
MASTERUNCLASSIFIED

GEMP-144

630A MARITIME NUCLEAR STEAM GENERATOR

PROGRESS REPORT NO. 2

X'S ’4 . / T-

f"'" )
6^ '

'+

FLIGHT PROPULSION LABORATORY DEPARTMENT

GENERAL #) ELECTRIC
UNCLASSIFIED



DISCLAIMER

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency 
thereof.

DISCLAIM ER

Portions of this document may be illegible in electronic image 

products. Images are produced from the best available 

original document.



UNCLASSIFIED GEMP-144

630A MARITIME NUCLEAR STEAM GENERATOR 

PROGRESS REPORT NO. 2

SEPTEMBER 28.198:

LEGAL NOTICE
This report was prepared as an acnounl of Government sponsored work. Neither dm United 
States, nor the Commission, nor any person artian on behalf of the Commission:

A. Makes any warranty orropresontal.ton, expressed or implied, with respect fa> die accu
racy. completeness, or usefulness of tho information contnincd in this report, or that Ibe use 
of any information, apparatus, method, or process disclosed in this report may not infringe 
privately owned rights; or ”

B. Assumes any liabilities with respect ti; the use of, or for damages resulting from the 
use of any information, apparatus, method, or process disclosed in this report.

An used in the above, “parson acting on behalf of tho Commission” includes an.v Em
ployee or contractor of the Commission, or employee of such contractor, to the extent thet 
such employee or contractor of the Cointnissio:-,, or employee of such contractor prepares, 
disseminates, or provides access to, any information pursuant 10 his employment or contract 
with the Commission, or his employment with such contractor.

United States Atomic Energy Commission Contact Ho. AT?40-l)-2847

NUCLEAR MATERIALS and PROPULSION OPERATION 
FLIGHT PROPULSION LABORATORY DEPARTMENT

GENERAL^ ELECTRIC
Cincinnati 15, Ohio

UNCLASSIFIED Ml



UNCLASSIFIED

DISTRIBUTION

EXTERNAL

H. Berman, AEC, OROO
C. W. Botsford, AEC, HDQRS.
D. F. Cope (2), AEC, OROO 
H. N. Eskildson, AEC, IDO
Dr. H. W. Gilbert, USN, BuWEPS 
C. L. Karl, AEC, CAO 
J. Robb, AEC, HDQRS.
U. M. Staebler, AEC, HDQRS.
E. K. Sullivan, AEC, HDQRS.
A. VanderWeyden, AEC, HDQRS.
J. F. Weissenberg, AEC, CAO 
DTIE

INTERNAL

B. Blumberg (10)
B. Bonini (3)
K. C. Brass field 
R. W. Brisken
V. P, Calkins
C. L. Chase
D. Cochran
E. B. Delson 
G. F, Hamby 
J, P. Kearns
W. H. Long

A. E. Merten 
J. R. Monday 
J. W. Morfitt (2)
G. Neumann 
G. W. Pomeroy
F. C. Robertsha'w (2) 
R. E- Tallman (2)
G. Thornton
R. T. Williams 
R, E. Wood (3) 
Library (30)

-t

*

2

UNCLASSIFIED



UNCLASSIFIED

TASK CODE INDEX

Code numbers have been assigned by GX-NMPQ to each major work element of the 630A 
Maritime Nuclear Steam Generator program. These code numbers remain constant and 
will appear in parentheses as part of section and subsection titles. This device should 
simplify identification of tasks from report-to-report, as the work progresses.

Work elements will be reported only as related significant events and data develop in 
each reporting period.

100 Propulsion System Investigations
101 Cycle Analysis
102 Steam Generator Assembly
103 Ship Installation
104 Ship Service 

.110 Reactor
111 Mechanical Design
112 Nuclear Design
113 Aerothormal Characteristics 

120 Shield Plug
130 Side- Shield

131 Shield Analysis
132 Design

140 Pressure Vessel 
150 Boiler

153 Design 
i 60 Containment

Anl Design Study 
170 Control Rode 
ISO Power Rue'. 'Clements 
190 Controls

191 System Design ana Checkout
192 .Reactor Power Range
193 Reactor Startup Range 
134 Safety System
1S5 Feedwater Control System 
198 Control Rod Actuators 
5 37 Control Console and Cabling 
198 Two-Tube Boiler Test 

200 Primary Coolant System
201 Biowur
202 Main Blower Drive
203 Auxiliary Blower Drive
204 Blower Lubrication System
205 Air Supply System
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210 Auxiliary Cooling System
211 Moderator Water Cooling System
212 Component Cooling System 

220 Waste Handling System
221 Air
222 Water
223 Containment Compartment Ventilation System 

230 Associated Test Equipment
240 Fuel Materials

241 In-Pile Testing
242 Property Studies
243 Fuel Sheet Preparation 

250 Non-Fueled Materials
280 Critical Experiment Mockup
270 Critical Experiment Tost Equipment

271 Working Platform
272 Tank Subassembly
273 Reactor Structure
274 Fuel Elements
275 Actuators
276 Actuator Support Stand
277 Fill and Drain System
278 Terminal Box 

280 Safety Analysis
281 Critical Experiment Hazards 

290 C, E. Test Operations 
300 LPT Test Operations 
310 Power Test. Operation 
320 Handling Equipment 
330 Facilities and Equipment

331 Low Power Test Facility
332 Power Test Facility
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INTRODUCTION AND SUMMARY

This report summarizes the projrreso made on tho 63GA Maritime Nuclear Steam Gen
erator program .from June 30, 1982 to August 31, 1962, Although the temporary 630A pro
gram funding limit in effect for the first quarter of FY 63 curtailed the work planned in 
some areas, the availability of additional funds in the latter part of the report period per
mitted reinstatement of virtually all work originally planned.

Highlights ot the period include:

1. A layout of a reduced-height 63CA assembly (’25 feet versus tho original 34 feel) was 
prepared and is presently being evaluated for use in a warehouse ship design,

2. Evaluation of a relatively simple, low -cost ground test arrangement of components 
was begun- All indications are that it will bo a satisfactory mockup for shipboard 
operating conditions,

3. While shielding studies indicate the need for some rearrangement of the shield mate
rials, the desired radiation constraint can be obtained without an increase in shield
ing weight.

4. A prelimiuaiy stress analys:-:-, of the pressure vessel, flow path analysis and insula
tion. evaluation has boon completed. No major problems were encountered.

5. Bids on the boiler study contract were requested and are expocted before October 1,

6. Evaluation ci :.ht- total coutaiumar:.':. design am.’two red an error in the volume noted in 
the Scoping Study (GEMP-IC8). Since the actual volume is larger, the value of the 
design pressure is reduced from 115 psig to 45 psig.

7. Procurement and fabrication o.!.' the Critical Experiment -(CE) mockup is about 30 per
cent completed. The malo.: p-xr-.s wit; be in fdano by the middle of September,

8. The work on the CE tank and dolly is about 50 percent completed. All materials are 
on hand or ordered. This ecjUipciicn". ami the CE mockup components; will be assembled
in the Lower Power Test Facility■iftr i r .xy ') bv the end ot September,

9. The rough draft of the CE -vizards report han been reviewed by GRO and IDO. No 
major problems were er-cm.-r.i.pE cd 'f1':-;; flnr-.i draft will, be Issued before the middle 
of September. Hazards approval is expected to be the limiting item for startup of the 
critical experiment. The rough draft of the Test Program and Procedures document is 
75 percent complete.
Thu ITT
Operating

ft

ntroi room Un- ,
Operat

5Ugh draft of the Standard 
ng Manual is approximately

lule continued.

About 60 percent 
a-id aridldonat idol



12 UNCLASSIFIED
14. The Ni--Cr samples have boon irradiated an.d are in Idaho awaiting stress testing.
15. The Ni-Cr-sheet high-temperature (1750JF) stress and oxidating testing has exceeded 

5000 hours with elongations below 0. 8 percent except lor one sample which has shown 
an elongation of about 2.3 percent.

16. Experimental fuel sheet samples have been prepared and comparative property studies 
have been initiated,

17. A new ORR specimen-capsule assembly (ORF-3) is being prepared. Start of this test 
is now expected in October.

18. Fabrication of the ring test assembly, 3-F-l, for test in the MTR is essentially com
plete. Start of this test is now expected late in October,

19. Facilities studies for the power test phase have indicated that a significant saving in 
cost over a separate facility could be achieved by using one of the pools in the Shield 
Test Facility.

20. Bids were received for the remaining parts required for the two tube boiler test and 
orders ivere placed. Testing is now scheduled to begin in December.

21. The design of the tost rig for seal evaluations ’was initiated. Testing is scheduled to 
begin in December.

22. A detailed schedule for the work in FY 63 has been prepared and issued for comments 
and concurrence.
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1. PROPULSION SYSTEM INVESTIGATION

(100)

A preliminary heat balance for the prototype lest cycle has been prepared that demon
strates the feasibility of the selected components m accomplishing the desired thermo
dynamic conditions of the cycle. The cartridge flow test, and scale model flow test work 
items are now proceeding after a temporary delay caused by funding limitations. A nuclear 
steam generator configuration study for a warehouse ship application is being carried out. 
This configuration, consists of a boiler which is outside and concentric to the reactor. The 
over-all height, is 23 teei.

1.1 CYCLE ANALYSIS (101)

1.1.1 GROUND TEST COMPONENT ARRANGEMENT

A preliminary schematic and fail-lead heat balance diagram (Figure 1.1) was prepared 
to depict ground-test operating conditions and component arrangement. Calculations are 
based on approximations of component, performance for the 30, 000 shaft horsepower con
dition, with steam conditions and shipboard component arrangement as shown on the heat 
balance diagram presented in the previous report.'4 In Figure 1.1, the first valve down
stream from the nuclear steam generator simulates the propulsion turbine throttle valves 
amd reduces pressure, by means of a throttling process, to 425 peia. Steam flow's from 
the boiler through this valve and is inen desuperheated to 8:;0°F to provide the required 
conditions for auxiliary equipment, sucli as r.he blower turbine and boiler feed pump turbine 
drives. Additional throttling and desucerheating of the main steam flow to 305 psia pres
sure and 418°F temperature respectiveiy occur prior to the steam admission to the main 
condenser. Desuperheating to this lemperri-uro is accomplished with condensate from the 
auxiliary condenser. Focdwafc-r io pumped from the storage tank to the boiler thus com
pleting its cycle, A portion of the ■'eo-d.water, about 8 percent., is bypassed to the desuper
heater located juat after the first throttling valve.

1.2 STEAM GENERATOR ASSEMBLY (102)

For reference purposes. Figure 1.4 of Progress Report No. 1 (GEM? 130) is reported 
here as Figure I. ?.

