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Abstract

A general description of the HFIR core and pressure vessel assembly
is given.

Criteria and proposed designs for the target assemblv, fuel element,
control equipment, reflector, experimental facilities and pressure
vessel are given in descriptive form. The operating conditions and
other design data are given in tebular fomm.
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The recctor core and pressure vessel assemblies are shown schematically
in Figures 1 and 2, and in detail on ORNL drawing F-42099. The operating
conditions and cther design data are given in Table I.

The target array containing several hundred gre~ of is at the axial
center of the cores in the 5 1/16 in. dlameter light water target region as

shown in Figures 3 and &.

The fuel annulus around the target region is composed of aluminum clad,
fully enriched urenium plates and coolant channels. The
M-IWWMWQ 20 in. high. The fuel
plates, which ou‘:,mmutw concentric rings,
the outer ring being 17 1/8 in. OD. An isometric of the fuel element is
shown in Figure 5. _ :

e
2
=

The 0.8 in. thick annulus the fuel and reflector regions contains
two 1/ in. thick concentric cylinders whi as reactor cortrol
rods. The outer rod has a 24 in. high "black” region at the top for

reactor shutdown, a 20 in. high "gray" (medium cross

the center for early cycle operations, and a 24 wh -
cross-section) region at the bottom for late cycle operation. The
inner cylinder contains an 8 3/4 in. "black” region, a 20 in. "gray"
region, srd a 24 in. "vhite" region. The control rod regions sre ar-
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Overall Length

HFIR Fuel Element

050" Thick Plates
050" Thick Coolant Gaps

Figure 5.
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"

Typical HFIK Comtrol Rod
Relative Orientations

"White" Region, Al.
"Gray" Reglon, Ni.
"Black™ Region, Ni Clad on Ag.
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A metal -to-water ratio of 1.0 was n.l-.!gtd on the basis of the nuclear,

mechanical and thermodynamic studies.
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2. The "gray" regilon of each control rod should have the smallest
possible cross section, consistent with reactivity control require-
ments a8 to prolong its life. The "gray” region must be worth
about 13§ in reactivity.

j. The "white" region should have as small a cross section as possible in
order to extend the life of the fuel.

in addition to these nuclear criteria, the following general physical
properties of the material are required:

1. The material combinations must be such that the permissible thermal
stresses and deflections are not exceeded.

:
:
:
|
;
:
§

3. The material must be compatible with aluminum and deryllium from a

Of course, beryliium would be the ideal material for the "white"” region
from s nuclear standpoint, but it is subject to radistion danage. Mag-
nesiur is questionable from a corrosion standpoint. Zirconium is un-
dv-ur.hh-nunruuauﬂduu. Therefore, aluminum was
selected as the “"white" material. However, the neutron cross section of
aluminum is such thet control cylinders more than 1/4 in. thick would
ously shoften the life of the » the thickness of water
in the control region must be kept same reason. A
in. vater 1l between any one

woves, was considered a minimum from a mechanical standpoint. And thus,
the comtrol region thickness wvas 0.8 in. (twe 1/6 in. thick
sylinders and three 0.1 in. thick water chamnels).

%

Heving fixed the control cylinder thickness as 1/b in., nickel was the
only unclad material which met the criteria for the "gray” region.

For the "black” regicn siiver clad with nickel (to progget the aluminum
in the core against galvanic corrosion) was specified.

A mechanieal jolnt will be necessary between the aluminum and nickel
sections of the control cylinders.

m‘-mu"m'bm"nnmarmm-sqlwmau.hm

and the "gray” region is 20 in. high. The imner cylinder has ldentisal
region heights except for the "black” region which is 5 3/4 in. high.

The total travel of the cylinders is 44 inches for the outer cylinder

and 28 3/k inches for the immer cylinder.

The cylinders are accurately locsted and guided with bearings in the
core structure to insure the required cocolant gaps during operation.
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ing vater to enter the control region for comtrol plate cooling.

Coatrol Drives

The control drive criteria are based primarily on safety considerations

i
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‘and are as fo' lows:

1. The inner cylinder will be driven by a single drive.

2. The cuter cylinder will be split in quadrants, each of which has its
own individual drive and release mechanism for quick scram.

3. The drives should not interfere with the use of experimental facili-
ties or with refueling operations.

&

Total stroke of each drive is &b in.

5. Average scram acceleration necessary for first 6 in. of stroke of
outer quadrants is 3 g even without the bemefit of water flow.

