the same item as Questicn [II-10
of the MRC Request Number 1. See the response for that
question.

2
)

stead of A1?

(10) This question addresses the same item as Question III-1l
of the NRC Request Number 1. See the response for that
question,

) 1s not the sign of the 7, tarm in eq. (111.2-51) incorrecs?

(11) This question addresses the same ftem as Question [[I-12
of the NRC Request Number 1. See the response for that
ques<tion.

.



Chapter [I! (cont'd)
(12) Coes eq. (111.2-42) imply constant pressure?

(a) Wny is eq. (111.2-51) used for junction enthalpy instead of eq.
(111.2-49)?

(5) What is the physical interpretaticn of & in the steacy
state Sernoulli equation, eq. ([11.2-38), Lhcn no heat or work
fs added? ‘

(¢) Can the enthalzy transport model be used with pump volumes? [f
s0, justify.

(12) This question addresses the same item as Juestion [I1-13
of the NRC Request Number 1. See the response for that
question,

a), b), ¢) This question addresses the same ftem as Nuestion
111-14 of the NRC Request Number L. See the response for that
question,

(13) (a) Can RETRAN-O1 be used as a blowdown and refil] code?
(b) Can 1ts heat transfer model be extanded to the reflood analy-
sis?

(13) This question addresses the same {tem as Question [[i-15
of the NRC Request Number 1. S5ee the response for that
question,



Chapter [I! (cont'd)

(14) (a) Why was the Baroczy model impliemented 2s

.Z » 1.0+ E

. when the original Baroczy model {s

2 _ 2 £ %

%o " %, Gel06 G

(b) Has the value of the function Fy already deen corrected in the
Tables [II.1-1 %0 III.1-5 %5 account “or the change in the
3arcczy model?

'14)  This question addresses the same item as Juastion II1-.6

of the NRC Request Number 1. See the response for that
question,

(15) The Berenson heat transfer ccefficient iand heat flux at the mimimum
film boiling are
3 /4
K { - ‘ A 1
gt Pgr \Pg " Pgg . 3
w, (7 o \
gf “w,mn sat’

h = 0.42°%
c,ain
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where the subscript gf denotss thi value of the vapor propertiss at
the vapor film evaluatad at the average temperature of the hot
surface and the saturated liquid. Why are 311 vapgor sropertise in
eqs. (II1.2-15), the equivalent RETRAN equations for the 3ereson

heat transfer coefficient and heat flux, evaluated at the saturated
¢andition?

""5) This question addresses the same item as Question [[I-17
of the NRC Request Number 1. See the recponse for that
question,



(18) (a)

(v)

(e}

Chapter [I! [cont )

Justify the use of the 3erenson minimum temperature correlaticn
in the case of turdbulent bofling on oxfdized surfacas uncer
high pressure conditions.

Is the Serenson minimum temperature correlation limited to pool
boiling situations? If not, elaborata.

According to Table I1I.3-1, the 2erenson film correlation is
utilized as one of the heat transfer modes in the forced con-
vection option. Explain why this appiication in the forced
convection zone {s an appropriata one.

This question addresses the same item as Question [11-18
of the NKC Request Number 1. See the response for that
question,

(17) The Groeneveld correlation as described by eq. (111.2-28) s used
without Slaughterbeck's modifications.* Dfscuss the accuracy of he
correlation without these modifications.

(17)

This question addresses the same ftem as Questicn 111-19
of the MRC Request Number 1. See the response for that
question.

(18) The 3romley correiation fis

N
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where the subscript gf indicates evaluation of vapor properties at
the average tamperature of the hot surface and the saturateq li-

quid.

why are all vagor properties in eq. (I11.2-31), the RETRAN

equation for thne 3romley correlation, evaluatad a%t the saturited
¢enditions?

18)

The 2romley correlation {s not used in 2ETRAN-DOL,



Chapter [I! (cont'q)

(13) £xplatn why heat transfer correlaticns such as lengler and Addams
(ef eq. (111.2-122)), Guerrier and Tatty (cf eq. (111.2-13a)] and

Shrock and Grossman [cf eq. (111.2-14)] should be used in preference
to Chen's correlation,™

(1) This question addresses the same item as Question I11-21

of the NRC Request Number 1. G5ee the response for that
question,

(20) (a) Can the use of the Douga)! and Rohsenow correlation de extences

tc the pressure ~ange of interest to LWR safety analysis?
Justify.

(b) Can the correlation be app!fied fn the dry wall miit flow reginme

where the flow (s not in thermodynamic aquilibrium?

20)  This question addresses the same {tem as Question 111-22

of the NRC Request Number 1. See the response for that
question.

