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SUMMARY

Part 1
HOMOGENEOUS REACTOR EXPEBRIMENT

The over-all construction for the
HRE is approximately 60% complete as
of August 15, 1951. The final re-
visions of HRE designs are nearing
completion, and significant research
and development progress has been
made as summarized below.

Corrosion. Scouting Studies. An-
odic and cathodic treatments of type
347 stainless steel during nitric and
chromic acid "passivation" have been
investigated in an effort to improve
the corrosion resistance of the film
produced.  The results were negative
in that the films produced without
anodic or cathodic treatment were
better than those produced with the
treatment. The criterion used was
the time required for film breakdown
when exposed to a 100°C solution con-
taining 30 g of uranium per liter
which was 0.2 M in KCl. An interest-
ing observation made in the course
of these studies was that film re-
sistance was improved by a 48-hr
exposure under these conditions.

An investigation of the relation
between oxygen concentration and
solution stability and corrosion in
the uranyl sulfate solution-type 347
stainless steel system has been be-
gun. Sufficient data for valid eval-
uation have not been obtained thus
far, primarily because of questions
introduced by impurities in the uranyl
sulfate used.

Static Tests. Some studies of the
structure of the pretreatment film

obtained on type 347 stainless steel
and factors affecting it were begun.
When a specimen is given the nitric
acid pretreatment in a newly machined
bomb, at the end of a 24-hr exposure
it is covered with a lustrous film
about 1 © thick. In the case of
pretreatment in an .old, chemically
cleaned bomb which had previously been
exposed to a number of pretreatments
and alse to U0,S0, solution, the
resultant film 1s dull gray in color
and about 3 © in thickness. Micro-
scopic. examination of the films in-
dicates that a*Fe,0, is the basic
constituent with a possibility of
Cr,0; also being present. A two-
layer effect was also observed, the
substrate layer appearing almost
structureless while the outer layer
contained fairly large and uniform
crystallites. This outer layer had
sloughed off in numerous areas, sug-
gesting that the protection is ac-
tually related to the substrate layer.
Other investigations into the effects
of etching specimens before pre-
treatment indicated that samples
which had been etched tended to pit
during pretreatment and that the
film did not cover these pits. The
films on the etched samples also
seemed to be slightly more ferro-
magnetic than those from the unetched
specimens.

The corrosion resistance of 1%
nitric acid-pretreated type 347 stain-
less steel appears to be a straight
line function of uranyl sulfate con-
centration in the range 0.17 to 0.86
. Indicated corrosion rates for
these respective concentrations were
0.01 and 0.06 mpy, based on 1ll-week

exposures, :
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It appears that the minimum tri-
sodium phosphate concentration neces-
sary to reduce corresion attack (to
less than 1 mpy) by water on SAE 1030
carbon steel, coupled and uncoupled
with type 347 stainless steel, 1is
in the range 300 to 400 ppm.

Dynamic Tests. The necessity of
the presence of dissolved oxygen in
the uranyl sulfate solution to assure
solution stability 1in a type 347
stainless steel system at 250°C ap-
pears quite well established. Pre-
liminary indications are that the
nitric acid pretreatment has noeffect
on corrosion rate, as estimated from
nickel concentration build-up in the
solution during operation, provided
oxygen 1s present. It appears, how-
ever, that an oxygen pretreatment,
in effect, 1s required since it has
been observed that higher oxygen con-
centrations are required to stabilize
the solution in a system which has
had no previous exposure than in a
system which has been previously ex-
posed to oxygenated uranyl sulfate
for some period of time. The function
of the oxygen in limiting corrosion
has not yet been determined; one
possible mechanism might involve. the
prevention of the existence of iron(II)
in the solution.

Substantially accelerated corro-
sion has been observed in high flow
areas. Whether this is caused by
film failure or imability of the film
to form under high flow conditiouns
1s not clearly established.

Radiation Stability. Five bombs
irradiated for %5 days in the ORNL
graphite reactor disclosed no delete-
rious effects in comparison with
shorter term irradiations. The solu-
tion appears stable, and the corro-
sion rate appears no greater tham in

the case of either short irradiation
experiments or out-of-pile corrosion
tests. The percent of uranium re-
covered as soluble uranium was not
as great (average of five, 78%) in
the 95-day exposures as in the 5-day
exposures (average of three, 90%).

