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THERMO-STRUC TUKAL INVESTIGATIONS OF THE FORT ST. VRAIN REAL TOR
' UNDER OPERATING AND UPSET CONDITIONS *

Charle: A. snderson, Karl L. Meier, and Deboran R. Bennett
Los Alamos National Laboratory
Los Alamos, New Mexico

ABSTRACT

This paper sumnari.2s the results of tnree tnermo-structural investigations of the
hehavior of the Fort St. ¥Yrain reactor under operating and upset conditions. Tne Fort
St. Vrain (F5v) reactor is a 330 Mde Hign Temperature Gas-Cooled Reactor operated oy tne
Punlic Service Company of Colorado (PS5Co). The tnree investigations are concerned witn
Tiner cooling system hot spots, with control rod drive mechanism over temperature, and
with structural integrity of the core support under & postulated loss-of-flow congition.

Seven hot spot areas have been fdentified in tne FSV Prestressed Concrete Heactor
Vessel (PCRV) Liner Cooling System, wnich exceed the Final Safety Analysis Report (FSAR)
hot spot temperature criteria of 200°F at the concrete/liner {interface under normna) opera-
ting conditions. The PCRV {s protected from the circulating helium coolant by a tnermal
barrier 1ining the PCRV interior, and the Yiner cooling system, a system of water-cooled
tules welded ta the concrete side of the liner, Discontinuities\in tne thermal barrier
and higher than anticipated heat loads produce increased concrete temperatures at tne
Viner/concrete interface. Localized conditions are used in evaluating each of tne hot
spot areas with finite element models.

Ouring reactor rise-to-power testing, the Control Rod Drive Mechanism (CRD4) motor
temperatures were measured as hign as 226°F at 833 reactor power., These temperatures were
appreciably above those predicted for the CRDM snd were clso acove tne qualification test
temperature. Tne cause of overheating s ingress of not primary nelium into tne refueling
penetration, flowing up to tne QOrifice valve Motor (OVM) support plate and througn tne OVA
plate into the CRDM cavity, A thermal model calculated CRDM temperatures wnicn agreed
quite well witn the temperatures m~asured during reactor testing,

A postulated accident condition §s considered in the tnermoelastic stress analysis of
8 FSV graphite core support block, The support block fs subjected to thermal stresses
caused by a loss of forced circulation (LOFC) accident of the reactor system, followed Oy
restoration of partial cooling. Two and tnree-dimensional finite element models of the
core support block were analyzed for thermal stresses, and gave resulls Lhat verify tne
tntegrity of this structural romponent under the given acrident conditions.

TTuis work way sapporled by the Division of Licensing of tne United States Nuclear
Regulatory Comnisyion,



1. EVALUATING THE SEVERITY OF ‘HE FORT ST. VRAIN PCRV LINER HOT SPOTS
1.1. Introduction
The primary objectives of this study were to review the data for the FSV Prestressed
Concrete Reactor Vessel (PCRV) Liner Cooling System hot spot areas, to determine tne
temperature distribution at the PCRV liner/concrete interface for each area,
and to evaluate the severity and consequences of the hot spots on reactor safety and
performance.
The seven localized PCRV liner cooling system hot spots can be identified in Fig. | as:
e the core support floor region beneath the core barrel support structure;
e the loop divider baffle intersection with tne PCRV bottom hzad liner, side walls, and
lower access penetration;
o the helium purification train crossover pipe intersection witn the nigh temperature
filter absorber (HTFA) penetration in the PCRV top head;
the core outlet thermometer penetrations in the PCRV sidewall;
the refueling penctrations in the PCRV top head;
the peripheral seal at the edge of the lower floor; and

the steam generator penetration intersection with the PCRV bottom nhead.

As cited in the FSV Final Safety Analysis Report (FSAR,), [1] Sec. 5.9, the safe
operation of the PCRV is dependent on strict control of its thermal environment at all
times, The PCRV is protected from the principal source of potentially damaging heat, tne
primary helium coolant, by the thermal barrier and the liner cooling system. The tnermal
barrier consists of ceramic insulation blankets compressed against the nelium side of tne
PCRV liner by steel plates. Heat passing through the thermu! berrier to tne liner is
removed by the liner cooling system. This system is composed of two independent cooling
loops, each loop consisting of water-cooled tubes (! 1n.2) continuously welded to the
concrete side of the liner in an alte.. ate tube/alternate loop manner. A cross-sectional
schematic of the cooling tube/liner interface configuration is shown in Fig, 2.

