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1 introduction

the design and dimensions of the molten salt reactor experiment is detailed in

several ornl reports. this document aims at providing a comprehensive overview

of the core design, dimensions, and materials, for the purpose of creating an

accurate cad model of the reactor core.

care is taken to give proper references to the original data, figure,

tables, etc. likewise, any quantity or feature laking documentation or

reference not yet found will be estimated or extrapolated from the available

information.

2 overview

an isometric view of the msre core can be seen in figure 1
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figure 1: msre reactor vessel (kedl 1970, figure 1).

kedl (1970, page 1) states about the flow through the reactor: “the fuel

enters the reactor vessel at 1200 gpm through a constant flow area volute near

the top of the cylindrical section. because of the vaiable pressure gradient

in a volute of this type, orifices are used to obtain a uniform angular flow

distribution to the core wall cooling annulus. the fuel then swirls down the

core wall cooling annulus and into the reactor vessel lower head. radial vanes

are placed in the lower head to destroy the swirl generated by the volute.

the lower head then serves as a plenum to direct the fuel uniformly to the

moderator region. the moderator region is composed of log graphite core



blocks, square in cross section, and with grooves cut longitudinally in the

4 faces. when these stringers are assembled vertically together, the grooves

form the fuel passages... after passing through the moderator, the fuel then

goes into the vessel upper head which serves as a collection plenum and directs

the fuel to the outlet pipe.”

table 1 gives many of the key dimensions of the core 1.

• 

y 

- 10 - Rev. 8-1-61 

Table 4. Reactor Vessel Design Data 

Construction material 

Inlet nozzle, sched-40, in., IPS 

Outlet nozzle, sched-40, in., IPS 

Reactor vessel 

OD, in. 

ID, in. 

Wall thickness, in. 

Over-all height, in. (to t of 5 in. nozzle) 

Head thickness, in. 

Design pressure, psi 

Design temperature, °F 

Fuel inlet temperature, °F 

Fuel outlet temperature, °F 

Inlet 

Annulus ID, in. 

Annulus OD, in. 

Graphite core 

Diameter, in. 

Core block section, in. 

Number of fuel channels 

Fuel channel size, in. 

Effecti ve core length, in. 

Effective core volume, ft3 

Fractional fuel volume 

Core container 

ID, in. 

OD, in. 

Wall thickness, in. 

Height, in. 

Revision of Table 4 , p 13, ORNL CF-61-2-46. 

INOR-8 

5 

5 

59-1/8 (60 in. max) 

58 

9/16 

100-3/4 

1 

50 

1300 

1175 

1225 

Constant-area distributor 

56 

58 

55-1/4 

2 X 2 

1064 

1.2 x 0.4 (rounded corners ) 

---63 

-88 

0.225 

55-1/2 

56 

1/4 

68 

table 1: reactor vessel design data (beall, briggs, and
westsik 1961, table 4).

figure 2 gives the relative possitions of the core vessel, graphite core,



and control assembly.
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figure 2: relation of rod position and levels in reactor
vessel. (prince et al. 1968, table 4).

figure 3 shows a section view of the msre core
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figure 3: cross section of msre reactor vessel and access
nozzle (robertson 1965, page 109-110).



the arangement of the graphite stringers are detailed in figure 4
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figure 4: reactor core block assembly plan, drawing
D-BB-B-40416 (mccoy and mcnabb 1972, page 13).

3 core vessel

lower and upper vessel plenum

kedl (1970, page 14) states about the lower vessel plenum: “the lower plenum

of the core vessel is formed by a standard 60 in. od asme flanged and dished

head” and kedl (1970, page 25) states about the upper vessel plenum: “the

reactor vessel upper plenum is similar to the lower plenum in that it is forme

from a standard asme flanged and dished head”.

flow distributor and annulus

guymon (1973, page 112 and 114) states about the annulus: “the fuel salt

entered the flow distributor where it was directed downward around the

circumference of the vessel. it flowed in a spiral path through a 1-in.

annulus between the vessel wall and the core can for cooling purposes.”. “to

prevent possible overheating in an otherwise stagnant region, a small portion



of salt entering the reactor was diverted into the region just above the core

can support flange in the annulus between the vessel and the core can”. this

is depicted in figure 3.

(robertson 1965, page 108) states about the flow distributor and inlet:

“salt is delivered to the holes through a flow distributor, half-circular in

cross section, and with an inside radius of about 4 in. the 6-in.-diam inlet

to the distributor is arranged tangentially to the vessel, and the holes enter

the vessel at an angle of 30◦ with a tangent to the outer surface to impart a

spiraling flow to the salt as it moves downward through the reactor-vessel-wall

cooling annulus.”

note that this is in oppositon to the inlet diameter given in table 1.

flow distributor orifices

kedl (1970, page 9-10) states about the flow distributor orifices: “one

characteristic of this type of volute is the variable static pressure around

it; therefore, in order to obtain a uniform angular flow distribution, it is

necessary to use orifices between the volute and core wall cooling annulus.

the orifices are 3/4 in. and occur in stacks of 3. at the head end of the

volute the orifice stacks are 5 deg apart. at the tail end of the volute,

because of the lower fuel velocity and resulting higher static pressure, the

orifice stack spacing is increased to 22 1/2 deg. this orifice distribution

was determined from the 1/5 scale model. the orifice holes are drilled at an

angle of 30 deg with the tangent in order to maintain a tangential velocity

component in the annulus. the resulting high heat transfer coeffficients cool

the core vessel wall and the reactor core can”.
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A

figure 5: zoomed in view of the flow distributor orifices
from figure 1 (kedl 1970, figure 1).

