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FOREWORD

This is the eighth of a series of reports covering Technicaf progress
on the research and development prograﬁ being performed in connection with
the design of the Pathfinder Atomic Power Plant. This plant will be jocated
.at a site near Sioux Falls, Soufh Dakota, and is scheduled for operation in
June 1962. Owners and 6pera+ors of the plant will be the Northern States Power
Company of Minneapolis, Minnésofa.

The U.Sf Atomic Energy Commission, through Contract No. AT(1!-1)=~589, with -
NorThern States Power Company, and Central Utilities Atomic Power Associates’ |
(CUAPA¥), are sponsors of the research and developmenf program. A

Allis-Chalmers Manufacturing Company of Milwaukee, Wisconsin, under contract
with Northern States Power Company, is pérforming the research, development and
design, and will construct the plant, including the reactor, which is designafed
as the Controlled Recirculation Boiling Reactor (CRBR). Pioneer Serviéé and
Engineering Company of Chicago, 1llinois, is prgviding the aréhifecf-engineer
services to AIIis-ChaImérs. Portions of the R & D program, parficular!y ih
conﬁecfion with fuel development, have been: subcontracted by Allis-Chalmers.

Conceptual engineering and component research and development is well under
way at Allis-Chalmers Greendale Laboratories. Erec%ion of a number of major
experimental facilities have been completed which will provide important design
data. Construction of the Critical Experiment Facility is progressing satis-
factorily aéd will be ready for operation about November |, [959.

*CUAPA Member Companies:

Central Electric and Gas Company - Mississippi Valley Public Service Company
Interstate Power Company Northern States Power Company

lowa Power and Light Company Northwestern Public Service Company

lowa Southern Utilities Company Qtter-Tai! Power Company

Madison Gas and Eleciric Company St. Joseph Light and Power Company

Wisconsin Public Service Corporation

ix




DESIGN DATA

CRBR WITH NUCLEAR SUPERHEATER

Plant

Power, boiler region...cieeeieeecesss chaeresscesssssnneanssesssassl64,000 kw
Power, superheater region....eeeeieeeesnneearosnnecsanaanes ceeeeess39,700 kw
Steam flow at rated power....... cesseensssesssssanesssacassase815,000 Ibs/hr
Total core power.......................................;..........203 700 kw
Gross electrical capability..oiisrerniiiseaneernencanenenns, csere..66,000 kw
Net electrical output.ceeireetseneesscesecsnecsnassoconanases L;.....62 000 kw
NET EFfiCiONCY e vnsennerueenneoneensenneentossoanesnsenseanenns .30.5 per cent
Steam outlet PresSSUrE@....c.ceeeecencasesncccssssaccsossnanssssasssssdd0 psig
Reactor operating PreSSUr@...ceeeecsssessesscsssasansassssnnssssssss600 psig
Temperature, boiler FregioN.ceeeeisedecsssscsssscassssssssssassssseassaesd8 F
Outiet temperature, superheater regioN..eeeeceeesseresesescscssceasasse825F
Gross heat rat@...eeceeereccscsresiocsscsssssnssarsssossenaal0,370 btu/kw hr
Reactor building Siz€v.eeieeireseccsesanscessesnanassnsessd0 fT dia x 120 £t

- Reactor

VESSE! SiZBeeeaveceastsavesssssossssesssassanssnssasassll=l/2 ff x 31=1/2 £+
Total Core dimenSiONS.seeeveessssssnscasascsssasscssssnsessnseassd ft x 6 fF
Dimensions of superheater region...ccececceceecccaccnncnnsaessesd 1 x 30 in
Fuel, boiler (Al clad)..eeserevnecanesesss 8pprox. |.8 per cent enriched U0y
\Fuel, superheater (5.5. clad)...eeceeren....approx. 93 per cent enriched UO2
Fuel, loading, boiler (U=235)..ciieecceccaisieseccesessnsacaosscasnsasll7 kg
Fuel, loading, superheater (U-235).....................................42 kg*
Power density (boiler core coolant).iciieeecesssssssesscnsasessss87 KW/ liter*
Average heat flux, boiler region.....iceveeeieenceneesesas130,000 btu/hr/f12%
Average heat flux, superheater regioN.......teseeeesessss..80,000 bfu/hr/ff *
Maximum heat flux, boiler region..veicieccesevesceeecesss.462,000 btu/hr/f+2%
Maximum heat flux, supérheater region....cveeeeeeeeesess..250,000 bTu/hr/fTZ* '
Recirculation raTe......,;...............J........................60 000 gpm
Recirculation pPUmMP POWEIr ....cceveesvesscesoscossssssosnnssssonsccanss .. 794 kw*

*Value was changed during the quarter.




l.- FUEL ELEMENT RESEARCH AND DEVELOPMENT

41. FUEL MATERIAL CLADDING BOND!NG /AND IRRADIATION TESTING

N A IS Claddlng

fl.lul,l.‘ 800! Alumunum 'Dyhamic‘Cbrrosion'Tesfs. "The second tests

of 800l aluminum in Loops 2 and;3 were complefed. Eighf sample coueons were
tested inAeech loop. The samples in Loop 2 were :nspecfed after exposures
of 8.2, 17.9, 33.0, 44. 8 57.7, and 69 7 days The samples in Loop 3 weres
inspected after exposures of IO 8, 26.3, 36. 3 47.2, 60.2, and 73 | days
The eddy—currenf—gage was_used fo_measure the corrosion rate during the
first half:ef-fhe Tesfs, and fhe 1ess eccufaTe weighing method was used for
the remainder eflfhe Tesf‘run. (Use: of the eddy-current gage was discenfjnued
because of-perfermanCe difficul#ies._‘The repairs and modifications which‘are
presenflf eejhg ﬁade are discussed in Section 4.1.) |
The initial eobFesiod:raTe during these Twe tests was‘considerablyilower
than the inifial ra+es dUridg the first tests in Loops. 2 and 3. After a period
of 25 to 45 days, however, the corrosion rates approached The.rafes obtained fh
the first tests.. The average overall corrosion rates (including the ‘initial
period) for these tests were 7.1 and 10.3 mils/year. The average corfesien
rates after the initial period were 14.6 and,r6;6,m{ls/yeer. Defeiled resulfs
of the tests are given in Figure [.l. o ) | o o
The second fest of 800l aluminumusameles,fnlLeephliIelfesf involving an
excess aluminum section, was resumed “TheATesf uas;discon;inued‘af+er only
i .7 days because of a short CIFCUIT'In “the sfafor of The canned-rofor pump
The test was then run as the third test in Loop 2 Theﬂfesf condxfnons were

as follows: eight sample coupons were used fhe alumanum area ln The system




was increased to 5850 sq cm yielding a total area-to-volume réTio of
2620 sqcm/liter. (The area-fo-volumeiraTio in the Pathfinder is
expected fo be 134 sq cm/liter.) The excess aluminum was placed in the
ion exchanger vessel, since this modification could be easily made. The
samples were inspected after 8.0, 18.9, 28.9, and 41.9 days.

The: test is not compieted, but preliminary evaluation indicates that
the corrosion rate was not reduced. This coﬁfjrms the report by Chalk
River to the Aluminum Alloy fask Gfoup in September that these unexpected
results may be obtained in tests operéfed under these conditions. The
possibility exist, hoWever,\ThaT extraneous but only temporary reactions
are nullifying tThe effect of the excess aluminum section and that continued
exposure would produce more satisfactory resulfs.

After the +hifd test in Loop 2 is éomplefed, a fourth test Will be
conducted with the excess aluminum section in the main stream and upstream
from the aluminum samples.

Loop 3 was provided with preconditioned sampies of aluminum for the
third test; other test conditions rémained the same. Preconditioning
consisted in exposure of the samples in an autoclave for 7.1 days at SOOOF,
681 psia, and pH 7.0 (approximate). The samples Qere inspected after 7.1,
17.1, 27.0, and 39.0 days. .

Q This test is also not completed, but preliminary evaluation of data
indicates that the corrosion rate may be somewhat reduced by the ﬁrecondi-
tioning. The test was interrupted because of pump failure and will be

resumed as soon as repairs are made.




Static Corrosion Tests. A static test on 800l aluminum was completed.

The test conditions were as follows: 500°F, 681 psia, pH 5.4 (approximate),
and total exposure time of 36.9 days. Tﬁe samples were inspected after

7.8, 11.6, 13.9, 22.8, 30.9, and 36.9 days. The corrosion rates indicated
during the finaj test period were.in the range of .35 to .80 mils/year while
the overall rates (including the initial period) were between 3.6 and

4.0 mils/year. Details of the tests are given in Figure 1.2.

Aluminum=-Base Double=Alloy Annealing Tests. Annealing fests of a fuel-

element cladding tube consisting of an outer tube of a corrosion resistant
aluminum alloy and an inner tube of a strong aluminum alloy continued. The
particular combinations under study are 1100 cladding on 5083 and M400
cladding on X2219.

Annealing tests were conducfed at 500°F for exposure times as long as
120 days and results are presenf{y being evaluated. Results of Tesfs.for
83-day exposureé were previously reported and reference was made to
'precipifafed MgsALg in the 1100-5083 bond. Positive identification of this
precipitate was not previously possible because its fine sfrqcfure made
response to various etching reagents difficult to fn+erpre+. Samples were
sent to Reynolds Metals Compény, fabricators of the tube, and the precipiTaTe'
was identified by them as MgoSi.

Extruded Tube-Plate Aluminum Alloy Cladding. Investigation continued

on the feasibility of producing X800! aluminum alloy cladding in the form
of tube-plates by the extrusion process. A difficulty previously described
was that the material in the extrusion reweld areas was particularly

susceptible to corrosion. Corrosion tests and metallographic analyses were




conducted on additional samples; and the following tentative conclusions
were made.

The microstructure of tube-plate coming from the beginning of any
particular billet extruded at 900°F does not appear the Same_ih samples from
subsequent sections. The entire crossAsecfion of the egfrqsioﬁ exhibits a .
fine and uniform dispersion of the nickel complex compoﬁnds; NiALz and‘
FeNiALg, normally present. As the billet progresses in gxfrusion, however,
the band of what abpears to be matrix aluminum appears in the cross section
of samples. The band is small at first and becomes progress%vély larger as
the extrusion proceeds to the end of the billet. | o

Samples with only a small band were subjected to corrosion %ésfs.
Corrosion progressed exceedingly fast until the band was consumed.  The
corrosion behavior of the remaining sample; in which a normal disfribu+ion
of nickel-compound particles appeared, was that of normal X800i aluminum
alioy.

Since there is a normal temperature build-up due to friction and pressure
as the extrusion of a billet progresses, the higher TemperaTure of the
extrusion may cause formation of the band of matrix aluminum in the reweld.
fo investigate the causes and to determine a po;sible solution to the problem;
the following controls and techniques should be investigated in one or more
combinations: |

1) shorter billets to decrease the temperature build-up by
decreasing extrusion time, |
2) the extrusion of billets beginning at lower temperatures (750

+o 800°F),




3) the extrusion of larger billets (8 to 9 inches in diameter),
4) sba]ping of billets to remove any skin defects or segregation,
5) removal of one half~-inch sections from each billet for
méTalIogEaphic analysis of the cast structure,
6) periodic deferminafién of the temperature of the e#Trusion
.as i+Alea§es-The die,~aﬁd
:7) Areﬁoval of the butt end.of each .billet from the die and
- sec%féning andAeyaluaT{qh +o deferminé‘fléw through the die.
j;l.z;f Bonding
| A dréw bonding'proéess is used‘b? M & C Nuc lear Corporation to obtain
the bond pefween.fhe uraniumrdioxidé pellets and aluminum cladding. Desfrucé'
tive TeéfS»of-These fuel pins show an exce]lenf‘mechaniéal-bond.

The mechanical bond between aluhinum and sintered uranium dioxide does
not fendbifself to testing by ultrasonic Techniques; sinée the noise level
resulfihg from ;ravel'of sound around'fhe claq is so great that the signal
from the bond cannot be detected. Fufther non-destructive tests of the bond
by this process were therefore discontinued. |

The effect of reactor operafing‘condifions on Tﬁe'boﬁd~is being
consfdered from the sfandpornf-o¥ The'cyélic strains -and thermal fatigue
produced in the cladding. This work'fs described in Section 1.4,

1.1.3. lIrradiation Testing

l.r.3.0. 'Boiler-FueI Elements. Capsule Tesfts. Twenty-eight 3-inch

long irradiation samples were fébfiéa*ed by M & C Nuclear Corporation and
shipped to Valecitos Atomic Laboratory for encapsulation. The samples

consisted of four uranium dioxide pellets and a stainless steel, fission-gas




thimble, all clad in X800! aluminum by a draw bonding process. 0Destructive
tests show an excellent bond between the pellets and cladding.

Radiographs of end-cap welds show some porosity at both ends of some
_samp]es. Porosity could be detected in the weld at the fission gas end in
nearly all samples. |

) Typical welds were sectioned and macrographed. Upon examination,
porosity was épparenf in both welds, and oxide stringers were found within
Q.OIO to 0.015 inch of the surface. It was decided that conditions of the
capsule (i.e. the non-corrosive environment) were not stringent enough to
wérranf Eejecfion of the samples, however. 'The samples appeared to be well
made from all other standpoints. |

Assembly of a prototype irradiation capsuie indicated certain modifi-
caf}ons to.be necessary. Capsules were fabricated with Theée modifications.
Dﬁring assembly, leaky Thermocouples were found“{é some of:fhe'é5Bsules; new
thermocouples’' were ordered and extensive quality checks were made before
installing them. The delays involved in the modifications and'replacemen+ of
the faulty Thermocéuples delayed the inserfién of capsules for one GETR |
cycle. Present planning calls for capsule insertions the first part of
October.

The test schedule is as follows:

Capsule Location No. of Burn~up

Ser. No. in GETR Cycles mwd/fon
T X5 4 5,000

2 X6 9 10,000
3 X7 14 I5,000
4 X8 21 20,000




Subassembly Tests. An assembly consisting of nine fuel pins in a

3-by-3 square array is scheduleq To‘be'irradia+ed in the GETR boiling water
loop to gain more information on the behavior of an éluminum-clad, uranium
dioxide fuel element operating under the conditions present in the Path-
finder reactor. Test results should reveal the operating characteristics
of the element and its component pérfs.

