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ABSTRACT

The first three series of calculations in ORNL's radiation shielding

analysis program for the Clinch River Breeder Reactor (CRBR) are described

here. The initial calculations concentrated on the neutron fluxes in the

lower axial region of the reactor vessel, the results of these and sub

sequent calculations leading to a substantial reduction in the thickness

of the lower axial shield. The second series consisted of "full-assembly"

calculations for a CRBR system that closely resembled the Fast Flux Test

Facility, utilizing the same vessel support system, in-vessel stored-fuel

modules, and reactor cavity shields. The third series began with a CRBR

design having a much-simplified vessel support system and no stored-fuel

modules or reactor cavity shields, but when initial calculations yielded

dose rates above the reactor head that were excessively high, a B^C shield

was reintroduced in the reactor cavity. At the same time the vessel sup

port system was redesigned so that a portion of the support ring set on

top of the concrete support ledge. A subsequent calculation for the new

design with the B^C shield showed that the dose rates were not adequately

reduced, and more shielding was added in both the upper and lower sections

of the support ring. With the added shielding, the dose rates were great

ly reduced but were still above the criteria. A re-evaluation of the head

compartment access requirements by WARD led to a relaxation of radiation

criteria. The next analysis sequence will evaluate the dose levels and

uncertainties based on the new criteria.





1. INTRODUCTION

This report describes the first three series of calculations performed

by Oak Ridge National Laboratory in its radiation shielding analysis pro

gram for the Clinch River Breeder Reactor Plant (CRBRP). As was the case

for the Fast Flux Test Facility (FFTF),1 each major study in the shielding

analysis program for the CRBR consists of an iterative series of radiation

transport calculations that determine the radiation levels within and above

the reactor vessel and the surrounding cavity for given design modifications

of the system. The designs are developed by Westinghouse Electric Corp

oration's Advanced Reactors Division (WARD), which has the lead design

responsibility for the reactor, and specific calculations are performed

at the request of WARD.

A near-current design of the CRBR reactor vessel and head region is

represented in Figs. 1 and 2 (ref. 2). With respect to shielding, an

important feature is the largest of three eccentric rotating plugs that

introduces a possible radiation streaming gap at the top of the reactor

cavity. Other gaps exist in the region where the vessel support struc

ture mates with a concrete support ledge (not shown in Figs. 1 and 2),

and it is in this region that many of the shielding analysis studies are

being concentrated.

The evolution of the vessel support concept through several designs

is illustrated in Fig. 3 (ref. 3). It began with a design that was es

sentially copied from the FFTF (sketch A in Fig. 3). Later the vessel

support straps inherent in the FFTF concept were eliminated from the CRBR

design and the distance between the vessel and the concrete support ledge

was reduced (sketch B). In a subsequent design a portion of the support

structure was elevated above the support ledge (sketch C), and finally

the inner bolt circle visible in Figs. 1 and 2 was eliminated (sketch D).

ORNL has considered these various evolutionary stages, plus the effect of

adding shielding in the cavity outside the reactor guard vessel.
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Fig. 1. Cutaway View of Clinch River Breeder Reactor Vessel.



Fig. 2. Clinch River Breeder Reactor Vessel Head Assembly.
1, Ex-Vessel Transfer Machine Port; 2, Intermediate Rotating Plug; 3,
Control Rod Drive Mechanism; 4, Small Rotating Plug; 5, In-Vessel Transfer
Machine Port; 6, Shielding; 7, Suppressor Plate; 8, Large Rotating Plug;
9, Stationary Ring.
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Fig. 3. Evolution of Clinch River Breeder Reactor Vessel Support
Design. 1, Reactor Vessel; 2, Support Strap; 3, Support Ring; 4, Concrete
Support Ledge; 5, Inner Bolt Circle.

ORNL has also considered several design concepts of the lower axial

region of the reactor, where the primary radiation concern first was damage

to the core support structure and second to the modular inlet assembly (see

Fig. 1). These structures are protected by steel shielding incorporated

in the lower section of each fuel assembly as shown in Fig. 4 (ref. 2),

and one of the earliest design problems was establishing the thickness of

shielding required to ensure an adequate lifetime for the support plate.

In fact, the first shielding study performed by ORNL for the CRBR was a

study of the neutron fluxes incident on the support plate, as was the

first shielding study performed by ORNL for the FFTF. For the CRBR,

however, calculational methods were at hand for the study, whereas for the

FFTF the investigation was necessarily primarily experimental.

This report presents the various calculations in chronological order,

beginning with the initial calculation of the lower axial region performed

in mid-1973. Descriptions of two series of "full-assembly" calculations

follow, where "full-assembly" means that the calculations covered the full
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region from the reactor core to and through the reactor head. Radially

they extended through the reactor cavity. In conjunction with both these

series, which were performed during the period between the Fall of 1973

and mid-1975, further studies were made of the lower axial region, with

the thickness of the lower axial shield reduced each time.

In all cases, the calculations were performed with the discrete

ordinates transport method, primarily with Version III of the two-

dimensional code DOT.4 A few runs were also made with the one-dimensional

code ANISN. For the first two series, the cross-section multigroup

library used was the 50-group neutron library developed for the FFTF,1

which was not coupled to a gamma-ray cross-section set. By the time the

last series was performed, however, a new coupled cross-section library

containing 51 neutron groups and 25 gamma-ray groups had been developed

specifically for the CRBR, and thus the last series includes secondary

gamma-ray data whereas the first two do not. Initially the 51-25 cross-

section library was based on ENDF/B-III data, but before these calcula

tions were completed it was updated with ENDF/B-IV data for all important

elements.

2. INITIAL CALCULATIONS OF NEUTRON FLUXES IN

CRBR LOWER AXIAL REGION

When the first calculations of the neutron fluxes incident on the

reactor support plate were performed,6 the CRBR design called for a

5.08-cm-thick (2-in.) type 304 stainless steel grid plate protected by

a 74.9-cm-thick (29.5-in.) type 316 stainless steel shield. Immediately

below the core was a 35.56-cm-thick (14-in.) blanket of depleted uranium

oxide separated from the upper end of the shield by a 10.414-cm-thick

(4.1-in.) fuel rod attachment. The shield itself was to be fabricated

as closely fitting pieces that were hexagonal in cross section and were

penetrated by orifices to allow the flow of sodium coolant over the full

length of the shield. The location of the coolant holes in each piece is

shown in Fig. 5.
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Fig. 5. Cross Section of Hexagonal Axial Shield Section Showing
Location of Coolant Holes. Dashed lines indicate regions used in
calculation (see text). (Metric dimensions on this drawing, top to
bottom, are 6.0325 cm, 3.81 cm, 2.2225 cm, 8.255 cm, and 11.925 cm.)



The geometry for the calculations included the lower half of the

core (half-height = 45.72 cm = 18 in.) and extended radially into the

sodium region beyond the core-reflector radial restraint. Below the

core it extended well below the grid plate. The various regions in the

geometry are identified in Table 1 and in Figs. 6, 7, and 8, all of which

will be discussed later.