(robertson 1965, page 108) states about the flow distributor orifices: “the

wall thickness of the cylindrical portion is 9/16 .in., except for the top 16

in.; which is 1 in. thick. the extra thickness is needed in the upper section

to allow for 84 holes, 3/4 in. in diameter, located with variable spacing

around the top of the vessel to distribute the incoming salt evenly around the

circumference”.

from this information we can approximate the angular distribution of the

orifices. assuming a quadratic relation in the angular position of the stacks

of three, of which there are 84/3 = 28, and the data set [[1,0],[2,5],[28,337.5]]

the resulting fit is � = −4.42308 + 4.13462n + 0.288462n2, where n is the stack number.

tabulating these function results in the following angular positions



stack number angle [◦]
1 0
2 5
3 10.6
4 16.7
5 23.5
6 30.8
7 38.7
8 47.1
9 56.2
10 65.8
11 76
12 86.7
13 98.1
14 110
15 122.5
16 135.6
17 149.2
18 163.5
19 178.3
20 193.7
21 209.6
22 226.2
23 243.3
24 261
25 279.2
26 298.1
27 317.5
28 337.5

29/1 358.1

bypass flow, core support lugs and flange

(robertson 1965, page 85) states about the bypass: “to prevent possible

overheating in a region that might otherwise have been stagnant, about 24

gpm of salt entering the reactor is diverted into the region just above the

core-can support flange in the annulus between the pressure vessel and the core

can. this is accomplished through 18 slots or channels, 0.2 by 0.2 in., cut

in the core-can flange. these slots are machined at an angle of 30◦ to promote

better mixing in the region. in addition, a by-pass flow of 3-22 gpm of salt

will pass through the annular clearances at the core can support ring”.



figure 6: reactor flow inlet nozzle and flow distributor
(briggs 1964b, figure 38).



figure 7: reactor vessel ready to accept graphite core
assembly (briggs 1964b, figure 39).

(robertson 1965, page 79) states about the core support lugs and flange:

“the can is supported, and also held down when salt is in the reactor, by a

ring at the top of the can which is bolted to 36 lugs welded to the inside

wall of the reactor vessel. the can, in turn, supports the graphite used as a

moderator material in the reactor.”
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Fig. L.3. New Graphite Support Brackets.figure 8: (briggs 1964a, figure 39).

anti-swirl vanes

kedl (1970, page 14) states about the anti-swirl vanes: “the anti-swirl vanes

consist of 48 plates starting about 2 in. up in the core wall cooling annulus

and extending along radial lines into the lower head for about 38% of the

radial distance to the core centerline. they are slightly elevated of the

core vessel wall, thus eliminating as much coner area as possible where settled

solids could accumulate.”.

figure 9 shows a schematized cross section view of the reactor and



anti-swirl vanes while figure 10 shows a isometric view of the anti-swirl.
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figure 10: zoomed in view of the anti-swirl vanes from
figure 1 (kedl 1970, figure 1).
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Fig. 1.3. Inside of Reactor Vessel Showing Flow Straightening

Vanes.

Radiator Enclosure. The enclosure for the radiator (Fig. 1.6) is
approximately 65%complete, and delivery is expected approximately
January 1, 1963. The door-lifting mechanism was fabricated in a local
Oak Ridge Machine Shop and is complete. Delivery is complete on all
motors, clutches, brakes, and electric heaters for this component.

 

Salt Storage Tanks (Total of 4). The several INOR-8 fuel and cool
ant storage tanks (Fig. 1.7) are approximately 45% complete. Delivery
of these components will begin approximately October 1, 1962, and be com-
pleted by October 1, 1963.

 

Fuel and Coolant Pumps. Fabrication of the fuel and coolant pumps
(Fig. 1.8) is approximately 75% complete. Delivery of the first unit is
expected approximately January 1, 1963.

 

Miscellaneous Fabrication. The ORNL and Paducah machine shops are
fabricating miscellaneous parts for the major reactor components. In
addition, certain equipment supports, assembly jigs, and panel boards are
being fabricated in the K-25 shops. The sampler enricher, charcoal beds,

 

figure 11: attachment of flow-straightening vanes to
reactor vessel (briggs 1964b, figure 37) (right) inside
of reactor vessel showing flow straightening vanes (briggs
1962, figure 1.3) (left).

vessel drain

kedl (1970, page 14-15) states about the the two drain lines: “the vessel

drain consist of a short section of 1 1/2 in. pipe extending slightly up into

the vessel head at the centerline, and having a conical umbrella over it. in

addition it incorporates a secondary drain with is a 1/2 in. contentric tube

coming up the middel of the primary drain, penetrating through the drain pipe

wall just inside the vessel and wrapping around the drain pipe horizontally

about 90◦”.
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figure 12: zoomed in view of drain from figure 3
(robertson 1965, page 110).



grid support plates

(kedl 1970, page 20) states about the grid support structure: “in flowing

through the reactor moderator assembly, fuel first passes through a moderator

support structure and then through the moderator core blocks. the support

structure consists of two assemblies, the lower of which is a hastelloy-n cross

structure ... which is the main support structure for the graphite”.