1. 2.1 CARTRIDGE FLOW TEST

The XMA-l fueled cartr 
testing. Two test points w

dges have been r
re obtained prkn

ceiveo from Oak Ridge storage for low flow 
co Lestlng curtailment, during the early part
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BASIS:

1> Maximum power/ normal service 
2. Re-induction blower turbine drive

NUCLEAR STEAM 
GENERATOR

220,000 Ib/h?
880 psio 
955° F <0

""I 234,690 Ib/hr, 151,790 Ib/hr, 
305 psiaDESUPERHEATER

' 790° F 
1415 Btu/lb,1483.5 Btu/lb

DESUPERHEATER389 Btu/lb

.690 Ib/hr,11,900 Ib/hr
1011 Btu/lb,

MAIN N, 

CONDENSER
71,000 ib/hr

77 psio.
1291 Biu/!b,

409° F 
384 Btu/lb

. 1 - 6; 2 preliminary perton

of u>>L-;.iuse '.n ii.ss'idh'.ii iimitaiiioriE. The full testing program barf since been react!-
vatefi and will proceed as planned.

1. 2. 2 SCALE MODEL FLOW TEST

Forinuiat'.or; of test procecAr ca foc the scale model ducting experiments has continued 
during this period. Pressure losses and flow distributions will be measured at a variety 
of i:ov-’ conditions to simutato head range operations of the 630A Nuclear Steam Generator. 
Duct pressure vd.l be maintained '.ioso u> atmospheric pressure to simplify fabrication 
technique;* a-ia So permu use of a fiumsparen.t ducting material. This will be a "cold-flow1 
test utilizing a maximum, airflow rate of n'lxjuf 3 lb/see.

The broati ooim v..Hc in toetlcu a scale mode.! of the 630A ducting is to obtain estimates 
of p a.oloiypv. duo1, c-.-. erfsm tosses and i.Aw dlsfi ibu'.icn. H pressure ioosee and/or flow 
disiriijutiouL- - Tamed vv-.ih the hu.sir .duel, conliguraiioii are unacceptable, several flow 
pain modii'U atious v.'iLi ba iu.vd;.: io orffalaiish their ‘.‘ffects upon possible problem areas.

UNCLASSIFIED
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The scak: model will simulaie that portion of the prototype flow path from boiler dis

charge to reactor inlet plenum. Blower passage diffueere arid turns will be mccked-up 
but the blower blades and their effect upon pressure1 losses will not be simulated.

The model will be built to 1/4 scale. Mapufacturing considerations will dictate whether 
the model will be a 180 degree or 360 degree mockup; a full 360 degree mockup is not 
required, since flow symmetry about a vertical plane through the blowers’ centerlines 
is expected, rjcceruricily and ovality cl the boiler shell and/or pressure vessel will not 
be simulated during model testing., since these conditions are not expected to present 
flow problems in the prototype. The auxiliary blower, the reactor and the boiler flow 
passages will not be mocked-up, but orifice type resistances aie to be used in the annular 
duct just upstream of the dump to the reactor inlet plenum and in the region of air dis
charge from the boiler.

Air having approximately standard conditions of pressure and temperature will pass 
downward through the central core of the model. It will then expand into the boiler dis
charge plenum and pass upward along the annulus leading to the blower entrance. Guide 
vane performance p.t the annulus entrance- and along the annulus will be tested if pres
sure losses or flow distribution are unacceptable in this region.

A removable- .plug will be provided ai. the blower-cavity entrance to evaluate two basic 
types of inlets. Another blower Inlet passage variation v/iil allow for additional flow area 
at the top of the blower inlet passage. SimulaUon of blower eccentricity caused by differ
ential thermal expansion is not planned at this lime. The estimate of this eccentricity for 
the prototype is 1/8-inch maximum.

Diffusion and turning losses within the blovci passages will be evaluated. Diffuser de
sign and turning vane adjustments will ye ovn.Luulod.

Flow distribution at the reactor inlet plenum., will bo determined by means of dynamic 
pressure nmasurenienla. Air will be discharged through orifices at the top of the annular 
duct leading to the reactor Inlet plenum,

1.2. 3 ALTERNATE CONFIGURATION STUDIES

In CGnjunciion wi.t.n George G. Sharp. Inc. , alternate configurations of the 630a Nuclear 
Steam Generator, for application to a warehouse ship, were studied. Such, an application 
requires that the height of the nuclear stoam generator be it mi tod to 23 feet, including the 
contain ment vessel.

The osiimated total weight of the configuration is 395 long tons.

The only access would be to the- both on of the assembly for inspections, requiring a 
minimum height of 13 inches under the power plant. The configuration developed to meet 
these restrictions (Figure 1. 3) is quits similar to the original 630A design. The- 23-foot 
height was achieved oy placing the boiler concentric with the reactor-shield plug assem
bly. Because access to the boltom of the power plant, except for inspection, is not per- 
mvisible as in the 630A Nuclear S;eam Generator, the boiler headers are located con
centric with the shield plug a! ir.e tup of the assembly, to provide access to the headers 
for maintenance.

As in the 030 A Nuclear Si earn Goiierul'v.r, the primary-loop working fluid, air, is con
tained entirely within the pret:su.\ e vessel and is circulated around, the closed loop by the 

axial ■■flow biuv.vr which takes its succiun from the plenum bviov i he boiler. The air. 
compressed, by -.he uievco.v. ii-v-wr.-: tnc-.-ui.-.h we annular passage around the blower, down 
(he passage lor mod by flic pressure vessel ,m.o bos divider and into the plenum formed 
by the lower pressure vessel head a id the rear .dice of the- reactor. Heated as it flows
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0. D. CDMTAINMFH7 vEi^Ei.
OVER BLOvVF.:- 
CONTAINMEHTS

STEAM
-■Z!T

i,V. H

BOILER

MAIN BLOWER

AUXILIARY BLOWER 
(MOT SdOWM)

ACCESS WACE

Fig. 1.3—Concentric boiler arrangement (219R865)

lirfougli tlio rftacior, :nv is i?ii.o the pLenura betv/eon the reactor and the
shield plug. From tids pAeiiu^ iv* ;.k -.v io :vpv.rxrd osttreeu the shield plug and the inner
structure of the boiler to the top of the boiler. The cycle is completed as the heat Is extracted 
during downward flow through the boiler. The surfaces of the pressure vessel and the 
shield-plug ihai. art exposed to t.l;o zu aro iCsuiaUd to minimize heat losses to
the shield water and moderator water.

Preliminary investigation of the strssiee :.n ti-:!;: boile/- header induced by pressure 
loads and blifscenfi'd tho<'in;C o.TTM.ij.rrvis maic-fe tixut the stresse:-; exceed the stress 
allowables of the AS ME Boiler and Pressure Vessel Code. Investigation of these stresses 
'.'•■/ill be continued and rLs :.o;i'.goralrw: craneed. a,.:-:, recu;ire?, to satisfy tne requirements 
of the AS ME Boiler and Pressure Vessel Code.

UNCLASSIFIED
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1.3 WORK PLANNED FOR NEXT PERIOD

Completion of the fuel cartridge low flow test is scheduled for the middle of September.

Detailed specifications; test procedures, and drawings required for the scale model flow 
test will be prepared.

Investigation of the stresses in the boiler header for the warehouse ship design will be 
continued.
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2. REACTOR

(110)

During this report period, work was performed in the following areas of reactor design: 
(!) selection of a configuration lor the first critical experiment, (2) optimization of the 
gross rad.ia.1 power flattening, both at startup and end of life, (3) determination of the fine 
radial power profiles for each of the cell types for start and end of life, (4) determination 
of the fuel loadings for the critical experiment and, (5) analysis of fuel plate temperature 
perturbation.

2.1 NUCLEAR DESIGN (112)

2.1.1 ESTABLISHMENT OF FIRST CRITICAL EXPERIMENT ARRANGEMENT

Fuel Loading and Distribution for Fine Radial Power Shaping

During this reporting period, the fuel loadings and distributions for the critical experi 
ment wore determined. The fuel loading per stage of the critical experiment, is roughly 
the same as for the re-n.-tor fuel ■-.iemeat. There is ro longitudinal variation. In the 
"measurements’* fuel cartridges, the fuel and 80Ni - 20Cr inventory are as closely main
tained as practical, consistent with preserving the optical thickness of materials in order 
to check the adequacy of the theory used for predicting the fine radial power distribution.

The three 80Ni - 20Cr alloy cylinders of the fuel cartridge are wrapped with successive 
layers of fuel and 80Ni - 20Cr alloy sheet. Several layers of 80Ni - 20Cr alloy are wrapped 
around the innermost cylinder, and outside of the fuel on the outermost cylinder to mock 
up the inner and outer dead rings, respectively. The thickness of the 80Ni - 2GCr alloy per 
sheet of fuel is varied to mock up the lower fuel loading per unit of heat transfer area near 
the moderator and the higher fuel loading per unit of heat transfer area in the "middle" of 
stage. The fuel distribution is based on obtaining initial heat fluxes per unit of heat transfer 
area which vary from approximately 1.10 to approximately 0. 91 times the cell average. 
These extremes exist on the outermost and the inner rings of the fuel element, respectively. 
The fuel/80Ni - 20Cr alloy ratio Is also reduced in the fine radial direction in the regions 
next to the moderator, to mock up the fuel dilution which will be made to reduce the per
cent of atomic burnup in the rings presently exhibiting more than average burnup. There 
is no longitudinal variation in this factor.

Moderator Displacement for Gross Radial Power Shaping

During this reporting period, analyses were continued to trim the gross radial power
profile for acceptable distribution both at start of life and end of life. As discussed in the
previous progress report,* aluminum was employed to displace moderator at the outside

19 AN ■
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of the individual cells and to effect an artificial pitch variation into the analyses. The 
aluminum, which is a poor moderator and has a relatively low neutron absorption cross 
section, displaces die water moderator and reduces the moderator fraction per unit ceil 
without significantly increasing the neutron absorption. Variations in the aluminum dis
tribution, which may be necessary for fine trimming of the gross radial power profile, 
can be accomplished rather easily in the critical experiment, whereas changes in pitch 
variation are difficult to achieve for a particular set of tube sheets- The configuration to 
be mocke-d up in the initial critical experiments is described in Table 2.1,

tasli; i

COHIJ CGNUGUtATION f OR THE 
INITIAL CRITIC -Vi. EX!.’EHIMEN'T

No. Of Cells Number Aluminum
Fuel Cell Location Ii. Heuvlor Of Rings Volume Fraction, %

Central Element 13 12. Ii41
First Concentric Annulus 6 13 12.075
Second Annulus 12 13 !). 7S11
Third Annulus 1H 13 !■;. 3)1
Fourth Annulus 24 12 1. 51)7
Fifth Annulus 24 11 0. 515
Average Aluminum Volume Fraction 4.307

The core described in Table 2. 1 was also used n.s a reference to compare the per
formance ol cores with pitch variation io those with aluminum insertion. Two cases of 
pitch variation were investigated. In the first case, fne active diameter was held fixed 
at 48 inches. The pitch was varied so that thr- change in moderator fraction from cell- 
to-ceil was approximately the same us when the aluminum was in the constant pitch core; 
proportionately more wafer whs added to the outer cells than to the inner colls. A cross 
section of the core which .resuited is shown in Figure 2.1.

jU the second ease., the vo>v -caused by the rsmova! of the aluminum shims were 
squeezed out by rt-d.icing the pitch between ceils; tills volume was not distributed to the 
remaining ceils and the o'-ev-al.1. active core diameter was reduced to 47. OS inches. The 
gross radial powtir profiles for these cases via saown m Figure 2. 2 with a profile for 
the case with aluminum is the core.