The nheat load to the liner cooling system {s dominated by the heat transfer across the
thermal barrier, and is a direct function of the difference between tne inlet gas temper-
ature (v750°F at 1J0% power) and the liner cooling system average water temperature
(M110°F). The heat load s directly proportional to reactor power,

1.2, Defining a Hot Spot and [ts Causes

Under norial operating conditions, the thermal barrier and liner cooling systen

maintatn the the design temperature distribution in the PCRV according to the folluwing

criteria:
] the bulk concrete shall have an effective temperaiure of 130°F,
[ the local maximum concrete temperature shall pe 150°F, midway between cooling
tubes at the liner/concrete intertace, and
() the liner cooling water differential temperature shall not exceed 20°F,

Mowover, a hot spot is defined in the FSAR as an area having & local maximum concrete
temperature of 200°F or greater, under normal gperating conditfons, and 250° with only one
cooling loop tn cperation, [In addition, Anendment 29 to the FSAR stipulates that, in the
core support Floor under the barrel support pad, the cooling w~ater Jdifferential Lemper-
alure may be 40°%, and the local maximum concrete temperature ndy reach 250°F under normal

vperating condition, and Jo0®F with one couling loop in vperation,



The liner not spot areas are generally caused by a discontinuity in the thermal par-
rier, providing a lower resistance path petween the heated helium and the liner/concrete
interface. Structural attachments to the liner also provide a direct heat conduction patn
to the liner. Higher than expected heat fluxes can also be caused by bypass or impinging
helium flow patterns, or by unsuitable cooling tuoe configuratons. In eitner case, the
result 1s the same-~the liner cooling system is unable to maintain the concrete temper-
ature distripution witnin design limits.

1.3. Hot Spot Modeling
In the liner cooling system analysis we first calculated tne general effect of the

cooling tube on the localized concrete temperature distribution, using the finite element
code TSAAS (Ref. [2]). Tnis initial parametric study evaluated tne effects of tube pitcn,
cooling water heat transfer coefficient and temperature, and the thermal flux to tne
liner, which is in turn a function of geometry and of helfum flow rate, temperature and
pressure for given reactor power conditions, The temperature distribution and local
maximum concrete temperature faor a given hot spot area were tnen calculated. Finite
element models were developed for each hot spot, based on the local geometric and neat
transfer conditions. A characterization of tne local fluid flow patterns allowed neat
transfer coefficients to be calculated using classic currelations, thereoy producing 4 set
of "worst case" boundary conditions to act as an analytical upper bound. Lower power
cases were run prior to 1004 power conditions, in order to compdre existing data to
Jerived results in model verification, A typical finite element modei for the core
support floor peripnery is shown in Fig. 3, together with computed temperdture contours.
1.4, Conclustons

To varying degrees of tenperature and affected concrete vulume, all seven not spot
areas exceed the 200° local maximum concrete tenperature limit imposed by the FSAR,
However, the temnperature 1imit alone is not an adequate determination of tne severity of
each hot spot area as the load carrying capability of concrete at elevated temperatures is
a function of temperature, the volume of concrete affected by tne elevated temperatures,
and the applied stress., Therefore, we have initiated the development uf an acceptance
criterion for tne PCRV liner couling system hot spots, based on varying degrees of sever-
ity and requiring justification and/or corrective action for hot spot acceptavility,
2. FURT ST, VRAIN CONTROL RUD ORIVE MECHANISM OVER TLMPERATIRE [NVESTIGATIUN
2.1 Introduction

Me Fort St. Vrain reaclor has 3/ refueling regions, edach containming a cuntrol rod
drive mechanism (CRDM), wnicn serves to retract, and hold stationary, two control rods
during reactor operation.  Me CROMs release and allow the rods tu fall vy yravity into
the core during shutdown, Me mecnanism, as shown o Yig. 4, consists of an electric
motor which turns a drum winding up the cables at.acned to the control rods, A sat of

pulleys guides the two cables onto the drum and an electric brake holds the drun station-

Aary wnen e omotor is de-energized,  Ine CRUM §s enclused at the upper end of tne refuel-
ing penetratfon tn a cavity that Is filled vy & purge flow from tne heltum purificat fon
system,