The fission source distribution within the lower half of the core

was obtained from DOT diffusion theory calculations using the 50-group

FFTF neutron cross-section library.1 In one calculation the central

control-rod channel was assumed to be filled with sodium, and in a second

calculation it was assumed to be filled with fuel. The corresponding

k ff values were 0.979 and 0.983 respectively. Because of these low

values, a separate S^P^ calculation was performed for the case of sodium

in the central channel. This calculation yielded a k ,., value of 0.984,

and it was assumed that the diffusion theory calculations were adequate

for use. However, for the shield calculations with the sodium-filled

channel, the fission source distribution obtained from the SljPi run was

used rather than that from diffusion theory since it was assumed to have

a more accurate angular flux distribution. In both cases the upper half

of the core was accounted for by using a reflected boundary condition

at the core midplane.

The calculations for the shield were performed for two cases: one

in which the entire lower axial shield was represented by a homogenized

region of 74.6% type 316 stainless steel and 25.45% sodium, and another

in which the center section of the shield more nearly resembled the real

case. This section was described as a central cylinder of sodium (repre

senting the center hole) and three surrounding cylindrical annuli as shown

by the dashed lines in Fig. 5. The first annulus was steel, the second

a homogenized region of sodium and steel (to include the other six coolant

holes), and the third a final region of steel. The remainder of the

shield was the same as in the homogenized case.



Table 1. Description of Zones in Initial Calculations for CRBR Lower Axial Region

Zone

No. Identification

la Control rod channel No. 1 (central channel)
(radius = 6.391 cm = 2.516 in.)

lb* Control rod channel No. 1 (central channel)

2 Inner core (half height = 45.72 cm = 18 in.)

3 Control rod channel No. 2

4 Inner core

5 Control rod channel No. 3

6 Inner core

7 Control rod channel No. 4

8 Outer core

9 Radial blanket

10 Radial reflector

11 Radial restraint

12-13 Radial sodium zones not included in figures

14 Lower inner axial blanket

(thickness = 35.56 cm = 14 in.)

15 Lower outer axial blanket

16 Radial blanket extension

17 Fuel rod attachment

(thickness = 10.414 cm = 4.1 in.)

18 Center of mockup of shield section
(radius = 1.111 cm = 0.4375 in.)

19 First annulus of shield section mockup
(thickness = 0.75 - 0.4375 in.)(= 0.7938 cm)

20 Second annulus of shield section mockup
(thickness = 1.625 in. - 0.75 in.)(= 2.22 cm)

21 Third annulus of shield section mockup
(thickness = 2.516 in. - 1.625 in.)(= 2.26 cm)

22 Shield

(thickness - 74.93 cm = 29.5 in.)

23 Transition zone

(thickness = 7.366 cm = 2.9 in.)

24 Grid plate
(thickness - 5.08 cm » 2 in.)

25 Transition zone

(thickness = 35.56 cm = 14 in.)

*Zone lb extends down through blanket.

Material

Fuel

Sodium

Fuel

^95% sodium,
^5% stainless steel

Fuel

^95% sodium,

^5% stainless steel

Fuel

^95% sodium,
^5% stainless steel

Fuel

Depleted uranium oxide

^90% stainless steel,
^10% sodium

Inconel

Depleted uranium oxide

Depleted uranium oxide

Depleted uranium oxide

80% sodium,
20% type 316 stainless steel

Sodium

Type 316 stainless steel

55.26% sodium,
44.74% type 316 stainless steel

Type 316 stainless steel

25.4% sodium,
74.6% type 316 stainless steel

65% sodium,
35% type 316 stainless steel

36% sodium,

64% type 304 stainless steel

65% sodium,

35% type 316 stainless steel



20

40

100

x

120

140

160

180

200

220

* in

[lb), ">,„.„<* '

r •o«MJrorwro"Ar*»»"»J^

10

© © ©©©
i i i

ii ii

ii ii
i i

i i

i i

i i

i i

i >

i

Ll I
I I

#

ii ii m
ii it ru

.•M**"!
i ii
i ii

III — I "' « — I

r-ir " ~~ JP *» • «i
i __>*•"* („"! ru — oi

i. .. «,-" ! * J" "
1'^' i . <*J!

80

RADIUS (cm)

«w

t/i nj —

u\ _ ru —

©
i — in ru —

en i\> .-

f- «,

*

100

ru

ru
ru —

t/t ru •—

120

ORNL-DWG 73-11401

1 ** '!***•

Ntfflj

vr~' J rO—*•</)

w .-en

i

i\> — in1

!w -«<

- Ull
I

- ui!

» ---w-j

-- " +
«r M ru

— tn i

*• u IW

<j\ i

of ~i

^ rPJ

140 160

Fig. 6. Neutron Dose-Rate Contours (mrem/hr) in CRBR Lower Axial
Shield and Grid-Plate Region: Sodium in Central Control-Rod Channel;
Homogenized Shield (Case 1).



100

120

140

160

180

200

220

11

ORNL-DWG 73-1(402

BBIDNHIWniW"
.rorororo^

10'

„-"-"
laioitnoitntntnoiw*

.•A*1

'1
. , o>

|@! ro@ui _

—• I

«i s Wro
ru i — ui ro

f> i— W rj

* «i w;

— 1 1

# - «|
,„ui ro /n ^

oVf W «• 69 ro
1 ro - oi ,

,0*° " Ul Mi
.,W ^ OI I

r^1 - oi m*
io - u, w |

^ -• J* ~~!

OI *» _x

-**" « ry » <4
(A*" r5° - "I

24) ,„<" ro •» oi i

_-- # «j
in ro '

•a --•"' „/*" ~"\
<"" ro*" -A

US?.
"^i***

23

^Lir,>,v.^"1uiuroww"i«ra««^>*1^ "--"WNfUW«MW

1010 .o**1

.MOiunnm""1"" mttatn
0,0,0—<-"U' (25) ..ro"

,«!*"

ro ro ro ro ro ro ro ro ro rUBD
rorororororo" jn»^ro-»"• 10s _-

20 40 60 80

RADIUS (cm)

100 120 140 160

Fig. 7. Neutron Dose-Rate Contours (mrem/hr) in CRBR Lower Axial
Shield and Grid-Plate Region: Fuel in Central Control-Rod Channel;
Homogenized Shield (Case 2).



12

ORNL-DWG 73-11403

of

©i

—

ro Nrf tn

ru —cW

20

© © © @(D© ©
i - o,

! - (n

I- Ol

®: $•:€>:

40

60

80

100

x
<

120

140

160

180

'*Uu»uMiy~~«~?t":

ioioiuioioioioiuioiq

(W) i

10v

-OlOlOlOlOKLll"*^!
nOlwtn II I I

iff ro —o\

i rv> -Ul!
to -oi!
I i

rb ss in [

^ Writ
— in ro

tf ro-

9

,JJv ru ^- in

of i » - «

*»* •=•*" *
ro^! -- ^ #!