 

ORNL-LR-DWG S1097RIA

FLEXIBLE CONDUIT TO

GRAPHITE SAMPLE ACCESS PORT CONTROL ROD DRIVES

COOLING AIR LINES

 

 

   

     

 

“eo

: ] ACCESS PORT COOLING JACKETS
~~ : ) :

FUEL OUTLET _®0 Yl REACTOR ACCESS PORT

% SMALL GRAPHITE SAMPLESCORE ROD THIMBLES An RE

LARGE GRAPHITE SAMPLES ~ OUTLET STRAINER
jo |

CORE CENTERING GRID

A
|

CORE SUPPORT :
FLANGE “ FLOW DISTRIBUTOR

VOLUTE

|

] GRAPHITE ~ MODERATOR £3
| CORE BLOCKS >

{i

T FLOW DISTRIBUTION
/ X iE ORIFICES

FUEL INLET
; CORE WALL COOLING ANNULUS

REACTOR CORE CAN —|F

REACTOR VESSEL —

s

ANTI-SWIRL VANES a
-—ZX- MODERATOR

VESSEL DRAIN LINE ee SUPPORT GRID 
FIGURE 1. MSRE REACTOR VESSEL

 

A

figure 13: zoomed in view of the grid support plates from
figure 1 (kedl 1970, figure 1).

(robertson 1965, page 81) states about the lattice blocks: “the lattice

blocks are supported by a grid of 1/2-in. thick inor-8 plates, set on edge

vertically, and varying in height from about 1-5/8 in. at the core periphery

to about 5-9/16 in. at the center. (see ornl dwg d-bb-b-40413)). this

supporting grid is fastened to the bottom of the core can and moves downward

as the can elongates on a temperature rise”.
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figure 14: zoomed in view of the grid support plates from
figure 3 (robertson 1965, page 110).

figure 15: comparison of the bottom positioning stud on
the graphite moderator element when initially installed
in the msre and after operation (rosenthal, briggs, and
haubenreich 1971, figure 13.3).

vessel outlet

(robertson 1965, page 84-85) states about the vessel outlet: “the salt leaves

the reactor core and flows through the upper head to the 10-in. nozzle

opening. it is diverted through a 5-in. opening in the side of the nozzle

to flow to the fuel circulating pump. the 10-in. nozzle also serves as an

access port and support for the tree control rods and for taking and placing of

the four graphite-sample rods in the core matrix”.
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Fig. 14C. MSRE Contro l System. figure 16: msre control system (beall, briggs, and westsik
1961, figure 14c).



figure 17: view of outlet plug (rosenthal, briggs, and
haubenreich 1971, figure 1.2).



figure 18: complete control rod thimble assembly (briggs
1964b, figure 43).
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figure 5.14).
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figure 20: elevation of cotnrol rod drive housings
(robertson 1965, page 111-112).



figure 21: reactor completed and ready for shipment to
msre site (briggs 1964b, figure 44).

(robertson 1965, page 104) states about the vessel outlet: “the 10-in.

nozzle through which the salt leaves the upper head of the reactor vessel has a

40-in.-long extension welded above it. this extension has a 5-in. side outlet



for the leaving salt. the extension serves as a housing for the nozzle plug,

which is a removable support for the three 2-in. control rod thimbles, the

2-1/2-in. graphite sample access pipe, and for the discharge screen”.

removable nozzle plug

(robertson 1965, page 104-105) states about the removable nozzle plug: “the

removable nozzle plug is about 20-1/2 in. long and is 9.770 in od at the top

and 9.520 in. od at the bottom to provide a taper to assist in freeing the

plug for removal. the radial clearance is 1/8 in. at the top and 1/4 in. at

the bottom. fuel salt is frozen in the annular space between the plug and

the nozzle, to effect a salt seal. the salt maintained below the freezing

temperature by cooling the outside of the nozzle extension and the inside of

the plug with a flow of cell atmosphere gas”. “the salt seal prevents the salt

from coming in contact with and corroding the ring-joint gas seal on the upper

flange”. “the nozzle plug is hollow and is filled with insulation. the upper

end of the plug is welded to the mating flange for the 10-in. closure”.
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Fig. 5.10 Reactor Access Nozzle Showing 10- and 2-1/2 in. Annulifigure 22: reactor access nozzle showing 10- and 2-1/2 in.

annuli (kedl 1970, figure 5.10).



outlet strainer

kedl (1970, page 24-26) states about the outlet strainer: “after the model was

built, a strainer structure ... was added to the reactor outlet design which

penetrated down into the upper plenum. its purpose was to catch graphite chips

(graphite floats in fuel salt) should they break loose from the moderator.

this device was not installed in the model but it would not be expected to

incluence the flow significantly”.

(robertson 1965, page 84-85) states about the outlet stainer: “a strainer

made from 16-gage inor-8 plate, with a staggered pattern of 3/32-in.-diam holes

on 9/64-in. centers, is built into the top head and access plug assembly to

prevent large chips of graphite from circulating with the fuel salt”.
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figure 23: reactor fuel outlet strainer (kedl 1970, figure
5.11).

guymon (1973, page 115) states about the outlet strainer: “stainers were

provided at the reactor outlet to prevent passage of graphite chips larger

then 1/16 in. a strainer basket was attached to the lower end of the 10-in.

nozzle plug and extended downward into the upper head region of the reactor

vessel. the three control rod thimbles and the graphite sample assembly passed

through the stainer basket. since the five graphite elements were not pinned

as were the remaining moderator elements, a cross-shaped extension of the

basket essembly projected beneath the basket to provide a hold-down”. this

is depicted in figure 23.