(21) Discuss the adeguacy of the 3ennet flow regime map, oresented in
Fig. [11.2-2, to calculate void fractions using the RETRAN dynamic

s1ip model. In particular elaborate on the boundaries between the
various flow regimes.

(21)  There {s no slip model! in RETRAN-O1l. The B¢nnett flow regime
map s used in conjunction with Beattie two-phase friction
multipliers., The adequacy of the map s discussed in the
response for Question [11-23 of NRC Request Number 1.



Chaptar 1! (cont'd)

(22) Justify the statemert made on pp. [I11-30 that the Bennet map s
believed %o be more {ndependent of pressure {f the thermodynamic
quality (s converted to the homogenecus volume fraction when the
relationship between quality, x and the homcgeneous volume fractieon
ails

l/o,'

" =175, + 7o

and ;4. ogg 8re functions of pressure.

(22)  The ccatement appears on page il1[-13 of the RETRAN-O1
manual. This question addresses the same item as Question [l-24
of the MRC Request Number 1, See the response for that
question,



CHAPTER V. Power Generation

(1) Eqs. (V.1-1) and (¥.1-2) are missing factors of = and v. Correct.
(1) Yes, the equations should be
-ﬂ-ﬁ%‘-ﬁiﬁl = S(;.u.ﬁ.,t)
. f . hS . - -
JEie @' I (r,0 1) b AT N LU LT LS S €70 EA 9
B
f ‘ f . (u)
R Jy du o’ -E— V(') - B) Z, (P’ their,u'.0,L)
hi(u) B b ST
A Gnt) - 4 (rut)elru,d,t) - BeRa(r,u,8,t)
¢, (r,8) | [. . L
—r——u| 4 [ &I, (Fou' t0(u' ) 0(F,u' B8) = NS (F,2)

(V. 1-2)



Chapter ¥ (cont'd)

(2) 4Wnhy are there no ='s in the adjoint equaticn, eq. (V.1-4)?

12 Yes, the equation should be

- - n' - - -
/ﬁ, @ I (ru) f;c (W', fuidjeZ(r v’ 0")

[ . h /u )
, Nn' -z:;r- C(L) ‘fC (P U)O (' u' (V.1-4)

J( “0'

. Zlci:.u)ag(;.u.ﬁ) . 5'?0;(;.u.3) =0

(3) There are v's and “'" missing in eqs. (V.1-6) , (V.1-8) and (V.l-
10). Cerrect.

(3) Yes, the equations should be

E f J r r .3 n'(dl ! _ 5 N
gife) = 1 J duf Jd r‘/ duJ dw (B, Liru' t)ez(r u)elr u' 0 1)
(V.1-8)

At r & ! ~ rl lf ‘r-
R 4B 0 = g ) @) o f o & {hpew) - (1= gin (u))

Viu ?Z’(r,u'.1)02(;.u.3)0(;,u.i‘t) (V. 1=10)



Chapter V¥ (cont'd)

(4) Define v used 1n eq. (V.1«12),

(4) The v terms used in fquation V,1-12 skould be greek my's,
which have been defined,

(8) Where {5 G(t) used 1n #q. (V.1-14) defined?

(5)  Fquation V.1-14 dows not contain G(t) but does contain C (t)
which 15 the delaved neutron precursor concentraticn,
Equation v 1«14 15 the defining A1fferantial equation for
C L),

!



CHAPTER i, Systsm Uomporent Mcdels

(1) s the statarant N=W in the nomenclature of Fage VI-1 a Tvpegraphi-
cal error?

(1) WMo, it 1s not a typographical error, ars N =w.

'2) Should tie term M(3) Se N{3) fa Ne s gation ¥i.1-0?

{(2) VYes,

(3) Should ; te replaced by - 1 equatior VI..-3?

(3) VYes,

(4) wWhat is the accurac) 37 the df #fercnce curves/head multiplier proce-
dure uysed for the two- . ase pump medel”

'4) This question addr :sses the same item a3 Question V-1
of the NRC Request Wumber 1. See the -esponse for that
question,

The Semiscale test data are descrided in ANCR-1165,
Asrgjet Nuclear Company, 1374,



Chapter VI (cont'd)

(§) What is she error invelved in using “steady state’ charscteristics
{n the pump formuyiation presented dyrirg transient situatiens?

[(5) This questicn addresses the same item as Question VI-Z
of the NRC Request Number 1. See the response for that
question,

The momentum effect associated with angular acceleration
fs neglected. For the flow conditions of operational
transients, this effect is negligible.