,U« I" <• «>

l»l
ro

iff

rfl° |-
* w wj

(/! Ml

«l Rf-r
JO, ro-,

wl i
W i W —i

--«-_l_m—;
in ro —

ro* r if a rj
« - OI IO -|

.CO w ro i

J _- .oi ju - mjr f .-";
„«w~"" _••• * W - 4? !

— ^ ro — ro
-*» oV*" » - W «

~" <©>«." ro*" * * «!

jrurorurorororororu

J-L.

.-^""tf^tf ©-"
II II

II II

.11

CIS): in v~-/
+ *

V-i—-#-•

irrr

ii i i

ii i i

ii i i

in win in in in inn

\8

II I I Jfg

rurururorururuw

io,3_--

hoioioioio""0

rororororo""
******

io'2 _„..—-

:iH§>luiintninwinininina
ii i i

ii i i

ii i I

rororo roro iu w roro «»w w w

„o,«i«" <*<*«"'

ill

lylO

10" _—••

wintnininintnininu
nuioioioioX"••oi V^"

23

ro ru ru ru ro ru ro r> jito*^1^
24

10<°

25 „~^"

JP

„**

.«*""

•I*

.<*»

.."*»*

.<*"

in

of IV -ill
l\» •— '

r«|
« - «:

ro _

ro^

raN

- 49 *
— o, |

" OI Mi

•V"

..*»»"

oV*"

-j*?- —

-- oiw «r
of «-;

«*" ro^

ro •* in i

rW J* 69 rj

200 —

^MUfOnoioioiO."
nwintninininci ,»f»"

to9--""
..«*"

49 N

49" ff|

rorororow
rororororororororon») row w

220

20 40 60

.^okhUioioi.oi "."J^" ..MN.M'i'r

80

RADIUS (cm)

100

-of"

120 140 160

Fig. 8. Neutron Dose-Rate Contours (mrem/hr) in CRBR Lower Axial
Shield and Grid-Plate Region: Fuel in Central Control-Rod Channel;
Center Section of Shield Represented by Concentric Annuli (Case 3).



13

The calculations were performed with the 50-group cross sections,

using 147 angles and P3 scattering. To aid in visualizing radiation

contours, dose-rate results from the homogenized-shield runs were obtained

in the form shown in Figs. 6 and 7 for the cases of the central control-

rod channel being filled with sodium and fuel, respectively. (When

sodium was in the central channel, the region extended down through

the blanket.) The results from the run in which the center section of

the shield was mocked up are shown in Fig. 8, the fission source distri

bution being that calculated for the case of fuel in the central control-

rod channel.

The total neutron fluxes calculated for specific locations within

the assembly are given in Table 2. With the fluxes shown for the grid

plate, together with a maximum total fluence of 9.5 x 1021 nvt to be

allowed at the plate (an FFTF criterion), the life times of the grid

plate would be 166 yr, 194 yr, and 193 yr for Cases 1, 2, and 3 respec

tively.

Flux tapes were provided to WARD in order that they might perform

damage evaluations based on energy-dependent damage data. These studies

showed even longer lifetimes and the thickness of the lower axial shield

was gradually reduced prior to the calculations described in Sections 3

and 4.

3. FULL-ASSEMBLY CALCULATIONS FOR EARLY CRBR MODEL

The first "full-assembly" calculations for the CRBR were based on

the model shown in Fig. 9. These calculations, begun in the Fall of

1973, were performed while studies for the FFTF were still under way and

the similarity of the model to the FFTF is obvious. In addition to the

FFTF-type vessel support straps and support ring pointed out in Section 1

above, this model assumed that fuel would be stored within the CRBR

vessel in approximately the same location as in the FFTF vessel. It

also assumed that the concrete reactor cavity shield and the B4C collar

on the top of the guard vessel would be necessary.
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Table 2. DOT-Calculated Neutron Fluxes Along Axis of
CRBR Lower Axial Region

Total Neutron Flux (neutrons'" cm «sec )

Sodium in

Control-Rod

Channel;

Homogenized
Shield

(Case 1)

Fuel in Control-Rod Channel

Location

Core midplane

Top of blanket

Bottom of blanket

Top of shield

Top of grid plate

9.62(15)'

4.65(15)

8.30(14)

5.30(14)

1.81(12)

Homogenized
Shield

(Case 2)

9.61(15)

4.30(15)

6.01(14)

4.33(14)

1.55(12)

Based on total source of 4.19 x 1019 neutrons/sec.

bRead: 9.62 x 1015.

3.1. Power Density of "Beginning-of-Life" Core

Orificed

Shield

(Case 3)

9.61(15)

4.30(15)

6.01(14)

4.28(14)

1.56(12)

These calculations began with a DOT-III r-z calculation of the power

density in the CRBR "beginning-of-life" core using an Si+ quadrature, Pi

scattering, and the FFTF 50-group neutron cross-section library.1 In the

axial direction the geometry extended from 160 cm below the core hori

zontal midplane to 225 cm above the midplane; radially it extended through

the core barrel. The various regions included in the calculation are

shown in Fig. 10 and Table 3, with the corresponding atomic densities of

the materials given in Tables 4-7. Volume percentages of the stainless

steel and sodium in the various regions are given in Table 8, except for

those regions which are covered in the previous tables. This calculation

yielded a k rc value of 0.95.
eff
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Fig. 9. Calculational Model for Early Conceptual Design of CRBR.
Note similarity of design to Fast Flux Test Facility; that is, it includes
an in-vessel stored-fuel region, a B4C collar on the guard vessel, a
magnetite concrete reactor cavity shield, and a reactor support ring with
support straps.
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Table 3. Description of Regions Used in CRBR Calculations
for Beginning-of-Life Core

Region No. Component Description

Control rods

1 Collar

2 Travel region

3 Upper transition

4 Helium plenum

5 Natural boron (center rod)
6 40% enriched boron (other rods)

7 Lower transition

8 Sodium-filled channel

9 Lower shield

Inner core fuel assembly

10 Upper shield

11 Upper transition

12 Fission plenum

13 Upper inner axial blanket

14 Inner core

15 Lower inner axial blanket

16 Lower transition

17 Lower shield

Outer fuel assembly

18 Upper shield

19 Upper transition

20 Fission plenum

21 Upper outer axial blanket

22 Outer core

23 Lower outer axial blanket

24 Lower transition

25 Lower shield

Radial blanket assembly

26 Upper shield

27 Upper transition

28 Fission plenum

29 Upper radial blanket extension
30 Radial blanket

31 Lower radial blanket extension

32 Lower transition

33 Lower shield

34 Radial reflector

35 Radial restraint sp ring

36 Radial core barrel shield

37 Core barrel

38 Radial stored-fuel shield

39 Reactor vessel

40 Guard vessel

41 Sodium

See also Figs. 9 and 10 and Tables 4-6.
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Table 4. Atomic Densities of Plutonium and Uranium Isotopes in
CRBR Beginning-of-Life Core and Blanket8

Atomic Densities

Region 239Pu 240Pu
2<*1

Pu
2W2

Pu
238,! 2 35,

Inner Core

(Region 14)
8.229(-4)D 2.9674C-4) 1.7555(-4) 5.407(-5) 5.8705(-3) 1.172(-5)

Outer Core

(Region 22)
1.1927(-3) 4.302K-4) 2.5427(-4) 7.834(-5) 5.2863(-3) 1.059(-5)

Radial Blanket

(Region 30)

Upper Axial Blanket
(Region 29)

Lower Axial Blanket

(Region 31)

1.323(-2) 2.65(-5)

7.633(-3) 1.53(-5)

7.633(-3) 1.53(-5)

See also Fig. 10 and Tables 5 and 6.