The tfj -inch pitch-variation case shov;: a decrease in the effoct of the beryllium re
flector as a rcsuJi of the higher mode/:a;:-.t fraction in the outermost cells and. a reduction 
in Inc power generation o: fhe.v; cell** compared to the average. The maximum power 
occurs in the rioeond. corceutric annaus of the ceils whore the power is 5 percent greater 
than the core average. For the case of the 47, 05-inch core, the power generation at the 
center of the reactor increased approximately 4 percent over that which was obtained 
with aluminum in the core, thus making the center region, at the start of life, the highest 
power region.

Reactivity Analysis

Analyses were made io determine the effect of core diameter on reactivity at the end 
of life condition. The original 48-inch-diameter core had been selected on the basis of 
cold-clean reactivity at the start of life. For the end of life analysis, each reactor core 
consisted of 85 identical cells; no fuel or moderator variations for gross radial power 
flattening were included. The changes in cell size that accompany the over-all reactor 
diameter changes were effected by varying the amount of moderator outside of the fuel
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Fig. 2.1 —Cross section of core with pitch variation (48 inch diameter) (Dwg. 692E618)

tube. For each ceil aise. flux disadvantage facroru were calculated for neutron energies 
extending from the thermal group to S. 815 ev. The ratio of fission to non-fission cap
ture in the Ij235 and the fission product inventory was assumed to be the same as that in 
the 48-inch core. The- results of these analyses are shown in Figure 2, 3. T'ne reactivity 
of the system divided by that of the 48-inch-diameter core is plotted against diameter. 
This curve indicates that the 4£-inch-dLaraeter core is near optimum and should become 
optimum with power flattening. As the core diameter and the moderator fraction increase, 
the reflector aas less effect on the gross racial power distribution, thus increasing the 
required cell variation for power flattening. As the fuel-moderator ratio inside of the 
core is varied, a reactivity reduction is effected. Therefore, although a 43-inch core has 
about 0. 07 percent more reactivity than a 48-inch core on the basis of the unpower 
flattened condition, the 48-Lnch core will have more reactivity after the core is power 
flattened.

Predictions of Power Distribution

Fuel Burnup Effects cn Fms Radial Power Di.st.ributier: - As discussed in the previous 
progisss report, " the heat flux .aom each ring oi the fuel element, will change during
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operation because of the unequal rate of fuel burnup in each ring. In Table 2. 2, the heat 
flux on each ring of a 12-ring element is shown at the beginning and at the end of oper
ating life. The initial fuel inventory per unit of heat transfer on each ring is adjusted to 

cvj 'tiCa! !-:yaf ii Q./A. Tr-e ranetei' a sea so dstermine the fission probability 
in a particular ring was the percentage of optical thickness of u235 between that ring and 
the outside of the fuel region.

The fb--5p.'.oCi-Dio.iy r.:--.:.1; o!urine the reactor’s operating
period, as does the relative fuel inventory per ring. Therefore, in order to determine 
the fuel inventory of a ring at the end of life, the average of the initial and final fission 
probability was used in the equation for maximum atomic burnup, and the average was 
assumed to be constant over the operating history. The equation appears later in this 
section.
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E DIAMETER,

Fig. 2.3— End of life reactivity relative to 48-inch core 
as a function of core diameter

TABLE 2. 2

BURNUP El' f'ECTS OK HEAT FLUX. AND 
FISSION P SOB ABILITY

Ring No.

Imli.u Final Percent Fuel Left 
Divided By Percent Fuel Left 

In Average Ring x 100, %
Fission

ProbabllUy
U'.-at Flux S;>Uc 

Q/A / Q/A
Fission

Frobabiliiy
Heal tlux Ratio 

Q/A / Q/A

12 1.612 1. 10 1. 651 0. 889 79.83
11 1. 378 .!.. 07 1. 466s 0. 933 86. 36
10 1. 179 1. 04 1. 2 79 6 1.040 92. 19

0 1.00 1. 0 i. It".5 1.081 90.17
8 0. 871 0. 38 0. 8455 i, 078 103. 32
7 0 704:-! 0, 82 0. 8£5 1. 08 7 107. 21
6 0. 7425 0. 915 0. 7555 1.013 109. 37
5 0. 747 0. 02 0. 7425 1. 002 100- 56
4 0. 0Ca5 0. 95 0. 7785 0. 889 ■07. 73
«> 0, 812 0. 06 0. 6675 0. 869 104.0
»»a 1. 067 1.03 0. 838 0.828 99. 38
1 1. 2885 i.07 1. 1165 0, 862 83.01

Upon sxanriinlng Table 2. 2, if. is apparent that ring 12, with the lowest final heat flux, 
has the highest burnup. Since the heat flux in rings 8 to 1.1 was less than anticipated,
(an increase with timo was found on rings S and 9) the initial boat fluxes should be re
duced 2 to o percent. SLiTiliarry, i-uigs 2 through 8 should have initial heat fluxes which 
are about 2 to 4 percent nig her than those chosen. With such changes, the final heat 
fluxes (or ring temperatures) and fuai burnup, ivuuid be more compatible.

Maximum Atomic Burnup ■■■ The average atomic burnup percentage listed in the Scoping 
Study (GEMP-I081 for toe O-Ki.A system was 2. 0 percent. The maximum atomic burnup is 
somewhat larger due to the distributions of specific power generation in a reactor core
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which occur as a conseciuanee ol L'ic confifiiiration. The principal factors which increase 
the atomic burnup are the fine radial power distribution in the individual cells and the 
reactor gross longitudinal pov/er distribution. In addition to these factors, there are 
smaller effects due to gross radial power perturbations and perhaps to circumferential 
power scalloping which will be determined in the critical experiment. The effect of burnup 
on the fine radial power disirioution was discussed previously and is shown in Table 2. 2 
as the ratio of the percent of fuel remaining in a particular ring to the percent of fuel re
maining in the average ring. This effect is discussed in more detail below.

The average fraction of the L'235 which fissions or is converted to iS 30 percent. 
This corresponds to the 2 atomic-percent fissioning in the meat of the reactor as de
scribed in the Scoping Study. In the original burnup estimate, the assumption was made 
that the inventory reduction in regions of other than average flux for fission proba
bility) equalled the average reduction multiplied by the relative fission probability. Upon 
closer examination, it became apparent that this led to erroneous results. The fraction 
of the U235 mh at tiie end of life in particular location was found to be the average fuel 
left (70 pcrcoiu of initial) raised to a power equal to the local relative fission probability. 
The derivation of this equation is shown below. A sample rase for the region with the 
highest probable fuel burnup rate is included.

Derivation of Local Burnout Expression

Ter jus

N = number of atoms of U^'Vctro' in the whole cell 
n - number of atoms of TJ-^-35 at a particular location 
R - particular location 
6 = average flux in whole cell 
E = local/average burnout ratio (or/o) 

aa - per atom, total capture cross-section in 
Cf - per atom fission capture cross-section in 

t = time i/v of total operating time at constant, power level)
a = average fuel burnup (fission and non- fission capture) fraction at the end of life
0 =■- subscript referring to initial values
1 = subscript referring to end of operation

The assumptions wore avacic that (1) the ratio of fission to non-fission capture in the 
fuel is constant and (2; Thar the power level Is constant.

Q‘" ~ cq oN - constant (heat generation rate/unit volume - constant)

</bM = $oN0 or <p = (pQ No/N

dN/dt = - aa 0N = - cra $oNo

N « No (1 - 0* oot) ■= No (1 - at)

(Note; ■;a Cq = a)

cp = (po/(l - at)

<pR ~ B0 (definition) = B <£q/(1 - at) 
dn/dt = - oa gv( n - - o-a i.'>o Bn/(i - at) 

oin/n -:it.'(j. ■■■ j t)

LET C = 1 - at dC = - adt 

Substitutiag C, and a for cr?_ oq
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dn/n = ~ aB (dC/-a) x l/C = B dC/C
(g t = 0, C = 1 (4 t = l (ead of C = I - a

log8 n/no “ B Ioge C/C’G
n/no (1 - a/l)15 = (1 - a)®

or n - no (1 ■ average burriout; t - "nuo

Note: In order to justify the form oi the solution of the differential equation, B must be 
assumed to be constant over life. In the fine radial direction; B vill change as much as 
10 percent during ilfe (see Table 2. 2i. By using thy average value of B over life, the 
error introduced is assumed to be minor.

Sample Calculation, Worst Expected Local Factors for Burnup ■■■ Assuming that a fine
radial fission probability factor of 1. 65, a gross longitudinal factor of 1. 27, and a gross 
radial factor of 1. QS exist a.t the same place in the region where fuel burnup is at a maxi
mum, B = 1. 65 x L 27 x 1. 03 = 2.16. Sines the average fission and non-fission fuel cap
ture factor is 30 percent in this region, n/no “ (1 ■■ 0. 3!'-* 1 = 0.4629, therefore, fission
and non-fission capture = 53, 71 percent wnieh is L 76 x average capture.

The average atomic (fissioniburnup of the configuration as presented in the Scoping 
Study (uniform weight fraction of fuel in the meat! is 2, 0 percent. Therefore, the maxi
mum atomic (fission) burnup is 3. 53 percent (2i x 1. 79 - 3. 58't.).

A point to consider in examining ;ho atomic burnup is that the rings with higher-than- 
averago fuel burnup will be reduced in temperature at the end of life when the maximum 
burnup is present. Conversely, the hottest rings at the end of life will have lower than 
average fuel burnup. As an example, the hottest point of the longitudinal temperature pro
file is at the trailing edge oi the seventh stage where the power density at start of life is 
about 99.4 percent, oi the longitudinal average. Therefore, using the factors 1.65, 0.994, 
and 1.03 (as in the example’/, the atomic burnup percentage at this point would be about
3.02 percent for an undiluted outer ring and the ring's temperature would be well below 
the original temperature for this ioc-ition.

It is expecced that some dilution, by Ni-Cr addition, ivili be desirable in the rings that 
experience high fuel burn-ups. For c::vinpim the ring in the preceding sample problem has
1. 75 times the average burnup. nr-.d a rodoofion of the UO2 weight fraction to 25 percent 
of the meat reduces the percent a emeu: omnup to 3. 23 percent. Note that this location 
will bs oper atiag at lower-tiyui-average ten^jeraiures when the high burnup condition is 
reached. As crsviously mer.tio:.sd, the initial critical experiment 80N1 - 20Cr loadings 
include the extra SON! - 20C-; that such dilution entails. This additional SONi - 20Cr is 
expected to reduce the system raaailvity by one percent or less, as compared to a system 
fabricated of meat with a constant weight fraction (38+%) of UOg.