(robertson 1965, page 105) states about the removable nozzle plug: “the

upper head of the reactor vessel has an 18-in.-diam strainer ring mounted

just below the discharge nozzle opening... this ring is welded to six equally

spaced lugs and to a strengthening ring. the strainer is fabricated of 16-gage

inor-8 plate with staggered 3/32-in.-diam holes on 9/64-in. centers, and

will stop large graphite chips. the center of the strainer ring is cut away

to permit the 9.52-in.-od strainer-basket assembly on the nozzle plug to

pass through it. an inor-8 seal ring, 1/4 in. by 3/4 in. wide, 9.583 in.

id and 11.083 in. od, is loosely mounted with the strainer ring and makes

an acceptable close fit with the strainer basket”. “the lower end of the

nozzle plug is contoured to direct the fuel salt stream towards the 5-in.

side outlet. prejecting below this is a 9.520-in.-diam by 12-17/32-in.-long

cylinder of 1/8-in.-thick plate for supporting the strainer basket. the basket

is welded to the bottom of the cylinder, is 9.520 in. od at the top and about

8-1/2-in. od at the bottom and is about 7 in. deep. the holes in the basket

strainer are of the same size and configuration as those in the strainer ring,

mentioned above. the three inor-8 graphite sampler baskets... pass through a

2-3/8 in. diam opening in the strainer basket. the three 2-in.-diam control

rod thimbles also pass through the strainer basket. a cross-shaped extension

of the basket assembly projects beneath the basket about 2-1/2 in. to act as

a hold-down for the five full-sized graphite stringer samples at the center of

the reactor core. all clearances between the strainer basket and the strainer

ring, thimbles, etc., are less than 1/16 in. so that the graphite chips will

be retained”.

4 graphite can

the msre used a graphite moderator consisting of an assembly of graphite

stringer with control rods and removable samples rods in the center. bellow

is seen the assembly of the can without the removable rods at the center.



figure 24: msre graphite core assembly (ornl n.d.).

guymon (1973, page 112 and 114) states about the graphite stringers: “the

reactor core consisted of 617 full and factional sized graphite elements 2x2

in. cross section and about 67 in. long”. “when not buoyed by being immersed

in salt, the vertical graphite elements were supported by a lattice of graphite

blocks which in turn are supported by a hastelloy-n grid fastened to the bottom

of the core can. the core can was thus free to expand downward relative to

its top attachment to the reactor vessel while the graphite was free to expand

upward relative to its support at the lower end of the core can. the graphite

moderator elements were restrained from floating out of core by hastelloy-n rod

through holes in the dowel section at the bottom of each graphite element. in

addition a wire passing through the upper graphite elements prevented the upper

partion of a broken element from floating out of the core”.



figure 25: assembly of graphite bars into msre core
(briggs 1964b, figure 40).
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figure 26: zoomed in view of the strainers dowel section,
hold-down rods, and core vessel, annulus, and vanes from
figure 1 (kedl 1970, figure 1). note that the support grid
is not depicted here



figure 27: top view of core assembly (rosenthal, briggs,
and haubenreich 1971, figure 1.4).

typical graphite stringer

a typical graphite stringers, along with a removable graphite stringer, is

given in figure 28
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figure 28: typical graphite core block arrangement (kedl
1970, figure 2).
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bulk volume of the specimens permeated by the salt was 0.08% at 50 psig
and 0.13% at 150 psig. The salt impregnation appeared to be limited to
the fissures, as shown in Fig. 4.3.
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Fig. 4.3. CGB Graphite Specimens Impregnated with Molten Salt at

50 psig. (a, b, c) As radiographed. (4) After 100 thermal cycles.figure 29: graphite specimens impregnated with molten salt
at 50 psig and 100 thermal cycles (briggs 1963a, figure
4.3).

dowel section

the dowel at the bottom consists of two section dowel (long slim part and

stumpy thick part) seen below.



figure 30: appearance of spalls and cracks in samples
of severly cracked grade cgb graphite in (a) spindle end
of a machined bar and (b) midplane of an as-received bar.
cracks are indicated by arrows or are clearly visible as
ragged white lines. (briggs 1964b, figure 4).

• guymon (1973, page 112 and 114) references that the stringers are about 67

in total in length,

• figure 28 indicate that the fuel channel and spike section is 63 in

combined,

• figure 2 indicates from the top of the stringer spike to the start of the

hold-down rod hole is 65 1/2 in in total,



• figure 32 and 3 indicates that the dowel height is equal to the height of

the restrictor ring,

• (robertson 1965, page 84-85) references that the hold-down hole rod holes

are 0.375 in in diameter,

• (robertson 1965, page 79 and 81) references that the dowel is 1 in in

diameter

hold-down rods and support wires

(robertson 1965, page 84-85) states about the hold-down rods and support wires:

“a 5/16-in.-diam inor-8 rod passes through a 0.010-in.-wall-thichness bushing

placed in a 0.375-in.-diam hole in the dowel section at the bottom of each

graphite stringer. these rods also pass through the inor-8 grid-supporting

structure and prevent each graphite stringer from floating in the fuel salt.

if a graphite stringer were to break in two, the top partion would tend to

float away and leave a relatively stagnant pocket of fuel salt which might

reach a higher temperature than desired. the effect of this on the reactivity

and on the temperatures in the reactor has been studied. to guard against

this eventuality, a 1/16-in.-diam inor-8 wire is passed through a 1/8-in.-diam

inor-8 insert about 1 in from the top of each graphite stringer, fastening the

tops together and to the core can”.



figure 31: complete graphite core assembly (briggs 1964b,
figure 41).

figure 3 gives the orientation of the holes in the stringer hold-down rods

relative to the core outlet, that being orthogonal, which is in agreement with

figure 1.

graphite lattice blocks

(kedl 1970, page 20) states about the lattice blocks: “resting on the

this(grid support plates) is a grid consisting of two layers of rectangular

graphite bars, one layer resting on the other and perpendicular to it. the

purpose of the graphite assembly is to position and hold the graphite core

blocks, and to compensate for a difference in thermal expansion between the

hastelloy n and graphite”.

