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ABSTRACT

Interim results of an analytical investigation of nuclear and thermal
characteristics of SM-2 type fuel elements in SM-1, SM-1A and PM-2A reactor
cores are reported. Utilizing modified two group diffusion theory, predictions
of power distribution, and core and rod reactivity were performed. The
calculations performed to date indicate that use of SM-2 fuel elements in SM-1,
SM-1A and PM-2A is feasible from the nuclear standpoint. Critical experi-

- ments and further analysis are expected to verify results of the initial
- investigation. o

A steady state thermal analysis of each plant utilizing SM-2 elements
~was carried out. This analysis showed that the minimum DNBR's (departure
from nuclear boiling ratlos) were considerably above the minimum value from ‘
the design criteria standpoint at both the operating and scram power levels.
The investigation at this point indicated that SM-2 elements can successfully-
be employed in SM-1, SM-1A, and PM-2A as replacement. core elements.
The final thermal analysis based on more accurate estimates of power
distribution and internal element flow distribution is expected to verify results
of the initial mvestlgatmn
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| SUMMARY

~

This is an interim report covering nuclear and thermal analysis of
the use of SM-2 elements in SM-1, SM-1A and PM-2A reactor cores. Critical
experiments and further analysis are expected to verify the results of this
initial investigation. This investigation is part of Task 3 - Replacement Core
Development Program, of the AEC-Army Pressurized Water Support and
Development Program. '

The major effort in the core analysis area was the prediction of most
adverse power distribution. These predictions were performed utilizing
- one - and two-dimensional diffusion theory calculations. The deviations
between calculated power distributions of this task and measured distributions
determined in the SM-2 flexible critical experiments program were employed
to modify the analytical predictions in this report. Calculations performed
to date indicate that the higher fuel loaded SM-2 elements are feasible for
use as replacement cores in SM-1, SM-1A and PM-2A, :

. A detailed steady state thermal analysis of SM-2 elements in SM-1, -
SM-1A and PM-2A plants was performed. This analysis utilized the IBM-704
code, STDY-3. The flow distributions were based on the full scale air flow
test of the reactor vessels. Results to date of the steady State thermal
analysis indicate that the cores employing SM-2 elements will operate in
SM-1, SM-1A and PM-2A with adequate thermal safety.
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1,0 INTRODUCTION

Replacement core development for the SM-1, SM-1A and PM-2A is
a'major part of the AEC-Army PWR Research.and Development Program,
The principal effort in the replacement core development program at this
‘time is devoted to utilization of SM-2 fuel elements in SM-1, SM-1A and
PM-2A. The SM-2 fuel elements with their increased fuel content relative
to the fuel content of the initial cores for thése fuel plants offer significant
improvements in core life.

This is an interim report on the nuclear and thermal analysis performance
to date, as part of the Replacement Core Development Program, The overall
Replacement Core Development Program includes nuclear analysis and
critical experiments, thermal analysis, laboratory single element flow test,
and miniature fuel plate and full size fuel element irradiation. The end
product of this work will be procurement specifications for SM-2 fuel elements
for use in the three plants. The work in this report is preliminary due to the
following limitations: ’ -

1. - The anaiytical predictions of power distribution have not been
checked against exact critical experiment mockups of SM-2
elements in SM-1, SM-1A, and PM-2A arrays »

2. The velocity var1at10n within the SM-2 fuel elements in the various
core structures has been estimated and not as' yét compared with
experiment.

3. The loss of pump problem has been treated only as a quasi -
steady state problem.

Critical experiments are now being performed using SM-2 fuel elements
in the exact SM-1, SM-1A, and PM-2A core arrays. The results of these
measurements w111 be ut111zed to check and correct the analytical predictions
of power distribution and reactivity. This will permit the power distribution o
to be developed withimproved accuracy necessary for final thermal analysis. ‘
Results of this work will be contamed in a final report, which will also contain
. core burnup stud1es

Laboratory tests are now under way in which the velocity variation between
the plates within an.element will be measured for SM-2 fuel plate bundles in the
“various end box and core support configurations. The final thermal analysis will
utilize the most accurate power distribution, experimertally measured plate-to-
plate velocity variations, and final estimates of hot channel factors. The final

report of this work will be issued in late 1961.
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2.0 NUCLEAR ANALYSIS

‘This section contains the'preliminary nuclear aﬁalysis of the use of
SM-2 type fuel elements in the SM-1, SM-1A and PM-2A,. Table 2.1 lists
the loadings of the SM- 2 fuel elements compared ‘to those of the original
cores. . :

It is seen that the boron and uranium loadings for the SM-2 elements
are significantly higher than:the loading of the or1g1nal cores; this will result
in a more adverse power distribution,

In the SM-1 Core I and SM-1A Core I, five of the seven control rods are
operated as a bank with the two .remaining rods nearly fully withdrawn,
However, for preliminary studies with SM-2 elements,- it was decided to
utilize a seven rod bank for the SM-1 and SM-1A with SM-2 elements. There-
fore, both the critical experiments and the analyses presented in this report .
are based upon seven rod bank operation in the SM-1 and SM-1A.  The
decision for utilization of a seven rod bank was based upon stuck rod con-
siderations. For five rod bank operation there is a possibility thatone or
both of the: remaining rods could stick in the full out position; however, for
seven rod bank operation, if one or more rods should stick, the rods would
stick at the operating position. This would be less hazardous than for one
or more rods to be stuck full out. The relative merits of five vs. seven rod
bank operation will be studied further and presented in the final report.

A brief description of the calculational models employed is given, fol-
lowed by a summary of the calculations performed,

TABLE 2.1 |
TABLE OF CORE LOADINGS
Fixéd. Element Loadings SM-1 CoreI ™ ' SM-2.Elements
U-235 (gm/element) .- 611.88 833.4
B-10 (gm/element) . 0.42813 . 1.3055

Control Rod Fuel Element ‘I_‘.oadir'lgs

U-235 (gm/element) 417,14 . 655,68 .

B-10 (gm/element) 0.29286 . - 1.027

* Similar loadings are used in SM-1A and PM-2A,




9.1 CALCULATIONAL APPROACH

The nuclear analyses in this report were performed by utilizing various
IBM-650 and IBM-704 codes to solve the two-group diffusion equations. The
IBM-650 codes used were the Program 50 (PROMPT-1), Plate Type.Pg,
MUFT-III, VALPROD, and the WINDOWSHADE. These codes are described
in reference (1). The IBM-704 code used was the PDQ- 3

S

2.1.1 Nuclear Parameters

2.1.1.1 Thermal Constants

~ For most of the core regions, thermal constants were obtained by the
Program 50 and Plate Type Pg, IBM-650 codes. In regions that did not re-,
quire this code, homogenized properties were used. In addition, the absorber
region constants, ( Z a)e and Dg (where e means effective), were calculated
by methods described in reference (3). : '

2.1.1.2 Fast Coﬁstant§

The fast constants were obtained by calculating the number densities
of the material in each region and using them as input to'the MUFT III,
IBM-650 code.