Bocause praper operation of the CROM 1 critical tor reltiaple safe gperation of Lhe

reactor, a sevies of gualiticatton tests was conducted on the CROM Lo demonstrate ity



capability. Over a one year time span, the CRDM was non-continuously tested in a 180°F
helium environment. The CRDM motor temperatures during these tests varied between
200-230°F, and averaged 215°F.(3] Maximum temperatures were found on the CRUM motor
because of the dissipated electrical power,

Reactor rise-to-power tests conducted in 1977-78 at power levels up to 70% produced
motor temperatures up to 213°F, which was several degrees hotter than anticipated. Ther,
as now, the fundamental cause of overheating of the CRDM and the PCRV in this region
appeared to be ingress of primary helium into the refueling penetration and its flow up to
tne orifice valve motor (OVM) plate. A small amount of this helium apparently leaked into
the CRDM cavity through penetrations in the OVM plate, Subsequent seal replacement helped
to reduce this helium inleakage.

Later, during reactor tests between 1978 and 1981, temperatures were monitored in the
CROM cavities of Five reactor regions by thermocouples installed at several locations in
the cavities. The maximum CRDM Lemperature measured during these tests was 226°.

2.2 Temperature Data

Temperature data for the instrumented CRUMs were supplied by tne reactor operator,
PSCo, and spanned the time from startup in 1975 to November 7, 1981, with reactor power
levels from a few percent to 100%. A compendium of CRDM motor temperature data for pre-

1981 tests is given in Fig. 5, for power levels less than 704. Data from 1931 reactor
tests in the range of 70-100X power are also included in Fig. 5. CROM motor temperatures
are shown for orifice valve openings greater than 40%, except for the area delineated by
the box that shows data for orifice valve openings less than 15%. Small orifice valve
openings raise the differential pressure between primary helium and the orifice valve
assembly, resulting in increased fluw of hot primary helium into tne CRDM region. Main-
taining the orifice valve opening at a minimum of 40X means that the motor temperature
toes not exceed the average qualification test temperature of 215°F at full power.
2.3 Thermal Analysis

A thermal analysis of the CRUM and enviruns was made Lo better understand tne over-
temperature problem and to seek wdys of mitigating it, using the neat transfer compuler
code TRUMP. The elements of tne calculational model are shown in Fig, 6. The model
extends vertically from the OVM plate upward through the CRDM cavity to the missile plate
and amoient air, Jlorizontally, the model extends from the CROM centerline radially
througn the cavity liner to the PCRV concrete, Helium in the CRDM cavity flows 1n a
nataral convection loop dowedara at the liner and upward from the OVd past the JRuM. A
purified heljum purge flow enters at the secondary closure plate and Joins the natural
convectjon stream. Hot pramary helium in-leakaye can ocedr Lhrough the UVA plate
f{tiingy, join the convection stream, and flow upward past the CROM. Unfortunately, tnis
natural convection pittern is disadvantageous in minimizing the CROM temperature,

In the mudel, heat iy removed from the CRDM reglion by the water-cooled PCRY, the
aw fent atr, and the helium purge flow., Heat enters tne region via convection and radi-
atfon from the OVM and OVM plate. Heal also enters via the brake electrical losses, hot
hel tum fn<ieakage and conduction up the contral cables, [RUMP Lthermal analysis resulty
are shown in lable | for several cases,  ™e Hase Case (Case 1) assumes the fo)lowing--
4 1n/hr heltum purge flow at 100°F, no hot he Hum fn-leakage, 100°F ambient afr, PCRV

conerete tomperatures of 1J0°0 and 122°F, and OVM plate temperatures of 271°1 as measured



during the 100% reactor power test. The analysis predicts the CRDM motor temperature as
199°F as shown in Taole I.

[f 2 1b/hr of primary helium in-leakage is adaed to the convection stream at tne QWM
plate temperature (Case 5), the CRDM maximum motor temperature rises to 212°F as shown in
in the thermal analysis results of Fig. 6. This case predicts temperatures very close to
those measured in full power tests. However, several methods are available for mitigating
the CROM temperature and were studied with the numerical moue.. Doubling the nelium purge
flow to 8 1b/hr at 100°F (Case 2) reduces the corresponding temperature in the CROM by
B°F, resulting in a 2°F reduction per Ib/hr of additional purge flow. Cooling the normal
purge flow from 100°F to 60°F reduced the CRDM temperature 7°F as snown in Case 3.
Judiciously applied reflective coatings on the OVM and QVM plate reduce tneir thermal
input and can result in reducing motor temperatures by 24°F (Case 8). A thin insulating
layer applied to the underside of the QVM plate can be instrumental in reducing CROM
temperature by 33°F (Case 9). By both reflective coating and insulating the top of tne
OvVM and OVM plate, a combined temnperature reduction of 3/°F is ootained as shown in
Case 10. Reversing tne natural convection flow loop inside tne CR(M cavity with a baffl-
ing system (Case 4) can reduce tn? temnperature 11°F from tne base case.