Fuel enrichment calculations by VaHéci+os Atomic Laboratory showed that
I2 per cent enrichment is required to obtain the maximum dgsifed heat flux
of 450,000 Btu/hr/sq ft within the first 10 inches ofv+he test assembly.
‘Approximately |3 months of exposure is required to obtain an average fuel
burn-up of 10,000 mwd/ton.

The test fuel element will consist of three subassemblies of three
pins each. A support grid welded into an aluminum box will connect the
bottom ends of the three pins comprising a subassembly. Every 10-1/2 inches
a formed strap will be fusion spot welded to a X800| spacer ﬁlug that is
welded between the pin sections (Figure i.3.). The ends of the straps will

be captured in slots in the aluminum box in such a way that axial expansion

of the pins will be allowed. Blisters will be welded over the expansion slots

to form a water tight box. Stainless steel end fixture will complete the
nine-pin subassemblies (Figure [.4.).

Orifice holes will be drilled in the nozzle fo meter by-pass flow
between the facility tube and the aséembly.

A prototype assembly will be fabricated to evaluate design and construction

problems. Flow tests will be made at Allis-Chalmers Greendale Laboratories




1o défermine pressure droé across fhe«assehbly and the amount of by~-pass
flow around the assembly. These tests are designed to substantiate flow
calculations and to insure sufficienflcooling_for the inside of the faciiify
tube without starving the fuel element.

Eighteen-hundred dished-end, |2 per cent enriched, uranium dioxide'
pellets were received by M & C Nuclear Corporation for fabrication of the
irradiation assembly. Fabrication will hof_sfarf until all welds are -
qualified. |

Because an alternate design of the Pathfinder fuel element is conéidered,
a different end closure was studied. |t is felt that consisfenflylg§od welds :
can be made with the new geomefry; :CIOSUreg on the extreme ends are made
before the pellets are ‘inserted, ahd The tubes are dréwn. Individual pin
sections are then loaded and draw Sonded. Caps are inserted into the end '
of a tube seéfion and welded in place whi]e the inside of the rod is being
evacuated through the hole provided. ’Appropriafe pin sections are then
screwed together under a vacuum and seal-welded using Tthe tungsten inert-gas
shielded arc.

‘Work has started on the closure welds for the prototype irradiation
assembly. No particular difficulfy.was encounferéd with the end caps on the
extreme ends aﬁd with the male and female caps at the intermediate joints.
These welds were qualified after a mfnimﬁm of work on uranium dioxide. The
final weld, which seals the screwed joints, was satisfactory with AL203
pellets but has not yet been qual}fied with uranium dioxide. SecffoﬁedA
samples of the final weld with uranium‘dioxide pellets shéwed porocity of

0.020 inch below the weld surface. It is expected that the Teéhniqqe'will.




be impfoved,fo drive this porosity 0.050 to 0.060 inches below the
surface.

A welding.dry box was %abricaTed fhaf.pefmffs control of é+mospheré-
pfessure'dufing fhéAweld cycle. Installation and wiring of this box has
not yet been compfe+eqr - | |

The,fesf IoopAin the GETR will be hodified'+o'aCEOmmoda+e the assehbly,
i.e., a 3-inch diameTér Ioép wili }eprace'fhe 3/4-inch diameter loop
previously available. The_néw ibopAis:schéduled for‘cbmblefiqniin‘lafe
November;‘Qlbéecf%dn'bf_fhelsubassemb1y is échedu[éd-fér'earfy Oecembef.

l.1.3.2:. Superheater Fuel Elements. Cermet Irradiation Sfudiesu- A -

Iiferafure_stuqupf irradiation effects on uranium dioxide sfainjéss steel
cermets to deTerm{ne ThéAmaximum alIoWable burn-up of fuel was continued.
Battelle Memorial lhéfifufe and an AEC Laboratory were visited to obtain

more detailed information on fabrication procedures,.irradiafion test
condiffons, and test results. Much of the data is still classified and cannot
be repo?fed here, but it appears. that wiTh correct fabrication practice and
careful control of parfjcle size, particle sﬁape, fuel concentration, and
cermef deﬁsify, a‘high‘ﬁurn;ub fuel is obfainable.. Failures can Be limited

to simple longitudinal gracks'wffh only a modest amount of.swéfljng. The
blister type failuré sometimes seen can be virTualIy‘eliminaTed by careful

control of fabrication processes.

|.2. HEAT TRANSFER AND FLUID FLOW INVESTIGATIONS
1.2.1. Heat Transfer Loob‘
The primary !oob bf‘fhe-héaf +ransfer test set-up was subjected to five

hot pressurizing tests during July and August. Each test was shut down




because of equipment malfunctions. The first test was shut down’because
the seal in the circulating pump siezed. The second test was shut down
because the unipolar generator malfunctioned. The third test was shut down
because of cooling water difficulties. Clogging of the filters caused the"
fourth shut down. The unipolar generator malfunctioned in the fifth test.
The maximum pressure attained in the loop during these tests was 740 p§i
at 5090F.

Modifications of the unipolar generator were made, and tests will
resume in October.

The low-flow loop addition was consfrucféd and cold tested. Hot Tésfs
will be made dufing the next hot pressurizing test of the primary loop.

Design of the superheater loop addifi?n was completed (Figure 1.5.).
All of the material for the loop was orderéd, and about 20 per cent has been
réceived. Quotes were requested of prospecfivé fabricators. _

A one~-pin test secfibn th=t will be used for burn-out studies was
received and is being assembled.

Design of the |0-8~6--pin test section was completed (Figure 1.6.). All
- of the material was ordered and 90 per cent was received.

The conceptual design of the 80-64-49--pin test section was completed,
and a layout was -drawn.
| The layout design (Figure 1.7.) of the superheater test section was
" completed, and defajl drawings are being completed.
1.2.2. Low Pressure Air-Water Flow Tests

To better understand the flow phenomena associated with Two-ph;se flow

and to better predict the flow characteristics through a boiler fuel element,




|low-pressure, air-water flow tests aré planned. The hydraulic hold=down
test loop', was modified to accommodate the tests.

The tests will be conducted at réoﬁ temperature .and atmospheric pressure.
Simulated fuel elements will be inéerTed in the loop and tested to deTerﬁine
single-phase and fwo-phaser(air-wafer) pressure drops and flow distributions.
The gamma-attenuation void-measuring device will be used to determine bubble
population and slip within the fest sec+}ons.

The effects of various end-cap configurations, fuel-pin and tube~plate
spacer arrangements, end-support designs, and transitional reéions between
fuel bundles in a subassembly will be evajuafed. Tests will begin during‘fhe
next quarter. |
1.2.3. Heéf Loss from Superheater Fuel Element tfo Moderéfor

The heat losses Through +he double=wal led superheéfer support tube, are
shown graphfcally in Figure I.8. ’fhe losses were previously calculated without
considering the radiation losses, ( , and the heat loss was therefore
calculated again. A23/ RAD :

The temperature drop acfoss the stainless steel walls is assumed to be
insigniffcanT and the walls are therefore represented by T, and Tz. The
Temperafure gradient in the stagnant sTeam T.,', is assumed to be linear. |

Values for T and T ' are an oquuT of the ASTER code (Section I 4.2.2. ) The

9
value of Tz is constant. The only unknown quantity on which the heat loss,
QL, is dependent is Ty-

Values for T, were chosen fo satisfy the heat balance equation,

8

'Pafhflnder Atomic Power Plant Technical Progress Report Augusf 1957 =
March 1958 ACNP—5803 p. 6, 1958.
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and where,
Q = heat transfer rate - Btu/hr
A = heat transfer area - f12
T = temperature - °R
€= emissivity

X = absorptivity

O .
[
1}

heat loss to moderator
T = STefan-Boszmahn cénsfanf - Btu/ft+2-hr-°R?*
h = film heat transfer coefficient - Btu/hr—f+2=OF
k = thermal conductivity = Btu/hr-ft-OF
De = equivalent diameter - ft
~Re = Reynolqs number
Pr = Prandtl number

L = length - ft

x = stagnant steam gap - ft

’

=0
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The equation,

QL-AZB[Q' H:2 | (1.2)
A23 / RAD (Azs COND

could then be used fo calculate the heat loss. All values of T, that
satisfied Equation (1.l.}) were equal to Tg' + I09F. Therefore, as an
approximation, the heaf lo;s was correlated with the bulk fluid temperature
of the outer flow chénnelw The corfela+ion obfainéd'is given fn Figure 0.9

and is in a form that may be included in ASTER.

1.35. FABRICATION OF FUEL FOR THE CRITICAL FACILITY

|.3.i. Boiler Fuel Elements

By the end of the quarter, 27,900 rods of a 28,400-rod ordewaere.
delivered by'MaIIinckfodt} 3,048 rods of é 3,200—rod order were delivered
by Sylvania—Corning'Nuclear Corporation; andf7,879,rods'6f a 11,800-rod qrder
‘were delivered by Ameriéan Lavaf The brecise status of the Sylcor delivery
is not known at this.time since some fuel material was diverted for Qse in
the fuel element for irradiation in the EBWR. At present, about 94 per
cent of the boiler fuel.rods'héve been del ivered.
1.3.2. Superheater Fuel Elements |

The manufacturer, M & C Nuélear Corporation, received all fuel ma+er§als,
_one half of the cladding material, and all of the hardware. The.sfeel strike
is~dg|aying delivery of The remaining'cladd}ng_ma+eria(. The final develop~
‘mental fuel tubes will be'produced:by late October,-and production of
superheater fubes containing énriched fuel will begin at Th$+Afime. Complete

delivery is expected by the latter part of Deceniber.




1.4. FUEL ELEMENT MANUFACTURING RESEARCH AND DEVELOPMENT
l1.4.1. Boiler Fuel Element ’ o .

I.4.1.1. Mechanical Design. Alternate Design. An alternate design

of the boiler fuel‘elemenf was STQdied. The extruded tube-plate subassembiy
has been eliminated from consideration. The alternate desfgn cénsisfs of

nine subagsemblies welded info an aluminum box at the bottom end only. Each
subassembly will consist of nine fuel pins connected together by formed straps
as shown in Figure |.10. The ends of the s+rabs will be captured in slots in
the aluminum box.

The new design is expected to provide greater lateral rigidity but less
axial rigidity than the previous extruded-plate design. Increased l|ateral
Eigidify is reﬁuired to decrease vibration in the nine-pin subassemblies. The
reduction in axial rigidity is required to reduce the resistance of the
subassemblies to differential expansion Befween fuel rods. Differential
expansion would be caused by neutron flux gradients across a fuel eleméHT.

The slots that secure the end of the formed straps allow each subassembly to
expand freely, and differenf}al expansion -should not appreciably affect the
shape and straightness of the aluminum box.

The new design was simulated in the subassembly test described in

Section |.1.3.1. The degree to which vibration will be decreased will be
determined by tests described below.

Fuel Pins. The fuel pins used are of three diminishing diameters all in
a 9-by-9 square array. The diminishing aiamefers are expected to compensate
for increased steam content i; the upper area of the core in essenfialry the

same manner as the 8-by-8 and 7-by-7 square arrays of the reference design.




|t was decided that the fue! element should be designed so that the
cladding is always collapsed on the fuel pellets. This arrangement is
required to el iminate hot spots that would develop as a result of poor heaf:
transfer across the pellet-clad interface. |

There is a considerable difference in the temperatures of the clad and
the center of the uranium dioxide pellets. Although the expansion.coefficiqn+
of uranium dioxide is much lower than that of aluminum, the axial and radial
fhefmal expansion of the pellet is greater than that of the cladding because.
of the temperature difference. Gross plastic sfrains in the cladding may
therefore result.

Cyclic strains induced by.pellef expans{on and external pressure were
calculated and were found to be well within the plastic range of the cladding
material. Thermal fatique in the plastic region is a function of the cyclie¢
plastic sfraiﬁs and -a material constant that must also be evaluated. The -
plastic strain range will be deferminéd by the behavior of -the uranium dioxide
pellefs: The material constant is a property peculiar to the cladding material
and the temperature variations.

Data from which the cyclic strain range may be determined should be
~Afor+hcoming from the capsule and subassembly irradiation tests discussed in
" Section |.1. Tests to determine the ma+eriai constants required for a precise
thermal fatigue énalysis are being pianned. In addition an puf-of—reacfor test
of an aluminum-clad uranium dioxidé bushing heated by an axial tungsten wire
¥o determine thermal fatigue is planned.

Nozzle Spring. The spring that supports each boiler fuel element at the

grid plate was ftentatively designed. Space limitations demand a spring with




a relatively high spring rate and a minimum wire size. Inconel was chosen
for its negligiple creep fafe below 600°F and its high allowabje stress iﬁ
torsion (55,000 to 80,000 psi).

Conventional equations were used to make'+he hgcessary ga!qulafionsL
The loads on the spring consist of the sum of the boiler.fuelnweigh+, the
pre-compression when the hold—down grid is'lowered.in+q_placé, and %he load
resulting from the differential thermal expansion between the béilerlfyél
element and the reactor vessel. Assuméng that fhé‘modulus in'Torsiéntis
[ 106 psi, the allowable s+reés of inconel is 60;000 psi, Tﬁe thermal
expansion is 0.375 inches, fhelergh+ of the bofler fuel element is 200 Ibs,
and the loéd due to pre-compression is 35 Ibs, a spring with the folléWiAg.
dimensio;s is necessary: 2.5 active coils and 4.5 total coils (with ends
squared and ground), a sériné rate of 17! Ib/in, a free length of 3.520 inches,
a total capacify'of 300 Ibs,  a mean diameter coi! of 4.269 inches, and a wiré
diameter of .394 inch (4-0 gage W&M). The maximum stress for which the
spring is designed is 59,200 psi.

A tolerance investigation based on data published by the Spfing
ManufacTurer's,Associafion, Inc. indicates that the spring will requffe
special quality control to obtain the uniformity required.

1.4.1.2. - Tests. - Experimental Siress Analysis. A test program was

formulated to determine experimentally the stresses in the straps and the
stresses in the rod sections of-+he-a|+erna+é fuel element subassemblies.
A group of rods and a strap will be moﬁn+ed in a fixture, and éfréins'bf a

known magnitude will be imposed with set screws.