A series of out-of-pile tests gave
no evidence that oxygen pretreatment
added significantly to the protection
afforded by the use of oxygen during
the test run. This observation is
not in conflict with the statement
appearing elsewhere in this report
(see section on corrosion) that oxy-
gen pretreatment reduces the required
oxygen partial pressure to maintain
stability. In each test of this
series the oxygen partial pressure
was greater than the minimum require-
ment for stability.

A second experiment was conducted
in the LITH at power levels up to
1 mw. Mechanical difficulties ter-
minated the experiment and dictated
the necessity of redesigning the
apparatus.

The gas yield for the reflector
has been measured using light water
containing small amounts of corrosion
inhibitors. At the full flux of hole
12 in the ORNL graphite reactor solu-
tions of 250 to 500 ppm of trisodium
phosphate gave 0.75 + .05 hydrogen
molecules per 100 ev with steady-
state pressures of less than 100 psi

at 100 to 140°C.

Engineering Component Studies.
Mechanical Aspects of Soup Test Loops
and Pumps. The Model 100A Westing-
house pump modified with Stellite
98M2 journals, improved thrust pads,
and tantalum seal rings are expected
to give a minimum of 3000 to 4000 hr
of trouble-free operation, providing

2 s



the seal rings continue to operate
satisfactorily. The metal bearings
appear to be just as satisfactory,
but less operating experience has
been accunulated.

A double-discharge pump showed a

radial load 1/2 to 1/3 that of a
single-discharge pump. The double
discharge induced undesirable vibra-
tions in the pump.

Soup recirculating test loops have
shown that:

1. By using a bypass of 0.5 gph
from the top of the pressurizer
to the rear of the pump rotor
cavity, solution stability can
be maintained with 50 psi {meas-
ured cold) of oxygen pressure
in the pressurizer.

2. Without this bypass, 300 to 500
psl oxygen pressure 1is required
in the pressurizer.

3. An oxygen concentration as low
as 20 ppm has maintained solu-
tion stability.

4. Acid etching and passivation
is not required; however, loops
must 'be clean and free of grease,

Operation of the HRE Mock-Up. The
system for removing gas from the HRE
core operates satisfactorily with the
following limitations:

1. The liquid flow from the Pulsa-
feeder pump must be kept greater
than 0.8 gpm. Since the normal
output 1is 1.5 to 1.6 gpm, the
condition is met except in the
case of gas binding, which 1is
still under investigation.

FOR PERIOD ENDING AUGUST 15, 1951

2. The level control system must
be maintained in proper adjust-
ment.

The performance of the soup pres-
surizer is rather 'sluggish, as: the
response to system pressure changes
is slow. :

The HBE soup off-gas recombiner
system operates satisfactorily at
steady flows between 1 and 15 scim.
However, when the flow rate israpidly
reduced to 1 scfm, the gas flow to
the burner is stopped long enough
to cause a flashback from the burner
to the condenser, where the flashback
i1s extinguished.

Mixing in the HRE Core. Mixing
characteristics of the HRE core have
been studied. Should stagnant re-
gions limit operating power and tem-
perature, core baffles can distribute
the flow properly. The arrangement
and construction of optimum baffles
are specified. '

Recombination of Hydrogen and Oxy-
gen. Pilot plant testing of the HRE
recombiner system has been continued
with a series of runs designed to
determine the efficiency of recom-
bination and the temperature distri-
bution over the catalyst bed with and
without steam in the inlet stream.
Conclusions were that the full flow
of cooling water to the burner chamber
shell should be maintained at all
gas flow rates and that about 0.5
cfm of steam should be added on the
inlet side of the catalytic recombiner.

Three pilot plant tests at high
flow rates (16, 19, and 28 cfm, re-
spectively) gave satisfactory per-
formance although the vaper tempera-
ture in the off-gas line was 774°C
at 28 cofm.
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An experimental two-stage catalytic
recombiner has been operated giving
better than 99.99% over-all conver-
s1on.

A study of the efficiency of metal
tubes indicates that large-scale
catalytic recombination on copper
may be feasible. Approximately 15 sq
ft of copper surface is capable of
converting 1 cfm of electrolytic gas
at an operating temperature of 440°C.
A V,0,-A1,0, catalyst gave poor re-
sults,

The violence of implemented ex-
plosions in a typical loop test pres-
surizer unit emphasize the hazard
involved in high-pressure loop tests

employing hydrogen-oxygen mixtures.