Life Effects on Gross Radial Bower Distribution - The configuration for the reactor core 
which was chosen to bs mocfeed up in. the initial critical experiments is described in Table 
2.3. The grosr-- radial power distributions for start of life and end of life, assuming uni
form burnup, obtained .tor this configuration are shown in Figure 2.4 as the relative aver
age power gene ration .for each region. The power distributions are normalized to unit 
heat transfer area. At the start of life, the maximum power occurs in the second annular 
region (12 ceils;', in which the power is-. 3 percent greater than the average, while the out
side regie;; operates at aupicximacety 93 percent cf the average. The power distribution 
at the end of Un; a hows the dspressiun in relative power at the center of the core and in
crease in the ouler regien-s and is; cauoc-d by the boron and .fuel burnup which increase the 
worth of the mode rarer volume ■J.isp.'acemerL The assuniptior: of uniform burnup and
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Fig. 2.4 —Predicted gross radiai power distributions for critical experiment 
with aluminum moderator displacement

fission product accumulation in each ceil results in a power swing which is somewhat 
greater titan would occur in the actual case. The outside cells, for instance, increase 
from 93, 3 percent of Lhe core average power to 97. 3 percent of the core average power 
with this assumption. Obviously, these ceils would be expected to increase somewhat 
more since the turnup would be less than average throughout the life with the lower than 
average power.

2.2 AEROTHERMAL ANALYSIS AND DESIGN (113)

S .2. 1 CALCULATION OF PH ACTOR CHAAACTEHISTICS 

Fuel Region

Three IBM 704 computer programs have been reactivated and are being checked out fo 
use in aerothermai analysis and design compulations. These programs are the General 
Flow Passage, Heated Annuli, and Reactor Transient Programs.
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2^2. 2 PERTHRBATION ANALYSIS
Fuel

Listed Lm Table 2. 3 are the calculated average operating temperatures and the power 
profile upon -which calculations have been based for the normal power condition requiring 
87. 4 mw total reactor power. The power profile ratios shown are stage trailing edge 
power divided by reactor average power. Px/^avg- Tg is bulk air temperature, °F and 
Ta is plate temperature, °F. Both of these temperatures are at stage exit location.

TABLE 2. 3

PTtL ELEMENT OPERATING CONDITIONS

Singe Px/Pavg TU Tp

1 0. 766 616 810
2 1. 012 681 938
3 1 13 760 1057
4 1.21! 848 1180
5 1. 20 033 1260
6 1.1C 102.3 1308
7 0. 994 1093 1335
b 0. 744 1158 1334
0 0. 54 1200 1326

Bulk air temperatures shown are calculated on the basis of stage average power with 
a total mass Low of 352 Ib/seo, an air inlet temperature of 589°F and air exit tempera
ture of 1200°F. A total of 5. 75 x TO'* Btn/see arc transferred to the air from the fuel ele
ments.

Plate temperatures are calculated using the expression h = (44) G- ®/Dh'd Tjj* ^/Tf 
Btu/br-ft- °F for the heat transfer cocfILcient wherein G, the mass velocity, equals 352 
lb/sec-592 in.-' =■ 0. 595 Lb/sec in.2. The hydraulic diameter, Db, is 0.12 inch. Tf is the 
film temperature and equals Tfc t Tj>/2. Free, flow area is 5S2 in.2. The film temperature 
difference, ATf, is evaluated by the e.-ipressjon ATf ■= (Q) (P^/Pavg)/! A) (h). Q/A is the 
average heat flux and h is the local film crefficisut defined above. Q is 5. 75 x 10^ Btu/sec 
sod A is 34BO ft"- heat, transfer area-

The maximum average plate tempe-rature is seen n be I335°F in Table 2. 3- and is ob- 
tained in the following tnanner:.

h _ (44). (• 595);^ TV« , 2 o
“ ( 12b2 Tf- atU/ 01 K(. 12)- 2

1
Tf

h = 44.4 Btu/hr-ft2, °R

(5. 75 x 104 Bua/sac) i'3800 (. 394)
A km / m V N Hi* /ATf = (Tp - Tfrt = ' rp g ( ~

'3480 it2) ::44.4 I °Ri r-f. jo; ’

ATf = 1332 -SfTf 56
Tb-"8 » '

By iterative caivAiations ATf ?g found to be 337'' F and To = 1038 -■ 237 - 1385^F.

.Plate temperatures will devi.it-. from the maximum-average value of 183o'F by virtue 
of gross radial, fine radial., and circumferential scallop power perturbations..
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For an outer ring the estimated power perturbations at the beginning of core life could 

be as much as: gross radial, + 3 percent; fine radial, + 10 percent; circumferential 
scallops, + 5 percent. (See Section 2. .2). This 18 percent power perturbation causes about 
a 23 percent temperature deviation on bulk air temperature rise ana on film temperature 
rise. The plate temperature for the outer ring during initial operation would then be 
1510OF as a result of the three described power perturbations.

For operation near the end of core life, the same cuter ring will experience a reduc
tion in heat flux relative to its initial value of about 20 percent (see ring 12, Table 2. 2). 
The effect of fuel bur-nup in the outer ring is to reduce the plate temperature by about 
220°F from the maximum perturbed temperature of 1510°F to 1290°F.

At the end of core life, central rings, such as ring number 9 in Table 2, 2, experience 
temperatures higher than those at the beginning of core life. However, no appreciable 
circumferential power scallop is present. The fine radial power perturbation is only about 
8 percent and the gross radial power perturbation is about 3 percent. Consequently, plate 
temperatures of the central rings at the end of Hie could be as high as 1440°F considering 
the power perturbations presented here. Therefore, maximum hot spot temperatures at 
the end of life axe of relatively low magnitude because of their location within centrally 
located rings.

2.3 WORK PLANNED FOR NEXT PERIOD

A single cell, heterogeneous fuel region analysis will be made to determine the effects 
of fuel, fission product, and 8QM - 20Cr distribution on the fine radiai power distribution. 
The initial fuel inventory will be distributed to give about the same initial heat fluxes as 
shown in Table 2. 2,

The effect of moderator temperatures on the gross radiai power distribution of the 
initial critical experiment configuration wi.U be determined. Figure 2.4 shews that the 
change in gross radiai power distribution as a function of time is small when uniform 
burnup is assumed. The effects of non-uniform boron burnout, production, and 
fission product accumulation on tho gross radial power distribution will be obtained.

.Prediction of component, heating rates will be made. Reactivity and reactor kinetics 
anaiysfU: will bo performed Mci'haiiical design study layouts will be mads and stress



UNCLASSIFIED

3. SIDE SHIELD

(130)

During this report period, analysis of Lhe side shield design was concentrated on 
elimination of the radiation peak in the region of the plastic shield plug discussed in the 
previous report,* Total dose rates at the surface of the shield were determined for the 
cases of power operation and shutdown,

3.1 SHIELD ANALYSIS (131)

Nuclear design of the 630A shield is progressing under a tentative system of radiation 
constraints. These constraints limit the surface total dose rates on the shield, from the 
actuator cover to the middle of the side shield, to 1, 2 millirem per hour. From the 
middie of the side shield to a point opposite the middle of the boiler, the dose rate will 
be limited to .12, 5 millirem per hour From the middle of the boiler to the base of the 
power plant, the close rate will be limited to approximately 50 millirem per hour. Allow
able levels have not yet been determined for the region below the power plant; it is ex
pected, however, that the radiation dose rate in this area will be greater than in the 
areas discussed above.

The constraints will provide an area of radiation protection above the xnidplane of the 
reactor in which the dose rate 20 feet from the reactor through, a steel bulkhead will be 
equal to or less than the allowable 0, 5 rem per year general-populace dose rate. Below 
the midplane of the reactor, the dose rate 20 feet tram the reactor will equal the labora
tory tolerance of ICG inillirem per week for a 40-hour week. The area below the mid- 
plane in the immediate vicinity of the shield will be a limited-access area with access 
times limited to between 1/2-hour and 1 hour per week,

3,1, 2 DOSE RATES

Dose rates from radiation originating In the reactor have been reduced to acceptable 
levels above the reactor horizontal nuaplans by moving the lead slab In the shield plug 
closer to the reactor and eliminating a weak path in the upper part of the main shield.
All the lead has been removed from the doughnut and the lead inside Lhe main shield has 
been changed to provide adequate attenuation of core gamma rays. The effects of these 
changes on secondary gamma ray production have not yet been fully evaluated. The 
changes have resulted in no appreciable -weight difference.

Initial evaluation of the shield below the mid-plane of the reactor indicates that some 
reduction in shield thickness can be made in the upper part of tills region. However, 
shielding will have ':o be added In the reg-on adjacent to she boiler where the shield thins 
down rapidly. The net effect o' the changes has not yet been determined.
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Calculation;; of secoiului’y gamma dose rates at the side surface of the shield indicate 

an excessive contribution from the outer clad of Lhe lead slab. One obvious solution is 
to reduce the clad thickness: this approach is being investigated, as is the effect of 
splitting the lead into two slabs mid moving the second slab further out into the water,

3.1.3 NUCLEAR HEATING KATES

Gamma heating rates have been determined foi some of the critical regions of the 
shield. The highest heating rate in the lead slabs has been calculated to be 2.4 x 10“^ 
watts/gram at normal power,

3.1.4 ACTIVATION EFFECTS

Analysis has been initiated to determine the activation of the components of the assem
bly. Bose rates due to activation of the boiler have been estimated to be 20 mr/hr, 50 
centimeters below the boiler, 10 hours after shutdown.

3,2 WORK PLANNED FOR. NEXT PERIOD

Work will continue on shaping of the shield to reduce tho dose rates from radiation 
originating in the core. Analysis of secondary gamma production will also be continued, 
with the objective of reducing dose rates to a negligible level by internal changes in the 
shield which will not affect the envelope. Further effort will also be directed toward de
termining and reducing dose rate levels in the region below the boiler. Calculation of 
material activations and drawings of the shield configuration showing local heating rates 
within the slabs are scheduled for completion.
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4. PRESSURE VESSEL 

(140)

Blower inlet and exit flow path areas, insulation requirements and wail thicknesses have 
been tentatively selected.

4.1 DESIGN

A preliminary design study and stress analysis of the pressure vessel has been com
pleted. Figure 4,1 is a preliminary drawing delineating the pressure vessel. The inside 
diameters of the pressure vessel and nozzle include a 1. 2-inch allowance for the insula
tion on these surfaces. This insulation will be l.-4-inch thick and consist of a 1, 16-inch 
lining of stainless steel in a waffle pattern attached to the inside of the pressure vessel to 
produce a 3 '16-inch stagnant air barrier to reduce the heat loss from the air stream 
through the pressure vessel wall to the shield water.