2.4 CONCLUSIONS

By usinyg & modern calculational tool, we have been able to quantify the CRDM over-
temperature proolem, It appears that CRDM temperature levels can be controlled witn appro-
priate orifice valve openings and can pe mitigated by tne numerous methods analyzed above.
3. THREE-DIMENSIONAL THERMOELASTIC ANALYSIS OF A FORT ST. VRAIN CORE SUPPORT BLOCK
3.} introductian

During the cooldown following a loss of forced circulation (LOFC) accident in the For*
St. vrain High-Tenperature Gas-Cooled Rcactor, thermal stresses in the grapnite core
support blocks (CSBs) could conceivably exceed the minimum tensile strength of graphite.
Potentially large thernal stresses are possiole because of the high thermal gradients
established acryss the core support structure during the LUFC pnase of the accident and
during the foilowing period when tho emergency firewater cooldown (FWCD) system partially
restores forced circuletion., This section summarizes an investigation of tne thermal
stresses that would be experienced by the CS4s during the cooldown period,

3.2 Accident Scenarlo

The rort St. Vraln reactor core is helium-couled and consists of vertical columns of
grapnite nlocks divided into 37 fuel regions. Edacn region nominally consists of six fuel
colunns and one control column and Is supported Ly one C58, The (S8s are lousely reyed
together (Fig. 7) to provide uniformn gaps of 0.4 to 1.0 in. between adjacent CS8s, depend-
tng on the averaqe temperature of the reactor. Figure 7 also shows ‘the alternating luys
and keyways (three of each) on the sides of the CS4, and that each CSB is suppurted on tne
bottym by three support posts.

Core heat removal {s normally ancomplished by the downward flow of helium coolant
throygh the core. At the base of the active core, the gas |s chanmneled throuygh the lower
reflector columns into the six coolant channels of the C58. Uuring an LOFC accident,
forced circulation of the helium is interrupted. UBetore it can be restored, heat is
transferred within the core through conduction in the graphite and by free convection in
the hellum. decause the amount of power available in different ragfons varfes signifi-

cantly, large temperature gradients are established {n the support structure. e



differences in temperatures between regions are compounded because in low-power regions,
free convection of the helium is naturally downward, which provides a cooling effect. In
high-power regions, the flow is upward, causing the temperatures to rise.

The accident scenario considered in this report assumes that helium forced circulation
is partially restored by the emergency FWCD system, 90 min. into the LOFC accident. With
forced circulation reinitiated, some of tne CSBs initially increase in temperature as heat
in the active core is forced toward the bottom of the reactor. Ouring this time, the
10w-power regions are cooled more rapidly because the helium viscosity is lower and tne
density greater at lower temperatures. This effect accentuates the already nign temper-
atu~e differences between tne CSBs. Numerical predictions indicate that the average
temperatures of adjacent CSBs may differ by as mucn as 600°F during the cooldecwn period
following the LOFC,

3.3 Method of Analysis

Ouring cooldown, heat is transferred to or from the CSBs by the helium flowing through
the coolant channels, to the helijum bypass flow in gaps between CSBs, into or out of the
CSBs by conduction through the reflector columns above the C$Bs, to adjacent CSBs by

conduction at points of contact and 2cross the helium bypass gap, and to adjacert blocks
oy radiation. Less significant heat is transferred through the core support pcsts and by
radiation and convection to the area under the CSRs,

Thermal boundary conditions for tne thermal-stress solutions for an individual CSB
were obtained from temperature data supplied by the Jak Ridge National l.aboratory (OANL),
and were based on computations made witn the ORECA computer code. Berause of uncertainty
concerning some of the critical parameters in the thermal solution, several parallel
computations were performed to determine tne sensitivity of therms] stresses to these
parameters.

The CSB tnermal stresses were calcclated in tnree successive steps, using tne finite
eiement method. In the first step, two simple two-dimensinnal finite clement models
representing the top surface of a CS8 (Fiy. 8) were develioped to perform scoping studies
of the problem and to eventually help quantify the effect of asyumetries in heat tlow on
the stresses. The first model determined the temperature distribution in the CS8 top
surface, while with the second model we calculates the resulting tnermal stresses.