Two experiments with the high-
pressure catalytic recombiner for the
reflector system indicated satis-
factory performance.

The efficiency of a trap packed
with stainless steel turnings for the
removal of ilodine frow thes gas stream
has been demeonstrated.

Chemical Comtrol. The determina-
tion of density wusing the eslectro-
magnetic densitometer appears to be
feasible on the basis of laboratory
testing. The first of three Prince
Densitrol Instruments has been re-
ceived and most of the effort 1s now
being directed towards the cowpletion
of the testing of this unit.

Development work on Q-coil ceram-
ics, glazes, and gasketing is comn-
tinuing.

Optical spectra of slow-neutron
absorbing optical glasses have been
measured before and after exposures
in the OBNL graphite pile.

N

Physics. Some further criticality
calculations have been performed,
mainly aimed at determining the fea-
sibility of a light-water reflector.
Light water is less favorable on
several points than heavy water, but
there are no insurmountable diffi-
culties.

A stability analysis (linearized)
has been made for the current design
(8/15/51). An unexpected imstability
of the pressurizer system appeared,
whereby the presence of delayed neu-
trons induce oscillations of the
liquid level in the pressurizer.
Steps are being taken to correct this
difficulty.

Some general work has been domne
on the mechanism of damping of power
surges by the delayed neutrons and
the calculations of power surges
induced by reactivity changes. An
attempt has been made on this point
to include the effect of the inertia
of the fluid in the pressurizer pipe.
No additional effects (except the
previously noted instability) of
prantical importance are found, and,
aside from some easily met require-
ments on the pressurizer design,
previous 1mpressions of stability
against large changes in reactivity
are confirmed.

Controls. Minor changes have been
made in the control scheme, and
progress is being made in the de-
velopment of monitoring devices.

Part II
ALTERNATE SYSTEMS
Solution Chemistry. The selubilivy

of UO; is orthophosphoric acid solu-
tions at 250°C has been mecasured as



a function of phosphoric acid con-
centration. From the solubility data
and capture cross-sections it appears
that such solutions would be feasible
for an enriched reactor but marginal
for a natural uranium machine.

A survey of the uranyl carbonate-
carbon dioxide-water system indicates
insufficient solubility for use at

250°C.

Development and construction of
apparatus for the study of vapor
pressures over a wide temperature
range has been completed, and the
measurements at high temperatures on
uranyl sulfate solutions are under
way.

Work is also under way on the
electrical conductivity of soluticuns
over a wide temperature range.

Corrosion. Static tests on tita-
nium (not pretreated) in 0.17 ¥ UO,S0,
at 250°C contained in 1% HNO;-pre-
treated type 347 stainless steel
bombs continue to give uniformly
good results.

Static tests on zirconium (wiph
5% tin addition) continune to show
improved corrosion resistance over
regular Bureau of Mines zirconium on
exposure to 0.17 # U0,S0, solution in
1% HNO; -pretreated type 347 stainless
steel bombs.

Static tests with UO,F, solutions
in stainless steel bombs still give
erratic results with ho particular
pattern discernible thus far. A
number of successful tests have been
run, but a high percentage of failures
does not allow any conclusions to be
drawn.

FOR PERIOD ENDING AUGUST 15,‘1951

Radiation Damage. Studies of the
gas production from uranyl sulfate,
uranyl nitrate, and uranyl fluoride
solutions are under way. An acid
gas formed in the irradiation of
uranyl sulfate solutions has been
shown to be CO, arising from an im-
purity in the salt. JIrradiations
with cobalt gamma source failed to
yield any measurable S0, from 0.4 ¥
H,50, or 1.24 # U0,S0,.

The nitrate icn in uranyl nitrate
solutions appears to decompose yield-
ing nitrogen gas.

A survey of the corrosion of ti-
tanium and zircenium in solutions
of uranyl nitrate, uranyl sulfate,
and uranyl fluoride indicated excel-
lent behavior of the titanium toward
the sulfate. In each of the other
combinations some deleterious effects
were noted.

The kinetics of the noncatalytic
reduction of uranyl ion by hydrogen
gas and of the oxidation of UO, in
dilute acid scolutions by oxygen gas
are under study. Such knowledge may
be of use in understanding and ex-
plaining the recombination reaction
encountered in radiation tests.