(robertson 1965, page 79 and 81) states about the lattice blocks: “when not

buoyed up by being immersed in the fuel salt, the vertical graphite stringers

rest on a lattice of graphite blocks, about 1 by 1-5/8 in. in cross section,



laid horizontally in two layers at right angles to each other (see ornl dwg.

d-bb-b-40420). holes in the lattice blocks, with 48 −30′ taper and 1.040 in. in

smallest diameter, accept the 1.000-in.-diam doweled section at the lower end

of each stringer with sufficient clearance to allow both angular and lateral

displacement. the upper horizantal surfaces of the graphite lattice bars

and stringers are tapered so that salt will not stand on them after a reactor

drain”.

figure 32: zoomed view of the upper lattice block edges
from figure 24 (ornl n.d.).

removable graphite stringer

(robertson 1965, page 84) states about the removable graphite stringer: “the

five graphite stringers at the center of the core can be removed, although

with considerable more difficulty”. see figure 39. “the five stringers are

of a special design (types 7, 60 and 61 on ornl dwgs d-bb-b-40416, 40418 and

40581). they are 2-in. x 2-in. in cross section but are 64-1/2 in. long

rather than the 62-1/8 in. of the average stringer. they do not have the

dowel section at the bottom and the hole for the hold-down rods and they rest

directly on the inor-8 supporting grid rather than on the graphite lattice

blocks. the lattice blocks do not extend across the five stringers locations,

the opening thus provided through the blocks permitting insertion of a viewing

device through the core to permit observation of the lower head should this

prove desirable”. “each of the five stringers is drilled and tapped with a



3/4-in. 6 acme thread on the upper end for an inor-8 lifting knob, or stud,

which can engage a snaptite quick-disconnect coupling. they are prevented from

floating in the fuel salt by 1/8 in. x 1/2 in. hold-down bars welded to the

strainer assembly at a level even with the top of the graphite core. (see ornl

dwg e-bb-b-40598)”. see the figure 28.

figure 33: view through access port of top of removable
stringers (rosenthal, briggs, and haubenreich 1971, figure
1.3).

figure 34: mosaic side view of removable graphite stringer
(rosenthal, briggs, and haubenreich 1971, figure 13.1).



figure 35: photograph of the top of the graphite moderator
element, showing the crack originating at the INOR-8
lifting stud and extending partway around the graphite
block shown by the short arrows. The long arrow indicates
the same channel in the different views (rosenthal, briggs,
and haubenreich 1971, figure 13.2).

core centering grid or graphite centering bridge

(robertson 1965, page 84-85) states about the core centering grid: “at the top

of the graphite blocks a centering bridge holds a row of stringers in position

on two diameters at right angles to each other. this bridge helps to prevent

shifting of the entire stringer assembly (see ornl dwg. d-bb-b-40424)”.



figure 36: fish eye view of top of core assembly with
centering bridge and broken pieces of graphite (rosenthal,
briggs, and haubenreich 1971, figure 1.5).



figure 37: cropped view centering bridge and a part of
a weld along with broken pieces of graphite (rosenthal,
briggs, and haubenreich 1971, figure 1.4).

restrictor ring

(robertson 1965, page 84-85) states about the restrictor ring: “to prevent

an excessive amount of salt flow in the annuluar space thus created, an inor-8

restrictor ring, 1/2 x 1/2 x 54-1/2 in. id. surrounds the bundle of graphite



stringers at the bottom (see ornl dwg. d-bb-b-40427). the stringers are

restrained from excessive movement at the top by a graphite retainer ring, 1 x

2 x 53-1/4 in. id. this ring, in turn, is held in place by an inor-8 retainer

ring, 3/4 x 3/4 x 53-1/4 in. id (see ornl dwg. d-bb-b-40428 for both rings)”.

core can

(robertson 1965, page 79) states about the core can: “the core can, or shell,

is 55-1/2 in. ID and 67-15/16 in. high and was rolled from 1/4-in.-thick

INOR-8 plate.”

5 control stringer and sample assembly

the control stringer and sample assembly is further detailed in figure 38, 50,

and 16.

figure 38 depicts what seems to be a early design of the stringer

arrangement
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figure 38: msre control stringer arrangement (beall,
briggs, and westsik 1961, figure 14a).

later in 1965 figure 39 give the stringer arrangement
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Fig. 5.7. Lattice Arrangement at Control Rods.  figure 39: lattice arrangement of control rods and sample
rod (robertson 1965, figure 5.7).

(robertson 1965, page 81 and 84) states about control stringer and sample

assembly: “the regular pattern of the graphite stringers in the core is

distrupted at the center where the control rod thimbles and the graphite

and inor-8 samples are located ... the control rod thimbles are supported

from above and the samples are supported from below when no salt is in the

reactor”. “the inor-8 and graphite samples are contained in three baskets

in the lattice position ... each basket can be withdrawn independently of



the others. a basket must be in place at each of the three locations during

reactor operation, however”. “each basket is formed of 1/32-in.-thick inor-8

plate, perforated with 3/32-in.-diam holes. the top fitting is drilled with

1/8-in.-diam holes on 1/4-in. centers for circulation of the salt and is

provided with a t-shaped lifting bail. this bail permits the sample removing

tool to rotate as well as lift the basket for better maneuverability. the

upper portion of the basket assembly extends from 1-2 to 1-in. into the fuel

salt outlet strainer and is held in position by it. the lower end of the

basket is provided with an inor-8 fitting, also drilled with 1/8-in. diam

holes, which, in conjunction with the other two baskets, forms a dowel to

fit into the lower graphite lattice blocks in the same manner as the graphite

stringers previously described”. “each basket contains four 0.250-in.-diam

x 5-1/2-ft long samples of inor-8 and five graphite sample bars, 0.250 in.