'Read: 8.229 x 10 \

Table 5. Atomic Densities of Other Constituents in CRBR

Beginning-of-Life Core and Blanket

Region

Inner Core

(Region 14)

Outer Core

(Region 22)

Radial Blanket

(Region 30)

Upper Axial Blanket
(Region 29)

Lower Axial Blanket

(Region 31)

Atomic Densities

Na Fe Cr Ni

8.865(-3)D 1.433(-2) 1.416(-2) 3.642(-3) 2.277(-3)

8.916(-3) 1.438(-2) 1.416(-2) 3.642(-3) 2.277(-3)

5.45K-3) 2.625(-2) 9.689(-3) 2.492(-3) 1.558(-3)

7.928(-3) 1.514(-2) 1.636(-2) 4.207(-3) 2.63(-3)

8.450(-3) 1.514(-2) 1.636(-2) 4.207(-3) 2.63(-3)

See also Fig. 6 and Tables 2 and 4.

3Read: 8.865 x 10_3.
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Table 6. Compositions of Control Rods in

CRBR Beginning-cDf-Life Core

Atomic Densities

Natural 40% Enriched

Boron Rod Boron Rod Na-Filled

Nuclide (Central Rod) (Offset Rod) Channel

Na 7.334(-3)b 7.334(-3) 2.053(-2)

C 9.072(-3) 9.206(-3)

ioB 7.177(-3) 1.473(-2)

J1B 2.91K-2) 2.209(-2)

Fe 1.709(-2) 1.709(-2) 5.814(-3)

Cr 4.40(-3) 4.40(-3) 1.497(-3)

Ni 2.75(-3) 2.75(-3) 9.335(-4)

See also Fig. 6 and Tables 2 and 3.

bRead: 7.334 x 10_3.

Table 7. Composition of Various Components in and
Near CRBR Beginning-of-Life Core

Atomic Densities

Component Na Fe Cr Ni

2.186(-2)c

Mn Si

Pool Sodium

Stainless Steel 304

Carbon Steel 508

Radial Reflector

Radial Restraint

2.6567(-3)

5.96(-2) 1.74(-2) 7.70(-3) 1.30(-3)

.2(-4) 8.176(-2) 3.2(-4) 5.3(-4) 4.3(-4)

5.385(-2) 1.553(-2) 7.421(-3)

1.246(-2) 1.529(-2) 5.925(-2)

aRead: 2.186 x 10 2.
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Table 8. Volume Percentages of Sodium and Type 304 Stainless
Steel Assumed for Various Regions in CRBR Calculations

for Beginning-of-Life Core

Region

No.

Volume

Steel

Percent

Na

Region

No.

Volume

Steel

Percent

Na

1 44 56 17 80 20

2 16 84 18 60 40

3 67 33 19 30 70

4 37 27 20 34 28

7 58 42 24 37 63

9 92 8 25 80 20

10 60 40 26 60 40

11 30 70 27 10 90

12 34 28 28 34 28

16 37 63 32 37 63

33 80 20

See Table 3 for region descriptions.

3.2. Neutron Fluxes and Dose Rates Throughout Assembly

The results from the core power density calculation were used as

the source for calculations of the neutron fluxes and dose rates throughout

the full geometry depicted in Fig. 9, that is, radially through 1 ft of

the concrete cavity wall and axially up through the vessel head. In

order to cover such a large region, it was necessary to use coarse spatial

and angular grids and thus the calculations must be considered to be crude;

however, they did yield order-of-magnitude results which served as a

basis for later design changes.

These full-assembly calculations used an S6 quadrature, Pj scattering,

and the 50-group cross-section library. The compositions of the ordinary

and magnetite concretes used are given in Table 9, and the resulting neu

tron isoflux and isodose plots are shown in Figs. 11 and 12 respectively.

The peak neutron dose rate on the reactor head, occurring directly above



21

Table 9. Compositions of Concretes Used in
CRBR Calculations

Atomic Densities

Ordinary Magnetite
Constituent Concrete Concrete

Na 0.1050(-2)a

0 0.4385(-l) 0.4379(-l)

Si 0.1580C-1) 0.1640(-2)

Mg 0.1400(-3) 0.2700(-3)

Fe 0.3100(-3) 0.2008(-l)

H 0.7860(-2) 0.7170(-2)

Al 0.2390(-2) 0.1380(-2)

Ca 0.2920(-2) 0.2470(-2)

K 0.6900(-3)

C 0.6000(-4)

aRead: 0,.1050 x 10"2.

the support strap, was 2.56 x 10 4 mrem/hr, which was well below the

criterion of a maximum of 2 mrem/hr.

In these calculations the power of the stored fuel was not considered;

therefore the plots shown in Figs. 11 and 12 do not exhibit streaming ef

fects in the reactor cavity due to stored-fuel neutrons escaping from the

side of the reactor vessel. In fact, the fluxes and dose rates in the

cavity are lower than they would be if the stored fuel were not present,

since additional attenuation of the core neutrons within the reactor

vessel is effected both in the stored fuel and in the stored-fuel shield.

It was recognized that in future calculations the production of neutrons

in the stored fuel during reactor operations would have to be considered.

In the meantime, however, the influence of the stored fuel on the ex-vessel

monitoring system for the shutdown reactor became of concern. As a result,

a separate study was conducted7 to determine the effect of neutrons

produced by spontaneous fission of plutonium and by the oxygen (a,n)

reaction on the ex-vessel 235U fission detectors serving as neutron-flux
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monitors during reactor shutdown. These detectors are located in the

core horizontal midplane just outside the guard vessel. This study

indicated that an unacceptably high ratio of stored-fuel neutrons to

core neutrons existed at these positions and resulted in a decision not

to routinely store fuel in the reactor vessel.

Following this decision, the full-assembly calculations were re

peated for the model but with both the stored fuel and the stored-fuel

shield removed. The results are plotted in Figs. 13 and 14. While the

fluxes and dose rates in the reactor cavity were higher due to the

removal of the stored fuel and its shield, the peak dose rate on the

reactor head was substantially unchanged. This would seem to indicate

that the peak dose rate was due to neutrons penetrating upward through

the reactor vessel, but as pointed out above, the calculation was too

crude for detailed analysis to be meaningful.

3.3. Activation Gamma-Ray Dose Rates at Ex-Vessel Detectors

The next group of calculations in this early CRBR series was per

formed to determine the effect of after-shutdown gamma rays on the ex-

vessel detectors comprising the reactor's neutron-monitoring system.