Water-Logged Fuel Pin. If the cladding of a fuel pin developes a pin--

hole defect, the pin would probably become filled with water (wafer—logge&)




after a shut-down. When the reac+§r is started up, two Thihgs may happen .

to the fuel rod: 1) the steam formed may escape before building up a preséure
sﬁfficienf to rupture fhglélédding, Qr'25 the hole may bécome plugged, and

the rod may rupTuré."A preliminary calculation shows that power generation
during s+ar+-up increases slowly enéugh to allow the steam to'escape through

a hole’as'sma[l as 0.005 inches in diamefér, and this alternative should pEesenT
no problem. The magnitude 6f the piroblem presented by ciogging of the pin hole
after sﬁuf-dOWn is not known.. Howeyér, a TeéfAis being designed to determine

what might happeh during start-up if the pin hole becomes plugged.

Boiler Fuel Rod5VibraTion$.b Vibration of the boiler'erI-elemenT tods are
particulariy important in the Pafhfindef feacfor. Excessive amplitudes may
confrnbufe to flaking off of the protective COFFOSlon film on the alumlnum
cladd:ng. The sfralns caused by hlgh ampllfudes may be lnfolerable when
combined wsfﬁ_ofhers.A When fhe fuei rods are vnbraf;ng wn+h a high amplnfude,
t+he nuclear charactefisficsiof the réacTor cqqu be éffecféd. Burgreen, QI;QJ.
have outlined fhé varjables and expécfed vfbréfiohs induced in rods by a single-
phase fluid flowing parallel to the rods. In the Pathfinder a two-phase fluid
will be flowing parallel to the fuel rods. |

A test program was formulated to aefermine the effécf'éf +W§-phase parallel

~flow on the vibration of the rods and'To aefermfﬁe if the frequency and,amplifude'
of the vibration can be pred:cfed by The equations presented by O. Burgreen,
et. al. or by some other means. A parfncularly helpful analytical fool would be

a relaflonsh p befween The vnbraflon characferlsflcs and the void fraction- for

varlous fluid velocxf:es.v

2 0. Burgreen, J. J..Byrnes, and D. M. Beuforadd, Vibrations of Rods Induced by
Water in Parallel Flow, ASME Paper Nn, 57-A-94, 1957.




The correlations presenfed by Burgreen, et al. are

f = _;%%___ \/?ﬁ?*éhEa ' . (1.3) ‘

and )
43 comsxi0i% rll2g (1.4)
D

where,

f = frequency cps

g = acceleration of gravity
E = Young's'modulus

I = moment of inertia
Pr = rod density

A = cross sectional area

-
n

length between support

Q-
"

amplitude of vibration

hydraulic diameter

o
"

K| = load=defiection end=fixity factor )
I = non-dimensiona! vibrafSon parameter = Pw'V2 L4/E|
n = non-dimensional vibration parameter
‘The following results were obtained when Eqiations (1.3, 1.4) were applied fo

the geometry and conditions present in the Pathfinder:

Fuel Rod Type Frequency ' Amplitude
(cps) s (mils)
I8 inch long, .040-inch AL ciad 52 : 2.2
18 inch long, solid AL 715 . 2.
18 inch long, 0.025-inch Zirc clad 48 . 3.2

36 inch long, 0.025-inch Zirc clad 12 26.8




The experimental program currently proposed includes three phases.
Phase | consists in formulating methods to measure vibration with strain
_gages and determining the rod EI product and end fixity. ODuring Phase 2,
the most accurate method of measuring void fraction and water velocity will
be determined. (This is currénfly a most important problem.) Phase 3 will
consist of basic tests using a single rod and a two-phase parallel fluid
flow.
1.4.2. Superheater Fuel Eleménf

1.4,2.1. Design Status. Reference Design.’ The reference design for

the superheater fuel element is an annular~type fuel element with three
parallel flow channels and Two'cylindrical fuél-cladding sandwiches.. The

fue!l material considered for use is a uranium dioxide, stainless steel cermet,
Irfradiation studies of this fuel were discussed in Section |.l. At present,
work is confinuihg in ppfimizing this design by Use of an |BM 704 EDPM code.
This work is discussed below. Work began on development of a low-enrichment
superheater fuel element. This work is discussed in Section |.6.

{.4.2.2. Allis-Chalmers Superheater Temperature Evaluating Routine
(ASTER). Description. The IBM 704 EDPM code, which was previously designated
the Nuclear Power Superheater Thermal Code (NPSHTC), is now designated the
Allis-Chaimers Superneater Temperature Evaluating Routine (ASTER). ASTER was
designed to obtain the bulk coolant temperatures, wafl temperatures, and
pressure drop in a superheéfer type fuel element. The code was designgd for an
annular-type fuel element with a maximum of five parallel flow channels and
four cylindrical fuel-cladding sandwiches. The geometry of such an element is
shown in Figure |.l11. The code with appropriate modification may also be

applied to a flat-plate fuel element.



ASTER }ncludes fhe following special features:
1) AIIowanée is méde for: -heat losses from the outer fliow channel.
2) Allowance is made for the effect of a helical Q}re spacer.
3) The effect of the temperature at bofh.sides of the sandwiches
6n the heat release from each side is considered.
4) All properties, both nuclear and +hérmal, although included
in the code,'may be éoavenienfly altered or replaced.
Operation. The operation of ASTER is shown in Figure 1.12 and may .be
described as followgz — o ' P o |
1) The operaforAfdifially séiecTs the fuel eIemen+Ig;6mé+ry_§hd}
makes a rough approximafion of.fﬁe-flow rate in each‘éhannél.' Tﬁé geomé+ry
selected in.the present application is the geometry of the Fafhfinder'sﬁpér-
heater fuel element. '
2) ASTER calculates the fluid bulk temperature, wall femperatures,
and pressure drop for each flow:channel. | - :
3) fhe-pressure dréps for each channel are compared. lf the ‘
difference befween pressure drops is greafer than 0.033 per cent of The i
maximum channel pressure drop; ASTER calculates new channel flow rates unf;l
these conditions are satisfied. | |
4). The final preésure drop is compared with a data input pressuré )
drop which is the calculated pressure drop fér an average fuel elgmenf. 1
the two values are not within 0.033 per cent, the total flow rate is adjusted
vand steps 2, 3, and 4 are repeated..

5) Results are printed out when these conditions are satistied.
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Program.lnpu} DaTa; The folIonng fnpuf data is réquired;

1) all geometrical factors,

2) +o+a1.fuel.efemenf'hea+.genéra#idn,

3} ’fo+é|:bufk hot Channel-fécfor,

'_A14>}. total filﬁ,héf cﬁannei»fécfpr{_‘:‘
| 55 }nlefvfIUid properiiés, o

6)  conduction paraﬁgfgrég

~”:7)',.flow channel ‘length, -

.8):- mass,floﬁ above and'below_fhe fuel~elemen+;
~:9)f ?jim héaf.fréﬁsfér coefficfénf corfecfion factors,
100 inifial f|§w estimates, and ”

.[l?' 'miscéllgnequs progrém speCifi¢a+i§n information.

Program bh+pu+loa+a;”,The<folléwing data may be obtained from ASTER:

D) ,'all'iﬁﬁufnflqw rates éoné{dered egcépf'for the initial
’ ;;es¢ih§fes18f f|§w rafe,‘: “ - |
B ff 2)  buik and waI|.fémpérafufe$ fdh&gl1 channels at various
posifiénslélong”fhe_léngfh of fhe channel;
| 3. maximuh_bglk‘ahd wail Temﬁerafu}é_fOr each flow channel,
L 4) channei f]ow ré+gs'§nd fdfajtfiow rates, and

5) . pressure drop in each channel.

L5 NUCLEAR HANDLiNG TOOLS,'COFF]NS, SHIPPING CONTAINERS
The oné-éigh#h core moék-up is 95 per cent complete aﬁd'mosf Eoﬁpbnédfs
"wére ingbec}ed. The:4ijoof handiing tank that will ;qnfaih‘+helm§¢kruplié
how filled . with reactor-grade demineralized water and is;reainqu~iﬁ§ér+ion

" of the test unit.
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A one half Tén crane for handling boiler fuel elements was ordered,

and construction of a prototype set of tools for. handling both the boiler

" and superheater fuel elements is nearly complete.

r

|.6. LOW-ENRICHMENT SUPERHEATER FUEL ELEMENT
1.6.1; Design Status | '

A research and development program was initiated for {ow-enrichment
“superheater fuel elements for the Pathfinder. A fuel element wifh the
following characteristics is desired: a low-enrichment fuel, high heat
transfer properties, good mechanical strength, high corrosion resistance,
-good irradiafion'sfébilify, containment for fission gases, and simple
-fabrication processes.

Since cons}derable data is available on uranipm‘dioxide ceraﬁic fuels
with stainless steel cladding, a superheater fuel element using these
materials should require the least time to develop. The development of such
a fuel element will therefore be emphasized. At least three different fuel
configurations appear promising and will be investigated to defermine.ease
of fabrication and heat transfer characteristics. The configurations are
shbwﬁ in Figure 1.13 with the reference desién of the Pathfinder super-

~

heater fuel element.

The R & D program is planned in fwo‘secfions. The first section is a
six=-month in+rodpc+ory study ot material properties and fabrication
processes. The second section is a two-year advanced research and
development program.

The first section of the program consists of two phases. The first phaseA

is a programmatic data survey to determine general material properties,
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the uranium dioxide products available, uranium dioxide suppliers,
fabrication proéesses and equipment, and characteristics of various fuel
element configurations. Methods of increasing thermal conduéfivify and
mechanical strength of‘cerémic fuel materials will be studied.

The second phase includes~a fabrication study of uranium dioxide fuel
elemenfs using known data and proven technology. The study includes studies
of powder preparation, compaction and consolidation, sintering and densifi~
cation, cladding studies, testing, and evaluation,

The proérammafic &afa survey and ceramic fabrication studies Qere
initiated duriﬁg the report period. ,
l.6.2, Tests and Studies

1.6.2.1. Programméfic Data Survey. A literature survey was initiated.
The initial studies were limited to evaluation of reports on methods of
. tfabricating uranium dioxide fuel bodies using proven ceramic fabrication
processes. Data on uranium dioxide powder characteristics, lubricanfs;
selection and use of organic binders, selecTion.and use of density improving
additives, mefhodslof compaction and consolidation, sintering cycles and
atmospheres, and fabrication p?ocedures were obtained. ThelSUrvey is
continuing.

1.6.2.2. Ceramic Fabrication Studies. Stainless Steel Powder. 1Initial

results of the data survey are being used to make fabrication studies. Prior
to working with uranium dioxide powder, hoWever, personnel are being trained
in laboratory techniques and handling procedures for radioactive materials.

‘Cylindrical pellets of the uranium dioxide type were made from 302 stainless

steel powder for this purpose.
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The procedure used to make the pellets was as follows: as-received
stainless steel powder is sieve-analyzed to obtain powder particles of
-325 +o +400 mesh size (34 to 44 microns in diameter). The powder is then
mixed with a solution of 0.4 to 2.0 w/o Sterotex in acetone. The Sterotex
acts as a die lubricant. The mixfure is blended to effect proper distribution
of the Sterotex; the mixture is pressed into pellets in hardened sTeel‘dies.
Pressures between 30 to 100 tsi are used to compact pellets 0.388 inches in
diameter by 0.500 inches in length.

About thirty péllefs were made. The green or as-pressed density of the
pellets ranged from 60 to 66 per cent of the Théore*ical density. A pélle+
pressed at 140 tsi had a green density of 67 pér cent of the theoretical
density. |

An attempt was made to sinter the green pellets in a hydrogen-afﬁosphere
furnace. The sinfering cycle consisted in exposure at 1650 to 1700°C for
periods of one to five hours. High-&ensify, clean pellets were not obtained.
Thié shortcoming may have been due to the presence of e*cessive water vapor
in the hydrogen gas and/or to characTerisTicé of the furnace itself. Visual
dimensional inspection was made to evaluate the pellets for swelling,
shrinkage, laminations, warpage, etc. Work is continuing with moré careful
control of the sintering cycle.

Uranium Dioxide. Some uranium dioxide fabrication studies were initiated.

’

The initial investigations were made on powder characteristics and fabrication
procedures. Depleted uranium dioxide from Shattuck Chemical Company was
used. The powder was analysed to determine mésh fraction and particle sizc and

distribution. About 80 per cent of the lot was found to be less than =325 in
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size,‘i.e. less than 44 microns in diamefér. The powder éppeared to consist
of ceramic-type material. The particles were agglomerated structures made
up of several attached crystallites rather than of single crystals.

Two five-batch lots of powder were prepared for compaction, sintering,
and density studies. One lot was made of the as-received uranium dioxide
powder, and the second lot was made of ball-milled uranium dioxide powder.

Thé lot of ball-milled powder was made as follows: 600 grams of as-received
uranium dioxide of =325 mesh were placed in a one quart container with 500
gramé of high-density alumina balls. The powder was blended for 24 hours.

A batch from each lot was blended with the following lubricants ana/or binders:
0.2 w/o Sferofex; 2.0 w/o Carbowax, 2.0 w/o polyvinyl alcohol, 0.2 w/o
Sterotex - 2.0 w/o Carbowax, and 0.2 w/o Sterotex - 2.0 w/o polyvinyl alcohol.
The Sterotex is added as a solution in acetone; Thelcarbowax-and polyvinyl
alcohol are added as a‘solufién In water. The powders blended with lubricants
in acetone could be pressed immediately, but the poyders containing the water

~solutions are first dried at 60°C for 24 hours.

Seven pellets wi]libe pressed from each of the ten ba+ches.A Preésures
between 30 and 80 tsi, in JO?gm increments, will be used. After the pellets
are formed, they wjll be sintered in a dry hydrogen furnace at 1650 to 1 700°C.
The bes+ combinations of Iubficanf,.binder, and forming;pressuré will be

selected on the basis of lamination, dehsify,‘shrinkage, and other physical

aspects.
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2. REACTOR MECHANUCAL STUDIES

Upon initiation of the mechanical design studies of the reactor,
Allis-Chalmers decided to use the design criteria provided by Section VIII'
of the ASME Pressure Vessel Code. This section, entitled "Unfired
Pressure Vessels,'" was adopted over Section |, "Power Boilers," for
reasons given previously.3 The Hartford Steam Boiler Inspection and
Insurance Company, ASME Inspection Agency to Allis-Chalmers for design
approval, suggested that an opinion be obtained from the state of South

Dakota regarding this matter.