Type 347 stainless steel tubes
which had been used in irradiation
experiments show no evidence of hy-
drogen embrittlement.

Slurry Fuel Studies. Considerable
effort has been devoted to the pre-
liminary steps of setting up an ex-
panded program on slurry preparation
and study.

A slurry of UO, containing 300 g
of uranium per liter stabilized with

— A



bentonite was found unstable, settling
very rapidly, after being heated for
24 hr at 250°C. A uranium dioxide
slurry, upon being boiled under an
atmosphere of oxygen, gave indica-
tions that the uranium is oxidized.
Magnesium uranate and magnesium d1i-
uranate slurries were prepared, but
both were found unstable on being
heated at 250°C.

A slurry circulating loop is under
construction in which the effect of
pumping on particle size will be
studied and observations will be made
on erosion, power requirements, and
heat transfer.

Part IIL
LONG RANGE STUDIES

Fission Product Solubilities. The
solubilities of ytirium sulfate,

barium sulfate, and cerous sulfate,
respectively, in uranyl sulfate solu-
tions have been measured over the
temperature range of approximately
100 to 350°C. The solubilities of
cerous sulfate and lanthanum sulfate
in water over the same temperature
range have also been determined.

Chemical Processing. A chemical
processing scheme for a uranyl sul-
fate-D,0 homogeneous reactor is pro-
posed, anda discussion of the factors
involved is given. The scheme 1s
designed to limit the Pu?*® content
of 2% of the total plutonium in a
reactor operating at 250°C and pro-
ducing 2000 g of plutonium per day.

The solubility of plutonium in
uranyl sulfate solutions has been
measured and found to be very low.
The implications of these results with
reference to chemical processing are
discussed.
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1. CONSTRUCTION OF HRE

5. E. Beall,

D. T. Jones

Leader
J. W. Hill

J. J. Hairston

Construction work on the Homogene-
ous Reactor Experiment is approxi-
mately 60% complete as of August 15,
1951, The status of various phases
of the reactor is given below.

D,0 System. The D,0 system is
complete except for the installation
of three equipment items: (1) the
high-pressure gas recombiner, (2) the
low-pressure gas recombiner, and
(3) the Pulsafeeder pumps. Fabri-
cation of the recombiners should be
accomplished by September 15, and
delivery of the Pulsafeeder pumps is
expected during September. The low-
pressure piping has been pressure
tested at 500 psi; the high- pressure
system will be tested at 2000 psi be-
fore September 1.

A Triplex piston pump is being
installed temporarily in lieu of
Pulsafeeder pumps so that the entire
system can be operated for component
testing. This testing involves meas-
urements of pressure drops, capaci-
ties, and flow rates in various equip-
ment pieces and calibration of in-
struments. Such experimental work
in the heavy-water system is expected
to continue through September.

Figures 1.1 and 1.2 show the D,0
cell and the reflector pressure
vessel.

Fuel System. Effort on the soup
system has been devoted entirely to
fabrication of components. Compo-

nents completed include condensate
weight tanks, inner dump tanks, outer
dump tanks, soup condensers, and
cold traps. Remaining to be fabri-
cated are the letdown heat exchanger,
flame and catalytic recombiners,
charcoal adsorbers, soup pressurizer,
and reactor sphere. Although the
erection of piping in the soup system
has just begun, completion is expected
before November 1. ~

Steam System. The steam system
has not been started because delivery
of the turbine generator is not ex-
pected until November. However, the
construction schedule calls for com-
pletion of piping fabrication by that
time, and start-up of the reactor
should not be delayed if the November
delivery date 1s met. '

Shield. One wall of the shield
structure has been completed and
another has been begun. Construction
of the shield necessarily follows the
installation of cell equipment and
therefore will probably not be com-
pleted before December 1. Figure 1.3
shows the shielding status as of
August 1.

Instrumentation and Control. This
phase of the job is 60 to 75% com-
plete. - Wiring of the console and
control relays has been finished, as
has that portion of the instrumenta-
tion associated with the D,0 system.
Figure 1.4 is a recent photograph of
the control room.

S o



HRP QUARTERLY PROGRESS REPORT

Y %
s
&
o
L
w
!
wl
p
o
L
.
o

13

1

HOTO 86

I

i
i

A

1.1 - 1)20 Cell Installations.

Fig.

10



Fig.