The ex-vessel detectors are contained in three modules positioned

symmetrically outside the guard vessel in the reactor's horizontal mid

plane. At the time these calculations were performed, each module

consisted of five 235U fission chambers embedded in graphite. The con

cern was that after-shutdown gamma rays might overpower the fission

chambers, and a maximum dose rate of 1.3 x 106 r/hr at the detectors

had been established.

In the first two calculations, the gamma-ray fluxes produced by the

activation of cobalt and tantalum were determined, both these materials

being present in the system as impurities in the stainless steel com

ponents. The procedure was first to assume that each element was dis

tributed throughout the full system at the same density at which it

occurred in stainless steel, and then to calculate the activation of
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each element by the neutron fluxes from the run described above. Then

those gamma-ray sources along a radius in the core midplane that cor

responded to locations of the stainless steel at the midplane were used

as distributed sources in one-dimensional ANISN calculations of the

activation gamma-ray dose rates at the ex-vessel detector positions. The

results are plotted in Fig. 15, along with similar calculations of the

activation gamma-ray dose rates due to the sodium coolant. In these cal

culations the graphite, which simulated the detector box, was assumed to

have a mass density of 1.85 g/cc and an atomic density of 0.9275 x 10 l

atoms*barn ^'crn

In another calculation the sodium activation gamma-ray dose rates

throughout the system were determined from an additional DOT run in which

it was assumed that an activation source of 22 mCi/cm3 was distributed

uniformly throughout the sodium. The results are shown in Fig. 16, in

which the ex-vessel detector location is marked by the "X."

Since 2l+Na decays with a 15-hr half-life, it was not anticipated that

sodium activation gamma rays would present a problem of any duration. The

plots in Figs. 15 and 16 indicate that they will not create a problem at

all, the maximum dose rate in the ex-vessel region due to this source being

2 x 103 r/hr. The tantalum and cobalt gamma-ray dose rates are also

well below the criterion, not exceeding 7 x 101 and 2 x 102 r/hr,

respectively. The maximum total dose rate from the three sources would

be 2.3 x 103 r/hr — well below the criterion for the fission detector.

4. FULL-ASSEMBLY CALCULATIONS FOR REVISED CRBR MODEL

With the elimination of the stored-fuel source from the reactor

vessel, it no longer appeared mandatory that the CRBR design include the

magnetite concrete shield or the Bi+C collar in the reactor cavity and they

were therefore eliminated. Concomitantly a vessel support system evolved

which was simpler in design and resulted in the concrete support ledge

being moved closer to the reactor vessel (compare sketches A and B

in Fig. 3). With such major changes, a new series of calculations was
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necessary. Also, by this time (mid-1974) the new CRBR coupled cross-

section library containing 51 neutron groups and 25 gamma-ray groups had

been developed with the energy structure shown in Table 10. In addition,

we had available the definition of the end-of-cycle "equilibrium core,"

which for shielding analyses presents the worst case.

Table 10. Energy Structure of Coupled Cross-Section Set Containing

51 Neutron Groups and 25 Gamma-Ray Groups

Neutron Neutron Gamma-Ray

Upper Upper Upper

Group Energy Group Energy Group Energy
No. (eV) No. (eV) No. (MeV)

1 1.4918(7)a 27 5.2475(4) 52 13.0000

2 1.2214(7) 28 4.0868(4) 53 10.1970

3 1.0000(7) 29 3.1828(4) 54 7.9983

4 8.1873(6) 30 2.4788(4) 55 6.2737

5 6.7032(6) 31 1.9305(4) 56 4.9210

6 5.4881(6) 32 1.5034(4) 57 3.8599

7 4.4933(6) 33 7.1017(4) 58 3.0277

8 3.6788(6) 34 4.3074(3) 59 2.3748

9 3.0119(6) 35 3.3546(3) 60 1.8628

10 2.4660(6) 36 2.6126(3) 61 1.4611

11 2.0190(6) 37 2.0347(3) 62 1.14610

12 1.6530(6) 38 1.5846(3) 63 0.89896

13 1.3534(6) 39 1.2341(3) 64 0.70513

14 1.1080(6) 40 9.6112(2) 65 0.55309

15 9.0718(5) 41 4.5400(2) 66 0.43383

16 7.4274(5) 42 2.1445(2) 67 0.34029

17 6.0810(5) 43 1.1030(2) 68 0.26692

18 4.9787(5) 44 4.7851(1) 69 0.20937

19 4.0762(5) 45 2.2603(1) 70 0.16422

20 3.3373(5) 46 1.0677(1) 71 0.12881

21 2.7324(5) 47 5.0435(0} 72 0.101040

22 2.2371(5) 48 2.3824(0} 73 0.079252

23 1.8316(5) 49 1.1254(0) 74 0.062164

24 1.4996(5)

51b
4.1399(-JD 75 0.048760

25 1.2277(5) 1.0000(-]L) 76° 0.038247

26 8.6517C4)

aRead: 1.4918 x 107 eV.

Lower limit is thermal energy,

"Lower limit is 0.030000 MeV.
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4.1. Power Density of Equilibrium Core

The revised core composition and the new cross-section set prompted a

new Sli.Pi DOT calculation of the core power density for use as the source

in subsequent calculations. The geometry of the calculational model, shown

in Figs. 17 and 18, extended axially from approximately 35 cm below the

lower blanket to about 56 cm above the upper blanket and radially through

two rows of the removable radial shield. The specific regions in the

model are identified in Table 11, the many core and blanket zones account

ing for variations of fuel and blanket burnup. The atomic densities of

the materials in the various regions are given in Tables 12-15, and the

volume percentages of steel (or inconel) and sodium are presented in

Table 16. The k j... value from this calculation is 0.996.
eff

4.2. Neutron Fluxes and Dose Rates in Lower Axial Region

With the power density determined above, a DOT SsP^ calculation was

performed for the region below the core, using the geometry shown in Figs.

19 and 20. Axially the geometry extended from the top of the upper axial

blanket to the bottom of the lower support structure region 1, and radially

it extended through the guard vessel. The various regions included in the

calculation are identified in Table 11, and their compositions are given

in Table 16. The critical area defined by WARD is the top of the modular

inlet assembly (region 67), for which the damage criteria are a lifetime

of 30 years with a 5% residual ductility.

The neutron flux and dose-rate distributions calculated for this

region are presented in Figs. 21 and 22 respectively, and the spectrum of

the neutrons incident on the modular inlet assembly is shown in Fig. 23.