(§) In the equation V1,13, how are the {*" coefficient of friceion
torque, {Tfr} obtained? Are they bdufld-in values?
f

(6) These coefficients must be identified for the machine in
question, One method is to cbtain a fit to Ty, from pump
coastdown data.

(7) Should the equation VI.1-10 be expressed as follows: TeThe* T4

T.?
o

(7)  No, it is correct as printed.

(3) Is there a typographical errar in the first term on the right-hand
side of equation Y1.2-57 Should it be as follows:



Chapter V1 (cont'd)

(9) s there a typographical error in the second tarm in the right-hand
s1de of equation Y1.2-67 Should 1t be as follows:

(10) Should the first tarm on the right hand side of equation V1.2-7 be

'’ instead of o7

tu)) r‘ﬂ‘.

(11) D1scuss how valves are (ncluded in the momentum balance equations
with emphasis on the numberical scheme fnvolved,

(11) T™is question addresses the same {tem as Question Vi-i4
of the NPC Request Number 1, See the rosponse for that

quastion,

(12) What ‘s the physical {nterpretation of eq. V1.3-47

(12) This question addresses the same ftam as Question V1«15
of the NHG Request Number 1. See the response for that

question,



CHAPTER 11, Operational Transiant Models

(1) Is the lag compensation formuia for y, 1n Table V11,11 correct?
Justify.

(1) This question addresses the same ftem as Question Vil-l

of the NRC Request Number |, See t
o A he response for that

(2) Mlustrate the use of the transport delay model with a Y end 2!
pecssihle cemoination of flow directinng.

(2)  This question addressas the same ftem as Ouestion vii-2
of the NRC Request Number 1, Cee the response for that
question,

(3) Why are thers no condensate terms in the energy equations, eq.
(V11.2<3) and eq. (V11.3-4)7
(1) This question addresses the same ftem as Question VI-l6a

of the NRC Request dHumber 1, See the response for that
quastion,

(4) “now how (M ) of eq. (111.1-65) used fn the determination of tha
fashing mass fux, eq. (V11.3-3) s related to the primary variab’e
(P, My Moy Uy, Up1" of the pressurizer mocel?

1) This question addresses the same {tem as Question V[-17
of the NRC Request Mumber |, See the response for “hat
question,



Chapter VI (cont'd)

(§) How are the momantum Salance eouations of Chapter 2 ccupled to the
prassurizer mass/enargy equations?

(5)  This question adaresses the same 'tem as Quostion V118
of t:: NRC Request Number 1., See tho response for that
question,

(6) Present the mass and anarqgy balance equation when the first spray
opticn {s chosen; spray in the vapor region,

(6)  This question acdrosses the same ftem as Juestion V]-19
of the NRC Request Humber 1. See the response for that
question,

(7) Discuss the numerical bahavior of the pressurizer model solution
whan the pressure 1% used for the convergence critaria,

(7Y The pressure 15 the unknown and must ba found ftaratively,
From this requirement, the pressure convergence criteria
follow directly,

The pressure solution method used in A TRAN-O1 414 not
result In a converged solution for some 'imiting cases,
The pressure search has been improved in RETRAN-0OZ2, with
pressure still gsed 1n the convargence criteria,

(8) Discuss step 3 of the solution tachnigue in detail, in particular,
w
the 1inear equations for asach region. [3 the term » 4 typographs
fcal error? - h

(31 The tam is a typo?raph1cl\ arror and should be the partial
of the specific volume. The method for finding the pros-
surizer pressure has been nodifled 12 RLTRANSOZ,



Chapter VII (cont'd)

{9} wWhat {s done when the pressurizer~ completely fills or completaly
empties?

«3)  This question addresses the same item as Question VI-22
of the NRC Request Mumber 1, See the response for that
question,

(10) Show how the phase separation mocel described in Chapter II1 is used
in conjunction with the pressurizer mocel.

{10) This question addresses the same {tem as Question vI-23
of the NRC Request Number 1. See the response for that
question,

(11) How is the engineering enthalpy rise ficisr computer and how 15 it
ysed?

(11)  This question addresses the same item as Question YII-3
of the NRC Request Mumber 1. See the response for that
question.

(12) How {s the complete transient energy equaticn 3oticn activatad when
eq. (V11.4-3) is {nadequate for a hot channe! calculazion? Discuss
the option.

(12) This gquestion addresses the same itaem as Juestion YII-4
of the NRC Request Number 1. See the response for that
question,

(12) There is 2 typcgrapnical er=or on Page Vil<24, VI1.3-3 shou'4 de
renlaced Yy VII.4-5,

(i3) ‘as,