1.2

FOR PERIOD ENDING AUGUST 15, 1951

o OFFICIAL USE ONLY
PHOTO 86714 Ff P

- Reflector Pressure Vessel.

T :



HRP QUARTERLY PROGRESS REPORT

OFFICIAL USE ONLY

Fig. 1.3 - Shield and Components.



Fig. 1.4 -

WELDING AND INSPECTION OF WELDS
IN THE FUEL SYSTEM

The necessity of high-quality
welding in the fuel system, a portion
of which operates at 1000 psig and
250°C, has led to extraordinary weld-
ing and inspection practices. All
joints are made by the Heliarc method
to rigid specifications which allow
no defects such as incomplete or over

FOR PERIOD ENDING AUGUST 15, 1951

OFFICIAL USE ONLY
PHOTO 8416

Control Room.

penetration, gas pockets, cracks, or
oxidation of the metal. Special
procedures have been set up to insure
the proper qualification of the weld-
ing operators, and a full-time welding
inspector is employed to see that the
procedures are followed. 1In spite
of the fact that the welders are
highly skilled, roughly 50% of the
jJoints must be repaired before the
acceptance tests are passed. The

S °
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program of inspection 1is outlined

below:

I.

II.

I1I.

14

Analysis of Welding Rod, Pipe,
and Fittings

A.

Welding rod -~ each package
sampled fow wet chemical
analysis.

Pipe - each length sampled
for spectrographic analysis.

Fittings -~ samples of each
size fitting received in
one shipment from a partic-
ular vendor submitted for
spectrographic analysis.

Inspection of Welding Process

A.

Certified welding inspec-
tor observes preparation
and welding of each joint.

Nondestructive Testing of Fin-
ished Welds

Visual examination - boro-
scope and magnifying glass.

For minute surface imper-
fections -~ Dychek penetrant
applied; no cracks or pin-
holes allowed.

X-ray or y-ray examination -
welds may be rejected be-
cause of incomplete pene-
tration, over penetration,
cracks, pinholes, slag, or
gas pockets; for the high-
pressure fuel system any
defect is cause for rejec-
tion.

D. Hydrauliec testing - system
filled with water and pres-
sure raised to double the
normal operating pressure.

E. Helium leak testing - sys-
tem evacuated and probed
for leaks with Westinghouse
helium leak detector.

"IV. Quality Control Samples
A. Source of samples -

1. Each welder to prepare
quality sample after
making each ten process
welds.

2. One joint per welder
per week to be cut out
of process line.

B. Destructive tests required -

1. Tensile - strength not
less than 95% of base
metal.

2. Free and root bends -

no visible defects after
bending through 180°.

3. Metallographic examina-
tion - no cracks per-
missible; ferrite not
to exceed 10%.

4. Corrosion testing -
boiling nitric acid
according to A.S.T.M,
specification; uranyl
sulfate at 250°C.

A detailed description of the weld-
ing, inspecting, and testing procedures
is given in an undocumented paper
entitled Welding and Inspection Tech-
niques in the Fabrication of HRE Fuel
Systen. Copies are available for
distribution to AEC installations
upon request.
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2. DESIGN PROGRESS

W. R. ‘Gall, Leader

F. C. Zapp

C. W. Day

C. L. Segaser
W. Terry

R. B. Chapman

R. L. Cauble

A. F. Strauchman
R. W. French

J. D. Maloney

L. Cooper

T. H. Thomas

Design progress during this quar-
ter includes completion of fuel cell
and steam generation cell piping
drawings and details of fuel dump
tanks, evaporator, condensate tanks,
low-pressure cooler, and Pulsafeeder
pump installation drawings. Final
designs of catalytic recombiners for
the reflector and fuel systems are
now complete.

Flow Diagram. Figure 2.1 shows a
simplified flow diagram of the process
for the HRE. The only changes of
importance in the diagram during this
quarter are the following:

1. A high-pressure catalytic re-
combiner has been added to the
reflector gas system. A liquid
jet in the circulating reflector
stream will be used to aspirate
approximately 0.3 cfm of gas
from the reflector vessel through
a chamber containing approxi-
mately 2 1b of platinized alu-
mina. The gas will return to
the vessel mixed with the
liquid stream as shown.