-2,1.1.3 Nomenclature

Parameter R Definition : - Units
pf Fast Diffusion coefficient cm
D | Thermal diffusion coefficient ‘ _ cm
kK Fast multiplication factor
Kth Thermal multiplication factor
Z fa Fast ﬁlacroscopic absorption cross section. . cm'1
Z a ' Thermal macroscopic absorpt1on COorss- 1
section o cm
T | Age - S - . cm?
L.2 " Diffusion length - . cm?

P Resonance escape probability




Parameter | Definition S . Units
2 s1 Slowing down cross section
yy ff , Fast mgcroscopic ffission'crbs‘s‘section E em!
sz . Thel,rl'm.al' maéroscopic fission cross seéti,on em™!
.ZR | Regional cross sectioh (i.e., f'ixed element em~1
dead retion) ‘
Z P Calculated thermal poison macroscopic cross cm™1
section
aga | ,Misvcroscopic, Cross séction - , cm?
i_ - Flux weighted cross section | cm™1
Ny~ ¢ ‘Number deﬁsity of hydrogen‘ oxygeh ' - .atoms/cm3
Np Number density of oxygen o | 4 .atoms/zc':rn.3
Ngs °~ - Number density of stainless steel. ' atoms/c.:.m3
Np_10 'N’umber density of B-10 | : atoms/cr‘n3 ,
Ny-235 Number density of U-235 » | | atoms/cm3
H . Symbol for hydrogen
0] | , S.yrhbol for okygén
< SS ' Siz_'mbol for stainless steel
U-235 B A' Symbol for U‘r‘:ar'lium-23A5
X °  Elemental subscript (ie.. H O, etc.) .
Ny | Nu-m‘ber dénsity of some eleinent‘ X | " atoms /cm3
pX ‘ | Density of- element X : gms/cm3
A _ :Atom.ic weight | ' gms/gm-atom
_Na Avogadro;'.'s raumbers - - - atoms/gm-atom
Vi Volume fraction |
VroTr Total volume

Vx - Volume of element X




2.1.2 Power Distributions and Reactivity

2.1.2.1 Radial Power Distributions

All radial flux and power distributions were calculated using PDQ-3, °
an IBM-704 code. One problem in using this code was mesh point limitations.
It was impossible to mockup a core with 7 rods full in. Thus, it was necessary
to use a 5 rod full in PDQ calculation and devise a method to obtam 7 rod bank
parameters for use in the axial power distribution calculation., This method
will be discussed in the next section.

v

2.1.2.2 Axial Power Distribution

s

. The axial power distribution for the PM-2A was calculated using an
axial VALPROD, an IBM-650 Code.. The input nuclear parameters for the

- VALPROD were obtained by flux weighting both the rods-in and the rods-out
nuclear const(ar;ts of the PDQ-3 input by the integrated regional fluxes of the

PDQ output. This method has been found to agree much better with

experimental results than the WINDOWSHADE code. In the WINDOWSHADE

code, a calculated thermal poison cross section, ZP is added to the core

group constants in the rodded region.

. The axial power distribution with no xenon for the SM-1 and the SM-1A
was calculated by the following technique. :

1. A5 rod flux weighted axial VALPROD was run to obtam a Kegf
(as close to 1 as possible) and a rod bank pos1t10n

2. A WINDOWSHADE (using SM-2 fixed elédment homogenized constants)
was run searching for a.5 control rod |, p to be used with the rod
bank position and Kg¢p Obtained from the axial VALPROD.

3. Whena X p for 5 rods was obtained in this fashion, a ) p for
‘ 7 rods was obtained using the Jo2 method described in reference (1).

4, After obtaining ZP' for 7 rods, another WINDOWSHADE using the

T rod Zp (with a Kggf of 1. 00) was run to obtain the proper 7 rod
bank position and corresponding axial power distribution.

2.1.2.3 Reactivity Calculations

Reactivity values for all three cases were obtamed from the PDQ-3 .
output by the following: :

Kegt =1

Ketf

0=




From previous studies employing the same analytical models, (11)
it was found that the predicted reactivities underestimatedthe measured values
by approximately 2% 0 . Therefore a model correction of 2% 0 was added
to all calculated reactivities. ' : ,

Also evaluated by use of PDQ-3 were the rod bank worths in each of
the cores. This was calculated by performing PDQ-3's for rods full-in and
rods full-out cases. The value of the control rod bank worth was then
obtained by:- - SRR s

(Ketp) out = Ketf) in

p rods =

eff’ out

2.2 POWER DISTRIBUTION CALCULATIONS

2.2.1 SM-1 Core

+This section contains a preliminary analysis of the power distribution

and radial power factors for the SM-1 core (Fig. 2.1) at 68°F and 440CF, -
using SM-2 fuel elements. The power generation within the core must be
known in order to perform a thermal analysis. To perform this thermal
analysis, certain nuclear factors must be available; these include:

F,(AT)" ‘nuclear hot spot factor to allow for uncertainty in :

4 T the calculated power distribution used in the. calculatmn

of bulk coolant temperature rise.

nuclear hot spot factor to allow for uncertainty in the
calculated power distribution used in the calculation
of the film temperature rise.

Fp (A gy

power generation rate for worst channel in each element,

Q: (AT) =
S normalized to an average radlal power of one over the
whole core, :
Q ( A T): = average power generation rate in each element, normalized

to an average radial power of one over the whole core.

(AB)

power generation rate at the hottest spot in each element
normalized to an average radial power of one over the
whole core,

fraction of total reactor power generated in the core.

W (AT



fraction of total reactor power generated in the fuel

‘w(A9>

plates
L = active core height
N = total number of space increments within the core,’

as used in the WINDOWSHADE calculations.

To obtain the radial power peaking factors, four PDQ-3 cases were
performed:

1. Rods Out, T = 440°F

2. Rods In, T = 440°F (5 rod bank)
3. Rods Out, T = 68°F

4, Rods In, T = 68OF (5 rod bank)

Figures 2.2 through 2.9 show graphically the calculated radial power
distributions along the central radial plane both parallel and perpendicular to
the fuel plates, for the hot and cold cores, rods in and rods out, for the
SM-1 core with SM-2 elements.

Figures 2. 10 through 2.13 show the radial values obtained from the SM-1
Core I PDQ's. (4) 1 comparing Fig. 2.3 with Fig. 2.11 it is noticed that the
intercell power peaking is greater in the SM-1 core with SM-2 elements due
to the higher absorption in the SM-2 elements. The wider meat region in the
SM-2 elements decreases the relative value of the power peaks, but the
relatively high SM-2 loading (Table 2. 1) tends to override this effect and
increases the peaking. ‘

Table 2.2 lists the radial (x, y) maximum-to-average power ratio for
various elements in the core. Central element values are essentially the
same for both cases, but the ratio in the outer elements is substantially
higher for the SM-2 element core. This is due once again to the higher loading.
in the SM-2 elements.