On the basis of these results, WARD determined that the modular inlet

assembly would meet the lifetime requirement.
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Table 11. Description of Regions Used in CRBR Calculations
for Equilibrium Core

Region No. Component Description

Control rods

1 Outlet nozzle

2 Travel region

3 Upper transition
4 Upper helium plenum

5a Natural B^C
5b 50% enriched B4C
6 Lower helium plenum

7 Lower transition

8 Sodium filled

9 Lower axial shield

10 Orifice region

11 Inlet/orifice transition

Inner core fuel assembly

12 Outlet nozzle

13 Upper transition

14 Fission plenum

15,16 Upper axial blanket
17 Inner core

18,19 Lower axial blanket
20 Lower transition

21 Lower axial shield

22 Orifice region

23 Inlet/orifice transition

Outer core fuel assembly
24 Outlet nozzle

25 Upper transition

26 Fission plenum

27,28 Upper axial blanket
29 Outer core

30,31 Lower axial blanket
32 Lower transition

33 Lower axial shield

34 Orifice region
35 Inlet/orifice transition

Radial blanket assembly
36 Outlet nozzle

37 Upper transition

38 Fission plenum

39-47 Blanket zones 1-9

48-53 Extension zones 1-6

54 Lower transition

55 Lower axial shield

56 Orifice region
57 Inlet/orifice transition



Table 11. (Cont'd.)

Region No,

58

59

60

61

62

63

64

65

66

67

68

69

70

71,72

73

74

75

76

77

78

79

80

81

82

35

Component Description

Removable radial shield assembly

Sodium regions

Fixed radial shield

Core barrel

Reactor vessel

Void regions

Guard vessel

Primary concrete shield

Core-former ring

Modular inlet assembly

Lower support structure

Region 1
Liner inlet

Sodium

Regions 2, 3

Horizontal baffle plate

Sodium (0.02186 atoms'barn *-cm *)

Suppressor plate

Void

Thermal reflector plates

Reactor vessel head shield

Inconel 750

Type 304 stainless steel
Carbon steel

Reactor vessel closure head

Thermal liner

See also Fig 14 and Tables 12-16.

In later designs, Regions 78 and 79 were taken to be carbon
steel SA508.
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Table 13- Atomic Densities of Other Constituents in CRBR Equilibrium Core and Blanket

Atomic Densitiesb
Region Region Nos.

Na Fe Cr Ni Mo Mn

Inner Core 17

Outer Core 29

Radial Blanket 39 - 53

and Extension

Upper Axial 16, 15,

Blanket

Lower Axial 19, 18,
Blanket

0.9188(-2r 0.1388(-1) 0.1285(-1) 0.3730(-2) 0.2548(-2) 0.2888(-3) O.3530(-3)

0.9200(-2) 0.1395(-1) 0.1285C-1) 0.3730C-2) 0.2548(-2) 0.2888(-3) 0.3530(-3)

0.5667(-2) 0.2642(-l) 0.8704(-2) 0.2527(-2) 0.1726(-2) 0.1956(-3) 0.239K-3)

16, 15, 28, 27 0.8506(-2) 0.1510(-1) 0.1393(-1) 0.4044(-2) 0.2763(-2) 0.313K-3) 0.3827(-3)

19, 18, 31, 30 0.9440(-2) 0.1513(-1) 0.1287(-1) 0.3736(-2) 0.2553(-2) 0.2893(-3) 0.3536(-3)

See also Fig. 14 and Tables 12 and 14.

Atomic Densities in atoms-barn"1-cm"1.

°Read: 0.9188 x 10"2.

Table 14. Compositions of Control Rods in
CRBR Equilibrium Corea

Nuclide

Na

C

10E

11

Fe

Cr

Ni

Mo

Mn

B

Region 5A

(Nat. Boron Rod)

0.7297(-2)

0.8223(-2)

0.6224(-2)

0.2524(-l)

0.180K-1)

0.5229(-2)

0.3572(-2)

0.4048(-3)

0.4949(-3)

Atomic Densityb
Region 5B

(50% Enriched Rods)

0.7419(-2)

0.8226(-2)

0.1574(-1)

0.1574(-1)

0.1803(-1)

0.5233(-2)

0.3575(-2)

0.4052(-3)

0.4953(-3)

See also Fig. 14 and Tables 12 and 13.

Atomic densities in atoms*barn 1*cm *.

Region 8
(Rod Channel)

0.2041(-1)

0.520K-2)

0.1510(-2)

0.1032(-2)

0.1169(-3)

0.1429(-3)



38

Table 15. Composition of Various Materials ln and near CRBR Equilibrium Core

Atomic Density3

Material C Fe Cr Ni Mo Mn

Stainless Steel 304

Stainless Steel 316

Carbon Steel SA508

Inconel 750

0.5960(-ir

0.5548(-l)

0.1040(-2) 0.8380(-l)

0.8450(-2)

Atomic densities in atoms'barn ''ca ',

bRead: 0.5960 x 10"1.

0.1740(-1) 0.7700C-2) 0.1300(-2)

0.1617C-D 0.1104C-D 0.1255C-2) 0.1753(-2)

0.7760(-3)

0.148K-1) 0.626K-1) 0.9042(-3)

Table 16. Volume Percentages of Sodium, Stainless Steel, Carbon
Steel, and Inconel Assumed for Various Regions in CRBR

Calculations for Equilibrium Corea

Region Volume Pfjrr.enf Region

No.No. Steel/Inconel Na Steel/Inconel Na

1 44(316)b 56 55 73(316)b 27
2 16 84 56 36 64
3 67 33 57 38 62
4 37 27 58 80 20
6 37 27 59 100
7 58 42

9 73 27 60 100(304)c
10 36 64 61 100
11 38 62 62 100
12 44 56 64 100
13 19 81 66 100
14 23 41 67 40 60
20 28 72 68 60 40
21 73 2/ 69 30 70
22 36 64 70 100
23 38 62 71 85 15
24 44 56 72 100

25 19 81 73 100
26 23 41 74 100
32 28 72 75 100

33 73 27 77 100
34 36 64 79 100

35 38 62 82 100

36 44 56

37 10 90 80 100(CS)d
38 34 28 81 100

54 37 63

78 lOO(Inconel)

See Table 11 for region descriptions.

Type 316 stainless steel for those regions identified here with numbers
between 1 and 59.

Type 304 stainless steel for those regions identified here with numbers
between 60 and 77 or with 79 and 82.

Carbon steel for regions 80 and 81.
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4.3. Two-Boundary Source for Above-Core Calculations

All subsequent calculations in this series were aimed at determining

the radiation dose rates above the vessel support system and reactor head

and identifying the paths whereby radiation reached these locations. Since

the region extending from the core to the cover and out through the reactor

cavity was so large and the number of cross-section groups had increased

considerably from those used in the calculations for the early CRBR model,

it was not practical to handle the full problem in the detail required

in one pass on the computer and it became necessary to perform it in

steps. In studies of this type performed earlier for the FFTF, the first

step always consisted of a calculation for a region that extended the full
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width of the system and covered the axial distance from the core horizontal

midplane to the maximum height allowable within the problem size limita

tions. The effect of the lower half of the core was accounted for by

assuming a neutron reflection boundary at the core midplane. Angular fluxes

along a horizontal boundary near the top of the region covered by this

calculation were then saved and converted to the appropriate quadrature and

energy grouping for use as the source for the next step. The surface

chosen for the angular flux boundary was always sufficiently below the

geometric boundary of the problem for reflections from above the flux

boundary to be accounted for.