The state of South Dakota concurs with Allis-Chalmers that
Section VIII is gore applicable than Section | for -the design of the
Pathfinder reactor vessel. The State Engineer approved4 use of these
design criteria subject to the approval of the AEC Hazards Evaluation
Branch and the Advisory Committee on Reactor Safeguards.-

The conceptual and final design‘phases are proceeding on the basis

that approval will be granted. The conceptual designs of most components

is complete. The final designs are well underway.

2.1. VESSELS AND STRUCTURES

2.1.1. Vessel Shell and Nozzles

2.1.1.1. Design Status. Conceptual Design. Conceptual design of

the vessel shell and nozzles is comblefe pending results of the

3PaThfinder A+6mic Power Plant Technical Progress Report, April 1959 -
June 1959, ACNP-5915, p. 20, 1959.

4L+r., State of South Dakota, QOffice of the State Engineer to
W. N, Marx, Manager, Northern States Power Co., July 30, [959.
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radiographic proof tests discusséd below. AII‘veséél nozzles
(Figure 2.1) with exception of the support sieeves of the contfrol rod
drives and the recirculation discharge nozzles are of the saddle type.

The control rod drives are spaced in such a way that saddle-type
nozzles cannot be used. Therefore, 3-1/2 incﬁ.diamefer schedule 80
inconel pipes will be used as mounting sleeves and will be welded into
the upper reactor head with full penetration welds. This type of nozzle
design is permitted under conditions cutlined in special code case I1273N,
paragraph (6). The welds will be‘inspeCTed by the best radiographic
methods. The welﬁs will also be examinéd by liquid—penefranf and
magnetic-particile mefhods to further prove their soundness.

The complex shape of a saddlie-type nozzle maikes the nozzle forging
" for a large opening in a cylindrical shell very expensive. In an
. effort to reduce the cost, the recirculation discharge nozzles in the
lower section of the veése! will be fabricated of rolled ASTM A2(2-B
plate. A 10-degree +aper at the weld preparatior should fa;ilifafe
radiographic examination.

‘Final Design. Fiﬁal design.oflfhe vessel shéll is proceeding on
the basis that approva!‘of the AEC Hazards Evaluatlion Branch and the
Advisory Committee on Reactor Safeguards wili be granted. Majof items
~remaining in the final design include thermal and hydraulic shock
analysis of the vesse! sheil. |

Final design ofﬁfhe nozzles depends on the outcome of the radio-
graphic proof tests as'iﬁferprefed-by the Hartford Steam éoiler

Inspection and Insurance Company. Final design and fabrication of the
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nozzles will proceed as soon as the tests are completed and approval is
granted.

t Fabrication. fhe vessel neck and lower head wére:ordered. Final
quotes are being obtained for the forgings for the instrument nozzle,
Iiﬁuid—level control ﬁozzle, recircula+ion.dissharge4ho?zle§, méin
flange forging and the flue ring. Final quotes are also being obtained
for the bottom head and the plate materials. |

2.1.1.2. Tests and Studies. Saddle-Type Nozzle. The connection

wel|d for a saddle-type nozzle is in tThe vessel shell well away from the
outer -wall of the nozzle. This type of design lends itseif to unquestion-
able radiographic examination.

Mounting Sleeve of Conirol Rod Drives. A full-séale radiographic

test of the mounting sleeve using ceramic inclusions is in progress to
determine the validify of radiographic inspection of the ful | penetration
welds. The welds will also be examined by quuid—penef?anf and magnetic-

particle methods to further prove their soundness.

Recirculation Dis;harqe Nozzles. The Allis-Chalmers Non-Destructive
Test Department reviewed TheAdesign of fhé recirculation dischérge
‘nozzle. The department beigéveS +ha+ meaning}ul raafographs of the
welds are possible with its e#céileanbeTairéq fatilines.b Radio-
graphic tests are.in progress usfng a full-scale mock;up:of the
rec}rculéfion discharge-npizle; Simulated céramic inélugionS'wiII be

placed at var ious positions and orientations in The.welds.,.

Hard Model Test. Due to recent changes in the design of the -
recirculafipn sucfion nozzjés (Figure 2.I;), the lower section of the

vessel lends i#se]f‘mnre'readily_fo analytical ‘analysis. In the Fight
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of these changes, the fest of a quarter-scale aluminum model cannot be
justified. This test was therefore cancelled.

Coolant Distribution Test. Tests of the new quarter-scale wooden

‘model of the reactor inlet section were completed. A final report was'
wriffen.s
Flow distribution patterns through the simulated fuel element nozzles
show a variation of £ 5 per cent from the average flow with all three
blowers operating and variatiens of * 10 per cenf from average with one
of the blowers shut-down, VA typical flow pattern with three blowers
operating is shown in Figure 2.2. .
The energy loss through the plenum was approximately 1.8 times the
velocity heéd in the inlet pipes. This gives an expected loss for the

inlet section of the reactor of 10.6 feet of water.

Thermal Shock Studies. Thermal shock studies of the vessel shell

are now in progress. A large part of the analysis is being done with an
IBM 704 digital computer,
2.1.2. Bolted Flange Closure

2.1.2.1. Design Status. Conceptual Design. Conceptual design of

the bolted flange closure is complete pending results of the full-scale
closure tests described below,

2.1.2.2. Tests. Full-Scale Closure Test. A full-scale closure test

of the bolted flange closure will be conducted. The test vessel will

consist 6f two, flanged, pressure vessel heads bolted together. -The

5J. Wilson and R. Stiles, Pathfinder Atomic Power Plant Final Report on
Coolant Distribution Test, ACNP-5920, 1959.
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top head is designed to the specifications for the Pathfinder reactor

" vessei head, and the lower head is designed to simulate the pressure
vessel. An assembly drawing of the vessel is shown in Figure 2.3,

A schematic diagram of the instrumentation is shown in Figure 2.4. The
cover is a hemispherical spun head welded to a flange machined from a
ring forging. This head is 2-1/2 inches thick -~ 2-3/8 inches of carbon
steel with I/8 inch of 304 stainless steel cladding. The lower head

is a 2-+o-} elliptical spun head made of carbon steel and welded to a
carbon steel flange machined from a ring forging.

The flanges for both the upper and lower head are 7-1/4 inches thick
with a 91 inch 1.D. and @ 105-1/2 inch 0.D. Forfy-efghf 3-incﬁ nominal
diameter studs are used to bolt down the cover. The studs are made from
422 stainless steel and are heat treated to a BHN 285/347 to give an
ultimate tensile strength of I40,0QO psi and a minimum yield strength
of 120,000 psi. |

of the twenty control-rod drive fubés located in the upper head,
sixteen are capped, and four are flanged. Two safety valves, sef at
600 psig aﬁd 720 psig, are bolfed to two of the flanges. The other two
flanges provide lead wire exits for strain gages located inside the vessel.
Both safety-valve discharge §uflefs are connected to an exhaust stack
that extends through Tﬁe roof. All contreo!l rod tubes are vented at the
top through small tubes that are connected to a venting valve. The test
vessel is supported on a sfand made from wide flange channels and
reinforced with pipe. A set of Lubrite pIaTes at each of the four support

columns allows the vessel to expand thermally without stressing the support

stand.
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An eleefric immersion héa+er, flange-conneéfed to the lower head
is used to geﬁerafe steam, This.hea+er may be opefaiéd af output levels up
to 50 kw in approximafély 44kw increments. A pressure switch installed
in the vessel piping wjlllsh§+ﬂéf¥ power to the heaters when the pressure
in the vessel exceeds 660,p$ig.‘ |

Three thermocouple probe holes are located in the upper flange. Each
probe accommodates six thermocouples spaced one inch apart. Another
thermocouple well focated in the lower vesse§ indicates vessel water
temperature. All nineteen thermocouples are connected to a twenty-channel
temperature recorder at the conTrol'panel. A cam-operated controller
operated from one channel| of-fhe Temperature recorder (the water temperature
thermocouple) maintains a constant water temperature. A fuli length
magnetic type iiquid-level.indicafor is mounted alongside the control
panei. |

For heat-up rates higher than those obfainéble from the immersion
heater, steam from the heat-transfer test loop will be used. A blow-off
located between the vessel and steam supply valve is used for cooling-rate
tests. The exhaust from thjs valve passes into the exhaust stack extend-
ing through fhé roéf of the Iébora+ory. A 10-gpm reciprocating pump is
used to maintain a water !eve! above the upper flange fpr cooling tests
and may be used to provide additlonail cooiing when required.

Provision is madé fdr measuring flange rotations by using dial
indicator gages moun%ed on long rods that in turn are rigidly fastened to
the flanges. A smal! angular fotafion of the flanges will produce ‘

rela%ively large displacements at the free ends of the rods carrying the
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dlai gages. Diél gages.will.be mounted on the flanges to measure gasket
compressidn aﬁd'fadial differential expansion of the flanges.

The piping‘syéfem was designed to conform'foqfhe ASA code for power
piping. All welds wf‘l be made énd inspected according fo'requiremen+s
of the ASME code for unfired pressure vessels. Affer assembly, the Qessel
and pibing will be subject to a pressure test for leaks.

Before coﬁmencing ény high Temberafure tests, the vessel and piping
will be insuIaTéd.- A major portion of +he.vessel will be insulated with
3-inch thick calcium silicate blocks. A blanket insulation will be provided
in areas where access to the vessel is necessary. An insulated 1/4-inch
thick byA36;inch wide carbon-steel ring surrounds. the parting joint of the
flanges and acts as a safety shield in case the gasket ruptures.:

Nearly all the component parts of +hé Tésf apparatus were ordered.
Fabrication of the test vessel is now in progress. Views of the weldiﬁg
épérafion.are shown in Figures 2.5 and 2.6, |

ﬁréfiminary tests designed to qheck~ouf insTrumen%aTioﬁ and stress
analysis techniques were initiated. A computer prqg}am wés formutated
for computing stresses from strain ro$e++e-dafa.A This program will be
checked out with data from Thé pfeliminary'fests.

é.l.S. Entrainment Separéfors anq Support Shelf

2.1.3. 1. Design-S+a+us.‘vResul+s of the mqisfgre enfrainment tests
indicate that eifher of two types of_commeréial[y ayaf[éble moisture |
separators are'suiféblé féf use with +he<PaThfinqér. 'LéyoyTS were completed
for the suppngAshe]f for both types. - Before The'final désigns can be |
Zesfablished, the type that will operate bésf upde?j}éécfdr conditions must

be determined. - Further tests are planned for this purpose.
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2.1.3.2. Tests. Moisture De-Entrainment Tests. Testing of the

2-and 4-inch diameter test sections was completed, and results were
repor'red.6 Results indicate that under present reactor operating conditions,
steam of 99 per cent quality or beTTér will enter the moisiure separators.,
This leaves approximately 0.9 per cent moisture to be removed by mechanical
separators to obtain.steam of 99.9 per cent quality for the superheater.

‘Sénce these tests wére conducted on relatively small test sections,
the accuracy of exfrapolafiné the results to predict the steam quality of
the Pathfinder may be questioned. ‘Furfher tests on a larger test section
are therefore plannéd to further verify these results.
2.1.4. Baffles

Final design of the boiler-core baffle was completed. Fabrication is
being discussed wifh shop personnel, |

Sfresses and deflections iﬁ +he,§uperhea+er-core baffle due to pressure
differences between the boiler.énd superheater core were investigated.
2.1.5. Superheater

2.1.5.1. Mechanical Design. An inves%igafion‘of the placement and

orificing of the tube sheets is‘being conducted fo minimize the pressure

difference between the boiler-core and the superheafechore moderator and

thereby reduce the stresses and deflections in the superheater baffle.’
The possibility of'confainer—fuﬂe vibration due to parallel and ceoss

flow of the moderator is being considered.

Moisture De-Entrainment Tests in 2- and 4-inch Diameter Test Sections,
ACNP-5921, 1959.




.2.1.5.2. Tests. QJuperheater Tube Weld Test. Welding of test semples of

the superheater tube were completed, and preliminary indications are that
4all.yelds investigated were successful, Af+er‘complefing laboratory
examination of the welds, the bpfimum type weld will be selected from an-
economic as well as structural éfandpoinfp

2.1.6. Grid Plate

Final design drawings are being prepared.
A Y .

2.2, RECIRCULAT(ON SYSTEM
2.2.). Recirculation Pumps
| The final designs were completed. Manufacture of the prototype
is proceeding on schedule. The pump casing castings were poured, and
preliminary radiographic tests indicate sound castings.
Specifjca*iéns covering the hot loop testing of the prototype pump
under design préssuke and temperature conditions were completed.
2.2.2. Recirculation Fiping Loops
2.2.2.l. Design Status. The recirculation piping configura#ioh is
essentially the same as previously described.7 Minor changes were
necessary as a result of the redesign of the recirculation discharge nozzles
to normal peqe*rafion of the lower hemispherical heéd. The changes were
‘sufficiénf to require another stress analysi; of the loop, however, '
2,2.2.2. Studies. Stress analysis of the present design of the

recirculation piping loops was begun. The new design is not appreciably

7Pafhfinder Afomic Power Plant Technical Progress Report for October 1958 -
December 1958, ACNP=5904, p. 63, 1959,
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different than fhé previous design, and the forces and’ moments are expected
to be of the same order of magnitude as those previously repor‘red.8
2,2.3. Recirculation Loop Valves

2.2.3.1. Design Status. Conceptual design of the valves is
complete. Preliminary design specifications for the Qalves have been
written and transmitted to the Allis-Chalmers York Works. Tests to
determine the operating characterisitics of the valves are continuing.

Finai design specifications will be written as soon as these tests are

completed.

2.2.3.2. Tests. Ejght-lnch Butterfly Valve. The eight-inch

diameter butterfly valve was tested to determine the value of sigma 9
(EaviTafion constant) at the throttiing limit. The conservative Fefinifion
of the throttling limit is the point of incipient (first-detectable) ’
cavitation. |
Sigma for the 20-1/2 iﬁcg 1.0, fecirculafion valve was calculated

at reactor conditions and is shown in Figure 2.7 with the experimentally
determined sigma for the 8-inch valve. The variation of sigma for a
~given valve angle at incipient cavitation is due in part to the air

content of the water. The experimentally obtained curvé was obtained

with water that appeared to be relatively free of enf?ained and dissolved .

air, but this was not substantiated. Various methods of determining the

amount of entrained and dissoived air in water are being investigated.