10 .




| - . . TABLE 2.2
- MAXIMUM-TO-AVERAGE RADIAL POWER PEAKING VALUES
FOR SM-1 CORE I AND SM-1 CORE WITH SM-2 ELEMENTS, 440°F

Perpend1cular To Fuel Plates

Element No.” = | " SM-1 Core I SM—1 Cor.e (SM-2 Elements)
44 (Control Rod C) . | 1.039 o 1.085
45 | ©1.100 1.157
46 (Control Rod 2) s 1.181
a7 - 1464 2.100

4

Parallel To Fuel Plates

Element No, ' 4 SM-1 Core I ~ SM- 1 Core (SM 2 Elements)
44 (Control Rod C) TR 1.158" ‘
34 o o115 1,233

24(ControlRod1)  1.243 . tas. .

14 . 1818 1,800

The axial power distributions were calculated by the WINDOWSHADE and
VALPROD codes, As mentioned in Section 2.1.2.2, flux weighted values for
axial VALPROD inputs are calculated from the PDQ output.

F1ve rod bank ax1al VALPRODS were run with and without Eug03 flux
suppressors at the bottom of the fixed:fuel elements. Figures 2.14 and 2.15
show graphically the axial power distribution for each case. The use of flux
suppressors effectively eliminates the power spike but increases the power 5
peak w1th1n the core.

F1ve rod bank calculat1ons were ‘converted to 7 rod bank calculations by
the method described in Section 2.1, 2.2, Figure 2,16 shows the axial power
: d1str1but1on obtamed from both the 5 and 7 rod WINDOWSHADE. The WINDOW -
SHADE calculation gave a rod bank change of 1 /2-in, with a change from 5 to
7 rods.. Based on Fig. 10 in reference(6), a value closer to one inch is '
predicted. The effect of this difference on power distribution is negligible.

11




A comparison was made between the axial power distribution in the
SM-1 Core I and SM-1 with SM-2 elements. Figures 2.16 and 2.17 show that
except for an axial shift due to rod bank position, the relative values for the
5 rod SM-1 Core I and the 7 rod SM-1 with SM-2 elements are very similar
for the initial case. Figures 2.14 and 2.15 show that a flux suppressor causes
a higher power peak inside the core, while effectively eliminating the power
spike at the bottom of the core; therefore, if flux suppressors were used in
the calculations presented in Fig. 2.17, the power distributions would be in
better agreement with the 7 rod bank curve in Fig. 2.16.

When the analyses of the radial and axial power distributions were
completed, calculation of the power peaking factors was possible.

Fn (AT)and K, (/\ 6 ) were assigned values of 1.05 and 1.10
respectively. ' '

The factor Q (/\ @ ) is calculated by the following equations:

Q (AB) = [P (X,95) max. ] [ Frods] [ Flocal ]
element

correction

Where P(x,y,) lement is the hottest spot in each element as

The factor Q ( A T) is calculated with the following equation:

Q (AT) = [P hot plate][ FT]

where Fp = [Frogg [Flocal correction]

The.value of T ( /AT) is obtained from the equation:

A T) element 1:‘T

Correction factors, Frods and F 1g¢a1 correctlonv were incorporated to

.bring calculated radial power values more into agreement with measured values.
Frods is used to make the calculated value of the power at the center of each
element agree with the experimental values of the power at the center of each
element. The equation for Frods.for a given element is:

3

12




[P (x,¥,z) measured at the.center of the element
P (measured with-a core average of 1.0)

Frods i = .
o g P (x,y) P (z) calculated at the center of the element
P (calculated with a core average of 1. 0)
' Where
P (x,y,2) = the powerA measured by a foil count
P (x,y) = radial power from a PDQ calculation

P (z)

the maximum calculated axial power

Fiocal ‘correction is a correction factor used to make the calculated power values
" at the edgeof each element agree with the experimental power value at the edge
of each element. The equation for F 5¢cal correction for a given element is:

P(x,y, x): measured at the edge of the element
P(x,y, x) measured at the center of the element

. Flocal correction - . :
n ocaLeorrection [P(x, y) P(z) calculated at the edge of the element ]
t

P(x,y) P(z) calculated at the center of'the elemen

In this report'a value Fp was used. This is the product of the above two
- correction factors. '

Table 2.3 lists the values of Q (A @ )o, Q@ (A T),, and Q ( AT), for the
SM-1 at 440°F and -0 MWYRS. Theseé values will not be the most severe
encountered due to the mode of burnup of SM-2 elements. Table 2.3 also lists -
the values of Q (A § ), QR (A T)g Q ( A T)g estimated to be their maximum
value using SM-2 data. These values were used in the thermal analysis
together with the axial power distribution calculated at-0 MWRY.

The._heat‘release factors are:
Y(AT

Ve = 0%

ST -Thés’e .values are répérted :in-l.‘rv'efel"ence (8). The value of L ié 755. 88 cm

or 22.in.. The value of N:-is 44 calculational points, or a point at every 1/2 in.
in the WINDOWSHADE calculations. : Lo ‘

1.00

-0.95

Figure 2. 16 shows the relative axial power values used in the thermal
calculation. * These results were obtained from a WINDOWSHADE calculation.
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Element No.

44
55
34
53
32
66
61
75

41

RADIAL POWER FACTORS FOR SM-1 CORE

TABLE 2.3

WITH SM-2 ELEMENTS, T = 440°F

0 MWYR

2,2.2 SM-1A Core

The SM-1A core is essentially the same as the SM-1. It has 38 fixed fuel
elements and seven control rod fuel elements in a closed array (Fig. 2.18).
The SM-1A differs from the SM-1 in that all the fuel
plates in the outer rows of elements in the SM-1A are perpendicular to the water
reflector. This modification was incorporated to decrease the power peaking in

fuel loadings are the same.

the outer row of fuel elements.

14

The

Estimaited Maximum

AAB), AT, QAT, QAPy QAT, QAT
1.959  1.761 1.614  2.177 1.957 1.793
1.928 1. 660 1.432  2.142 1. 844 1.591
1.862  1.575 1.372 2.069 1.750  1.525
1.721 1. 660 1.288 1.912 1. 844 1.431
1.761 1.470 . 892 1.957 1.633 .991
1.336 1.046 . 862 1.484 1.162 . 957
2.042  1.601 758 2.260  1.779 842
1,721 .998 . 880 1,912 1.109 978
2. 059 1.973 .936 2.287 2.192 1. 040

(AT) =095 F, (AQ)‘ = 1,10

(AG) = 1.00 F, (AT = 1.05

P(z2)pax = 1.91i
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The method of analysis for the SM-1A was the same as that for the SM-1.
Figures 2.19 to 2. 24 show graphically the radial power distribution along the
central radial plane of the SM-1A. These distributions were obtained, using
the IBM-704, PDQ-3 code. The mput used was the same as that for the SM-1,
..except for the geometrical difference of turnmg the two outside rows of elements

: The PDQ output yielded the results expected along the outer row of fuel

. elements. Figure 2.19 shows the radial power in the outer element in the

. SM-1A to be less than that shown in Fig. 2.2 for the SM-1, with the fuel plates
90° out of phase, while the power distribution in the d1rect1on common to both
cores is the same. - There is a 16% reduction in the value of the reflector power

~ peaks in the SM-1A compared to SM-1..