With allowance made for the insulation, the inside diameters of the pressure vessel and 
nozzles of this configuration and hence the primary coolant flow' areas are the same as those 
reported in the previous progress report.*

4.2 WORK PLANNED FOR NEXT PERIOD

During the next reporting period, the 
vessel will be defined so that a developr

.nsulation on the inside surfaces of the pressure 
;ent program to establish the method of attachment

and structural integrity can be outlined.

31.
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5. BOILER

(150)

During this report period, the due dates for proposals and the engineering study were 
re-established as a result of discussions with several boiler vendors.

5.1 DESIGN (151)

Study Contract

The request for proposal on the engineering study of the boiler was sent to four vendors 
on July 12, 1962, The four vendors are Combustion Engineering, Inc., Baldwin-Lima- 
Harn.ilt.on Corporation, The Babcock and Wilcox Company, and the Foster-Wheeler Corpo
ration. Originally, proposals were to be submitted by August 12, 1962 so that the selected 
vendor could perform the work in the period from August 1962 to December 1962. How
ever, at the request of the vendors, the due date for proposals has been extended to October 
1, 1862 and will be performed m the period from November 1, 1962 through April 1863. 
Three of the four vendors have stated they will submit a proposal in accordance with this 
revised time schedule.

5.2 WORK PLANNED FOR NEXT PERIOD

During the next reporting per iod, proposals will be evaluated, the vendor selected, and 
tho subcontract established with the vendor so that the engineering study may start on 
November 1, 1862,
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6. CONTAINMENT

(160)

During this report period, it was v.eieraiiiiid that the to>ai containment method provides 
more than eisvhi: cimsn the expansion volume provided by the individual containment method. 
Studies to data indicate that total coriialnmefit -via permit simplified handline aaci maintenance 
and minor act-iator adjiiotmenic. v-ichoi-t yij-\ver piaat. shutdown.

6.1 CONTAINMENT VESSEL DESIGN STUDY (161)

During this report period, the siuay to evainatc the- merits of the three possible methods 
of containment discussed :n the previous progress report’"' - Individual Containment, Mcci- 
fiea Individual Containment and Total Coniainmont ■■ was continued.

As stated the previous repc.vt, the co„?. eo;; volume in the total containment
vessel is 6125 cubic feet, which reduces the pressure postulated from a conceivable acci
dent to approximately 45 prig, ana iho required wall thickness of the containment vessel 
to one -hall inch.

Some of the comparisons ma.dt to date show that the total containment provides more than 
eight. !Imos the eapansii.-n velum-; thcr.done the indi.vk'.ur-.l a modified individual containment. 
This comparison assumes that the four individual containment vessels are piped together.
This multiple piping could be a restriction for handling and maintenance accessibility of the 
individual containment methods.

The total containment method would allow servicing of the actuators for minor adjust
ments and repairs by entrance through the air lock without shutting down or disturbing the 
pov/ei plmv imd cciirsjimmm. 'fn ihe individual c ■jntvdnuient metnods, actuator servicing 
would require a shutdown of the system since the containment would have to be violated.

6.2 WORK PLANNED FOR NEXT PERIOD

Further comparisons of the merits of the three methods of containment will be made.

35-36
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7. CONTROLS 

(190)

During this reporting period, bids were received ior the remainder of the two--tube 
boiler parts arid orders were placed for ail major items except the boiler shell and 
boiler tubes. Work was begun on the safety system engineering study,

7.1 SAFETY SYSTEM (194)

The safety system of a power plant is required to maintain surveillance and cognizance 
of the power plant and its operating conditions. It is also required to protect the power 
plant and its environs from damage due to erratic power plant operation. The possible 
sources and causes of such erratic behavior are: power plan! failures, control system 
failure, facility and auxiliary failures, and operator error.

The safety philosophy for a maritime application of nuclear power will probably differ, 
to some degree, from that for the airborne installation toward which ANP system de
signs were formerly directed. The control and operating system and procedures will also 
differ and thus effect, the safety system requirements. The environmental requirements 
are quite different for the two applications. The less severe nuclear radiation and tem
perature environment of the maritime application allows a wider latitude in the choice of 
the mechanization method used.

A safety system engineering study was begun this reporting period by making a litera
ture search: (I) to gain a better feel for shipboard safety system philosophy, (2) to de
termine the types of mechanization that have- been used, and (3) to determine the state of 
the art with respect to the application of transistors and static switches to safety circuitry. 
Static switches may provide improved reliability over the mechanical relays usee! in the 
ANP -developed systems. The findings to date indicate that solid-stats devices have been 
successfully applied to several safety systems and they should be seriously considered 
for the 630A system.

7.2 TWO-TUBE BOILER TEST RIG (198)

Bids were received, from vendors for the remainder of the major parts required for 
building the test rig. The only bid received for the boiler shell assembly quoted 15-weeks 
delivery, which means that the test cannot begin for about 18 weeks. The only other major 
hardware for which placement of an order was delayed were the boiler coils, for which
delivery was quoted at 8 weeks.

Instructions were written and orders were placed in the shops for fabrication of non
standard components, for th ubassemblies, and for installation of the com-
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Wriu:iy: =.)i oetaiiorL i.e:u inGir ucLiouo. and Log' o>croii;::.v nrooodurcs vvo.ve bc:;un. Inlur- 

cur.nactirjf iiisu,i!meni.s.f’on and ;:c-ur;!L v.-iriny di.wra'iia loquircd lor ListaJialiyn oi' tho 
Lost i !”■ in the test fac.Uiiy v/er? ooniplotoci.

7.3 WORK PLANNED FOR NEXT PERIOD

The Literature searcii ai;'.; ovaia-vLiu-.i of safety systems v;iil be 0011 tinned. A study of the 
safety system fanctional rsquu'emonLs and methuds of nioehar’.izniions will be begun. Pro- 
suronient of two-tube boiler toot ru- ptu-Ls will be coutinuod, and fabrication work will be 
started.

UNCLASSIFIED
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8. PRIMARY COOLANT SYSTEM

During this: rcporr pi-.-ivd 7jo:'1: 7^;: ;-eyi'- on opoo'a^,h:i,:U^ for tht blower final design, 
fabrication and tas:u;g, and ?:;.v tin. des-igv: ef a inoi. rig fei evaicsd-ing blower shaft air

8.1 SEAL TEST

The only coii-pc-nom. i-s the biov--./' w’-ior ::yay reqaii' - developr.it.-nt ir. order to attain, the 
aviriimum desired Uio oi Is, COG i-oars it. ti:-.- shaf: air seal. Th-:.veior'..!, a seal evaluation 
program will be conducted this fiscal year in order to better assure the availability of a 
seal design -.vl'ich wi.:! moot the requ; -werh- for porioi-in-uico, life and reliability for the 
final design of the blower. All seals described in the previous progress report* may be 
evaluate'! during Lais qoa-i.::. sigej ;:.ii .:!>i tost r;;suits may be included with the de
tail specifications for the blower which will be made available to the vendors from whom 
bids v.'iil. sou rued, "no ve.-ao-.-.. bo gv/■.■.■■ u:o ■iplio'i c[ using Die design recommended 
or of proposing a different seal design for which they will be required to show evidence of 
satisfactory performance, life and reliability.

Work was begun on the design of a test rig which could simultaneously test three different 
seal configurations on a common shaft. A preliminary layout is shown in Figure 8.1. In 
addition to the presumed advantages of testing three seals at the same time, the require
ment for a thrust bearing was eliminated since the seals operated back-to-back. By elimi
nating the thrust bearing, the power requirements for the drive was only 8 hp. However, 
after discussing the design with other engineers who had attempted to use a multiple seal 
tester, and after consideration of the problems inherent in isolating the seals to obtain good 
usable test data, the multiple-seal test rig was abandoned in favor of a single-seal test rig.

A layout of a test rig capable of testing any one of the three seals under consideration is 
shown in Figure 8. 2. In order to simulate blower operation, one side of the seal must be 
pressurized up to 400 psia. This produces a thrust load of approximately 11, 000 pounds on 
the shaft. The following four methods of overcoming this thrust load have been considered:

1. A hydrodynamic thrust bearing of a commercially available type which would operate 
with low pressure oil supplied from an external source. This bearing would have a 
friction loss of approximately 80 hp.

2. Tapered-roller or ball-thrust bearings were investigated but no standard model could 
be found to meet the requirements.

3. A GE-NMPO designed hydrostatic thrust bearing supplied with 10 gpm of oil at 800 
psig. The friction hp loss in this would also be under 20 hp.

4. A GE-NMPO designed hydrostatic thrust bearing supplied with about 700 scfm of air 
at 400 psig. The friction loss would be only about one hp but. the power required to 
supply the air would be about 200 hp.

’"IbifL, pp, 1.7—50.
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Fig. 8.1 — Study sea’ test chamber (Dwg. 692E612)
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After reviewing the merits of each of these systems, the hydrostatic bearing was chosen 

as best for this application.

Two typos of drives are being considered. One is an air turbine, directly coupled to the 
test chamber drive shaft, and the other is an electric motor driving through a step-up 
gear box. At the present time, an attempt is being made to obtain a used air turbine drive 
on a temporary loan basis. .An electric motor of the required capacity is available but a 
gear box would have to be procured.

An electric heater is to be mounted inside the test chamber to heat the air to the tem
peratures expected to exist in the actual blower. Removal of the cover plate which con
tains the healer allows direct access to the seal being tested.

A schematic diagram of the Lest setup is shown in Figure 8. 3. Oil lor the bearings and 
for cooling the shaft-mounted sealing collar is provided by an existing hydraulic test stand. 
The air supply for pressurizing the seal is provided by an existing high-pressure boost 
compressor. The flow to the seal is regulated to maintain a fixed drop across the seal as 
in the actual blower. Pressure in the test chamber is maintained at the desired constant 
value by a back-pressure regulating valve.

8.2 BLOWER REQUIREMENTS

Writing of a detail specification for the design, fabrication and qualification testing of 
both the main and auxiliary blowers was otgun. The Oiovvor study described in the previous 
report' is serving .-is the primary basis tor :hc specifications.

8.3 WORK PLANNED FOR NEXT PERIOD

The prelinsinyry detail spoeuienu :;'; for the blower will, he completed. Design of the 

seal rest rig will ix.- conipie'.ed throng!? ii-.-i ■■■ he-..:k prial stage. Completion of the drawings 
will do delayed pending resubs of devsiopmental testing to be done at the seal vendor's 

piw.i. Ah order will bo placed vuh ■>. xoai venoor ibr development models of bin war shaft 

air seals and for their development testing.

Tbid.,
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9. FUEL MATERIALS

During this reporting period, the long-tc-rm in-pile test of 80Ni - 20Cr fuel sheet, 
ORF-2, was terminated because of mechanical damage to the test capsule. Prior to ter
mination the specimen had been on test at 815nC lor 878, 5 hours, and had reached an 
estimated burnup level corresponding to approximately 8 percent of the atoms. Pre
liminary examination of the specimen, EB-13, indicated no evidence of damage or defects. 
Post-test investigation is continuing. A new test, designated ORF-3, is being prepared.