For these CRBR calculations it was found that including the full

width of the system in the first step and extending the geometry to a

reasonable distance above the core and blanket would itself comprise a

problem that exceeded the computer space limitations. This was due to

the fact that the full asymmetric core was described in the core power

density calculation discussed above, and the same detailed mesh would be

required to input the results of that calculation as the source in this

calculation. And since the DOT-III code has no provisions for varying

the mesh on a zone basis within a problem, it would have been necessary

to use this same detailed spatial description across the full system.

The alternative was to confine the geometry of the calculation to the

core and the immediately surrounding regions. The angular flux data sets

saved for use as the source in the next step would then be generated

on both a horizontal surface and a vertical surface.

The region chosen for the first step extended axially from the core

horizontal midplane to a short distance above the outlet nozzle and

radially out through the first two rows of the removable radial shield,

as shown by the outer dashed line in Fig. 24. Boundary fluxes were saved

along a vertical surface between the blanket and the removable radial

shield and along a horizontal surface just below the outlet nozzle (see

inner dashed line in Fig. 24). Since both these surfaces were outside

the core and blanket in regions where a coarser mesh was adequate, a

larger geometric region could be covered in the second step. The
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boundary fluxes were converted to the new mesh by the FACT code8 and

combined on one data set in the proper DOT format. A special code was

written to "zero out" the boundary sources above z = 211.07 cm and beyond

r = 122.324 cm.

4.4. Neutron and Secondary Gamma-Ray Fluxes and Dose Rates Below Reactor
Head and Vessel Support System

The next calculation in this series was an SgPi calculation that ex

tended axially from the core midplane to the top of the sodium pool and

radially through 1 ft of the concrete cavity wall. The geometry for

the calculation is shown in Fig. 25. The regions enclosed by the boundary

source (that is, the core, blanket, and fission gas plenum) were treated

as pure absorbers since the DOT code does not allow internal vacuum

boundary conditions. This problem prompted extensive work on the space-

dependent rebalance convergence acceleration technique in DOT.

The neutron fluxes and dose rates obtained from this calculation are

plotted in Figs. 26 and 27, and corresponding secondary gamma-ray dose

rates are presented in Figs. 28 and 29. The fluxes in the core midplane

at the position of the core barrel, together with the energy spectrum

shown in Fig. 30, were used by WARD to calculate the radiation damage to

the core barrel. The results indicated that the core barrel could meet

the 30-year design lifetime.

From this calculation a boundary angular flux tape was prepared for

use as a source for calculations of the penetration of neutrons and

gamma rays through the reactor head and vessel support region. The

boundary source was located approximately 3 ft below the concrete ledge

and is indicated by the dashed line at z = 733.12 cm in Fig. 25.

4.5. Penetration of Radiation Through Reactor Head and Vessel Support
System

The boundary angular fluxes generated from the preceding calculation

were used as the source in calculations of the penetration of radiation
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,J1-
•f-

2

?! S 10l 2 5 jf! 5 103 J
ENERGT (EV)

s io"j n?

ORNL-DWG 76-3595

^fl

J 5 Tn5? 5 in7! 510' 10'

Fig. 30. Spectrum of Neutrons Incident on Core Barrel.

through three successive designs of the reactor head and vessel support

region. As pointed out previously, design revisions following the calcula

tions for the early CRBR conceptual model had resulted in the elimination

of the concrete reactor cavity shield and the Bi+C collar atop the guard

vessel and had also resulted in a vessel support system that did not

utilize support straps. In addition, the thermal shield beneath the

carbon steel reactor vessel head had undergone considerable redesign.

The first calculations in this series were performed for the design

that was produced by these various modifications. The geometry is shown

in Fig. 31, with the compositions of the various materials given in

Tables 9 and 15. (The inconel 750 "transition" sleeve inserted between

the carbon steel vessel head and the stainless steel reactor vessel was

a design change required to facilitate the welding together of these
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components.) These calculations used a biased 166-angle quadrature which

is listed in Table 17.

The neutron and gamma-ray fluxes and dose rates calculated for this

first design are presented in Figs. 32-35. The peak neutron dose rate on

top of the head was 220 mrem/hr, which was higher than the criterion by a

factor of ^ 100 and appeared to necessitate the reintroduction of shield

ing in the reactor cavity. The secondary gamma-ray dose rate on the

reactor head was also excessive, peaking at 306 mrem/hr.

In the meantime WARD had redesigned the vessel support ring, elevat

ing a portion of it to set above the concrete support ledge. They had

also redesigned the thermal shield, replacing some of the stainless steel

304 and the Inconel 750 with carbon steel 508. In addition, they requested

that the gap surrounding the largest rotating top plug be considered in

the next calculation. A more circuituous path to the neutrons streaming

up the gap was presented by the introduction of SA508 and SS304 linings

at the inner top surface of the reactor vessel. Finally, they surrounded

the reactor vessel with a Bi+C ring (p = 2.51 g/cc) just below the corner

of the support ledge and adjacent to the reactor vessel. The resulting

design is shown in Fig. 36. (The atomic densities of the B^C constituents

were 0.02720, 0.0250, and 0.08730 atoms-barn"1-cm"1 for C, 10B, and nB

respectively.)

The neutron fluxes and dose rates calculated for this second design

are shown in Figs. 37 and 38, and the corresponding gamma-ray dose rates

are presented in Fig. 39. With this configuration the peak neutron dose

rate was lowered to 25 mrem/hr and the peak secondary gamma-ray dose rate

to 92 mrem/hr, both of which were still too high and prompted another cal

culation for a subsequent design in which more shielding was added.

The third design of the reactor head and vessel support region is

shown in Fig. 40. It differs from the previous design in that SA508

shielding was added in the reactor cavity immediately below the vessel

support ring and concrete shielding was added outside the support ring on
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top of the concrete support ledge. In addition, insulation was added

between the support ring and the support ledge.

The neutron and gamma-ray fluxes and dose rates for this third

design are presented in Figs. 41-44. Unfortunately, even with the added

shielding, the peak dose rates on top of the reactor head were still

slightly too high — 2.04 mrem/hr for neutrons and 2.66 mrem/hr for

secondary gamma rays. In order to gain some insight into the spectrum of

neutrons contributing to the dose rates, two additional plotting runs of

the neutron fluxes were made with lower cutoff energies of 0.1 and 1.0

MeV. The results are plotted in Figs. 45 and 46 respectively.

In an attempt to determine the pathways whereby the neutrons con

tributing to the peak neutron dose rate penetrated the reactor head, an

adjoint calculation of the flux was performed. The source for the adjoint

calculation was the neutron flux-to-dose conversion factors distributed

uniformly between r = 264.16 cm and r = 426.72 cm in the top row of the

mesh. Figure 47 is a contour plot of the adjoint flux which displays

qualitatively the relative importance of neutrons anywhere in the system

to the neutron dose rate in the area covered by the adjoint source.

The forward and adjoint fluxes and flux moments for the region were

folded with the VIP code9 and used to generate isometric graphical

representations of the contribution as a function of both the radius r

and the elevation z. The results are shown in Figs. 48 and 49, along

with three-dimensional computer drawings of the zones included in the

calculation. These figures show that essentially all of the neutrons

contributing to the peak neutron dose rate pass through the gap between

the B^C ring and the reactor vessel, with a lesser fraction passing

between the ring and the concrete support ledge.