The axial power distribution with no xenon in the SM-1A was assumed to.

.. be the same as that in the SM-1. -

o The parameters F,- (/A T) and F, (/A @) were kept the same as the
SM-1: 1.05 and 1.10, respect1ve1y ‘

Table 2.4 lists the values obtained for Q (A6 )y Q (A T),and
= Q(AT T), at 0 MWYR in the SM-1A. The estimated maximum power for the

' SM-1A is the same as the SM-1. Table 2.4 also lists the values of Q (A@ )B>
Q (A T)p-and Q ( ZS T)g which were the values used to calculate reactor
conditions in the most severe cases.

_Tﬁe :he'at release factors are:
W(AT
W (AD)

: The value of L is 55. 88 cm or 22 in.

1.00

0.95

The value of N is 44 as in the SM-1; no WINDOWSHADES were run for
this case since SM-1 axial data was used.
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TABLE 2.4 o
RADIAL POWER FACTORS FOR-SM - 1A CORE WITH SM-2 ELEMENTS T =440 F

Element No. - 0 MWYR ' Estimated Maximum

| Q(AB) QAT @AM, QNG QAT AL T

4 ©1.963 1.765° 1.617  2.181 1.961 1.797
46 1. 698 1.523 1.136 1.887 1. 692 - 1.262
67 2.196 1.550 503 2.440  '1.Y20 . 892
‘ 54 1.9Géf  1.654 1,452 2.180 1,838 1.613
; 43 © 1.876 1.662  1.390 2.084 - 1.847 1.545
1 32 1.776 . 1.494 1.147 1.973  1.660 1.275
63 ©1.689 1.395  1.136 1.877.  1.550 1,262
36 1.516 1.242 1. 069 1.684". 1.380  1.188

66 1.331 1. 050 . 866 1.479 1.167 . 963

WA 095 Fy(AH)- 110
Y (AT .00 F_ (A T)- 1.05

P(z) . - - 1.911

2.2.3 PM-2A Core

The analysis for the PM-2A Core (Fig. 2.25)is almost an exact duplicate,
in outline, as the SM-1 and SM-1A core analysis, Figures 2.26 to 2.33 show
graphically the radial power distributions obtained in each case. The axial power
‘distribution-arid rod bank positions were calculated using the axial VALPROD code.
_F1gure 2. 34 shows the axial power distribution used for the thermal analysis.

Vaiues of Q (AB)o  Q (A T)o and Q (A T), are tabulated in Table 2.5.
Table 2.5 also lists the values of Q (A G )B, Q (A T)g and Q ( A\ T)g at their
estimated maximum. The other values used for thermal 1nformat1on were the
same as the SM- 1 and SM-1A.
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2.3 ROD WORTH, REACTIVITY AND ROD BANK POSITION, SM-1, SM-1A,
PM-2A '

“The totalAcontrol rod bank worth was obtained ‘using the folloﬁling equation:
(K

eff) ’ rods out - (K ff) rods in

prods
(Keff) rods out

‘where: ‘
‘ Qods = the rod bank erth

4 (Keff) rods out = the eigenvalue with the rods fully withdrawn

the eigenvalue with the rods fully inserted

(Keff) rods in

The values of Keff were obtained from PDQ-3 cases run for the various
cores with SM-2 elements. A 2% model correction was applied to all the
calculated Keff' Se

The core reactivity was calculated using the following equation:
' -1

p____

Keff

The r.esults of the calculations for SM-1, SM-1A, and PM-2A are listed
in Tables 2.6, 2.7, and 2. 8 respectively.




TABLE 2.5
RADIAL POWER FACTORS FOR PM-2A
WITH SM-2 ELEMENTS, T = 510°F

Element No. 0 MWYR Estimated Maximum
Q(AG), QAT, Q(AT, Q(AOE Q(A Ty QAT

44 1871  1.744 1.581 2. 079 1.938 1. 757
34 1.721 1.377 1.380 1.912 1.530 . 1.534
55 1,666  1.333 1.226 1. 851 1.481 1.362
23 2.016  1.628 - 1.346 2. 240 1.809 . 1.496
56 1.515 1.203 1.042 1.683 1.337 1.158
22 | 2.016 1.674 93¢ 2,240 1.860 1.038
37 0 1.322 1.118 . 844 1. 469 1.242 . 938
14 1.095 757 . 750 1.217 . 841 . 834
73 1.582 1,497 1795 1.758 1. 663 . 883

WI(ADH) 0.95 Fp (AG) = 1.10

W (AT 1.00 - F. (AT) = 1.05
| P(2) ., = 1.439
/
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| TABLE 2. 6 ,
'MISCELLANEOUS SM-1 CORE CALCULATIONS

ROD BANK WORTH - Prods (%)

' SM-1Corel SM-1 With SM-2 Elements

" Temp. ' ~~ Srods Trods 5 rods " Trods
68° | S 19.0 . 2413 17.38 21. 52
440° o 19.2 '24.38 18; 40 22. 77

INITIAL CORE REACTIVITY (%0 )
SM-1 Core 1. . SM-1 With SM-2 Elements_
oogTemp oo ! | T ' PDQ Model corrected. -
68° . o 15.4 | 9.39 11.39 .
440° (No xenon) | 10.4 -  6.05 .. 8.05 .
0 ' ' :
440  (Equilibrium xenon) 8.2 - 6.33
! ROD BANK: POSITION (INCHES FROM BOTTOM OF CORE)

SM-1 Core I o SM-1 With SM-2 Elements
Temp - R " 5 Rods ' 5 rods '~ Trods
68° A N 6.0 | -

. . 0 . -. ’ . . .

440 (No xenon) 6.7 . 10.5 A 11.0
440° (Equilibrium xenon) 8.3 - - -

~ MAXIMUM CORE REACTIVITY (ESTIMATED)
66°F, No Xe, Midlife < o 15.1 %@

45




§ TABLE 2.7
' MISCELLANEOUS SM-1A CORE CALCULATIONS

ROD BANK WORTH - /Q‘Ods (%)

SM-1 Core 1 SM-1 With SM-2 Elements
68 16. 60 20. 62 17.13 21.23
440° | | 1813 22.47
INITIAL CORE REACTIVITY % P)
| SM-1A Core I B SM-1A With SM-2 Elements
Temp | | - PDQ  Model corrected ‘
68° 15. 62 9.33 11.33 '
4400 (No xenon) . 10.3 | 5.76 .17
440° (Equilibrium xenon) 7.5 R 5.30
ROD BANK POSITION (INCHES FROM BOTTOM OF CORE)
| | ' SM-1A Core 1 SM-1A With SM-2 Elements
Temp - . 5RodBank 5 Rod Bank 7 Rod Bank
68" 3.6 o - L
440° (No Xenon) = 6.9 | 10.5 11.0
440° (Equilibr\i‘um xenon) 8.9 | . - | - _ " .-
MAXIMUM CORE REACTIVITY (ESTIMATED)
68°F, NoXe, Midlife . __ ¢ . 150%¢
46