The geometric complexity of the CSY actually requires a three-dimensional mode! to
adequately represent the complicated heat flow patterns and associated stress fields, The
(S8 qeometry was somewhat simplified to make the structure cyclically symmetric and ‘o
eliminate discontinuities such as keyways and lugs, The cyclic symmetry was artificially
obtained by rotating the coolant hole pattern (10° 56.3') relative to the CSB boundary.
The resulting finfte element model *s shown in Fig., 9, The ADINAT heat transfer code was
then used to determine the temper.iture distribution within the C38 model for both tran=-
sfent and steady-state conditions, and provided temperaturc fields for 4 three-dimensiona)
thermoelastic stress analysis, Figure 10 {1lustrates temperature contours and contours of
the maximum principal stress for one of the cases studied.

The third step consfdered the stress concentratfon effects at tne (S8 keyway, which
was not included in the larger three-dimensional analysis, Hy using :.teady-state results
from the first two steps to set appropriate boundary conditions on a swoscructure model,



we were able to calculate maximum stresses at the (SB keyway lucation. Details are dis-
cussed in Ref. [4].

3.4 Conclusions
Average CSB temperature transients for an LOFC/FWCD accideat calculated by ADINAT were

in good agreement witn ORECA tenuperature predictions. The maximum principal stress in the

CSB calculated for a 105% power level was 915 psi at tne keyway corner on tne top of e

CSB and includcs a factor for asymmetriess and a stress conceniration factor of 1.8 at tne

keywav corner, The resulting factor of safety is 1.27, using a minimum tensile strength

of 1160 psi for grapnite, This factor is sufficient for these loading conditions pecause
tne tnermal stresses are secondary in nature and a local failure would relieve tne
stresses in the CSB. Adding to the confidence level that the CS58 wi!l not fail under
these conditions is the fact that the stress gradients are very hign naar the point of
maximum stress. That is, most of the CSB remains at a much lower stress level, and any
crecks that stact in the high-Stress region would probably arrest oefore propagating any
significant distance. The stress levels for 72X power are approximately 6% of those for

105% power ievels.

REFERENCES

(1] Firal Safety Analysis Report, Fort St. Vrain Nuclear Generating Station-Unit No. 1,
fruc'ic Service Co. of Colorado.

(2j R. V. Browning and C. A. Anderson, "TSAAS-Finite Element Thermal and Stress Aralysis
of Pilane and Axitymmetric Solids witn Orthotropic Temperature-Dependent Material
Properties”, Los Alamos National Laboratory report, LA-5599-M4S (Revision 1),
February, 1982.

[3] Private Communication, Puolic Service Cumpany of Colorado.

(4] T. A. 8utler and C. A. Anderson, "Three-Dimensional Thermoelastic Analysis of a Fort
St. Vrain Core Support Block", NUREG/CR-2319, LA-9UU3-MS, Los Alamos National
Laburatory, 1981.

TABLE 1
CRCM THERMAL ANALYSIS RESULTS
Temperature [ F)
Carve ®, Conditiom [+ 1] Nisstle  Cavity O™ Claswre
- {Changed from bave cose) Plate Heligm Plate

1 Sase Case 1, 128 119 H{ H 1}
1008 power

H Dovdle pur " 128 - il 1}
flow (8 lnﬁw)

) Vurgs flow 192 126 (1] 281 147
A Ya/hr g\ $09F

4 feverse convection [ 120 [L1] H ] 151
1oop flow

[] [nsleakgge m (B} ) 2 162
flow 2 1b/nr

4 In-lsahage 183 [Fi4 |1} [} ] m
flow 2 la/hr,
refiective coaring
Sare case

! 10 povar [[}] 2 (1] m [

[} Aeflschive coating em 1" s w w L1}
oW, OVH plate

[ ] Insulation en vnder 14 1] n 0 e
stde OV plate

10 Inwalstion wnd reflec- 102 2t W 1] (1]

tlve toatirg OWA,
o™ plate



FIG. 3.8.

Rod 1in and $
Out Limit i
Switches N

Potentinmeter

Motor and Brdke:

FIG. 4.

34
Contour
1
44
2
3
4.
FL] ]
]
7
a
1 9
10
]

CSF PERIPHERAL TEMPERATURE DISTRICUTION
100% POWER, 1.0% BYPASS | LOW.