6. The inscrtion and withdreval speed is 5.75 in./min.

T. !'hcm-qu.dofthnmt«dﬂmtople&wtmmn
after a scram is 48 in./min.

8. The release time required after a scram signal must be 10 milli-
seconds or less.

7. The position of any part of the control cylinders must be known
within 0.02 in. during operation.

mﬂumtnnwrﬁlafmuunﬂ”mW »f comtroul
drives, it was concluded’ that ORR type drives’c, utilizing mechanical
drives and a subpile room for the drive location, was one of the most
practical concepts for HFIR installation. The ocuter cumtrol cylinder
quadrants will be driven from the bottom of the reactcr with a lead screw
drive and scrammed through a iateh mechanism. The drive is basically
the same as that used on the but has been redesigned for Lhe HFIR
operating conditions .

2.5.1

The inner e¢ylinder is driven by a single drive rod connected to

the bottom of the comtrol plate by a hudb and two webs. The drive
rod runs through & seal in the bottom vessel flange and is con-

nected to the drive located in the subpile room.



2.5.2

provides two separate and distinct motions. One motion is pro-

vided by the lead screw of the primary drive and is used for

shimming over a &b inch stroke. The other motion is provided by
for the inner control plate regulating drive

3
:
g
i
g

ive platform over a total stroke of
about 3 inches for reactor regulation. Wwhen this 3 inch stroke
is used up the reactor is shimmed to re-establisi the 3 inmch
stroke for regulation.

Three separate control loops are to te used with the HFIR to
provide a high degree of control system reliabiiity. The serve
outputs from the three control loops will be combined through
the input mechanism for the inmer contrel plate regulating drive
to drive the inner control plate for reactor
regulation. The servos will be constant speed motors which at
would not be running but can run eitier clockwise or
e

~ounterclockvise as required to regulate the reactor. Should one

servo operate erronecusly, the remaining two servos will cancel

The quadrants are driven by individue! drive rods comnected to tie
bottom of the control plates through a flange which is a part of
the control plate. The drive rods run through a seal in the btottom
vessel flange and are coanected to the drives located in the sul-
pile room.

The drive utiligzes a lead screw to provide the linear motion for
stisming. The shim speed is 5.75 inches per minute but provision
nas been made for tie drive rod to mo.e downward at a speed of W
inches per minute to pick up the comtrol plate after a seram. To
insure that the high speed pickup operates onl, in 2 downward
direction, two separate motors coupled through a differential. are
used for the shimming and fast pickup functions. The motors op-
erate through a worm gear reducer and magnetic Lrake so trat
rotation of one will not rotate the otrer. A capacitor start-and-
rur motor is used with the shim drive. The fast pickup takes piace
after the control plate has sested in tie das! pot. For this a
single-shafted, air motor is used wiie! will rus in one direct!on

only .
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The control plates are coupled to the drive rods through a ball
lateh mechanism. The balls are built into the end of the drive
rod and are forced to engage a grocve in the control plate sleeve
by a cylindrical cam actuated by an electromagnet incorporated

in the drive mechanism located in the subpile room. De-energizing
the electromagnet causes the control plates to scram. A coil
spring is used between the control plate sleeve and drive rod to
give the control plate a 3 g acceleration during the first 6
inches of scram.

Removal of the drives for maintenance is accomplished by un-
coupling the drive rod from the drive mechanism in the subpile
room. The control plates are removed through the top of the
pressure vessel, after the removable reflector has been taken
out, by disengaging the ball latch mechanism and loosening a btoit
at the top of the drive rod.

2.5.3

(A) Pressure Vessel Extension Shieid Plug

The shield plug is a stainiess steel sheathed concrete plus
wm::mmmlmawunnlw
radistion level in the subpile room. The plug is suspended
from the bottom of the pressure vessel. longitudinal sleeves
are provided in the plug for control drive and other
items that penetrate the bottom flange of the vesse!l .

(B) Shock Avsorbers

Four shock absorbers are provided for the outer control plates .
The dash pots are buiit imteo the top of the shield piug ard
can be removed through the top of the pressure ves-:. for
maint nance. The shock absorber plunger is t!- bottom end of
the comtrol plate sleeve.

(C) Seat Switeh

A seat switch is provided to determine that comurnl plate
Sleeve is seated in the dash pot after a scram. An actuating
Mtl““\h“”ﬁ*hﬁnf”o{tm
pressure vessel. Seating of control plate sieeve moves
the sctuating rod downward )/ . A rod magnet is attached
to the bottam of the actusting rod. Movement of this rod
ma;net odpe ates a magnetic switeh mounted to tie pressure
vesse. flunge.

(D) Cluteh Swite:

"

A cluteh switeh is incorporated in the ball lateh mechunism
to determine that the electromagne: has released its armature
to seram the comtrol plates.
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Position Indication

Position indication is provided through selsyns mounted to
the drive platform in the subpile room. The selsyns are
actuated through a pinion which meshes with the threads on
the lead screw of the drive.