TABLE 2.8
MISCELLANEOUS PM-2A CORE CALCULATIONS

ROD BANK WORTH - ( 5 rods) - Prods (%)

PM-2A Core I : - PM-2A With SM-2 Elements
-68° « 21.6 | 19.93
5100 . . - | 20. 49
INITIAL CORE REACTIVITY (% D) |
| PM-2A Core I PM-2A With SM-2 Elements |
Temp - | S PDQ Model corrected
68" | 1430 8. 45 10. 45
‘5:100 (no xevon) .48 255 . 4.53
510° (eq. xenon) c 5. 34 - 2. 57
ROD BANK POSITION (INCHES FROM BOTTOM OF CORE) |
PM-2A Core I - PM-2A With SM-2 Elements
68° | 6.45 ;
' 510° (no xenon) | 10.45 17.5
510° (eq. xenon) 12.50 -
MAXIMUM CORE REACTIVITY (ESTIMATED)
68°F, No Xe, Midlife | | S 14. 4% ¢
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LINEAR POWER CHAMBER

LOG N 130 14| 15 BF3
C.R-IC
2271 23O IC] 25 : 28
31 |32 (33| 34| 35] 36|37
Be BLOCK C.R-3C CR-4C CR.5C
—~| 4 a2 | 43 [aa | 45 [Tae | 47 [=—INLET
51 | 52| 53| 54 [1557 s6 [ 57
il
STARTUP SOURCE—" | 62 | 63 ﬁ;‘ff 65 | 66
CONTROL/ 73| 74 | 75 |H
ROD DRIVES ‘ LATE DIRECTION
OUTLET

SAFETY CHAMBER-I

Fig. 2.25 - PM-2A Core Layout

SAFETY CHAMBER-2
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Fig. 2.26 - Relative Power Through Central Radial Plane
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Fig. 2.28 - Relative Power Through Central Radial Plane
Perpendicular to Fuel Plates - Rods In - PM-2A Core
With SM-2 Elements - 510°F




Fig. 2.29 - Relative Power Through Central Radial Plane
Parallel To Fuel Plates - Rods In - PM-2A Core
With SM-2 Elements - 510°F
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Fig. 2.32 - Relative Power Through Central Radial Plane
Perpendicular To Fuel Plates - Rods In - PM-2A Core

With SM-2 Elements - 680F
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Fig. 2.33 - Relative Power Through Central Radial Plane Parallel
To Fuel Plates - Rods In - PM-2A Core with SM-2
Elements - 68OF
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2.4 RESULTS

1. Based upon the preliminary analyses, it was found that the overall
maximum-to-average power ratios, for the SM-1, SM-1A, and PM-2A with
SM-2 fuel elements, are 4.4, 4.7, and. 3.2 respectively. These values
occur in fuel element locations 41, 67, and 22 respectively. In.each case,
the maximum power peaking occurs in an outside fuel element, at the core
reflector interface. The maximum peaking occurs, inm®ach case at some-
time during core life, whereas for the original cores of the SM-1, SM-1A,
and PM-2A, the maximum peaking occurs at core startup. This is due to
the fact that for the cores employing SM-2 elements, during the first stages
of core life, the decrease in radial power peakings 1s more than offset by the
increase in the axial peak due to the rod bank motion.

2. The maximum power in the SM-1 with SM-2 elements may be compared
to that calculated, using the same analytical techniques, for the SM-1 Core
1(4). For the latter core, ignoring the power spike at the bottom of the active
core, the maximum-to-average power ratio was calculated to be 2. 8, which
'occurs at core startup; this may be compared to the value of 4.4 for the SM-1

~ with SM-2 elements. In the SM-1 Core I, the maximum power peaking occurs
in element 44, the central control rod fuel element. Using SM-2 elements
with their relat1ve1y high fuel and poison loadings, the maximum peakmg
occurs at the core- -reflector interface. :

3. In the above analysis, seven rod bank operation was assumed for the
SM-1 and SM-1A-with SM-2 fuel elements. The axial peak-to-average power
ratios were calculated to be 1.91 and 1. 81, for the seven and five rod bank,
respectively. Even though the axial peaking is more severe for seven rod
bank operation, this mode of operation was chosen because of stuck rod :
considerations. The final mode of rod operation will be studled further and’
presented in the final report.

4, The maximum reactivity to be controlled for the. SM-1, SM-1A and
PM-2A with SM-2 fuel elements occurs at about midlife, at 68°F and no
xenon; the calculated values were found to be 15.1% ﬁ 15% P , and 14. 4%:/0
respectively. - The total available rod worths were calculated to be about 22% p
- 22% P, and 20% O, respectively. Therefore, no control problems are o
expected. , o '

2.5 CONCLUSIONS

Based upon the preliminary nuclear analysis of power distributions, core
reactivities, and total control rod bank worths, no serious problems are
expected by using SM-2 fuel elements as replacement cores for the SM-1,
SM-1A, and PM-2A.

59




THIS PAGE
WAS INTENTIONALLY
LEFT BLANK |



3.0 CORE THERMAL ANALYSIS

3.1 INTRODUCTION .

, A preliminary thermal analysis of use of SM-2 elements in SM-1,
SM-1A and PM-2A cores.was performed to determine whether any serious -
problems existed. The limitations of this analysis are:

1. The most adverse power distributionsAwere. based on analytical
predictions corrected by the use of SM-2 analy51s and experimental
deviations.

2. Velocity variation within the SM 2 fuel elements in the various cores
was only estimated.

. 3. Loss of pump problem was treated as a quasi-steady state model.
The above limitations will be removed in the final thermal analysis by'

1. Comparlson of analytical power distributions and measurements in the
critical experiment mockups using SM-2 elements in SM-1, SM-1A and
PM-2A configurations,

2. Measurements will be made of the velocity variations within SM-2
-fuel plate bundles in SM-1, SM-1A and PM-2A end box and core
support configuratlons ‘

3. A detailed transient analysis will be performed with the SM-2
elements in the SM-1, SM-1A and PM-2A"during loss of flow
transients and decay heat removal. .

3.2 METHODS OF ANALYSIS :

3.2.1 Steady State’

!

The steady state analysis was performed using the STDY-3 code (11)

This code is a one-dimensional steady state code written for pressurized water
reactors by WAPD. The code performs a complete steady-state parallel

" channel analysis resulting in enthalpy, temperature rise and quality calculations
for the nominal channel; and. enthalpy, steam quality, plate surface temperature,
bulk water temperature, meat centerline temperature, and.burnout ratios for
the hot channel. Results are given for each axial channel point based on input
properties and two-phase core pressure drop equations where applicable. If
local or bulk boiling exists, the axial position at which the phenomena starts is

~designated.




The correlations programmed into this code to determine burnout and
local boiling are of utmost concern in considering the safe operation of these
cores and will be discussed in detail. The remainder of the design equations
programmed in the code are described in reference (11).