8ibid., pp. 12-16. ‘ , <

9Pafhfinder Atomic Power Plant Technical Progress Report for April 1959 -
June 1959, ACNP-5915, pp. 26 and 27, 1959.
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Test results indicate that the sigma-vs-valve-angle curve should

] coincide or be lower than the minimum—average-vaiue curve of Figure 2.7.
A control range of 21,167/ fio 15,600 gpm would then be possible for each
Pathfinder recirculation loop. |

Tests were run to determine the point where a definite break-off in
the flow coefficient ‘occurs as cavitation develops. The break-off points
were expected to be a function of sigma. Each test was run with a fixed
valve angle and constant flow rate. The back pressure was varied to
develop cavitation. |

The flow coefficient is constant for a given valve angle when
there is no cavitation in the system, but decreases only slighfiy as
cavitation develops. No consistent correlation was found between sigma

and, the points at which the slight decreases occurred. Tests will

continue to determine if a more definite break-off point can -be obtained.

2.3. STEAM SEPARATORS
Af*er the sfeaﬁ separator loop was completed, the loop was tested
for leaks. The ‘instrumentation to measure air and water flow rates and
pressure drops throughout the Ibop was then installed.
The steam separator is required to meet certain desigﬁ requirements.

Among these requirements are a prescribed total pressure drop of 3 t 1/2 foot

of water and a prescribed efficiency. The efficiency of the separator is
defined in terms of the carry-under of air in the water that passes through
the separator and the carry-over of moisture in the separator exhaust.

A maximum garry-under rate of | per cent of air by volume is required.

This value is based on the effect of vapor on the net positive suction
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head (NPSH) of the recirculation pumps. [|f moke vapor is present in
the recirculated waTér, the NPSH is lowered and the pumps will not operate
séfisfacforily.

The steam separator loop was operated at reactor flow conditions to .

N

defe}mine the total pressure drop +hrougﬁ'fhe hodel separator. The
tests indicated that the total drop through the separator was too high.
The size of the inlet and outlet nozzles of fhe‘separafor were both
increased to decrease the total pressure drop. The increases in the
size of both nozzles was madé‘wifhou+ affecting the processes by which
the separation of air and water is effected.

Tests of the modified model separator indicate that the average
total pressure drép through the separator is 3.3 féét of water at the
required flow rate of air and water. Pressure drops through the inlet and
outlet nozzles were 1,9 and 1.4 feet+ of water, respecfiVer. The |
carry-under rate was ,2 per cent of air by volume. This value was
obtained by passing water through the separator into a long‘hgrizon+al
diffusion tank. The velocity of the Qafer decreases in the tank, and the
air that has been,carried under rises and displaces water in a collection
drum mounTed on the top of the tank. The volume, Temperafufe, and
presshre of the air collected was periodically measured, and the carry-
under rate could then be calcutadted. .

Tests are presently béing run to determine the amount of steam
that will bé carried into the separator. This data ;ilj be necessary
to specify the capacity of the separators +ﬁa+ will be used on the Path-
finder. The open poo[ area a?ound the fnlef ofhfhe mode | s;parafér i;
sized to simulate the pool area adjacent to which each separator will be

/

38




N

installed in the reactor. Of inferest is the fact that the <team-water mixture =
from the inner part of the boiler core will travel a longer distance to
enter the separator, then the air-water mixture travels to enter the

inlet of the model separator. Therefore, more time will be available

for steam to escape, and the capacities that will be indicated by the
Teéfs with +he model separator should be slightly largef than the capacity
that will be required of an operafing separator in the Pathfinder.

Results thus far indicate that the carry-under rate is practically

indeperident of the amount of air passing into the separator.

Under reactor conditions, the steam separators exhaqsf to the steam
dome area. This area is at the same pressure as the surface of the
pool around the separators. To dupiicate reactor conditions, attempts were
made To obtain equal pressures in the pool area and separator exhaust of
the fesf loop by using a throttiing valve in the exhaust, but the pressures
were found to fluctuate considerably. Methods of damping out the pressure
fluctuations in the test loop instrumentation are currently being investi-

gated.

Z.4. CONTROL RODS, GUIDE TUBES, AND CONTROL ROD DRIVES
2.4.1. Control Rods
N A prototype rod of boron sfaénless stee! was manufactured and
inspected. The rod was found to be well within the straightness tolerance
required of the reacfor control yods. The rod will be used in the critical
* facility.
Design of a split control rod. that can be removed from the Feac+or

in sections was started. The removal of these rods in two sections would
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considerably reduce the radiation level at the top of the shield
pool.

Control rod material studies are continuing. Samples of 2 w/o boron
stainless steel were welded and brazed and are undergoing tensile |
strength feéfs at ambient and elevated temperature. The test resul*s:
will be reported in the next quarterly reporf.‘

2.4,2, Guide Tubes

The design of split guide +ubés incorporating the fuel element
hold-down device and water turning baffle has undergone design changes:
and is still being considered for use in the Pathfinder reactor.

2.4.3, Control Rod Drives .

2.4.3,1. besign Status. Conéégfual Design. The conceptual design
for all components of the control rod drives is complete with the following
exceptions. Design of a suitable water supply system for the control rod
rack housing is not complete. Formulation of a pinning and assembly ’
procedure to correctly locate the latch wffh respect to the furningv
mechanism,and driQeAhéusing is not finalized., Layouts for the cables,
tubing and supporfiné structures that are attached to the drives and
that must be disconnected when the vessel cover is removed must be
completed. Further changes will Ee incorporated where results of tests
and studies show them to be necessary.

A mechanical method was devised to hold the rack and latch in the
up-position during reactor cover removals and was incorporated in the
design. This device eliminates the necessity of energizing the scram

clutch during cover removal.
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A study to determine. if the stiffening rings are necessary to
support the slotted turning ftube was completed. The §+udy indicates
that the rings are not required to handle the required torque buf)are
needed to eliminate separation of the two tube halves due to bgnding.

The:crifical f?equéhcx'of all shafting was calculated and found
to be well.above. that which: the drives will encounter. The criffcal
frequency of the rack housing was ;Iso calculated and was found to be
very low. The horfzoﬁfal deflection of the rack housing due to various .
Ioads was also s+udiéd and does not aﬁpear to be a source of trouble,.

The fadial and longitudinal fhermal'expansions of +the control-rod
drive system with respect to the reactor core was analyzed. |In the
stainless superheater core erroneous position readings of as much $s~
3/4 inch may be obfained;, In an aluminum bofler‘ core a félse indi-
cation of almost 1/2 inch may be'obTained when the reactor is hPaTed
to operating temperatures. These errors are at a meximum when the rods
are fully withdrawn and are expected to be Tolerable.'

Control-Rod Drive Water-Supply Study. For normal withdrawal and

insertion of the control rods, suffiéienf”s#eam or water may enter or
leave the raek housing through the radial clearance between fhe'rack and
bushing. Even if a large pressure drop déveloped across Thé Eleérancé,
) : :

~the control system would not be affected because the rods aré posifive!y
-dfiven in both dirécfions. On scram, however, the rods are disgngaged ”
énd are required to drop the full STroke in less than one geéond. During
this drop a large pressure-differenfiai QoufdAdevelop across the clearance

and could be sufficient to slow'fhe'dfop and prevent proper shutdown of

the reactor. A water supply for the rack housing is therefore necessary




t+o reduce the pressure differential and allow.an unimpeded drop of
the control! rods during scram.

Both external and inferhal\wafer supply systems were studied.

The external water subply systems are characterized by various acc-
umulator arrangements. A difficulty with such syéfems is that a large
number of auxiliary components and cqnnecfions, which could be a source
of trouble, are required.

In fﬁe internal water supply systems under'sfudy,kreacfor steam is
introduced into the rack housing and will reduce the pressure dif-
ferential fhafydevelopes during a scram. Two methods of accomplishing
this are proposed. Steam may be released into the housing just above
the Bushing level, or steam may be guided through a tube to the top of

fhe rack housing. |f steam is released above the bushing and is allowed

to rise in the rack housing,~i+ would impinge on various components and
raise their surface temperatures. The thermal stresses that are thus
produced in the stainless steel components may be excessive. The use of
a tube that introduces steam in the top of the housing would eljhinafe
this problem.

The two systems that are proposed would both allow thermal circulation
during normal operation. Since the amount of heat loss that would result
from use of either of the proposed internal supply Systems is difficult
to evaluate analytically, a heat transfer test of the control-rod rack
housing will be conducted. .The test will be made to determine the
amount of heat loss that may be expected with various internal supply
arrangements. The test apparatus is being erected and is described in

detail below,
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2.4.3.2. Tesfé. Control Rod Rack-Housing Heat Transfer Tests.

Heat transfer tests will be conducted to evaluate the heat loss to the
shield pool when various internal water supply arrangements are used.
. The test apparatus is shown in Figure 2.8 and is presently being efeéfed.
The autoclave that was used to test self-energizing seals is used
to simulate tThe reactor vessel. fhe test loop is welded into the cover
of the autoclave. The 3/8-inch tube represents one of +he.proposed
methods of introducing steam to the top of the rack housing. The
steam tube may be cut out of the system by closing.fhe shut-off valve
at the top of the loop. - Varibus steam entry ports through the bushfng
may be tested. :These ports are held fn the bushing by a set screw.
‘The heat loss to the shield pool will be evaluated by measuring
the flow rate and temperature rise of water passing through the cooling
jacket. Dropping of a'confrollrod will be simu]afedbby opening the
solenoid valve at the top of Thé column. Opening of the valve will
allow some water to drain from the system and steam to enter the loop.
A 3/4-inch stainless steel bar will be suspended in the column
so that it will be bathed by steam rising through the column, (f°
‘seQére thermal stresses are produéed, checkering, may result whicﬁ can
be visually observed.

Prototype Control-Rod Drive. A prototype control rod drive will

be tested to evaluate the conceptual design. Detail drawings for the
prototype were comp leted, and one prototype drive was ordered from the
West Allis shops. A final check of the drawings will be made before

" manufacturing begins.
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The shop is in the process of scheduling the fabrication of the
mechanism.. Most of the items requiring a long lead time were ordered.
Recenfl&yordered items include the 440 C stainless steel turning tube
bearings; turning tube material, all drive housing material, and the
servo drf#e motor. Proposals for position indication were received, and
one of the proposed systems will be incorporated in the prototype.

As soon as conceptual design of the water supply system is completed,
this system will also be incorporated in the prototype.

A flanged adapter section was designed for the prototype and will be
used in final hot tests with conventional flanges simulating the vessel
cover joint. At a later date, a quick disconnect coupling may be tested.

The drive-motor test rfg was completed and is shown in Figure 2.9.
The test rig will be useq to evaluate the two types of drive motors that
are being considered for use.

Cold and Hot Latch Tests. The cold and hot latch tests were com-

pleted. After a total of 800 cycles, the latch proved to be satisfactory
from both the materials standpoint and the operation standpoint. The

latch and latch test stand are shown in Figures 2.10 and 2.11.
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3. NUCLEAR ANALYS1S
3.1, REACTOR PHYSICS (STATICS)
3000, Nuclear Constants
A comparison was made between fast constants obtained with the

Il'used heretofore. From

Muft-4 c‘ode,IO and the "fitted" constants
the comparisons, the tollowing conclusions can be made:

I} Results of the Muft-4 code agreed quite well wiTH the
slowing down praoperties for the boiler region calculated using the
Deutsch equivalence method.

2) Hand calculations using Muft fast constants and Sofo-

cate thermal constants in the equation,

- = I nfsl P
keff |+ TBZ [nffasf + (] +L§g‘27] (3.1)

agreed quite closely with hand caiculations using the present experi-
mentally fitted constants when an édjusfmenf is made to account for the
fast absorption.

An example of the fast neutron spectrum obtained for the Muft-4
code and the differences that exist in the various cofe regions can be
seen in Figure 3.1. and 3.2. Figure 3.l. makes a comparison between
the fast spectrums in the boiler and superheater cores for cold core

conditions. The main differences are at the high energy levels due to

IOPafhfinder Atomic Power Plant Technical Progress Report, April 1959--
" June 1959, ACNP-5915, p. 35, 1959.

. Bohl, dr., E. Gelbard, G. Ryan, Muft-4--Fast Neutron Spectrum
Code for the IBM 704, WAPD-TM-72, 1957.

IZR. Deulsch, Computing 3-Group Constants for Neutron Diffusion,

Nucleonics, Vol 15, No. |, 1957.




differences in the inelastic scattering properties of the two regions;
and at the U-238 resonance energy level where the spectrum.in the
boiler is somewhat depressed.

Figure 3.2. shows |ittle change in the spectrum within the
boiler core due to boiling. Curves A and B show the change in the
64 fuel-rod region from the cold éore condition fo'fhe operating
condition with 34 per cent of the moderator voided.
3.1.2. Stainless Steel Baffle Plate Analysis

A series of one-dimensional diffusion theory calcula+ion$ were
made to determine the superheater loading that could give the desjred
power distribution and reactivity with a stainless steel baffle plate
‘between the boiler and superheater Eegions.

Superheater loadings of 39, 42 and 45 kg U-235 were considered.
A |5-per cent increase in water was also.considered for the superheaTeF.
The core was divided axially iﬁ+o six regions for each superheater
loading to determine the effect of fuel and veid changes in the boile;
core.

Thermal group constants were obfained with the Sofocate program.
Fast gron constants were obtained by the water equivalence me+hod.IS
Calculations were also made usiﬁg-fasf group constants fromlfhg Muft-4
code. |

.The power fraction from the superheater for the various cases

is given in Table 3.|. The data is for the entire core and is obtained

|3Reacfor Physics Constants, ANL-5800, p. 165,




by weighting the superheater power for each radial slice against the
power produced in previous RZ-geometry calculations.

From these results a fuel loading-of 42 kg U-235 with a |5-per cent
increase in water was selected. A series of two-dimensional RZ-geo-
metry calculations were then made fo'de+ermine the gross coefficients
and precisely determine the power distribution.

Table 3. |

SUPERHEATER POWER FRACTION FOR VAR|OQUS CORE LOADINGS AND AMOUNTS OF WATER

Moderator ‘ U-235 Core Loading
39 kg Ir 42 kq 45 kq
Reference . ‘ 0.16 0.18 0.208
Water
- I5-per cent. ‘ o 0.188 0.206 0.239
Increase
3, 1.5, Comparison of Core Representations

Representation of the core in three dimensions was in terms of
R-6-2 céordinafes with the 8 dependence removed by some approximafidn;
Some comparisons are being made that will indicate the effect of +this |
simplifying assumption.