Cable Guard

................ Control Rod
l ) Cables
Net” L
T q- H ;
h' pRF _+ N --{--
=2 %, 2R Guide Pulleys
IR 0N e
i 7\ r '\: ’
':' \\ \‘~ -::'.
l‘\:\ \\\\.'::‘: :::$
N
A

CONTROL ROD DRIVE MECHANISM.



HELIUM PURIFICATION

TRAIN CROSSOVER N )
L coserms. REFUEL ING
A jy)’ PENETRATIONS
Al T e
P il
o~ - o
PR LATION B
v = I
CORE OUTLET b \-: T - T o mreron
THERMOCOUPLE S E e AL
PENETRAT IONS > P e
" cacs
P = = cont tammy, CORE BARREL/
m-———“L CORE SUPPORT
moon—) SN /fj/";;r o FLOOR
o 1 —t “ |+ S reacms )
L
— ‘—_J_,-unanvnu)
wory ogr —T Lo PLoom
» TR nomt couaee
PERIPHERAL——" | H—
SEAL ) STEAM
GENERATOR
TS PENETRATIONS
LOOP DIVIDER -
BAFFLE JJ
i
M)
FIG. 1. FSV-PCRV LINER HOT SPOTS
0 76"
1 COOL ING wATER Tyg[
H o= 650 BTY/HR FY 7
it S’R\\‘\q N
N :
§§E4__ !
R ! 2
S\i h = 150 - 230 BTU/hr f1° °F
_ 0.05" ain Gar
‘\:\\ LOCATION itk
—N\% g;u?::u
. —v§:\\ TERPENATURE
— N . L
(oturmn r1? Q\f\ , support pad
N
\
N it
Ty concrete
(YAl \?\\\ -
RN
\\}ty‘\?\\ e o0 0t ain gar /
SN J
=
.._44\_J‘Q§§§ : e
it IR N
abatic
y/h

FIG, 2.

PCRV LINER COOLING

FIG. 3.A.

MODEL.

CORE SUPPORT FLOOR (CSF)

Adialatic



CROM Motor Temeeratumre (°F)

260( -
™0 o nic-A

L ]

+nes -0
za; Averace CRDM

X#E6-35 o rEicaTion

Onee-36  TEST TempemaTuRE
2003
” /
lw 4
ol / . =

1981 Dara
-
120 Pre-1981 Dara (averase) 0
100 i
0 10 20 B4 0 50 50 7 o P o
Reactor Powen (1)

FIG. 5. CRD MOTOR TEMPERATURE ¥S REACTOR POWER

C

L
Ambient Afr
,Hold Down .vme/m’ ///////
. 4 \ / / L \l /\
‘ N : \ \ \ \ \
AV ANS VAR
s Secondary| Closure
5 ‘Cavity o Afr Enclosure
R 151
N -~
4
i N> 4
| J Secondary Clpsure Plate ’K 2 |- Purge flow entry
26t . A
8 . N |- Refueling
H \ \\\ \\\\ hh // Penetration
CROM Cablt v Liner
/.«/1 Drum & |Housing
8 \
Helium - i \ A 8 140
Flow A ’
N \ N c ¢’ Annular
J i N 208 \ H /,Cavity
/U N \ \ {17 ¢ | Helium
\ \ e .
‘UK cRon | Motor] 4 ] con-
and | Brake) Ttd.grete
/ 209 \ T
L N\ \ N 130 - CROM
o . Cavity
, » CRDM o N / Helium
1 ! Pulley: md\ (124
- / g tousing 272 ﬂ/ v; -
) e
NZ BN\ E e, 7 v
? /r /\ l 201 "/ ¢ !
N - . Tor CRDM
e 4 163 ///Jf/l.iner
- / N B‘\\ e Con- «
. 01 ot 1/ erece
- OV (Gear H - Primary helium
: -
T /)[ L\ \ 269 ,14( entry
oM Plate/ Hot Helium

FIG. 6. CRDM THERMAL ANALYSIS MODEL.



Side
Reflector

Bottam
Reflector

PCRY m
Inlet ~ Care Support
Core —Core Barrel
Barrel\\
3 _~Core Support
Posts
Post Base
Thermal L4
Barrier <I (|
™ Steam Geaerator

Module Inlet Duci

Stean Generator
Modules (12)

Concrete 34—
Core Support
Floor

. Cooling Pipes
Refinforcement Bars
Core Suppcrt Floor
Columns (12)
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