The burnout correlations used in the code are controlled by the local
enthalpy, the channel mass flow rate and the system pressure. The general

equation selected for system pressure 1850 psia is given by
[ H, } 2 ezus |
DNB BOC| —— e : (1)
: 1000
where:
DNB = Departure from nucleate boiling
BOC = Burnout constant |
H, = Local enthalpy at a specific axial increment, Btu/lb
L = Channel length; 'in.
S = Channel spacing, in.

The ratio of DNB to operating heat flux is found by d1V1d1ng the result
from equation (1) by

¢avg. Fap £(2)
where gb avg. = Average core heat ﬂux,'Btu/hr-ft2 | - (2)

Local hot channel factor

&)

. >
D
I

f (Z)

Axial power generation at a specific axial increment.

DNB -
¢>an FA@ ' (z)
The cr1ter1a for a channel to be in local boiling based on pressure drop only,

is if the film drop calculated from equation (3) below. i5:equal to or greater
than the Jens-Lottes temperature drop given in equation (4).
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_Local boiling exists if - G = @
: : ' J&L :
- d)av.g FAT £'(z) ‘
B¢ - N o . (3)

 where
. : ef = Film temperature drop (Plate surface
' ‘ temperature - bulk water temperature), (°F)

. ‘. 4 Btu
h = Film heat ‘transfer coefficient, hr-ft2 -OF

106

Orer = Taa o o
0 sat + /900 — j (4)
e : ‘

where @J &L ° Difterence between the g;late surface temperature and the bulk
‘ S fluid temperature as given by the Jens and Lottes correlation

[ Pave vy £ilz) - e
60 AT t\2)

Saturation temperature of the fluid, OF - |

o)
n

System pressure, psia

-
1

" Bulk temperature of fluid at a specific axial increment(j ) °F
Plate surface temperature (Tg) is calculated by adding the film drop to the bulk:
temperature at any particular axial location (j)

Tg = ,Tj ¥ Qf , ' v - (9)

3.2.2 Transients_

A pseudo transient analysis was ‘performed for the SM - 1 employing SM-2 .
fuel elements, using the STDY-3 code: This analysis treats a loss of flow accident
as a series of steady state points at reduced core flow rates. The primary
objective of this analysis was to approximate the variation of burnout heat flux
ratio

The analy81s was based on the loss' of flow test results as reported in the
Final Report for Test 600, (19) performed on the SM-1at Fort Belvoir. The
results of this test at SM- 1'f0ra loss of flow are plotted in Fig. 3.1 from which
values of power and flow rates can be obtained for various times after pump
failure,
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3.3 POWER DISTRIBUTION

3.3.1 Maximum Power For Each Reactor

In order to place the analysis of the use of SM-2 elements in the SM-1,
SM-1A and PM-2A cores on the most conservative basis, the steady state
analysis is performed at the scram power level. This condition might be
obtained by operator's error or on a slow rod withdrawal. §$:ram power level
settings are for the SM-1, 13 MW, (12) sM-1A, 24.2 MW, (13) and PM-24,

12 MW, (14) These power levels and the core heat transfer areas were used

to calculate the average core heat flux. The max1mum expected core heat
fluxes with SM-2 elements are 79, 193 Dtu/ft2 for the SM-1, 142,591 Btu/hr-ft
for the SM-1A and 87,268 Btu/hr-ft2 for the PM-2A,

3.3.2 Axial and Radial Power Distribution

* Power distribution and the method for calculation is described in the core
analysis section of this report. A description of how the axial and radial factors
were used in the thermal analysis follows:

The average and local radial peakirig factors were used to select the worst
element positions in their respective cores The element with the highest
average and local radial peaking and the lowest available flow rate was selected
for each core thermal analysis.

The average and local radial peaking factors were also used to determine
hot channel factors for both the nominal and hot channel. Both of these factors
are a multiple of the average and local hot channel féctor for the nominal and
hot channel cases. These-are applied’'as follows:

For the nominal channel: ° F ,° .= F_F QArm
‘ . '\ATN '.N\l’l AT

0o, T TNY N

. For the hot channel:

e WY ar wpr
g - | FNFWL iy FMA@

where - _ o - ‘
. "F ,F , F , F = the average and local hot -
T \ ‘channel facto espectivel
Aﬂ N AT AQN AB nnel factors respectively

¥y




F., F ' = nuclear uncertainty factor for average or local

L : condition

F. . ,F : = power generatlon factor for average or local

Y Y condition

L
QAT = average radial peaking factor in the hot channel
Q AT = average radial peaking factor in nominal or average
channel
Q AB = loca] radial peaking factor
Fu1 For = mechanical hot channel factor excluding plate
A T, AQ : spacing factor and plenum maldistribution factor.

Aver'age and local respectively.

The relative axial power distribution was averaged over ;eaeh axial
increment. One value of each axial increment for each channel is used in the
analysis, ' ‘

3.4 HOT CHANNEL FACTORS

The mechanical hot channel factors used in'this analysis include average
and local deviations for meat length, uranium content, and clad thickness. The
.preceding factors were calculated by methods descrlbed in reference (18) and
appear in Table 3.1,

Plate spacing and flow maldistribution factors do not appear in the STDY-3
Coade as hot channel factors. Plate spacing appears in the hot and nominal
channel description as an average and local dimension. A thermal rippling
distortion factor was applied to the hot channel and used as the local dimension
of the hot channel. Flow maldistribution is a separate item included as a
plenum factor. A 12% maldistribution of flow was used to account for uncertainties
in channel-to-flow caused by end: box effects and orificing tolerances. An
experimental program is presently underway to determine channel-to-channel
distribution with SM-2 plates in SM-1, SM-1A and PM-2A stationary and control
.rod elements. This program will define the value of a mal’ distribution factor.:
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TABLE 3.1
COMPOSITE MECHANICAL HOT CHANNEL FACTORS

Stationary A. - Control Rod

Meat length 0 1.0233 1.0233 Same -
Uranium content 1.0050 | - 1.0190 Same
Clad thickness 1.0071 . - 1.0119 Same
'Composue Mechanlcal

Factors S FM = 1,0357

. Do AT

= 1.0510

F
vMAQ

3.5 ADDITIONA‘L FACTORS ]NCLUDED IN THE THERMAL ANALYSIS

In the analysis the followmg add1t10na1 factors were used for conservatlsm
in design:: ' :

"~ Nuclear uncertainty Factor - To allows for uncertamtles

in the calculated power distribution, a nuclear uncertainty factor
(FN) of 1. 05 was used for the nommal channel and (FN ) of'1.10
for the hot channel

b. Core Power Generation - In order to account for the fraction of
fission heat liberated in the coolant directly F \{/ , , a factor of
© . 0.95 was applied to the power generated in the fu(la"l plates.’
The fraction of power generated in the (F\P ) core is 1. 00.