A two-dimensional diffusion theory calcufaTion was made of a cross-
sectional slice of the core at the level corresponding to the 64-pin
boiler section. The cold clean core with flooded superheater was calcu-

lated in X-Y geometry. The superheater was represented by two irregular

homogeneous regions.
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The same case was calculated in one dimension as a set of homo-
geneous, concentric, cylindrical_reéions with the two inner regions
corresponding to the superheater. The transformation to cylindrical
regions -is such that the area remains the same. .This type of trans-
formation characterizes the R-0 represenfafion in all the R-6-Z
calculafioné made.

~ The comparison of calculated results for the two representations

. is as follows:

X-Y Radial

Ketf © T.053 1.056
Iintegrated source, Superheater 0.160 0.153

Integrated source, Boiler 0.840 0.847

The comparisén indicates that the one-dimensional radial repre-
sentation i§ adequate for predicting reactivity and gross power dis-
tributions for surveys or parameter studies.
3.1.4. -‘Calcula*ion of the Delayed Neutron FrécTion

The calculation of an average delayed neutron fraction, 4?, was
underfaken for various core configurations to be used in the critical
facility. Dﬁring feac+or experiments, the period, T, will be measured,
and +Be reactivity will be determined with the inhour equation. Since
+He inhouf equation relates reactivity directly w;fh ¢§, the correct
value pf $§ is necessary to obtain an accurate reactivity measurement.

The calculafioﬁ of the effective A? is pertormed in the following
manner.

1) Prompf-neufron‘fasf constants (3-Group) are obtained by using

the Muft-4 code; thermal constants are obtained from the Sofocate code.




2) A'fransverse Wanda 4-Group diffusion calculation is made with
a buckling criticality sea?ch specified.

3). Delayed neutron fast constants are obtained with ‘Muft-4 by use
of a speciaf fissioa source deck that places all fission neutrons in the
twelfth energy group (approximately the average energy of the delayed
neutron groups).

4) By using the results from Step 2, a pointwise source, S,‘is
calculated for each mesh point through the slab by the equéfion,

|
S = JUWEGSTIH)0 087 129.4% (5.2)

"5) The pointwise source from.S+ep 4, the critical buckling from
Step 2, and the delayed neutron fast constants from Step 3, are used to
run a final Wanda problem in which the first Eigenvalue (first iteration)
is the average delayed neutron fraction, 8.

A value of ¢§ was obtained for a 20jby-20-by-72-inch slab-core
configuration containing a 9-by-9 pin array per 5 inch square asseﬁbly
under cold clean conditions. For this case, § was found to be 0.00686
representing an increase of 7.2 per cent over the uncorrec#ed'¢§,for
U-235 tission of 0.0064. |

For this calculation, it was assumed that all of the delayed neu-
trons were due to U-235 fissioning. More refined calculafions ére in
prégress to determine the U-238 fission contribution to the delayed
traction for the ¥ calculation.

3.1.5. Reacfor‘Shielding -~ Shielding Analysis of the Reactor Building’
3L5.1. “Activity Sources. . The sources of activity that exist in the

reactor containment building. during power opérafion are |) the primery
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gammas and fast neutrons originating in the core, 2) secondary gammas,

gammas produced by capfuré 6f thermal neutrons in reflector and shield

materials, 35 decay gammas from the N-16 that is carried by the water

and steam in the system, and 4) +the gammas originating .in system crud

that was activated by the core neutron flux.

Primary Gammas and Fast Neutfrons. The primary gammas are compbsed
of prompf and delayed fission gammas, capture gammas from neutron -capture
in The core materials (aluminum, steel, Wafef, uranium), and inelastic
“scattering gammas that are caused by the inelastic scattering of neutrons
by various core mater ials. For purposes of analysis, allicomponenfs
of primary gammas are combiﬁed and related to the number of fissions that
occur in the cofé. By knowing the number of fissions that take placeA
in each core volume, a volumé source of gamma rays within the core may
be obtained directly.

The primary gammas were dividea into five energy groups, and the
average energy forveach group, the number of primarf gammas per fission,

and the core volume source for the opefa+ing Pathfinder core are given

in Table 3.2. The volume source, S, , was calculated from the equation,
Sy = P « gammas
v fissions (3'3),
" where, -
P = average power (watts) :
V = Core volume (cc)

50




. ' Table 3.2.

Ve

PRIMARY GAMMA ENERGY GROUPS AND VOLUME SOURCES
FOR CORE AT FULL POWER OPERATION

Group Energy , Avérage ' Gammas Average

Range Energy per Volume

(Mev) (Mev) Fission Source
{ /" /cc-sec)
| o= | ‘ 10.5 1.5 x 103
(' 1-3 2 4,12 5.8 x 1012
e 35 4 0.70 9.9 x 10!
v 5-7 6 0.10 1.4 x 10
v 7-7.3 - - 0.055 4 7.7 x 1010

i . B
The volume sources of fast neutrons within the operating core based on

a release of 2.5 neutrons per fission is 3.5 x | n/cc-sec.

Secondary Gammas. The prompt cépfuré gammas formed outside of the

core that are of impérfance in this analysis are those produced in the water
surrounding the core and in the steel vessel wall. The secondary‘wafer4
gammas are of the same energy and produce dose rates of the samé order of
magnitude as the primary Group Il gammas. The steel secondary gammas are
in gamma groups 1I, III, IV,.and’V with respective source strengths of O.1,
'0.24, 0.22, and 0.50 gammas per thermal neutron papfufe.' Considering the
capture rate in steel, the dose rates are also found to be of the same order
of magnitude as the primary gammas. Secondafy gammas are produced in the
concréte shield, but their contribution to the dose rates are much smaller
than the primary gammas, and they are therefore heglecfed.

The a;TiQaTion of the main steam line by the thermal neutron flﬁx at

the elbow below the reactor core produces volume sources of 3.4 x IO7,

51




9.5 x 105, and 6,3 x‘IO7 gammés/cc-sec. with respective energies of 0.3,

1.0, and 3.0 Mev. These sources are at saturation.

N-16 Activation. The anglysis-of the N-16 activation problem was
~made as fol lows. The number of N-16 atoms, N, at a point above the core

is calculated by the equation, i

b (- T :
N A (T = cp XFo ¥ 1) - - (3.4)

where,

e

the resident time of water in the core
t_ = the resident time of water outside the core. .

- the N-16 activation cross section

the activation flux

o

)3
¢
A

the N-16 decay cdnsfanf, and
C = the rafibibf“sfeam evaporation to recirculafion
This yields a ‘value of 1.6 x IOlo afoms of N-16 per pound of sfeam above
the core and.4 x IO6 afoms of N-I6 per cc in the wafer oufsnde the core.”}"'
When this activity is dlsfrnbufed to various componenfs of fhe sys?em, |

5
volume sources of 3 x 10

and 5.6 x IO4 gammas/cc- sec., are found for

the volumes oc;upted by the recirculating water” (pumps, plplng,;e+c1).$ﬁd" '

the sfeam'déme,.ﬁespecfively, The gamma enéfgy of'fhese sou}césA}sl6‘Mev;
Active Crud. The system crud that is acfivafed by the core neufroﬁ

flux and subsequently deposited on componen*s within fhe.confainmenf

building ﬁresenfs a shielding probiem. The ?ssumpfions and analysis. is

as follows. The sourcé strength ig given by the equation, |

at! ' '

S, = DF(I - e~ (3.5)
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where,

o .
]

= the depesifion-rafe of acfive material -
F = the removal fraction of active .material
"X = the decay constant of'The.acfive majérial

1t = the build-up +ime-

The Vo1ume sourcesﬂéaused by'THexbUildiup of active crud based on"
a3 mnl/year plafe ouT reachlng a max:mum of 5 mils are guven in Table 3 3
Table 3.3

: VOLUME SOURCES FROM ACTIVE CRUD

Gaﬁma Edefgy (Mev). , éeefreufaTien}Pumd . . Recirculation Pump
g ‘ _Volume Source*»(}f/cc-sec) _Volume $oUrce**( 7 /ec-sec)
0.3 3.8 x 10° g xgl0®
o 4.8 x 106 2.0 x 10
200 . 2.8x 105 2 x 10°
50 - . &0x10° e x 108

* Based on total- volume of componen+
**Based on crud volume.

"Sources after ShufdeWn.: Subsfanfial-acfivify-will be encountered

awﬁen }h§ Cofe is in a shdfdown eondffiod. ‘The sources affribufed.¥o crud
-and mefar aéfiva%ien Wi]f-demaid essenfiallyithe same fdr a peridd ef‘+ime;
The sources caused by -prompt capture gammas, N- |6 and “the ‘core prlmary
gammas wnll be reduced subsTanTnaIly at shu?down The maJor decay sources
at shufdoWn will'be from +he spenf fuel, sfnucfural maTeriaI in fhe core,\
"and‘codfhol fods The magnitude af shufdown, however,'ns small enough To.

be neglecfed since shxeld|ng is provided for The operaTlng core.
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2 Since fuel and control rods will bé removed periodicélly, the
determination of their source strengths is important for fuel-handling
considerations. These volﬁmé sources are presented fqr the infinte
exposure case and |O-hour decay in‘TabIe 3.4.

Table 3.4

VOLUME SOURCE FOR SPENT FUEL AND CONTROL §ODS

Gamma Energy (Mev) Spent Fuel Contro! Rod
~ Volume Source (»/cc-sec) ~ Volume Source (¥ /cc-sec)

e I

0.3 : - | 8.2 x 10

0.6 ' 7 x 10! - -

1l . I

1.0 3.7 x 10 3.8 x |0
2.0 7 x 10" _ - ;
3.0 2 x 10° ' 9x 10

%4.5.2. Radiation Levels. The radiation levels at representative dose
points throughout the containment shell were calculated, assuming the

physical characteristics given in Table 3.5.
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Table 3.5

PHYSICAL CHARACTER|STICS OF SCURCES

Component o Source Size¥* ' Integral Shielding
Diameter  Length .

Core 5-2/3 feet 6 feet -
Recirculation pump 6 feet 4 feet 3 inch.sTeel_caéing
Recirculafion\piping'(Z) 22 inch 10 feet 3/4. Inch steel casing
Steam dome 10 feet 7 feet 3 inch steel wali
Main steam line 18 inch 10 feet ) 3/4.inch’s+eel casing
Control rod** 3.5 inch 6 feet -
Spent fuel element*¥* 5.7 inch 6 feet -

* All sources are‘fighf cylinders.
** These two items are located in the shield pool for the analysis of the
shutdown case. ‘
The location of the dose points are inen in Figures 3.3 and 3.4. The
confribufion of each componen+ and the total dose for each point during
full power operation are given in Table 3.6. The same information for
the shutdown case is given in Table 3.7. |In the shutdown case, the
reactor is shutdown, the vessel is flooded with water, and the vessel |id
is removed. )
' The gamma and neutron flux, both axially and radially from the
core, are plof?éd for Thé operating case in Figures 3.5 through 3.10.
The gamma flux given includes the primary gammas from the coré and the
secondary gammas produced by neutron capture in the various shielding

[

materials.
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5L5.3. Gamma Heating. Gamma heating, H,, was calculated in the

radial direction from the core. The heat generation is given by the

equation,
Hp = Ay Cg c (raév/cc-sec)
* i (3.6)
where,
//e = gamma ray energy absorption coefficient (cm-l)
4 = gamma ray flux ( /cmzfsec)

1

£ gamma ray energy (Mev).

The gamma flux includes the primary gammas and the secondary gammas

produced in the shield.

Fast neutron heating, H, , was calculated similarly. The heat

generated is obtained by the expression,

Hy = 2.9 (3.7
where,

EjR = fast neutron removal cross section (cm-')
® =tast neutron flux (n/cmé-sec)
-E :fa;f neutron energy (Mev)

Although equation (3.7) gives a conservative approximation, the
fast neutron heating is small compared to the gamma heating, and a more
accurate analys}s is not warranted.

The heat generation at full power opérafion was calculated u;ing
equation (3.6, 3.7) and results are plotted as a function of radial
distance in Figure B.il.‘ The total heat deposited in the primary con-

crete shield due to gamma heating was calculated to be 15 kw.




Table 3.6

DOSES IN ROENGENS PER HOUR IN THE CONTAINMENT

SHELL DURING FULL POWER OPERATION
(Refer to Figures 3.3 and 3.4 for dose point locations.)

DOSE  CORE N!BIN PUMP (A) PUMP (A) PUMP (A) MSL TOTAL
POINT STM,DOME___ NO. | NO. 2 NO. 3 :
I 1.6x10% - 5 5 5 760 (B) 1.7x10%
2 1.5xi0% 4 - - - - 1.5x104
3 6x10-3  5.2x10~/ - - - - 6x10-3
4  |x10-3 - - - - - Ix10-3
5 7xi04 - - - - - “7x1074
6 1.9x10% - 10 10 10 80 (B) 1.9x104
7 3.6x10%4 - 8.3 ' 8.3 8.3 30 (B) 3.6x104
8 2.3x104 - 4.5 4.5 4.5 - 2.3x10%
9  3.5x10° - 1.1 N 1.1 - 3.5x102
10 . 1.2x10° - - - - - . 1.2x105
It 7.9x10! 4 - - - - 8.3x10!
2 1.2x10% 4 - - - - [.2x10%4
13 2.4x107> - - - - - 2.4x10"3
14 6x10-2 - 4,5x10~2 6.5 4.5x10-2 - 6.6
15  I1x10™> 2.3x1072 1.5 2.3x10" - 1.6
16 6x10-3 - - 1.2x10~2 - - ].2x1072
17 1.2x10=2  Ix10-3 - - - - ~Ix10-3
I8 9x10-6 D - - - - - - 9x]0-6
19 1.2xi0-8 - - - - - 1.2x10-8
20 3.2x10-7 - - - - - 3.2x10~7
21 - - 7x10-2 27 7x1072 - 27,
22 - - - 1.7x10-! - - I.7x10-!
23 - - - 6x 10" - - 6x10-3
24 - - - - - - -
25 - - - - - - -
26 - - - 8x 10~2 27 1.3x10-3(C) 27
27 - - - - 6x1072  2.2x10-1(C) 2.8x10-!
(A) Includes recirculation pump and related piping. Dose is from both c¢rud

(B)

(c)

deposition and NI6,

Due to activated pipe wall by thermal neutrons.