2. Provision has been made to ad-
mit oxygen to the fuel system
in accordance with recent cor-
rosion research findings.

3. A cooler has been added to cool
the fuel solution flowing from
the dump tanks to the feed pump.

Its purpose is to prevent boil-
ing of water and soup in the
Pulsafeeder head during the
suction stroke and to reduce the
amount of gasses coming out of
solution in the feed pump.

Sampler. Design layouts are near-
ing completion for a method of re-
moving samples of fuel solution, and
possibly gas, from the high-pressure
circulating fuel system. The pro-
cedure planned for obtaining a sample
is as follows:

1. A small high-pressure stream
will beallowed to bypass through
a 30-cc chamber unti)l complete
purge has been accomplished.

2. Valves will be closed, isolating
the small volume in the chamber
from the main system,

3. The chamber will be cooled to
room temperature and vented to
a pressure less than atmospheric,

4. By remote techniques the chamber
will be opened, a 0.5-ml pipet
will be inserted and filled,
and the pipet will be placed in
a shielded carrier for removal.
The chamber will be closed im-
mediately after the pipet is
placed in the carrier.

15



SLCEET

o
=) ) % ¢ 3595 =]
— . -
i ey OXYGEN ‘::
' A Py S ~
fl—, Stean i (}__7 D LS4
7 S 7EM LI )
H soteranr=—i i JILICA GEL T, Aecnaros % 3000 lb/hr 200p351 Sat 13 %
¢ Y ABsP08EL : ) NS ;
IR o, 5 1200 A7 SFETY BLOwoE ‘ R o
HELI STRTHV 3z S N i R v
i : LN o’
: awreoL oo 3 ) gop res
H -/1050 psi QIR ¥
y L. —o—c‘ﬁ——ik re. ~/050p% TJ’* 7EM 3 i: r’: § SRk 2
? [FMERRENTY § . % E’H
2 { o paren _ : K i
o S POELIZED t; LS —- ——["f;j;j {W | HEAT EXCHABEC j ‘ Q ot -z
———o - ! 000 p = - 4
o a7 T ;
~CHRODAL § z i | ; o]
W EIASER L: i | g 7 ot T T =3
1 » ; : - ., 21
H Fosagun_aiy | 3 %h——a—ﬁm—b—»ﬁz@ CrarSresm | <
. T 7)ok gl &
: Cend ; : | *“‘Ef”*‘* s et ‘ =
- Py Do “owaocae =
; v | o Ammp -~ . Fe
% i ‘ AN — g S BT 4
LECIWENIED TG0 b/ L Freon = ey LLZ:L’ Armos Rl
e ; i |c,‘1/w ] — T
Pl | CATALY /10 PECOMBINER - Y Y =
mM 4*wncf? Bt (i =
e | g ]
g
: RECOMEINER ; C:‘
: k psd
i T SR Q’}—J L : e "AJ
| L:J e G }_L "-‘L‘ Karer dokeo et
[ -~ Q ! J\ 16 Max.
| N oy zze F 20py
L L X / 73
L < =
___________ W HOT WEL 2P
Qg |
8
prure e LN J ) H
i — i a N S FEEOWATER
- i 4 Ry 3 B STORAGE
SSBLECTOR || e LUASE LMD /PR 3 & ]
Y 74 - gy L), L H : l Y L
| P TG oA | N 3 5
AP : o o s 3 3 ] g P
s teantd . Do 0p FL] g — 3 2 :
HEY T N oo il _ - AR N L . i
HuzzeA2(? 3] ! s % i :
| s e o
I3 ) 52 L 0 g
i ] 8¢ AT EXCHANGE D~ £ : p: ; §
N i:jgowf/p Tk :} Rypfure Juc ; ~ iy : ‘_i_._._—l
N . peas v $Dm 0 Lt -ctom> P a i
H 4 Vstve e
o D peer—— I? - ; o Letdmr } AJ_M—LS'( JAEOLS.
: — valve <
A ';fﬁf; CET G soup I —-@P— _instrumen? Gperared Volve
L0 EHPANTOL i CCOLERD —~ 4»—+-¥\ 2 b pimis) Gpersied Valve
L0 IR ‘g_ L ;. 4 i H — M= Chack Vale
€t 4 ,3‘_ ; ! H __Liguid rocess Lines
3 §’7 , }_§_ ) y ‘ * 70/’6/ ————__Hgpor ¢ 685 Lires
L0 FEED B0 SO0 FELD DD Chowp 70 § Bite o it L1925
WED ZOGIM Capacity 7 X “;‘
: 0% 1
L .f/?@m vz
Tﬂf”’ :

Fig, 2.1 - HMBE Simplified Filow Diagram at 1008-kw dperation.