¢. "Instrumentation Tolerances - The worst reactor conditions were
considered in the thermal analysis. and tolerances applied to the
reactor instrumentation., The following instrumentation tolerances
were used: : ‘ :
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. Instrumentation . Value Used

Tolerance In Code
For the SM-1
Core Power' £ 3. 5% at Scram Power Level of 13 MW 13.45 MW
Inlet Temp | # 4% At Core ~In}1et 4217, 7°F 431.7° F
System Pressure # 25 psia At 1200 psia ' 1175 psia.
For the PM-2A |
Core Power _;f'3, 5% At Scram Power Level of 12.0 MW | 12. 42 MW
Inlet Temp. /4 At Core Inlet 500°F : 504°F
System Pressure # 35 psia at 1750 psia © 1715 bsia
For the SM-1A |
Core Power | é 3.5 % At Scram Power Level of 24,2 MW  25.05 MW
Inlet Temp. : # f40 At Core Inlet 423°F ‘ " 427O0F
System Pressure ﬁ 25 psia at 1200 psia | 1175 psia

3.6 CORE FLOW DISTRIBUTION

3.6.1 SM-1 Core with SM-2 Elements

The available flow for each element for the SM-1 core was obtained from
full scale flow test measurements. (19) It is expected that the flow distribution
within the SM -1 core will be identical with SM-2 elements installed, Flow -
distribution was based on a primary loop flow rate of 3862 gpm, (12) with 14.7%
lattice flow. Figure 3.2 shows the available flow for each element. '

3.6.2 SM-1A Core with SM-2 Elements

'For the SM-1A, core flow distribution was obtained from a full scale air
flow rig, reference (16), in which Figure I gave flow distribution in terms of
percent of total flow where internal element flow is 72.9%, internal control rod
flow 13. 9% and lattice flow 13.2%. Figure 3.3 shows the available core flow
distribution for the recommended orifice plate. Since the SM-1A has two pumps
having different operating lines, the shaft seal pump which delivers the lower
flow of 7400 gpm was used to obtain the flow rates. ’
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Flow Rates in GPM)

7%
45.21

Fuel Plate
Orientation

Fig. 3.2 - SM-1 Core Flow Distribution




(Element Flow Rates In GRM)

72

12 113 1 15 16
138 146 1.8 148 136
- Inlet
21 22 23 2L 25 26 27 /
132 127 142 147 142 131 131 '
1 32 33 34 35 36 REL
16 135 17 157 149 135 U5
41 2 43 i L5 46 47
ws W7 152 W7, 155 147 U8
51 52 . 53 54, 55 56 57
146 135 153 155 w7 11 155
161 62 63 6l 65 66 67
132 127 136 7 13 129 “ 129
=
72 73 7 75 76 A/ Fuel Plate
Orientation
134 147 149 149 A
Total Core F'low 7400 gpm
Lattice Flow: 98 gpm
~ Fig. 3.3 - SM-1A Core Flow Distribution



(Element Flow Rates In GPM)

1 Inlet
13 1 15 =
115 113 13 - C_ Fuel Plate
: . Orientation
22 23 o 25 26
113 109 110 13 115
131 32 3 3l 35 ' 36 37
115 114 115 108 115 11, 11,
41 42 13 Ly 45 6 47
115 110 11 110 15 110 117
51 52 153 54 55 - |56 57
115 ns | 1w 116 110 113 s
62 63 [ay, 65 66
113 113 110 11, 11,
7 | 75
109 | 18 15 Totsl loop flow: 4890 gpm
' Lattice flow: 707 gm

Fig. 3.4 - PM-2A Core Flow Distribution
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3.6.3 PM-2A Core with SM-2 Elements

Flow distribution was based on.a primary loop flow rate of 4890 gpm
measured at Camp Century in the PM-2A startup test program. (20) Internal
element flow distribution was taken from Fig. 11 of reference (17) in which "
the distribution is expressed in percent of total flow where 14, 45% of totalflow
is lattice flow, This data was developed thru flow measurements of each
stationary element and control rod element in a full scale flow rig using air
as the test fluid. Figure 3.4 shows the available flow for each element.

3.7 PERFORMANCE OF SM-2 ELEMENTS IN THE SM-1 REACTOR

3.7.1 Steady>Stafe Design Conditions

A steady state thermal analysis was perforned on eight element groupings
within the SM-1 core. These groupings are based on radial peaking. The
element in each group with the maximum peak-to-average power generation
was selected for analysis. These elements appear in Table 3. 2,

Reactor power was 10 MXV with a core heat flux of 63,354 Btu/hr-ft2
and inlet temperature of 431.7 . The hot channel factors used were calculated
based on radial peaking factors presented in the core analysis section of this
report, and the manufacturing and metallurgical tolerances presented for -
SM-2 elements in reference (18).. The available flow rates for these elements
are shown in Fig. 3.2. Plate surface temperature, bulk water temperature,
departure from nucleate boiling, and quality were calculated for one-inch
increments-up the 22-in. channel. :

The results of this analysis at 10 MW. are shown in Table 3. 2.
| TABLE 3.2 . «

‘RESULTS OF STEADY STATE THERMAL ANALYSIS,
SM-1 CORE, REACTOR POWER 10 MW

' Max. Surface . Max. Bulk . Min. v
Element Position Temp. °F Water Temp, °F ~ DNBR Quality
44 . - 558.4 478.17 8.2 0
55 . - - 557.4 478. 8 8.4 0
34 554, 1 475.1 8.7 0
53 5473 472. 0 9.4 0.
32 561, 0 478.2 9.2 0
66 551. 7 474, 2 12.2 0
61 . 576, 5 517,17 7.6 0
75 575, 2 486.5 9.3 0
75




The results of this analysis indicate that the SM-1 core with SM-2
elements is safe during steady state 10 MW operation. This is based on
DNBR's well above the minimum DNBR of 2. 0 and the existence of no local
boiling. ‘

3.7.2 Maximum Operating Conditions

A steady state analysis of core positions 61 and 44 was made at the
reactor scram power level of 13.0 MW. The selection of these elements was -
based on the minimum DNBR presented in Table 3.2, Core inlet temperature
was reduced to 429CF and core heat flux increased to 79,193 Btu/hr £t2, The
results of this analys1s at 13.0 MW are shown.in Table 3 3. ,

‘ TABLE 3.3
RESULTS OF STEADY STATE THERMAL ANALYSIS,
SM-1.CORE HOT CHANNEL,REACTOR POWER 13 MW

Max. Surface Max., Bulk o Min,
Element Position Temp. OF Water Temp, F DNBR Quality
61 5771  535.5 60 . .0
44 577.4 487.6 6.5 0

The results of this analysis 1nd1cate that local boiling starts at 5 in.
from the bottom of the core for element 61. Figures 3.5 and 3. 6 show a plot
of plate surface temperature and bulk water temperature in the hot channel of -
the stationary element 61 and the control rod element 44. A relatively flat
surface temperature curve is shown for element 61 for approximately 2/3
. of the channel., This flatness is attributed to the increasé of the heat transfer
coefficient near the nucleate boiling region and is typical with the other cores
analyzed.”