x 0.470 in. ... the graphite bars are devided into samples of varying

length (up to about 12 in.), which laid end to end total about 5-1/2 ft. the

arrangement of the baskets and contents is experimental in nature and will

be varied during operation of the msre”. “the sample baskets are held down

by a cup mounted on a 5/16-in. diam rod which is an extension of the nozzle

access plug”, see figure 3. “the cup rests on the t-shaped lifting bails. a

thermocouple is installed on the hold-down rod to indicate the salt temperature

leaving the reactor”.
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Fig. 5.8. Graphite-INOR-8 Sample Assembly.

 

figure 40: graphite-inor-8 sample assembly (robertson
1965, figure 5.8).
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Fig. 4.7. Three Stringers (S, R, and L) of CGB Graphite and
INOR-8 Surveillance Specimens.
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(b) Container and its lock assemblies. (c) Location of surveillance
specimens in the MSRE.

was selected for its uniform cobalt content. The selection of materials

for flux monitors was limited by the relatively high temperature, 1225°F,
of’ the reactor.

figure 41: three stringers (s, r, and l) of cgb graphite
and inor-8 surveillance specimens (briggs 1965, figure
4.7).
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PHOTO 80761

 

Fig. 4.7. Three Stringers (S, R, and L) of CGB Graphite and
INOR-8 Surveillance Specimens.
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Fig. 4.8. 1INOR-8 and Grade CGB Graphite Surveillance Specimens
and Container Basket. (a) opecimens partly inserted into the container.

(b) Container and its lock assemblies. (c) Location of surveillance

specimens in the MSRE.

was selected for its uniform cobalt content. The selection of materials

for flux monitors was limited by the relatively high temperature, 1225°F,

of’ the reactor.

figure 42: inor-8 and grade cgb graphite surveillance
specimens and container basket (briggs 1965, figure 4.8).
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LIFTING TOOL~

    
SPECIMENS

  
—BASKET

(a)

Fig. 4.9. One Stringer of Control Specimens of INOR-8 and Grade
CGB Graphite for the MSRE Surveillance Specimens Shown with Its 73-1/2-
in.-long Container. (a) Bottom view. (b) Top view.

The flux monitor wires installed outside the reactor vessel are bare,
while those placed near the central part of the moderator are protected

from exposure to the salt. These have been sealed into an evacuated,

1/8-in.-0D by 0.20-in.-wall INOR-8 tube by tungsten—inert-gas arc welding.

At an appropriate time determined by the radiation-damage program,

examinations as described above will be made on a set of specimens from

each of the three test sites: (1) the central part of the reactor moder-

ator, (2) the controlled test rig (the control test for those from the

reactor), and (3) outside but adjacent to the reactor vessel. A set of
specimens constitutes one-third of the total at each test site. As these

are removed, sets of specimens of like or of advanced materials will be
placed into the empty positions. The sampling and replacing of specimens

will be sequential for each one-third set at each test site.

figure 43: one stringer of control specimens of inor-8 and
grade cgb graphite (briggs 1965, figure 4.9).
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PHOTO 89482A

 
Fig. 16.2. MSRE Reactor Core Specimens of Grade CGB Graphite and Hastelloy N after Run 11. (a) Controls,

stringer CS2, exposed to salt under MSRE conditions except the salt was static and there was no radiation. (b) and

(c) Stringer RS2, exposed to the fuel in the reactor core for 27,630 Mwhr operation of the MSRE.

figure 44: msre core specimens after run 11. (a) control
(b) exposed to salt (c) exposed to salt and radiation in
the msre (rosenthal, briggs, and kasten 1967, figure 16.2).



 

 

PHOTO 926501

Fig. 1.13. Irradiation-Specimen Array Installed in MSRE Core July 31, 1969.

vertical Hastelloy N rods. All but the bottom specimen,
which is pinned to the cage at the bottom, are free to
expand or contract as needed and are held down by the
weight of metal parts at the top. A new basket assembly
was fabricated from 2-in. OD, 0.062-in.-wall control-

rod-thimble material. (The perforated sheet previously

used for the basket was not available.) Near the center
of the basket, most of the wall was cut out to minimize

the neutron spectrum distortion at the uranium cap-

sules.

The uranium samples consist of two long capsules

containing a mixture of 233U and 232U and two short
capsules containing 234U and 223U. Oneadditional
capsule of each type was prepared for the development

of salt recovery and analytical procedures at the end of
the experiment. The UF, mixtures are in an NaF-ZrF,

carrier salt that was selected so that any contamination

by the reactor fuel or flush salt could be detected by a

lithium analysis. Each capsule also contains a set of flux

and temperature monitors. The capsules were sealed by
welding the ends of two concentric molybdenumrings

which were brazed to the graphite body and cap.
Hastelloy N and graphite specimens are included for

fission product deposition studies. A direct comparison
of the deposition on Hastelloyand on graphite will be
obtained under identical exposure conditions. The
effects of surface finish, salt velocity, and turbulence

will be studied for both graphite and Hastelloy N. A

specimen. of pyrolytic graphite was included to deter-
mine the permeation of fuel salt into the graphite both
parallel and perpendicular tothe layer planes of the
graphite. The top specimen will expose a series of
electron microscope screens to a trapped gas pocket.