Due to NI6 carried by the steam.
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Table 3.7

DOSES IN ROENTGENS PER HOUR IN THE CONTA!NMENT
, SHELL 10 HOURS AFTER SHUTDOWN
(Refer to Figures 3.3 and 3.4 for dose point locations.)

\

DOSE CORE FUEL(C) CONTROL(C) PUMP(A) PUMP(A) PUMP(A)  TOTAL(B) .
POINT SHUTDOWN ELEMENT ~ ROD IN  NO. | 'NO. 2 NG, 3
. IN_POOL POOL
| 2x10-% - - 3 3 3 7.7x10%
2 3x1074 I.7x107 I.6x10° - - - 3. 3%10°
3 - 4x10™3 9.7x1072 - - - Ix10-1
4 - Ix10™> 2.4x1072 - - - 2.5x1072
5 - 4.6x1074  1.1x10-2 - - - |.2x10-2
6 I.10°} - - 6 6 6 98
7 8.9xl0} - - 5.3 5.3 5.3 |.35x10%
8 6.9x10! - - 2.8 2.8 2.8 7.7x10}
9  1.4x103 - - .7 .7 .7 l.4x10°
10 6.9x10! - - - - - 6.9x10!
1 1.2x10-! - - - - - |.2x10"!
12 4.8x1072 - - - - - 4.8x10°3
I3 - Ix10~4 |.6x10™> - - - I.6x10-3
14 - - - 3x10-3 3.6 3x1073 3.6
15 - - - l.10" 1.5 Ix10-3 1.5
16 - - - - - - -
17 - Ix107%  1.exIQ? - - - 1.exIQ?
18 - - 5x 10~ 8x10” - - - 8x10~
19 - - - - - - -
20 - - - - - - -
21 - - - 31072 20 3107 20 _,
22 - - - - i.7x10" - 1.7x10"
23 - - - - - -
24 - - - - - -
25 - - - - - - -
26 - - - - 3x 1072 20 20
27 - - - - - 3x1072  3x1073
(A) Includes dose from recirculation pump and related piping.
(B) Total includes dose from activated MSL given in the operating table.
(C)

Located in poo! on vertical center line.
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3.2 REACTOR AND SYSTEM DYNAMICS

The CRBR system analog simulator, which includes the reacfor; external
steam system, and controls, was completed. New void-vs-reactivity curves and
improvements in the superheater simulation were incorporated. The siﬁulafor
will now show the fuel hot-spot and exit steam temperatures during a fransient.

A simplified block diagram of the simulator is shown in Figure 3.12. The
purpose of each‘block was previously described.l4 Figure 3.13 shows the acfual
void~reactivity relationship used in the simulator. These curves were calcu-

lated from the physics and heat transfer characteristics of Thé~reac+or core

and are now felt to be reliable for conditions about the full=-power opera%ing
point. .A detailed description of the simulator was written and will be
published as soon as improvements and additions that havé been planned are
included. | |

. Results of several system disturbances are shown in Figures 3.14 through
3.16. 11 should be ;epf in mind that the curves were taken with steam~line
pressufe regulation only. The pressure regulator was set at a typical adjust-
ment, not neéessarily the optimum adjustment. Figure 3.14 shows variations for
the maximum rate of control-rod run=in. Figure 3.15 shows varia+ions for the
maximum rate of control-rod run-out. Figuré 3.16 shows variations for
recirculation pump failure and start-up with full line volfagé applieé and
butterfly valves wide-open.

The above curves show that fhe relation between reactor power and exit

steam temperature is very nearly a constant. During a- fransient, however, a.

l4pathfinder Technical Progress Report, ACNP-5909, P. 44, 45. .
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change in steam flow lags the reactivity change by the sum of the boiler
fuel time constant and time constants associated with the steam=dome pressure
build-up and steam flow dynamics. At full power, Th}s lag is approximately
10 seconds. A reactivity change produces an almost instantaneous change in
superheater heat flux while a lag of about 4 seconds is present in the boiler
core. Thus, the exit steam temperature initially rises upon a reactivity
addition and initially falls when reactivity is decreased.

A straight forward scheme is being devised to simuiate a known degree
of by-pass and turbine stop and/or turbine-inlet valve mismatch during a
turbine overspeed or during a turbine trip. Thus, studies will establish
the maximum amount of vélve mismatch permissible without severely affecting
any part of the system. The pressure response to a sudden valve(closing
instantaneous with a reactor scram will also be determined.

Work is being dore to analyze in detail the hydrodynamlc‘chafac+eris+ics
of the CRBR primary system. A function is being derived relating the variable
core friction factor, butterfiy Qalve position, recirculation flow rate, feed=-
wafer flow rate, and steam quality at the core exit. This function will be
placed in the simulator and wili be used to |) determine the damping, 2) any
hydrodyﬁamic oscillation, if present, of the primary Ioop,‘ang 3) calculate
the natural frequency of oscillation of the primary loop as a function of power
levels from full power to natural circulation power.

Recently started is‘a time depeﬁdehf flux study. This investigation is
intended to show the dynamic characteristics of the coupling between the boiler
and superheater cores. Power stability and flux fraveling will be studied for

a variety of reactor disturbances. ' .
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3.3. CRITICAL EXPERIMENTS

The erection of mésf of Thé Allis-Chalmers Crifica[ Facility was completed
. . during the last quarter. The qump tanks, ion exchange tank, support structure,
and reactor tank are now insfglled permanently with all the associated pumps,
piping, and valves. The grid plate and other core structures were parfially‘
i .
assembled. Most of the control rod drives were mounted on the control rod-
dri;e mounting bridge. Alignmen+ of the drives, rods, and guide ftubes will be
completed early in the next qUarTer. -With the exception of a few control rods,
all the components for the assembly were received.
All the electrical circuits from the éénsole to the reactor were installed
duringifhe quarfér, except the circuits to the neutron and gamma detectors.

Ninefy-fouf per cent of the boiler fuel has been received.
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4, CHEMISTRY

4.1, CORROSION

Efforts are being made to make the eddy current gage a more precise

laboratory instrument for measuring corrosion rates. 'The gage used on the
dynamic corrosion test loop was dismantled, and a new nul l-measuring meter
will be incorporated. A +es+ was designed to defermfne the effects of
ambient and component temperatures on operation of the gage. These tests
will be conéucfed to determine how much the accuracy will be improved by
better control of temperature, as soon as the null-measuring meter is
incorporaied. Significant increases in stability and éccuracy of the gage
" must be obtained for measurement of corrosion rates. |

4.2. RECOMBINER, RADIOACTIVE GAS REMOVAL AND STORAGE"

SYSTEM, [ON EXCHANGER, AND CHEMICAL PROCESSING

‘4.2.1. Radioactive Gas Removal System

The gas removal system presently consists of a long delay pipe.that
provides approximately 6 minutes of addifionalvdelay time in fhe'syéfém
before available atmospheric dispersion is made. Estimates of'The off-gas
activity levels ‘indicate that this system will be adequafé~for continuous
plénT operation under normal operating conditions.

'Design calculations on a liquefaction system that may be used as an
alternate are being made. Degign of such a system will be emphasized only
if initial plant testing shows a need for further gas decontamination. épace'
in the Fuel Handling Building is available for quick installation of this
system should the need arise. 4
4.2.2. Liquid and Solid Waste Handling System
| The report on liquid and solid waste handling requir;menfs for the

’
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Pathfinder!® was reviewed and evaluated. The review and analysis were
based on the following criteria: economics, safety to plant and operating
personnel, flexibility, feasibilif?, reliability, the quantity of water
available for difufion, the quanfffies and types of wastes to be freated,
corrosion product contamination, fission broduc+ contamination, and".
discharge of wastes at iess than maximﬁm permissible concentrations.

A preliminary conceptual design of a liquid waste disposal system was
compleféd on the basis of the evaluation. Evapora;ion, demineralization,
decay, and dilution are the methods proposed. Evaporation is the major
mefhod'proposed. Treated wafér will be reused in the system where possible.
Certain types of liquid wastes will be discharged directly into the river.

4.2.3. Reactor Water Purification System.

4.2.3.1. System Design. Design Status. A diagram of the reactor

water purification sys+em'is shown in Figure 4.1. The conceptual design -
phase for the system is nearly complete assum}ng that no major changes in the
design requirements are made.

The tentative requiremehfs for interlocks, annuﬁcja;ors, and controls
were written and are described below. The superheater dra{ning'procedure
Section 4.2.3,2.) was revised and expénded.

The reference design for the purification system flash tank is shown
in Figure 4.2. Moisture separation requirements are presently being invésfi-

gated in more detail to determine if the separating equipment may be

simplified.

I35m, Armando, et al, Pathfinder Atomic Power Plant Study of Liquid éhd Solid
Waste Disposal Requirements, ACNP=5916, 1959,
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Tests of various filters are continuing, since results of tests with

cotton-wound "Fulflo" filter elements were not encouraging. Details of
these tests and of tests with other filter materials are given in
Section 4.2.3.3,

Automatic Controls, Annunciators, and Interlocks. The list of general

control and instrumentation requirements for the reactor water purification

and éuperheafer draining system was revised and will supersede any previously
* published list. The revised list will serve as a reference for writing i
detailed equipment specifications. It does not include requirements for

resin sluicing sysfems, filter backwashing systems, or radiation monitoring
equipment. These systems and equipment will be considered separately.

The shut-down pump requirements are as follows:

1) The pump will be remotely operafed from the control room,

2) Electrical intertiocks between valves P-I and P-2 (see
Figure 4.1.) and the pump starting circuit are required. The interlocks
will cause the valves to open simultaneously with pump starting and close
with pump stopping.

3) Pressure actuated interlocks between valves P-| and P-2 and the
reactor are required to prevent the valves from opening when the reactor
pressure exceeds a set pressure less than the maximum design working pressure
of the shut-down pump; Two separate interlocks should be provided. Each one
should receive its signal from a separate sensing element located be+ween
the recirculation loops and the inlet to the shut-down pump. One interlock
can cause air to be bled from valve operators. The second interiock can

cause electrical contacts to open the pump starting circuit so that the pump
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cannot be started from the control room. There should be no means avail-
able for by-passing these interlocks. (The interlocks discussed above will
be required only if the shut-down pump is not designed for full reactor
pressure.)

4) A motor load monitor on the contro! panel is required to
indicate the ioad on the shut-down pump. An ammeter may be used for this
purpose. It will be used to determine when superheafer‘draining is complete.

5) Lights on the control panel are required to give a positive

indication of the open position for vaives P-l and P-2. A light will.also

be required.to indicate when the shut-down pump is opera+iﬁg.

6) Electrical contacts will be required for the pump pressure-relief
valve P-9. An alarm and a light that are initiated on closing of the
contacts will be required on the control panel to indiéate that the Qalve
has lifted.

The superheater draininé system requirements are as follows:

) Interlocks between valve P-4 and valves P-5 and P-6 are required
so that P-5 and P-6 open while P-4 closes, and so that P-5 and P-6 élose
while P-4 opens. This operation will be sequeﬁced so that P-4 does not open
until P-5 and P-6 are closed.

2) Ligh+s will be required on the contro!l panel to give a posifive
indication of the open position of valves P-4, P-5, P-6, and P-8.

3) A pressure sensing element will be installed in the buffer zone
between P-5 and P-6 énd will be connecfed %o a gage located SO.fhaf\leakage
of a valve‘may be observed by an opera+or5

4) Valves P-5 and P-6 will be interlocked with the control rod

_ﬁwifhdrawa[ permit" as a part of the reactor start-up interlock scheme. The

AY
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rods cannot be withdrawn unless these valves ére closed; the valves
cannot be opened when the reactor is critical. This will prevent any
unintentional drafning of +he~superheafer while the reactor is critical.

Requirements for emergency isolation valve P-7 are as follows:
The emergency isolation vaive P-7 will be a quick-closing stop valve. It
should cloée on any isolation scram signél. Valve closing time should be
the same as is required for the main-steam isolation valve. Valve controls
should be provided that permit closing of the valvg by an operator in the
control room. |f leak defeqfion equipment is fnsfalled between the con-
tainment vessel! and valve P-10, valve P-7 may be required to close on a
leak-detector generated signal.

Requiremenfé for the blow-down con+rol‘va|ve P-10 are as follows:
A &onfrol system for the blow-down control valvé P-10 is required so that
it may be remotely positioned at any point from shut to full open. A valve
position indicator will be required for the confrsl panel and will indicate
the per cent of full stroke. The valve will be capable of automatic quick
closing when certain undesirable system conditions are encountered.
Condifioﬂs that will cause the valve to be closed by infeflocks are: high
flash-tank pressure and extremely high flash-tank water level. An operator .
should be able to by=-pass the interlocks to permit normal procedures during
start-up and shu;-down.

The flash-tank control requirements are as follows:

1) Pressure will bé maintained at the desired set-point by
automatic control of valve P-12. The pressure sensing element will be
installed in a pipe extension of the flash tank, probably in the same pipe
used for‘fhe liquid level control. This pipe extends through the concrete

’

biological shielding that houses the flash tank.
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2) Valve P-12 will be interlocked with The liquid level
controller to cause it to positively shut when liquid level in the flash
tank is high, regardless of pressure. A receding water level below the
set-point will permit pressure control to be resumec.

. 3) On a pre-set high pressure in the fiash tank, an interlock
feature wil! cause an alarm to sound and will cause valve P~10 to close.

4) A light will be provided to indicate the shut position of
valve P-12,

5) Water level in the flésh tank will normally be maintained at
a set position by automatic control of valve P-46. A differential pressure
control system will be used.

6) Valve P-46 should be capable of being opened or closed from
the control room by an operator.

7) A level indicator should be located on the control panel.

No recorder will be required.
8) Liquid level control system will incorporate the following
additional 'safety features: a) an alarm will be required to sound at a

pre-set high water level! just under nozzle entrance elevation; b) an
interlock will cause P-10 to quickly close at a pre-set extreme high water
Igvel; c) an independent interiock will cause P-12 to close at the same
level; d) means of by-passing both infeflocks to permifréonfinuous
operation through transient start-up and shut-down stages will be provided;
e) electrical contacts may be prbvided on the leve!l indicator for inter-
lock and alarm purposesQ

Flash tank nozzle stop valvesiwili be provided with electrical contacts

'so that the open position can be indicated by a light on the control panel.