Thermal cycle specimen EB-6 has accumulated to date over 3200 hours at 870°C 
(ie00oF), with 28 rapid cooling cycles to room temperature, and appears to be in ex
cellent condition,

The design of the capsule for the MTR fueled ring test, 3-F-l, has been completed 
and fabrication Is underway. The fueled ring specimen for this test has been prepared.

Pile aniLieni' irrudiniI'”' of emoi-th ;-rupen: ;: specimen:--, of the 8C'Ts’i - 20Cr clad- 
ding alloy lias been eonpleU.d.. Adiutimva;. ..-.c .imii: -. -u’e being prepared for irradiation 
at 815°C (1500°F).

Creep specimens of fueled sheet have bee
peratures of 700° to 870°C (1300° to 1600°F 
elongation measured to date has been 0.30 p 
mens of cladding stock show elongations of • 
on two specimens, and 2. 3 percent in appro

Oxidatn 
: silicon,

n U',r! ii’.-; times \yo to 3400 hours at rein- 
■'! cf;0 anc! OOi} psi. Ma.^imuni 

cent in a 2-inch gauge length. Creep speci- 
. 8 percent after approximately 5000 hours 
nately 6500 hours on one specimen.

brazing alloy containing varying amounts

Preparations are being made to pi 
critical experiment and to begin the

ipproximately 750 fueled rings for the 630A 
ling of experimental ribbon to evaluate the 
rerical fuel on processing and properties.

9.1 IN-PILE TESTING (241)

9. 1.1 ORR TESTS
2200-K'v-r Test

The results of this test are described in detail in High-Temperature Materials Pro
gram Progress Report No. 15, Part A, GEMP-15A, dated September 30, 1962. A brief 
description of the results is presented in the following paragraphs.

The long-term in-pile test (ORF-2) was initiated in the F-2 facility of the ORR on 
April 16, 1962. By June 25, 1962, the test specimen had achieved a total exposure time
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of 876, 5 hours at approximately 83(i500°F) whei: the reactor was shut down for re
fueling, This time is equivalent to approximately 6000 hours of 630A operation at average 
temperature higher than that e^po-ctod in the S30A. At this; time, the capsule was removed 
from the facility for Insertion of another experiment and stored in-pool. Later on during 
the shutdown period, the capsule was observed to have Been damaged and an extensive in
dentation was visible as shown in Figure S. 1, a telephotograpb of the damaged capsule as 
it lay iri-pool on the reactor grating. Two additional indentations were observed on the 
opposite side ot the capsule shell. The cause of the damage and the time at which it oc
curred are not known. As a result of the damage, the ORF-2 test was discontinued, and 
the capsule was severed from Us in-pile hardware and returned to GE-NMPO. At the 
time of discontinuance, an estimated burnup of approximately 8 percent of the atoms 
had occurred in the specimen fuel sheet.

46

Fig. 9.1—Telephoto view showing damaged capsule resting in pool on the 
reactor grating (57972)

During capsule disassembly at GS-WD/l'PO, it was observed that the damage was ap
parently limited to the outer shell. The two inner cans and the venturi were not damaged. 
Thu contiUion of the specimen was found to be excellent. The cladding surface was oxi
dized but no Bi’.sters, pln-'noles, cracks, or ruptures could be detected after thorough 
inspection. Figure 9. 2 iliust/ates the appearance of the cladding and back-plate surface 
of the fueled specimen. The post-test investigation is continuing.

UNCLASSIFIED
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During the 8?8, 5-hoiir test perioci, five chsircoai traps were introduced at intervals 

into the system to determine effluent activity. The first four traps showed no significant 
levels of fission products. The fifth trap which, unlike the other four, was not refrigerated 
and was maintained on the line for 115 hours, showed some evidence of fission products 
even though lino monitors during this period indicated no significant levels of activity above 
background. The isotopes found to be present in the fifth trap were principally Xe*J^ and 
Xelj0, Only a trace of was detected. Based on the appearance of the specimen and 
the low iodine activity, and assuming; that the fission products came from the specimen, 
it. is tentatively concluded that the fission products detected resulted from thermally en
hanced diffusion and not from escape through any defect in the cladding. It is also regarded 
as possible that back diffusion products from, the main effluent line might have been re
sponsible for the trap activity.. This has been observed in other tests on unfueled specimens.

At the close of the reporting period, a new specimen-capsule assembly, designated 
ORF-3, 'was being prepared for irradiation in the ORR in another attempt to study the ef
fect of high burn-up levels on 80i-Ti - 2OCT fuel sheet.
Thermal Cycle Test

Fuel sheet specimen EB-6, identical to tho one used in the long-term in-pile test, has 
been on test in the laboratory for approximately 3200 hours at 870°C (1600°F) in air. Dur
ing this period, it has been rapidly cycled 28 times to room temperature. The specimen 
was given a detailed inspection after approximately 3150 hours. No blisters or other de
fects of any consequence were observed. Figure 3. 3 illustrates the generally excellent 
condition of the cladding surface. EB-6 wilt remain on test indefinitely.

Fig. 9.3 —Cladding surface of thermal cycle specimen EB-6 after ~3150 
hours at 870°C (1600°F) and 28 rapid cooling cycles to room 
temperature (P62-8-3C, and P62-8'3i.J)

9.1. 2 MTR TEST

Preparations are continuing for irradiation test 3-F-l in the A-19 facility of the MTR. 
This is to be a high burnup test of a 0,9-inch diameter fueled ring specimen at 790°C 
(1450°F). Capsule design has been completed and fabrication of components has begun.

1 Li 7
UNCLASSIFIED



UNCLASSIFIED 49

Fuel Ring Preparation

A fuel ring specimen containing 3? weight percent enriched UO2 in the core has been 
prepared and inspected. Ring joining was accomplished by Method C as described in the 
previous progress report.* During its preparation, the ring specimen was subjected to 
repeated visual and radiographic examination to determine the integrity of the fuel sheet 
and to detect any adverse effects caused by processing. After the ring joining step in the 
process, the specimen was given a diffusion heat treatment in hydrogen at 1040°C (1900°F) 
for 25 hours to homogenize the composition in and adjacent to the braze joints. Following 
this treatment, the ring was proof tested at 425°C (800°F) for 24 hours in static air to 
detect any gross core exposure. Final inspection consisted of stereomicroscopic and 
radiographic examination for surface, joint and core defects. The specimen v/as also 
alpha counted to detect if any abnormal surface contamination existed. Having passed 
inspection, the specimen has been stored to await encapsulation in the 3-F-l test assembly.

Detailed chemical analysis and metallographlc examination of a segment from the same 
fuel sheet used for the 3-F-l test specimen are being conducted.
Instrumentation

Ten chromel-alumel thermocouples are to be used to measure the temperature at vari
ous positions on the other surface of the ring specimen. Eight of the ten specimen thermo
couples will be of the "contact'' type in which the thermocouple leads are attached to a 
small 80Ni ■■■ 20Cr tab which rests against the specimen. The other two thermocouples 
are to be spot welded to the joint plate and dead edge of the specimen. To avoid any ad
verse effects on specimen performance, it is not planned to spot weld any thermocouples 
directly to the fuel sheet cladding.

The accuracy cf the contact thermocouples is being checked out using an instrumented 
dummy specimen in an induction coil. Preliminary data show that they indicate tempera
tures within 30°F of the actual surface temperature as measured by spot -welded thermo
couples, Efforts are being made to improve the accuracy of these contact thermocouples.

Thermal Cycle Test

Oxidation and thermal cycle bench testing of a fueled 3-F-l type ring specimen was
initiated during this report period. A fueled ring was instrumented and inductively heated 
to 790°C (1450°F) while 30 scfm of filtered shop air was passed through the bore. The 
outside diameter of the specimen was wrapped in a blanket of thermoflex insulation as 
planned for the 3-F-l specimen. Examination of the specimen after 207 hours of opera-
□.o.;: 'Hi'ier these conA itiojis revealed :no d«ifects. Thf Lem'
1040°C (1900 F,1 in 0:rdex* to deve in a :relatively short
effects ch miIght be bi.iticipate<i in 5000 hours at 790°C
1040°C (1900{>F ) the test was ter ited 1due to lociilized
specimen. Subsiequent in* on x■evea IpH fhflt
of the 1ndu<2tic heatijmg coil whie ■ji.used local ove:rheati
in the t.est eqilipment a dumirly ri.ng s;pecimen has sir

localized melting and burn-through of the

tor 135 nours with no adverse effects.
These tests are 

to indicate the endi 
and thermal cyclic

in order to improve instrumentation techniques and, ultimately, 
lese ring type specimens at 790°C (1450°F) under oxidizing

Of- i ■.
Tensile Testing of Br; 1 mirations

me tensui 
are to be det

.1:joint uos".vibsd hi the previous report 
L5°C (1500°F) using unfueled 80Ni - 20Cr
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sheet. Preparation of the specimens is 90 percent complete and testing is expected to be 
completed during the next reporting period.

9.1. 3 EFFECTS OF RADIATION ON 80Ni - 20Cr ALLOY

The irradiation oi twenty niobi'am modi tied 80Ki ■■ 20Cr smooth stress rapture specimens 
was compietec.. The specimens were irradiated in capsule MT-74 in the L-6 facility of the 
ETR and received 56a hours oi exposure iis rater at pile ambient temperature. Pending 
activation analysis oi. the nickel-cobalt dosimeters attached, to the capsule, total neutron 
dosage is estimated to bo approximately 2 x 10^u nvt (En 1 Mev). The capsule has been 
removed from the reactor and is currently awaiting disassembly at GE-ITS,

Material has been prepared and an order placed for fifty additional niobium modified 
SON! - 20Cr smooth stress rupture specimens. Twenty-two of the specimens have been 
received and are of good quality; the balance were rejected and returned to the vendor for 
rework. Approximately one-half of these spooimoiis will be irradiated at 815°C (1500°F) 
for at least four reactor cycles in the L-6 facility of the ETR in order to achieve a dosage 
level equivalent to that anticipated A the cladding during the full operational life of the fuel 
elements in the 620A power plant. Design of the test capsule is underway.

9.2 PROPERTY STUDIES (242)

9. 2.1 CREEP AND OXIDATION TESTING

Fuel Sheet Creep Tests
Data are being accumulated on tho creep resistance cl SON! - 20Cr clad fuel sheet to 

establish its applicability to tho 630A maritime nuclear steam generator. Specimen dimen
sions are approximately 1-1/2 Indies by 9 inches by 0,020 inch. The fueled core contains 
approximately 42 weight percent {JOj, Detailed descriptions of the specimen configuration 
and preparation were presented in the previous progress report.*

The test conditions and current data arc- recorded in Table 3,1, ”B” series and "W 
series specimens are being tested in tandem with ,:C" series specimens; 1. e,, two speci
mens are mounted in oaraile.' in the s;o.vt- furnace bat are separately loaded. In the thermal 
cycle tests, urn specimens are rapidly cooled to approximately 200°C (400°F) every 50 
hours. All syftf’.n*eiis are removed from vesl- for inspection and measurement approxi
mately every 500 hour;;, Inigcoticu -consists-; of surface alpha count, X-ray and stereo- 
microscopic ossi;the cladding and edge eeal. No gross increase in alpha ac
tivity has been del.ee d- d nor have my significant cladding defects beer, observed.