3.8 PERFORMANCE OF SM-2 ELEMENTS IN THE SM-1A REACTOR

3.8.1 Steady State Design Conditions

A steady state thermal analys1s was performed on eight element positions
selectedfrom eight element groupings within the SM-1A core. The basis for
selection is the same as discussed in section 3. 7 1. These elements are
listed in Table 3, 4.
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Reactor power was 20.2 MW with a core heat flux of 118, 826 Btu/hr- ’ft2
and inlet temperature of 427°, The hot channel factors used were based on
- radial peaking factors presented in the core analysis section of this report, and
the manufacturing and metallurgical tolerances presented for SM-2 elements
in ref'e.r;nce (18). The available flow rates for these elements are shown in
Fig. 3.3.. :

TABLE 3. 4
RESULTS OF STEADY STATE THERMAL ANALYSIS
SM-1A CORE, REACTOR POWER 20.2 MW

Max. Surface .Max. Bulk

Mix,
Element Position Temp. 0F Water Temp. °F DNBR Quality

67 578.3 488.1 3.9 0

- 44 . 578.17 482. 5 4,4 0

46 . 569.1 475.9 2.0 0

- 43 978.5 482.1 4.6 0
32 - _ 578.1 482, 2 4,91 0

- 63 ‘ 577.9 479.1 5.1 0
36 . - 571.5. 474,0 5.7 -0

22 - : 560. 8 - 471.3 6.5 O

" The results of this analysis indicate that the SM-1A with SM-2 elements
is safe during steady state 20.2 MW operation. This is based on DNBR's well
above the minimum DNBR of 2. 0 and the existence. of no. local boiling..

3.8.2 Maximum Openat-ing Conditions

A steady state analysis of core pos1t1ons 67 and 44 was made at the reactor
scram power level of 24.2 MW, The selection of these elements. was based on
the minimum DNBR's presented in Table 3,5, Core inlet temperature was
reduced to 422. 90 and the core heat flux increased to 142, 591 Btu/hr-ft°.

TABLE 3.5
RESULTS OF STEADY STATE THERMAL ANALYSIS,
SM-1A CORE, REACTOR POWER 24.2 MW

. , Max. Surface Max. Bulk Min.
Element Position- Temp., F Water Temp. F  DNBR Quality
67 , 578.9 496.1 3.2 0
44 579.3 " 489.4 3.6 0
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The results of this analysis indicate no local boiling and a minimum
DNBR above the design criteria of 2.0. Figures 3.7 and 3.8 show a plot of |
plate surface temperature and bulk water temperature for stationary element
67 and control rod element 44, On the basis of no local boiling and the DNBR's,
the scram power level condition does not affect the safe operation of the SM-1A
core.

3.9 PERFORMANCE OF SM-2 ELEMENTS IN THE PM-2A REACTOR

3.9.1 Steady State‘Design Conditions

A steady state thermal analysis was performed on nine element positions
selected from nine element groupings within the PM-2A core. The basis for '
element selection is the same as discussed in Section 3.7.1. These elements
are listed in Table 3. 6. '

Reactor power was 10. 0 MW with a core heat flux of 72, 723 Btu/hr ft2
and inlet temperature of 504°F. The hot channel factors used were based on
radial peaking factors presented in the core analysis section of this report,
and the manufacturing and metallurgical tolerances presented for SM-2
elements in reference (18). The available flow rates for these elements are -
shown in Fig. 3.4. ' ' '

The result of this analysis at 10 MW are shown in Table 3. 6.
TABLE 3.6

RESULTS OF STEADY STATE THERMAL ANALYSIS -
PM-2A CORE, REACTOR POWER 10.0 MW '

Max. Surface Max. Bulk Min.

Element Position Temp. °F Water Temp, °F DNBR Quality
44 . 604.5 549, 1 8.5 0
34 601. 8 543, 8 9.3 0
55 595, 1 541. 0 9.7 0
23 617. 8 550. 5 7.9 0

- 56 ' 586. 9 537.4 10.6 0
vo22 614.9 550.0 7.9 0
37 576. 9 534. 9 12.2 0
14 562, 6 525, 5 14. 8 0
73 - 5917. 4 546, 9 10.1 0
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The results of th1s analys1s indicate no local boiling ‘and minimum
DNBR's above the therrhal. design criteria of 2.0, On this basis the PM-2A
core will operate.safely at 10. 0 MW with SM-2 elements installed.

3.9.2 Maximum Operating Conditions

A steady state analysis of core positions 23 and 44 was made at the
reactor scram power level of 12,0 MW The selection 6f these elements was
based on the minimum DNBR's presented in Table 3. 6. Core inlet temperature
- was reduced to 500. 4°F and the core heat flux increased to 87, 268 Btu/hr—ftz,

'I'he results of lhis aualysis at 12,‘0 MW arc given in Table 3. 7.
TABLE 3.7

RESULTS OF STEADY STATE THERMAL ANALYSIS,
PM-2A CORE,REACTOR POWER 12. 0 MW

Max. Surface Max. Bulk ~ Min.

Element Position Temp. °F Water Temp, °F DNBR  Quality
23 ~ 620.80 556,00 - 6. 6 20

44 - 620, 83 554. 3 7.1 0

Results 1nd1cate no local boiling and minimum DNBR'"s are above 2. 0.
Figures 3.9 and 3. 10 show plots of plate surface temperature and bulk water
temperature for stationary element 23 and control rod element 44. The
PM-2A core is the safest core(has minimum DNBR's) operating with SM-2
elements installed. . '

3.10 TRANSIENT OPERATION OF THE SM-1 CORE WITH SM-2 ELEMENT

A transient analysis was performed on element 61 in the SM-1 core for
a loss of flow accident. This required the reactor's coastdown 1nformat1051 :
given in Figure 3.1 which was taken from the data of Test Procedure 600, 19)
conducted at Fort Belvoir. At time intervals of 0.1, 0.2, 0.3, 0.4 and O 5 sec
after pump failure, flow rates and reactor power were calculated based on a
reactor power of 13 45 MW. These were placed in STDY-3 code as a series
of steady state runs. The results of this analysis are shown in Fig. 3.11.
This analysis indicates that the minimum burnout ratio.is far above the thermal
designrequirémentsof i, 5for safecore tran51ent operation:andthat DNBR increases
in this loss of pump acmdent

_ A transwnt analy81s w1ll e 1ncluded in the fmal report makmg use of a | |
transient code for the analysis. , _ |
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3. 11 CONC LUSIQNS

1,

"The prehmmary thermal analysis indicates that at design power

output:the SM-1, SM-1A and PM-2A cores operate safely. There is

" no evidence of local boiling and DNBR's are abbve 2,0,

. The preliminary thermal analysis indicates that at the. reactor scram -

power level setting the SM-1A and PM-2A operate safely with no
local boiling evident and DNBR's well above .2;0. In the SM-1,
element 61 indicates that local boiling exists for approx1mate1y
2/3 of its hot channel. Considering the high DNBR (6. 0) and the
fact that this is the scram level setting, results indicate that the

. SM-1 will be safe to operate with SM-2 elements.

During a loss of pump transient, the preliminary thermal ana1y31s
performed on the SM-1 core mdlcates no local boiling, with. DNBR'
above the thermal transient criteria of 1. 5
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