1.3.2 Salt Samplers

A. I. Krakoviak

During -this report period the fuel sampler-enricher
was used 82 times for the wide variety of samples and

additions tabulated below:

10-g salt sample for routine analyses 23

50-g salt sample for 233y o./0, experiment 21

50-g salt sample for oxide analysis 1

8-cc salt sample in freeze-valve capsule 10

15-cc gas sample in freeze-valve capsule 16

Special capsule for surface tension determination 3

Zirconium rods in nickel cage 2

Empty nickel cage 1

Nickel cage containing FeF; in plastic bag 1

Enriching capsule containing 233,-LiF 3

Seven of the 10-g salt samples were of flush salt; the
others were of fuel salt. All sampling attempts were
successful except one 50-g sample which was taken

when the fuel pump was operating on the variable-speed
motor-generator at a speed of 980 rpm: the salt level
was below the window in the capsule. On all subsequent
50-g samples, the fuel pump speed was increased to

1165 rpm during sampling, thus raising the actual salt
level in the vicinity of the sampler cage by the
entrainment of more gas inthe salt. This indicated that
the previously abandoned capsules! ® were essentially in

19usr Program Semiann. Progr. Rept. Aug. 31, 1968,

ORNL4344, pp. 26-29.  

figure 45: irradiation-specimen array installed in msre
core july 31, 1969 (rosenthal, briggs, and kasten 1969,
figure 1.13).
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Fig. 16.1. MSRE Surveillance Specimens of Graphite and Hastelloy N Removed After Run 18 (Stringers RS4, RR3 and RL2).

stringers were at temperature for 0.8 year and accumu-
lated fast and thermal fluences of 2.8 X 10%! and 5.1 X
102° neutrons/cm? respectively.

The specimens appeared mechanically sound by visual
examinations, as shown in Fig. 16.1. As usual, the fuel

salt drained well, so that the surfaces of the specimens

were ‘essentially free of salt. The graphite appeared
unaltered; however, the Hastelloy N was slightly darker

gray than observed previously. This is true for those

with both short and long exposures; so the darkening is
related to some characteristic of recent MSRE opera-
tion orto the current sampling operations.

The graphite samples removed previously had surface
films that could be seen in special lighting and also flow

patterns near protrusions on the surveillance assembly.?
The films were still visible on the samples just removed
that had been at temperature for 2.6 years (installed in
the MSRE on September 13, 1966). However, the flow
patterns were absentor modified by the conditions that
produced the darker gray appearance of the Hastelloy
N. The filmson the graphite appeared to be approxi-
mately the same thickness as previously observed. To
date we have been unable to acquire enough ofthe film
material to make an identification. We could not find
any films on the graphite from the other two stringers
that had been in the MSRE for a little less than a year.

 

wv. 1 Cook, MSR Program Semiann. Progr. Rept. Aug 31,
1968, ORNL-4344, p. 214.

figure 46: msre surveillance specimens of graphite and
hastelloy n removed after run 18 (stringers rs4, rr3 and
rl2) (rosenthal, briggs, and kasten 1969, figure 16.1).
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figure 47: msre core surveillance specimens and cross
section of flow geometry (kedl 1972, figure 2.4).
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A B

Fig. 4.6. Typical Graphite Shapes Used in a Stringer of Surveil-
lance Specimens.

Assembly of Surveillance Specimens
 

A subassembly of graphite and INOR-8 surveillance specimens bound.

with INOR-8 straps is shown in Fig. 4.7. For the reactor, three sets were
bound together and placed into a perforated tube as shown in Fig. 4.8.

The specimens were sealed in the container by the ball lock assembly (Fig.

4.8b) and placed into the reactor (Fig. 4.8c).

Similarly, the matching control specimens were assembled in three

sets; however, instead of being bound together and placed into a common

container, each set was placed into a separate, sealed perforated con-

tainer as shown in Fig. 4.9. These were placed in the controlled test
rig.

The flux monitors included in the assemblies placed in the core and

just outside the reactor vessel are 0.020-in.-diam wires of pure iron,
pure nickel, and a type 302 stainless steel. The type 302 stainless wire

figure 48: msre core surveillance specimens and cross
section of flow geometry (briggs 1965, figure 4.6).
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Fig. 9.4. Stringer assembly.

within the basket along the specimens, no detailed flow

analysis has been presented, but quite likely the flow

may have been barely turbulent, because of entrance

effects which persisted or recurred along the flow

channel.

The first two times that the surveillance assemblies

were removed from the MSRE(after runs 7 and 11) for

fission product examinations, metal samples were ob-

tained by cutting the perforated cylindrical Hastelioy N

basket that held the assembly. The next two times

(after runs 14 and 18), '4-in. tubing that had held
dosimeter wires was cut up to provide samples. When

the tubing was first used, lower values were obtained

(after run 11) for the deposition of fission products.

After run 18 the basket was no longer of use and was

cut up to see if differences in deposition were due to

differences in type of sample.

The distribution of temperatures and of neutron

fluxes along the graphite sample assembly were esti-

mated? for 225 U operation (Fig. 9.5). The temperature
of the graphite was generally 8 to 10°F greater than

that of the adjacent fuel, normally which entered the

channel at about 1180°F and emerged at 1210°F. The

thermal-neutron flux at the center was about 4.5 X

10'% with a fast flux of 11 X10'3; these values

declined to about one-third or one-fourth of the peak at

the ends of therig.

It was found on removal of the assembly after run 7

that mechanical distortion of the stringer bundle with

specimen breakage had occurred, apparently because

tolerance to thermal expansion had been reduced by

salt frozen between ends of consecutive graphite speci-

mens. The entire assembly was thereby replaced, with

slight modifications to design; this design was used

without further difficulty until the end of run 18.