Sir;.;. - r.he tents are indlvtctly a measure =.;■?. edge seal integrity, the methods of sealing 
will be briefly reviewed. The eight "C" series specimens are edge sealed using brazed 
80Ni - 20Cr foil and wire to form a channel around the specimen edges. The two "B" 
series specimen;- ;uv. n-icdsd simply by a brasc-d wire, providing a specimen with a more 
or less constant cross section. The "W" series specimens are sealed by electron beam 
welding the edges which were previously slotted and filled with an 80Ni - 20Cr wire insert.
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TABLE 9.1

CREEP TEST DATA ON 80Ni - 20Cr FUEL SHEET

Specimen Edge Seal Type
Temperature.

DC <>f
Average Stress, 

psi
Time,

hr Cycles
Elongation,

%

Isothermal Tests

C-l Brazed Channel 870 1600 300 3413 0.10
C-2 Brazed Channel 790 1450 300 3271 0.15
C--4 Brazed Channel 700 1300 300 2833 0.20
C-8 Brazed Channel 790 1450 600 2940 0.10
B-2 Brazed Wire On test with C-4 300 1740 - nil
W-2 Welded Insert On test with C-8 600 864 liSSS® nil

Thermal Cycle Tests

C-3 Brazed Channel 870 1600 300 3115 54 0.25
C-5 Brazed Channel 700 1300 300 2920 51 nil
C-6 Brazed Channel 790 1450 600 2597 46 0.25
C-7 Brazed Channel 780 1450 300 2910 50 0.30
B-l Brazed Wire On test with C-5 300 2206 38 nil
W-i. Welded Insert On test with C-6 COO 917 16 nil

UNCLASSIFIED
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Stress Distribution

In the previous report, it *.vas slated that a non-uniformity In stress .exists across the 
width of specimen C-4, This v/as based or strain gage measurements of the specimen 
made at room temperature prior to and after .several periods oi testing. Since then, an 
unfueied 80N1 - 20Cr fuel strip of constant thickness and. the same over-ail dimensions 
as C-4 showed a similar stress distribution, indicating the effect is not due to the edge 
frame. The most significant aspect of the stress .distribution across these specimens is 
the relatively high edge stresses which exist.

It has been suggested that the disparity in creep behavior in the cladding stock speci
mens (Figure 9. 4) is the .result of relatively high stresses near the edge of uniform width 
specimen RD-3 as compared to those which exist in specimens ED-1 and ED-2, each of 
which has a reduced section. These relatively high edge stresses occur near the speci
men gage marks, which are located in the frame and are used to measure elongation. 
Evidence to support this suggestion has been found in strain gage measurements which 
have been made across the width, of a flat sheet specimen in which a reduced section was 
machined. The test specimen was approximately 1. 25 inches by 12 inches by 0.020 inch, 
with a 2-inch-long section at the center reduced in width to 0. 5 inch. Results of these 
measurements are shown in Table 8, 2 as compared to similar measurements on a speci
men of uniform width. It is obvious that the reduced section configuration markedly 
equalizes the stress distribution across the narrow width and that a significant diffor- 
ential exists in the specimen of uniform width,

TABLE 9.2

COMPARATIVE STRESS PATTERN MEASURED ENTS FOR SHEET CREEP 
SPECIJ.-itNS WITH A.-tU \VT j HOLT A REDUCED SECTION

Spui.'iiaen Wil'i Puclucecl S^cuon Uniform Width Specimen

Loud, Nuaiinal StrvsH.
Ac cruin' Si; ess, Front 

psi
and Back,

Nominal Stress,
Average Stress. Front and Back-

p&i
lb psi Edge Center Edge psi Edge Center Edge

3 300 372 341 310 120 403 -186 443

3 600 651 020 620 240 558 -134 558

9 GOO 981 *J61 030 ■420 775 0 744

In the case of fuel sheet specimen C-4, the results of additional stress measurements 
at 1988 test hours indicate that the previously reported non-uniform stress distribution 
has not been significantly altered with time And temperature. The stress pattern was 
identical to that reported previously for 529 hours.'*

9. 2. 2 COMPARATIVE CREEP AND OXIDATION TESTING

Fuel sheet has rec-jaily been prepared utilizing both cold ana -warm finishing after initial 
hot reduction. Studies made during the- aircraft program indicated that warm finishing pro
duced improvement in the creep properties of fuel sheet, at least at the higher tempera
tures and relatively short times associated with that program. Whether warm finished fuel 
sliest possesses a creep strength ivivantage over the cold finished sheet for the relatively 
long times and low temperatures associated with the S30A application will be evaluated in 
a serior, of creep to--.is to be conducted on ■.no new warm and cola finished sheet. The speci
mens wiii incorporate reduced sections where possible, and tests will be conducted simi
larly to the current studies.

*Ibid., p. 72.
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9. 2. 3 TRANSVERSE STRENGTH OF ^(JEL Sfi££T

Specimens have been prepared which will permit determination of the short-time trans
verse tensile strength of cold find warm finhsheo 30NTi - 20Cr fuel sheet, Tho fuel sheet is 
of recent manufacture as previously reported, A sketch of the brazed specimen assembly 
appears in Figure S.5. Figure S.6 is a photograph of two specimens machined into tensile 
bars ready for testing. Each bar contains tv-o fuel sheet segments, either both cold finished, 
both warm finished, or one of each finish. Specimens containing each combination will be 
tested at room temperature, SS0°C (i20GJF) and 816tJC (1500°F) to determine comparative 
strength properties,

3F TEST BAR M.

Fig. 9.5 — Components and assembly of brazed transverse tensile test specimens

Fig. 9.6 —Tensile specimens for use in determining transverse strength of 
fuel sheet (P62-8-9)

5. 2. i OXZPATIOr F.Fl..-: ; •; v.. * *

The i v. .. .: :■ ■ c.c.c i-.- omised somewhat by
the hi;;'!-, co/. renri aar-; ? . ... . ■■ ■■ ct-loy. I'ormajjy, silicon content

*Ibid., p-74.
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of ths braze alloy approximate.1? 10 weight percent. Thermal cycle specimen JSB-6 and the 
long-term in-pile test specimen EB--T3 both show significant thermal etching of braze 
areas. Accordingly, the long-term oxidation resistance of GE-81 alloy and other 80N1 - 20Cr 
base braze alloys with gradations of silicon are being studied. Wafers cut from a series 
of arc-melted button heats containing 0, 'ls 3, 6, 10, 15 and 21 weight percent silicon 
are being subjected to air oxidation at SIR0, hd0o and 10S0°C (1500°, 1800°, 2000°F). 
Significant, difforma-os in nppoyraiv*- ant: eight ch«nge have not been observed in the first 
200 hiiurs iii fe.sting.

9.3 FUEL SHEET PREPARATION (243)

9. 3„ 1 EXPERIMENTAL FUEL SHEET

Preparations bog-.:-.', ro ovodeco v. ir-i finished fuel sheet with different cladding 
Lhickueesei-. oh' In.-; .ioei xheet -‘(.■■.■■.'euliv ■.■.■i; lest possesses a cladding thickness of ap
proximately 0,00--. in.'-!?.. The Gxp-sriuis-r.fcni sheet to 1 .e prepared wiii possess cladding 
thicknesses of 0. 006 inch and 0, 008 inch. Comparative studies of creep strength and 
oxidation resisbincc will bo condar-bj.:;. Faei. = reparation f-ir this study has been started.

9. 3. 2 FUEL SHEET FOR THE 630A CRITICAL EXPERIMENT

It -will be necessary to produc:; fippro: : .aatcly ISC .iixurd riiigs o" good quality, and of 
various diameters and th?ci:nos=Gft.. for uec :n the 6S0A critical experiment's cell flooding 
tost;;. To dura the necessary epid.pr;.;..;'v?-; cccdamjo:, of fuel shoot and rings has been 
checked out, a work area has been selected and decontaminated, fuel specifications have 
been prepared, and a fuel allocation request has been submitted for approval. Thus far, 
three vendors have submitted price and delivery quotations on both depleted and enriched 
UC>2. An order will be placed with each vendor for a small quantity of depleted UO2 to 
establish comparative quality for future reference. A larger order for the enriched fuel 
will be placed as soon as allocation approval is received so that billet fabrication can 
begin. All other raw materials, including metal powders, cladding stock and brazing 
aFv-y, a; v o.-, her e.

The use of spherical fuel particles is being considered as a possible means of improving 
the uniformity of fuel dispersion in warm rolled sheet. It is planned to produce an experi
mental quantity of this sheet to establish rolling characteristics and the uniformity of dis
persion which can be attained. A quantity of fuel of the proper particle size has been pre
pared and spheroidlzation will be attempted during the next reporting period. Eventually 
it is planned to produce experimental fuel sheet containing Ni- or Cr-coated spherical fuel 
particles.

9.4 WORK PLANNED FOR NEXT PERIOD

1. Complete post-test investigation of ORF-2.
2. Complete preparation of ORF-3 specimen-capsule assembly.
3. Initiate in-pile testing of ORF-3 in the ORR.
4. Complete preparation of 3-F-l specimen capsule assembly.
5. Initiate in-pile testing of 3-F-l in the MTR.
6. Initiate determination of transverse strength of fuel sheet.
7. Complete tensile tests of ring joint specimens.
8. Initiate preparation of experimental fuel sheet.

!M
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10. NON-FUELED MATERIALS 

(250)

During this report period, procedures were established for the processing of poison 
tips for the 630A critical experiment control rods,

10.1 CONTROL ROD FOR TDK 0.%‘A CRITICAL EXPERIMENT

Procedures have been formulated for the preparation and loading of the poison tips for 
the 630A critical experiment control rods. The procedures covered tube cleaning operations, 
welding sequence, loading of the filler material, and inspection of loaded tubes.

The filler material is 60-mesh technical-grade boron carbide powder containing approxi
mately 70 weight percent boron. The powder is added to previously prepared AISI 304 stain
less steel tubes 0. 4-inch ID by 0. 05-inch wail by 27. b inches long. Vibratory packing is 
employed to produce a boron density of 1,00 =0. 030 g/cc over the tube length,

55-56

UNCLASSIFIED



UNCLASSIFIED

11. CRITICAL EXPERIMENT MOCKUP

During this report period, factory drawings for the critical experiment mockup were 
completed, including those for the aluminum shims. The shims are being used for gross 
radial power shaping. Procurement and fabrication of components is about 85 percent com
plete.