Drive Rod Seals

"Palmetto” seals are built into the bottom flange of the
pressure vessel for sealing the drive rod penetration tiroug
the pressure vessel. “"Palmetto” seals are modified "O-Ring
Seals” having a special backup ring arrangement to minimize
extrusion between the push rod and seal housing. A double
seal is provided with a lantern ring between seals for
draining any leakage from the high pressure seal.

2.6 peryllius Reflector

The four basic criteria governing the reflector design are as follows:

1.

&

The inner portion of the reflector should be removable to provide
for partial reflector replacement in case of severe radiation damage,
and for access to the control plate drives.

The reflector water content must be held to the minimum practical
value to avoid unnecessary loss of reactivity.

The reflector experimental facilities should be located as near as
practizal to the point of maximum thermal flux.

Thermal stresses in the Be should not exceed 12,000 psi st a power
level of 125 Mw.
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In order to insure against possible Jamming of the control plates
in case of breakage of the inner beryllium cylinder, a 1/16 in.
thick aluminum liner is provided at the removable reflector ID.
mntulthicm“ﬂmmmmwnmn
has been set at 27 mils. Aluminum rivets provide spacing to
unnnmm-mmmxeraouuasum-ubam
of the assembly . Nominal clearance between the rivet face and
next cylinder is 7 mils, with a ¢+ 1 mil tolerance on both the
cylinder insids radius and the rivet outside radius. These di-

The removable reflector assembly is held together by upper and lower
nmmmum:cnmrmwueu-mmu-
vhich penetrate the thickest beryllium eylinder. The top grid plate
is held down by the lower flange of the control plate shroud which

m*hunu&tuthdmtyu“hﬂun-
“htnmxonmummmmutu
reactor vessel.

Bight 1/2 in. dismeter vertical irradiation facilities are provided
in the thickest of the removsble reflector beryllium cylinders. It
anticipated that access to these locetions will be restricted to

he access
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foreign materials in the coolant, acts as a tie-down plate
the permanent beryllium via bolte extending down into the
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iliua serves to support the permanent reflector

Awm.mmum
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irradiation facilities similar to
m Aluminum bolts penetrating the
pleces hold the assemblies together in the
M is assembled.
» the aluminue bolts, and the experimental
n- the control region. Coolamt flowing
les in the removeblie blocks discharges directly into

for access
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coolant outlet region. These four pieces are

actuality s part of the removable reflector sssembly .
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horigsontal beam holes,
vertical 3 inch diameter

Four types of facilities nave

section, most of the reflector experimental fuciiities have been

located in the permanent reflector.
been provid-d in the permanent reflector:

In order to facilitate easy removal of the removable reflector
vertical 1 3/h inch dismeter facilities,

facilities, and inclined engineering facilities.
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vessel are gliven in ORNL Specification
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The vessel is 94 in.

X

maximum cooiing water temperature is 200°F).

The control drive rods will penetrate the vessel th

in the lowe head.
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for about 20 penetrations each in the upper and lower
flanges and in the vessel wall must be made.

13, and TD-E-561k.

A gquick opening, 28 in. ID hatch is located in the top head about

The top of the vessel is a flat head vhich can be removed.
9 ft sbove the core.

less steel.

vessel
Details of the vessel requirements and experimental facility locations

are shown on ORNL drawings TD-E-5595, TD-E-%507,

2.7.1 Quick Opening Hateh

6. The interior and exterior surfaces of the vessel are to be stain-

3.
b.
S.

-

3 BT
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* Surface D is the vessel flange surfuce located 9'-7" above the reactor midplane.
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2.7.2 Tup liead Mechanical Closure
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The interference vith water flov should be small.

B
Eight reactor core bypass vater nossles must be provided for

experime;tal use.

3.

A vater seal between the suppurt assembly ani the pressure vessel

support pedestals

expansion properties that will
heat from the materials with-

¢ have a combination of density,
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for fission chambers.
offset to decrease radiation

the bottom flange o
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Table I

and Heat Removal
Reactor Power Level, Mw \ |

/

2
Neutron Fluxes, w.a-“ﬂ

Fast, fuel region, (max)
Thermal, isiand umperturbed (max)
"  perturbed (avg)
reflector, beginning of cycle (max)
- , end of cycle (max)

Reactor Materials
Fuel plate
Fuel loading, uoftl’,
Target rod
Target loading, sdnﬁ
Coolant
I[sland moderator and reflector
Side reflector
l'eat Transfer and Coolant Data
1. General
System pressure, pump discharge, pei
Total coolant flow rate, ggm
Pressure dr"p across vessel, pei
Temperature, °F
Vessel inlet

Vessel outlet

100

b2 x 1015

5.5 x 1015

2.k x lﬂls
0.6 x 10‘“‘
1.2 x 1c%®

U-Al, clad in A
§.01

M'-Al, clad in Al
300

!-!20

hao

%Omhlh

1000

15,000

167
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Fuel Region

m-mm«:qwm. involute fuel

plates
Fuel Region Dimensions

Inner annulus ID, in.
“’ h.