Access to the sampler will be from
above, through the roof of the main
heat-exchanger compartment. All
handling of the pipet, carrier, and
chamber cover will be done by remote
handling tools permanently installed
in a shield plug. Special double
valves are being developed which are
hydraulically operated from a remote
location. If a valve leaks during
the sampling process, leakage will
be into a space between valves which
is vented to the dump tanks. Figure
2.2 illustrates schematically the
arrangement of equipment for the
sampling process.

Insulation. Insulation of high-
temperature and refrigeration equip-

NOT GLASSIFIED
DWG. 12989

MANIPULATOR

VENT

Fig. 2.2 - Sampling Equipment
Arrangement. :
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ment and lines inside the reactor
shield has been selected. 1In the
fuel, reactor, and heat-exchanger
compartments Foamglas as produced by
Pittsburgh Corning Corporation will
be used. This is a rigid cellular
glass insulating material containing
minute separate hermetically sealed
cells, each filled with dead air. 1In
the event of spills of radioactive
materials on this insulation the
amount absorbed will only be that in
the cells at outer surfaces of the
material which may be decontaminated
by washing.

Equipment and lines in the re-
flector compartment and on outer
surfaces of the shield will be in-
sulated with 85% magnesia, except
refrigeration equipment which will be
covered with cork in these locations.

Pressure Drop in Soup Circunlating
System. Calculations made on the
soup circulating system indicate a
total pressure drop which is below
the available head of the soup cir-
culating pump at an assumed flow rate
of 100 gpm. The largest single pres-
sure drop (~61% of the toral) occurs
in the soup heat exchanger. An ex-
perimental determination of the pres-
sure drop in the heat exchanger was
made with water at 70°F. When this
value wascorrected for the difference
between this temperature and the
operating temperature 1t agreed well
with calculated values previously
obtained.

Inasmuch as the total pressure
drop in the system 1s less than the
avallable head of the circulating
pump at 100 gpm (assuming the experi-
mental value of the pressure drop)
1t is likely that flows in excess of
100 gpm will be obtained.
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Removal of Heat from Core After
Shutdown. Calculations have been
per formed to determine the possibility
of dissipating the heat generated in
the core after shutdown if the soup
remains in the core both with and
without the soup pump or D,0 pump in
operation.

For long periods of shutdown during
which 1t 1s desired to leave the
soup in the core, the heat exchanger
will be allowed to function and the
steam generated will be bled off to
the main condenser.

For shutdown periods which are
less than 1.6 hrit 1s safe to utilize
the heat capacity of the exchanger
and the water which it contains to
absorb the heat being generated in
the soup. This requires soup cir-
culation but allows the steam valve
to be closed.

In the case of any shutdown which
makes the soup circulation pump in-
operative, the sonp will be dumped
and not be allowed to remain in the
core. This reguirement 1s a result
of a study of the steady-state heat
transfer through the core wall, D,0
reflector vessel, and insulation.
The value obtained was of the order
of 1500 Btu/hr, which is 40 to 50
times smaller than the rate of heat
generation, This indicates that the
heat generated would be used to first
heat the soup and then to vaporize it
1f the soup were left in the core
with no circulation of the soup. The
increase 1n pressure that would re-
sult from this vaperization was cal-
culated and found to be prohibitive.
Calculations indicated that 43 min
after shutdown 10% of the soup wounld
be vaporized and the pressure wonld
be ~3000 psi in the core. The neces-

sary steps have been taken to insure
that this situation can never occur.

FPregsure Drop im D,o Circulating
System. The calculated value of the
pressure drop in the D,0 circulating
system is 57 psi at 30 gpm, which
checks well with some experimental
ruans made on the system. The per-
formance curve of the pump indicates
~22 gpm. This 1s somewhat lower than
previons estimates, which were based
on the assumption of a somewhat lower
pressure drop in the D,0 cooler.
This flow rate is not atall eritical,
however, and a flow of 22 gpm 1is
guite adeguate. If, at any time,
larger flow rates should be desired
this can be easily accomplished by
split flow in the D,0 cooler or re-
duction of the D,0 cooler size since
its heat-transfer area 1s at least
four t