After the termination of a particular period of reactor

operation, draining of fuel salt, and circulation and

draining of flush salt (except after run 18, when no

flush was used), the core access poit at the top ofthe

reactor vessel was opened, and the cylindrical basket

containing the stringer assemblies was removed, placed

in a sealed shielded carrier, and transported to the

segmenting cell of the High Radiation Level Examina-

tion facilities. Here the stringer assembly was removed,

and one or more stringers were disassembled, being

replaced by a fresh stringer assembly. Graphite bars

from different regions of the stringer were marked on

one face and set aside for fission product examination.

Stringers replaced after runs 11 and 14 contained

graphite bars made from modified and experimental

grades of graphite in addition to that obtained directly

from MSRE core bars (type CGB). After runs 7 and 11,

Y, 6 -in. rings of the cylindrical 2-in. containment basket

were cut from top, middle, and bottom regions for

 

figure 49: msre core surveillance specimens and cross
section of flow geometry (compere et al. 1975, figure 9.4).

"Finally, the entire sample assembly is enclosed in a perforated basket."

(robertson 1965, page 84) states about the center stringers: “in addition

to the graphite samples in the baskets, the five graphite stringers at the

center of the core can be removed, although with considerable more difficulty”,

the location of these stringers is indicated in figure 39. “the five stringers

are of a special design (types 7, 60, and 61 on ornl dwgs d-bb-b-40416, 40418

and 40581). they are 2-in. x 2-in. in cross section but are 64-1/2 in. long

rather than the 62-1/8 in. of the average stringer. they do not have the

dowel section at the bottom and the hole for the hold-down rods and they rest

directly on the inor-8 supporting grid rather than on the graphite lattice

blocks. the lattice blocks do not extend across the five stringer locations,

the opening thus provided through the blocks permitting insertion of a viewing

device through the core to permit observation of the lower head should this

prove desirable.”
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figure 50: vertical section-poison control stringer
(beall, briggs, and westsik 1961, figure 14b).



 

 
UNCLASSIFIED

ORNL-DWG 64-1105R

TOP CLOSURE

  

      

C
S
S
Y

A
H
y

l
e

H
e

A
C
E
S
S
E
S
A

S
A
S
ST
E

C
Y

 

BUSHING

    BOTTOM
CLOSURE 

     g
s
c
s
o
r
e
e
e
e

A E
X

INNER TUBE
- OUTERTUBE

Fig. 1. A Cutaway of an MSRE Control Element.

cooling air will be blown down the inside of the flexible hose and

control element and then back up over the outside of the element, the

element must be designed to withstand the temperature generated at full

power without cooling, about 815°C.

DEVELOPMENT OF SPECIFICATION AND FAERICATION METHODS

To prove the feasibility of the control rod design, four prototype

elements were manufactured on .a research contract with Dresser Products.

The prototype elements differed from the final element in that the pro-

totype pellets were produced by hot pressing and were canned in stainless

steel rather than Inconel. The prototype elements were subjected to

x-ray, penetrant, and dimensional inspection and to testing that included

exposure in a rig? designed to determine under simulated reactor

conditions soundness, dimensional stability, and general suitability for

resctoruse.
 

3R. B. Briggs et al., MSR Program Semiann. Progr. Rept., Jan. 31, 1964,

ORNL-3626, pp. 29-31.
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figure 51: cutaway of an msre control element (tolson and
taboada 1967, figure 1).
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figure 52: control element assembly (tolson and taboada
1967, figure B-1 to B-4).
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Fig. 2.5. Flexible Control Rod.

UNCLASSIFIED
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figure 53: flexible control rod (briggs 1963a, figure
2.5).
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UNCL ASSIF IED
PHOTO 39337

 
Fig. 2.6. Lower Bend in Control—Rod Thimble.

figure 54: lower bend in control rod thimble (briggs
1963a, figure 2.5).



figure 55: control rod thimble (briggs 1963b, figure 2.5).

note that we see no signs of the ’hangers’ which leads to the conclusion

that these were removed and instead welded to the nozzle. similar the flange

seems not to be included in the final assembly.

figure 56: portion of hastelloy n control rod thimble with
spacer sleevesn (rosenthal, briggs, and haubenreich 1971,
figure 13.10).
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Fig. 11. Control rod bottom thimble assembly and details, drawing BB-B-56346E.

 
 
 

 
figure 57: control rod bottom thimble assembly and details
(mccoy and mcnabb 1972, figure 11).

(tallackson 1968, page 60) states about the control rod flow restrictor:

“since both the "coarse" and "fine" synchro transmitters are geared to the

sprocket shaft, they indicate sprocket shaft rotation and do not take into

account changes in rod length caused by thermal expansion, stretching, etc.

in order to locate the control rod as accurately as possible with respect to

the reactor core, a single-point, pneumatically operated, position device is

employed. the position sensor consists of an air nozzle at the bottom of the

control rod which carries the flow of rod cooling air from the hollow inside

of the rod to the thimble. when the rod is at the bottom of its normal stroke

the nozzle is opposite a flow restrictor built into the thimble. the increase

in pressure drop caused by the restriction is the position indication. this

device is manually operated and is used to check the zero readings of the

position-indicating synchros and, inferentially, provides information on how

temperatures and stresses produce small changes in the relative position of the

rod with respect to the thimble.”
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Fig. 2.7.11. MSRE Lower End of Control Rod.

figure 58: control rod thimble flow restrictor ("air
nozzle") (tallackson 1968, figure 2.7.11).
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