¢

Steam by—péss valve P-25 and stop valve P-48 will be remotely
6pera+ed stop valves. They will be interlocked so that one closes as the
other opens. Their operation should be sequenced so that the opening

valve operates sooner (faster) than the closing valve. . Valve operation

will consist of selecting one of two switch positions on the control
panel. The positions will be designated steam to heater and steam to
condenser . '

Flow control requirements of condensate and circulating water to
purification coolers are as‘folldw§. The fléw control valves will be
actuated by thermal bulbs located in the cooieé outlet or filfef—inlef
line. A pneumatic temperature controller-indicator will be used to
‘maintain cons;anf cooler outlet temperature.

A second temperature sensfng element will be use& to sound an alarm
at a pre~set high temperature.

Two water flow meters are required in the system. One flowmeter ‘will

precede valve P-10,and the other will precede valve P-46. Both flowmeters
4

will give a continuous indication of flow rate in the control room. No

integrating or recording will be required.

Additional temperature and pressure indicators are required at various
points throughout the system. The exact positions have not yet been
established.

4.,2.3.2. Superheater Draining. Design Status. The superheater

draining system consists of the reactor water purification system
(Figure 4.1.) plus a 4-inch drain line, three additional valves, and the

interlocks and controls.
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During the quarter, the ‘procedure for draining(fhe superhea*rerI6 was
revised and expanded. The effect of equipmenf'failure and/or human error
during or prior fo draining was partially evaluated.

Probiems associaféﬁ with maintenance of drain valves were considered,
and procedures are in process of being formulated.

Superheater Draining Procedure. In formulating the superheater

draining procedure, the following assumptions were made.
1) The reactor has been s+ar+ed-up after a normal ‘shutdown for
refueling and/or maintenance.
‘ 2) The reactor has’'been operating at a power level of 12 tmw
for approximately one hour, and the reactor pressure is about 00 psia
saturated.
\ 35 The temperature of the water befween the bottom of the super-
heater and the main steam isolation valve is approximately 105°F.
4) The purification Sysfem is being operated with the shut-down
pump faking suctijon from the recirculation loops.
5) Two nozzles on the flash tank are open.
6) All filters and ion exchangers are opérafing in parallel, and
the flow is assumed to be greater than 100 gpm.
A 7) valves P=5 and P-6 are closed; vaive P-4 is open. (Valves
P-5 and P-6 are electrically interiocked with appropriate reactor controls
.80 +haf.+hey cannot be obened'when the reactor is critical))

8) Flash=tank steam is by=-passed to the main condenser.

I6ACNP-5812,pp.36=38, 1958




The superheafer;may be drained either with or without the shu¢-down
pumps according‘To the following pro;edure.

1) The control rods’are inserted to shut-down the reactor.

2) Flow to the flash tank is stopped by closing control valve
P-10. ‘

3) The fiash tank liquid level coﬁfroiler is-set af-Thé lowest

position. The flash tank will then drain almost completeiy if a vacuum

exists in the mein condenser.

- 4) AII four nozzles on the flash tank are opened fully.
5) Valve P-4 is closed, and drain valves P=~5 and F—G are
opened. (These valves are interlocked so fhaf P-4 closes before P=5 and
P-6 are opened.)
6) If at least 5 minutes has elapsed since shut-down, control
valve P-10 is opened to drain the system. |
. 6a) If the shut=down pump is used, vaive P=10 is opened until a
maximum flow rate of 270 gpm is reached. The superheater is dréined after
about 3=i/2 minutes. The operator in the contro! room may determine Tha+‘
draining is complete by observing an ammeter that is connected in the
circuit of the shut-down pump motor. When the current falls off and is
sfeady, drafning is complete, and the pump 'is stopped. Valves P-l and P=2
aré automaticallyv closed through interlocks.- The operator may also determine
when draining is complete by observing flow meter indications. -
6b) 1f the shut=down pump is not used, a flow rate of about 170 gpm
may be expecféd when valve P-l0 is opened. The flow is a result of the preééure
differential between the reactor and the main condenser. The operator may

determine when diraining is complete by observing flow meter indications.

Draining should be complete after about 5-1/2 minutes.
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7) Steam is allowed to blow through the drain line to the flash -
tank for approximately |-1/2 minutes after draining is complete.

8) The operator obens the main steam by-pass and then closes
drain valves P-5 and P-6. _— | | ,

9) The remaeining start-up procedure, in general, is as previously
outlined.!7

Draining Time. Draining times with and without the shut-down pumps were

calculated assuming that 950 gallons of water were to be drained and that the

water between the bottom of the superheater and the main isolation valve is

I05°F. Heat transfer calculations indicate that the latter condition may

be expected after a normal shut-down, i.e. when the reactor and shield pool
have been maintained at 105°F for a number of hours. Should the temperature
of the water be near or equal to the saturation temperature of the reactor
water, the draining time will increase considerably. This is especially true
when the shut-down pump is not used.

Unintentional.Draining. - The 6n|y time the superheater is flooded and

the reactor is critical, coincidentally, is during the initial phase of
start-up. The maximum possible draining rate was calculated for.accidenfal
draining with the following conditions: ’

1) The reactor is critical anq producing 12 tmw.

2) The reacfdr is at 100 psia saturated conditions just prior
to shutting-down for draining. |

3)  Interlocks.between valves P-5 and P-6 and the control rod
"withdrawal permit" are inoperative and the valves are acciden+ally opened

without resultant scramming of the reactor. Valve P-4 is closed.

4) . The shut-down pump is operating.

Y7acNP-5812, pp. 36, 37 and 38.
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5) Water in the main steam line up to the superheater is at
approximately lOSOF.W

6) All flash tank nozzles are open.

7) The purification system filters and ion exchangers are
operating in parallel.

8) All liquid valves including the control valves are open full.

The maximum possible draining rate under these conditions is‘364 gpm.

Draining at this rate would empty the fuel section of the superheater inlll
seconds. [f operajing}procedures previously_ouflined are followed, few of the out-
Hned-oondifions should exist, and the possibility of draining &t such a high
. rate of flow is therefore very remote.

4.2.3.4, Tests. Cotton-Wound Filter Elements. Testing of cotton-wound

" Fulflo filter elements was completed. The tfest conditions closely approxi-

mated the conditions anticipated in the Pathfinder reactor-water purification

system. A simuléfed corrosion product, boehmite (AL203-H,0), was used in the
tests to determine variOys fi!fer characteristics. Boehmite was selected for
the following reasons: |) corrosion calculations indicate that the greatest
pefcenfage of suspended corrosion products to be removed by the purification
system will consist of aluminum; 2) specfrographic'and X-ray diffraction
analyses of corrosion products taken from the dynamic aluminum corrosion test
loops (Section I.I.) show the major portion of the aluminum to be in the form
of boehmite; 3) informa}ioﬁ from similar corrosion produéf analyses made at
ANL indicate that most of the aluminum is in the form of boehmite.

Results of the cotton-wound filter tests are somewhat discouraging

because of the poor load-up characteristics and resulting rapid pressure-drop
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increase. The maximum mass load-up was such that at Ieasfh30 filter
elements would be required for every pound of boehmite removed, assuming
a maximum allowable pressure drop of 25 to 30 psi is the lLimiting factor.
Load-up did not significantly vary with flow rates from 0.5 to 2 gpm/element.
The rapid increase of pressure drop as shown in Figures 4.3, 4.4, and
4.5 can be attributed to the method of filtration and the physical
characteristics of the bcehmite. Dissection of used filters revealed the
method of filtration to be one of surface caking with essentially no depth

fiitration; and the cake formed appeared to be a gelatinous, non-porous mass.

Test data was used to predict the yearly operating cost of cotton-
wound filters should they be used as pre- and after~filters in the reactor
water purification system. Even the most conservative estimates appear high
due to the low element capacity when filtering boehmite. Annual'pberafing
costs at a minimum are estimated to be $30,000 if the filter elements are
cast in concrete Biocks as removed from service and shipped to the disposal
site.

The problems assoc}é+ed with filtering farge quantities of aluminum
corrosion product with cotton-wound filter elements is considerable. The
tests results represent a significant departure from what would be expected
in a system where ferrous maferials predominate. Literature surveys were
made but little information has been found on this subject thus tar. Infor-
mation that has been published is in definite agreement with the test results.
I+ was decided, however, that more reliable confirmation should be obtained
before final conclusions a}e made. Therefore, the |iterature search wilj
be continued as well as personal contacts wi+h>varfous organizations
generating such information. Tests of other filter materials that may be

more suitable are continuing.
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Micro-Klean Filters. Tests are presently in progress using Micro-

Kléan, 5-micron rating, filters. -These filters are identical in size to
the Fulflo filters. The type of construction is differen; and the élemenfs
may therefore hqye different filter characteristics. A comparison will be
made between the Micro-Klean filters and Fulflo filters as soon as tests
are complete.

Duo!ife $-30. Two fesfs of Duolf+e $-30, a phenolic resin, were
completed. A flow rate of 6 gpm/square foot was used with a 6-inch
diameter by I8-inch deep resin bed. The tests indicated the ma%eripl to be
compietely ineffective for filtering aluminum corrosion product.

Nalcite HCR-W. Nalcite HCR-W in the 40- to 60-mesh size range was

tested as a filter material. A flow rate of 6 gpm/square foot was used
with a 6-inch diameter by I8-inch deep resin bed. The material was very
effective as a filter for the boehmite. Until bréak-fhrough the resin
removed almost 100 per cert of the corrosion product. The fine resin was
not as sepsifive to flow changes as was the larger 12- to 40-mesh resin

previously tested. Loéd-up was considerably higher with the fine resin.
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5. INSTRUMENTATION AND CONTROLS

5.1 SPECJFICATIONS
Prelihina&y'speéifiéafions for +h¢ inéfrumehfafion and controls are
_ being prépaféd byhfhé-archifécf-engineer. Severa1 meéfings‘were held to
discuss_dé#é{[éd requiréméﬁfs{' Pfe]imfnary proposals for the Pathfinder

control- system were received from potential suppliers. .

.. 5.2. PENETRATIONS

Various deéigﬁs;fér;fhéVréac+or-bUi1dihg elecfriéalfcable ﬁénefrafions
were sfudied.v fwd.ofﬁ?he.designs:afe'Shown iﬁ Figdné 5.1. Type A cén‘
be used for the control cables. - Type B peﬁefrafions can be used for the
high voltage single conductor cables and for spareé. "Al'l co-axial cables
will be terminated at+ the yesseIAwall and commercially available connectors
will be used to penetrate the wall.- |

A list of the start-up inferlqcks was prepared and fs'shdwn in
Figure 5.2. The safefy'and alarm signal list is being reviséd to include
the method of detecting and initiating the signal, the +ypé‘of alarm, the

effects on the system, and methods of correction.

5.3. WATEﬁ LEVEL fESTS
The water level test assembly'was combléféd as shown in Figure 5.3.
Tésfs were run to deferminé héw wefl the assembly'would’pérfﬁrmAduring
operation of the steam-separator +é$+.joqp. Instruments were calibfafed
Vand checked out, Considerable.fféuble was gxbérienqed with éir Ieaks af
‘fhe valve connections and the reducing Bushings. Some probiems also arose

due to the vibrations of the steam separé+or4loop and the turbulence of
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the air-water mfxfure inside the stand pipe. The fluctuations in the
' manomefer readings were dampened out by small orifices in the connecting
lfubiﬁgt The instability of the liquid level indicator was solved by the
use of small pressure snubbers in series with +h§ }ranémiffing Tubiﬁg.
Severa] +és+slwere run, and +ﬁe data is being processed. The
balance of the dafa will be collected during the fourth quarter of |959.
The manometer readings for the pressure taps indica*e.need for more
damping, and some data may therefore be retaken after this modi fication
is made. The test reporf will consist of three parts: water level |
prediction by calculation and tests, correlation of actual- and }ndicafed~
water level, and épplicabilify of test results to controlled recirculation

boi ling water reactors.
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6. PLANT SAFETY ANALYSIS

Reactor safeguards analyses and studies qf plant safety are continuing
as the plant design progresses. A supplement to the Rreliminary safeguards
report was submitted to the Division of Liéensing and Regulation éarly in

\

July. Subsequently, meetings were held with the Hazards Evaluation Branch

v

and the Advisory Committee on Reactor Safeguards.. Review of the Safeguards

Report by the AEC is confinuing.
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x -+ 7. FEASIBILITY STUDIES

- 7.1. ELIMINATION OF VAPOR CLOSURE
The InTérquc[eaf.Coﬁpahy experienced éonsiderable difficulty in
puffihg'fhe IEM—764 code info‘opérafion) and the entire project was.
+hereforé reviewed. :lhfernuqlear was reduesfed fo szdy *he‘feasibilify
of'conTthmenf eliminafionlusing'enginegring judgment and hand calculations

and to submi+ a fiﬁal report.
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8. STEAM .PLANT AND REACTOR AUXILIARY SYSTEMS DESIGN

! Detai led design_and arrangemenT of the various components associated
with the steam and feedwater system (Figure 8.1) is progressing in step

with plant and piping layout work at Pioneer Service and Engine;ring Company.
Preliminary specifﬁcafions were written fqr most of the major equipment by

PS&E and were reviewed by Allis-Chalmers. Revised system piping schematic

drawings were also submitted and reviewed..

The reactor safefy valve apd'relief piping sygfem is being anglyzed o
determine The requirea capapifies, sef points, blow=down |limits, effect of
back pressure, superheater protection, and valve maintenance.

‘Rgacfor opérafing procedures are being expanded to cover abnormal
condi+i§ns. A procedure was established for removing reactor decay heat
without using the main condenser or'condensafg pumps for an’unlimiTed period
beginning approximately 30 hours after shquown: This is made possible.by
using the stand-by cooler of the reactor water purification system. The new
procedure will permitT facilitete major condenser maintenance.

Design requirements for ins+rumen+a+ion and interlocks for the steam
plent and auxiliary systems under sTarT-up_and shut-down conditions are being

prepared and will be used to write instrumentdtion and control specifications.
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STARTING AND STOPPING RECIRCULATION PUMP

Operation at 100% Power, One Recirculation Pump Suddenly Losses
|ts Power, and 1 Minute Later Suddenly Comes Back.
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