In the final calculation in this series, a DOT void calculation with

a boundary source from the top of the preceding DOT calculation was used

to calculate the distribution of the neutrons and gamma rays at the

operating floor. Radial dose-rate profiles at the operating floor level

are shown in Figs. 50-52.
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5. SUMMARY AND CONCLUSIONS

The iterative series of calculations described in this report have

impacted the design of the CRBR in several respects. On the basis of the

earliest calculations, performed to predict the neutron fluxes in the

lower axial region, WARD estimated an extremely long life time for the

reactor grid plate, and on the basis of subsequent calculations for the

same region they substantially reduced the thickness of the lower axial

shield that protects the grid plate and the modular inlet assembly.

The first full-assembly calculations were performed for a CRBR design

that closely resembled the FFTF, incorporating the same vessel support
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system, stored-fuel modules, concrete reactor cavity shield, and B^C collar

around the guard vessel. These calculations covered the entire region from

the lower axial shield up through the reactor head and out through the

reactor cavity, which necessitated the use of spatial and angular grids

that were too coarse for a detailed analysis of the calculated results to

be meaningful. However, trends observed in this series in conjunction

with the results of another ORNL study7 led to the decision by WARD not

to routinely store fuel within the reactor vessel, which, in turn, resulted

in the elimination of the FFTF-type reactor cavity shield and the Bi+C

collar. Concurrently, engineering and economic considerations dictated

a change in the design of the vessel support system. All these changes,

plus the availability of a new core model and an improved set of cross

sections, led to a second series of full-assembly calculations that were

considerably more sophisticated. In the meantime, the neutron fluxes

from this first series were used in calculations of the activation of

sodium, tantalum, and cobalt within the reactor vessel, the concern being

that activation gamma rays might overpower the after-shutdown neutron-

monitoring system. The results indicated that the shutdown gamma-ray

dose rates would not create a problem for fission detectors; however,

WARD later changed the design so as to use BF3 detectors which are much

more susceptible to gamma rays.

The first calculation in the new full-assembly series revealed that

even with no stored fuel in the reactor vessel, neutrons leaking into the

reactor cavity and streaming upward produced a peak neutron dose rate

above the head that was a factor of 100 higher than the criterion. This

prompted the reintroduction of a Bi+C shield in the upper region of the

cavity. At the same time WARD redesigned the vessel support system and

thermal shield and also expressed concern that a gap surrounding the

largest of three rotating plugs in the reactor head would provide a

neutron streaming path. A subsequent calculation for the new support

design with the B^C shield and the top-plug gap included yielded a peak

neutron dose rate on the reactor head that was a factor of 12.5 higher

than that allowed by the criterion. Thus still more shielding was re

quired.
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For the final calculation in this series, a concrete ring was added

around a section of the vessel support ring protruding above the vessel

head, and steel was added to the bottom of the support ring. While the

resulting peak neutron and secondary gamma-ray dose rates above the vessel

head were considerably reduced over those calculated for the earlier

designs, the dose rates still exceeded the criteria. The calculations

were therefore suspended until a re-evaluation of the dose constraints

could be made by WARD.



80

i

REFERENCES

1. Lorraine S. Abbott and F. R. Mynatt, "Review of ORNL Radiation Shield
ing Analyses of the Fast Flux Test Facility Reactor," ORNL-5027 (July
1975).

2. "Clinch River Breeder Reactor Plant Design," a brochure prepared for
the Breeder Reactor Corporation by Project Management Corporation

and the Advanced Reactors Division of Westinghouse Electric Corpora
tion, October, 1975, CRBRP Project Office, P. 0. Box U, Oak Ridge,
TN 37830.

3. "The Clinch River Breeder Reactor Plant Project: Chief Executive
Briefing. Proceedings of the Breeder Reactor Corporation October
1975 Information Session," CRBRP Project Office, P. 0. Box U, 0ak»
Ridge, TN. 37830.

4. W. A. Rhoades and F. R. Mynatt, "The DOT-III Two-Dimensional Discrete
Ordinates Transport Code," ORNL/TM-4280 (September 1973); available
from ORNL Radiation Shielding Information Center's computer code
collection as CCC/209.

5. W. W. Engle, Jr., "User's Manual for ANISN, A One-Dimensional Discrete
Ordinates Transport Code with Anisotropic Scattering," Computing Tech
nology Center, Union Carbide Nuclear Division, K-1693 (1967); avail
able from ORNL Radiation Shielding Information Center's computer
code collection as CCC/254 (IBM-360 version) or CCC/255 (CDC version).

6. These calculations have been reported previously in "Fast Reactor
Analytical Shielding Progress Report for July and August 1973,"
ORNL/TM-4402 (November 1973).

7. W. W. Engle, Jr., L. R. Williams, and F. R. Mynatt in "Fast Reactor
Analytical Shielding Progress Report for September and October 1973,"
0RNL/TM-4482 (May 1974).

8. The FACT code is undocumented; the current version is maintained at
ORNL by W. W. Engle, Jr.

9. The VIP code is undocumented; the current version is maintained at
ORNL by R. L. Childs.



81

ORNL/TM-5338
UC-79d - Liquid Metal
Fast Breeder Reactor

Physics

INTERNAL DISTRIBUTION

1-4. L. S. Abbott

5. D. E. Bartine 26. M. L. Tobias

6. R. G. Alsmiller,, Jr. 27. D. B. Trauger

7. R. L. Childs 28. C. R. Weisbin

8. C. E. Clifford 29. G. E. Whitesides

9. M. B. Emmett 30. L. R. Williams

10-14. W. W. Engle, Jr. 31. A. Zucker

15. G. F. Flanagan 32. RSIC

16. H. Goldstein (consultant) 33. P. F. Fox (consultant)

17. W. 0. Harms 34. W. W. Havens, Jr. (consultant)

18. R. E. Maerker 35. A. F, Henry (consultant)

19. F. C. Maienschein 36. R. E. Uhrig (consultant)
20. F. R. Mynatt 37 -38. Central Research Library

21. R. W. Peelle 39. ORNL Y-12 Technical Library

22. F. G. Perey Document Reference Section

23. C. 0. Slater 40--41. Laboratory Records Department

24. P. N. S tevens 42. Laboratory Records ORNL RC

25. J. H. Swanks

EXTERNAL DISTRIBUTION

43-44. USERDA Division of Reactor Research and Development, Washington,

D. C. 20545: Director

45. USERDA Oak Ridge Operations, Reactor Division, P.O. Box E,
Oak Ridge, Tennessee 37830: Director

46. USERDA Oak Ridge Operations, Research and Technical Support
Division, P. 0. Box E, Oak Ridge, Tennessee 37038: Director

47-227. For distribution as shown in TID-4500 Distribution Category
UC-79d, Liquid Metal Fast Breeder Reactor Physics


	image0001
	image0002
	image0003