Outer annulus ID, in.
ob, in.

Radii of active fuel regiom, in.
Inner annulus ID, i-
m.

o ———

Helght of active core, in.

Total fuel plate height, in.
Fuel plate thickness, in.

Coolant channel thickness, irn.

Number of fuel plates

Total heat transfer area, rt!

Volume of active core, liters

Design heat load, Mw
Power density, Mw/liter

3.73
2.06

mz 106

0.8 x 106

L8 00
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Water flow rate, gm
Through fuel plate channels
Between fuel annuli

Nominal water velocity between plates, ft/sec

Pressure drop, pesi

Tenperature, °F
Water inlet
Water outlet (nomimal)

Fuel plate oxide surfuce (max)
Fuel plate metal surface (max)
Target Region

Geometry - 3/8 in. OD target rds spaced on triangular

pattern
Target Region Dimensions
Diameter of water island, in.
Rod diameter, in.
Helght of active portiom, in.
Total rod lemgth, in.
Number of rods
Spacing between rod cemters, in.
Design heat load, kv, {(max)

Maxirum heat generstion rate, wetts/gs targst rod

Hest flux, Btu/hr-ft> (max)
Water flow rate, gm

Through hexagonsl array
Between array and island OD

ye irg
e - e

5 067
3/8

2

5/8

435
0.8k x 10

~ 815
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Nominal water velocity around rods, ft/sec
Pressure drop across semple arrey, pei
Temperature, °F

Water inlet

Water outlet (from target array)

Rod oxide surface (max)

Rod metal surface (max)

Center of rod (assuming complete bonding)

Control Region

& 38

¥ E S8 8

m-hm:-ﬂntﬁ-mm, gray, and
vhite regions. Axial plate movement . Inner cylinder

solid, outer cylinder in b segme~ts.
Control Regi:wm Dimensions
Overall ID, inches
0D, inches

Inner cyiinder, ID,
oD,

Outer cylinder, ID,

PEEI

oD,
leight, iasches, black region, outer cylinder

" ", tnner cylinder

gray region

vhite region

Coolant annuli thickness, inches
(Typical of three)

Design heat load, Mw

17.126
18.748
17.332
17 .832
16 .0k0
18.5k0

8.75

0.1204



- 1k 6

&

E§ 8 % 8

18.748
23.759

18.768
18.873
19 .626
19.680
21 .486
21.540
23.759



3.

Design heat load, Mw ~2
Maximum hest generstion rate, wetts/ga Be 1
Heat flux, Btu/hr, n? (max) ~ 0.18 x i
Water flow rate, gm h2o
Coolant velocity, ft/sec
In cylinders Nos. 3 and 5 20
In eylinder No. 7 12
Pressure drop across cylinders Nos. 3 and 5, pei ho
scross cylinder Io. 7 ~ 10
Temperatures, °F
Water inlet 120
Water outlet (meminal) ~ 154
Cylinder surface (max) | ~ 180
Beryllium (max) ~ 260

6. Permanent and Semi-permanent Beryllium Reflector

Gecmetry - Two stacked Pe anmuii, with avial coolant holes divided
betveen semi-permanent and pe.manemt beryllium at inner
cirele of coolant holes.

Be Dimensions
ID, inches (semi-permanent reflector) 23.684
ID, inches (permanent reflector) . 2625
0D, inches 43.0
Height, inches 2.0
Coolamt hole dismeter, inches 0.125
Coolant hole - Losated on 6 comesmtric

circles, usiformly spaced holes per
eirele emcept where altered by emperimemtal
Radii of coolant hole circles, inches

Cirele No. 1 13.08
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Design heat load, Mv
Mazimm heat gemerstion rate, watts/ga Be
Hest flux, Beu/nr-rt®, (max.)
Water flow rete, through coolant holes, gm
around esperimental facilities, gm
Coolant veloeity, ft/sec
Tenperatures, °r
Water inlet
Water outlet (avg. from 1/8 " coolant holes)
Be surfuce, (max.)
Berylliwm, (mex.)

1k .12
15.306
16 .662
18.219
20.013
~ 1.7
10.5

~o-ﬁ:106
235

15

~ 210
~ 270
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