11.1 COMPONENT DESIGN

During the report period, aluminum shims were added to the initial assembly of the 
critical experiment to displace the moderator outside of the fuel tube. The fuel-to- 
moderator ratio is varied with those shims for gross radial power shaping. Volume frac
tions and predicted gross radial power distributions with the initial aluminum configura
tion are shown in section 2,1.1, Figure 11.1 is a sketch of a radial cross section of the 
core and a longitudinal view' of a ceil tube showing the initial arrangement of the aluminum 
shims. As shown in Figure 11.1, the aluminum shims consist of an inner tube, that fits 
over the cell assembly tube, to which an additional tube and strips are fastened as required 
to acldeve the desired moderator displacement. Tbs additional tube and strips are located 
radially and longitudinally to the innermost aluminum tube, which rests on the rear tube 
sheet, by tabs that fit into clips at the bottom end and dimples that fit into a slot at the top 
end. The strips are added to reduce the circumferential scalloping due to moderator thick
ness variation, around the cell. Longitudinally, these additional pieces extend from 3 inches 
above the active core to 4-7/S inches boiow the active core. By the addition or removal of 
these pieces, the moderator displacement may be easily varied to achieve the desired 
power shaping in the critical citponmciiL

The factory drawings of the aluminum shims as well as the- basic component drawings 
not previously issued have been issued during' this report period.

11.2 PROCUREMENT AND FABRICATION

This phase of the work was curtailed by temporary funding limitations. Presently ap
proximately 85 percent complete, the work has been fully reinstated. The major compo
nents have been shipped to the Idaho Test Station, Prior to shipping, a partial assembly 
of the components was made to insure that the fits and clearances were satisfactory. The 
v.u’.iuu o procurei'.ici;! •. , d -a oi die critical oxpriimoni components is shown
in Table 11.1 which lists the required quantity of principal components and individual sub-
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..................56 IN. TUBE LENGTH------ y
36 IN. PATCH LENGTH------------------ L

5-1/2 IN.------  27.50 IN. ACTIVE CORE ---3 IN.----

CELL "O”

TYPICAL 6 CELLS TYPICAL 12 CELLS TYPICAL 18 CELLS TYPICAL 24 CELLS

-0.063 -0.063 0.063 0.025
0.063 0.0160.063 ••0.063 0.0631-5/8

13/16

0.063 TYPICAL

11/16MINIMUM
• i-3/8 i/y

TYPICAL CLAMP

] 13/16

Dimensions in Inches
SECTION C

Fig, 11,1 - Arrangement of the aluminum shims employed to displace the 
moderator outside of the fuel tube to vary the fuel-to-moderator 
ratio for gross radial power shaping (219R868)
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i

itiru.u i3.i

PHRCL’NT COMPi. h'TION O!-' THi: PnOCUREMB.VT AND FABRICATION OF 
I HE CRI'iTCAii L'XPERIMEVl COMPONENTS AS OF 9-1-62

Principal Components
And Individual Subassemblies

Or Parts
Required
Quantity

Completion Cf 
Procurement And 
Fabrication, %

Support, Center FllSiliS 100
Spider iMiMstssi 100

Pin, locating 16 100
Bottom Tube Sheet and Pilot Assembly lo-siaijs;:;:?” .100

Bottom tube sheet i 100
Pilot 35 100
Hex-nut 85 100
Rollpin 85 100

Bushing, Bottom Tube Sheet 6 100
Screw u 100
Ring Assembly (300-degree segment) 1 100

Ring, reflector No. 1 1 100
Riiu;. ri-flurtor No. 2 (SOO-di-urt'e segment) 1 100
Ring, reflector No. 3 (300-degree segment) esK#fssifi 100
Slotted round head cap screw 18 100
Washer 13 100
Washer 13 100
Hex-nut 13 100
Internal hex socket head cap screw 13 100
Rollpin 1 100
Sheet-boral Ss;s*!iS:#£¥ 100
Eye bolt 4 100

Ring Assembly (60-degree segment) 1 100
Locating pad 1 100
Boral sheet 1 100
Spacer 6 100
Reflector ring No. 2 (60-degree segment) 1 100
Reflector ring No. 3 (60-degree segment) 1 100
Dowel pin 2 100
Socket head cap screw 2 100
Slotted round head cap screw 8 100
Nut, regular jam 6 nil)
Socket head cap screw 6 100
Eye bolt 3 100

1 100
Reflector segment assembly, 60 degree 6 1.00

Beryllium reflector slab WAsSp 100
Right-hand reflector corner too
Upper reflector slab 100
Cap 1 100
Lower reflector slab 100
Left-hand reflector corner 100
Locating pin *; too
Shot pin 2 100
Socket head cap screw LOO
Be spacer 4 100
Socket head cap screw 4 jOO
Socket head cap screw too
Dowel pin 2 100
Bracket, eye bolt L. H. .! 100
Bracket, eye bolt R. H. 100
Socket head cap screw 4 100

Ceil Assembly 85 ?5
Base : 100
Tube i 10G

Bracket and Top Tube Sheet Assembly 1 too
Top tube sheet 1 ICO
Bracket I 10C
Bracket 100
Socket head shoulder screws 6 100

Bushing Top Tube Sheet 4 100
Bracket, Guide Post 6 100
Socket Head Shoulder Screws 16 100
Column, Actuator Support 6 100
Shot Pins T 100
Tube, Guide 72 80
Tube Assembly (source rod) 1 80

it
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TABLE Jl.l '(.'oul’dl

PKIiCLN'I COMPLETION'OF THL J’ROC’CREZriL’NT AND EABRICATION Of 
THK CRITICAL EXPERIMENT COMPONENTS AS Of ‘J-I-S2

Principal Components
And Individual Subassemblies

Or Pans
Required
Quantity

Completion Of 
Procurement And 

Fabrication, %

Clamp 60 85
Collar 13 100
Thumb Screw 13 100
Strap 13 100
Socket Head Cap Screws 73 100
Control Rod, Interstitial 72 50

Tip 1 85
Tube 1 100
Rod 1 85
Flange 1 100
Filler (boron carbide) 81.70 g 100

Control Rod Center, Type I 2 50
Plug 1 100
Tube 1 100
Rod 1 85
Lug 3 50
Filler (boron carbide) 247.60 a 100

Control Rod Center, Type II 8 50
Plug i 100
Tube i 100
R'wl i 85
Lug 3 50
Filler (boron carbide) 323.60 u 100

Control Rod Center, Type HI ? 50
Plug 1 100
Tube 1 100
Rod 1 85
Lug 3 50
Filler (boron carbide) 409.85 g 100

Collar, Type I 2 100
Collar, Type II 8 100
Collar, Type HI 2 100
Thumb Screw 12 100
Fuel Cell Assembly 66 75

Holder, fuel element L 50
Retainer, fuel element 1 100
Water tube assembly, type I j 50
Water tube assembly, type II • I 50
Water tube assembly, type HI 1 50
Flange uin
Tube 1 100
Tube 1 too
Tub..- 1 100
Tube i 100
Retaining ring 1 100
Nut, wing 1 100

Fuel Cell Assembly (measurement sector) 13 75
Holder - fuel element 1 50
Retainer - fuel element 1 100
Water tube assembly, type I j 50
Water tube assembly, type II i 1 50
'Water tube assembly, type III ) 50
Flange 1 100
Tube 1 100
i'ubo 1 100
Tube 1 100
Tube 1 100
Retaining ring 1 100
Nut, wing 1 100
Key 1 100
Screw, internal hex head 2 100

Sleeve Assembly 1 90
Flange 1 85
Tube 1 100

Flat Head Cap Screws i 100

147
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TABLE II 1 iCmh'cI)

PEHCENT COMPLETION OF THL PROCUREMENT AND i-ABMCATION OF 
THE C'HtTICAL EXPERIVEVT COMPOVENTS Ad OF 0-I■ Ii2

Principal Components
And Individual Subassemblies

Or Paris
Required
Quantity

Completion Of 
Procurement And 
Fabrication, %

Instrumentation Plug 1 50
Plug, reflector 0
Spacer 8 0
Plug 100
Plug 10O
plug 100
Plug 1 100
Spacer 2 0
Rod 2 100
Hex-nut 2 0
Bar 100

■ Disk 1 0
Rollpin 2 0
Rollpin 2 0
Plain flat washer 6 0
Plate, boral 50

Aluminum Shim Assembly No. 1 0
Cylinder and clip assembly :AS:S;‘S®;3i;«S 0
Ring split a, teftte’tete 0
Strapjflat 9 0
Strap9 curved 3 0
Daiais 2 0

Aluminum Shim Assembly No. 2 6 0
Cylinder and clip assembly 1 0
Ring split ^te9tefte:fe:tete 0
Strap, flat 9 0
Strap, curved 3 0
Bands 2 0

Aluminum Shim Assembly No. 3 12 0
Cylinder and clip assembly 1 0
Ring split 1 0
Strap, flat 3 0
Strap, curved 3 0
Bands 2 0

Aluminum Shim Assembly No. 4 18 0
Cylinder and clip assembly te^teiteriisitete 0
Ring split 0
Bands 2 0

Aluminum Shim Assembly No. 5 24 0
Sleeve sat;te*«tef!;|fftetete’teisteSSItetejltei

Figures 11-2 through il. iC are photographs of some oi the critical experiment compo
nents at various ate-ges oi c«-.5molQtlon.

Figure 11. 2 shows the fuel element holder assembly. This assembly is the counterpart 
of the prototype reactor fuel cartridge and center moderator rod in the critical experiment 
mockup. The fuel elements are simulated with uranium foil interleaved with 80Ni - 20Cr 
foil wrapped on the three concentric ridged tubes (only the outermost tube Is visible) to 
form the active core region. The outermost layer of foil is covered with a borated stain
less steel foil, a burnable poison, as it is on the prototype fuel cartridge. The three disks 
above the active core region simulate the unfueled nichrome stage that serves as end re
flector. Likewise, the four concentric tubes below the active core region (only the outer
most tube is visible) simulate the two unfueled 80Ni - 20Cr end reflector stages. The flange 
at the top end of the assembly centers the assembly in the cell assembly tube and locates 
the fuel element holder assembly longitudinally in the critical experiment assembly.

Three different size water tubes, to be filled with water, fit within the fuel holder assem
bly to duplicate the center moderator rods. Center control rods of three comparable sizes 
fit within the water tubes to duplicate the safety poison rods in the prototype reactor.
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Figure 11.3 siiowb the support suider as die 300-degree reflector ring assembly is being 
lowered into position. This assembly supports and positions the major components of the 
critical experiment mockup. Thu support spider is located in the lower portion of the outer 
water tank and is bolted to short columns that are mounted on the I-beam structure and ex
tend through the bottom of the outer tank.* Tne lower rube sheet and pilot assembly is 
boiled to the bottom face ot lho inner posts of the spider. The 300- and 80-degree reflector 
ring assemblies rest on the nut chined too surface of the spider and are radially positioned 
by dowet pins in Hie top surface. Six columns that support the actuator support frame fit 
into the top of the outer posts of the spade:-.

m/NUl

fig. ii, s —Support spiaer (P62-9-2K)

*Ibid, p.8L.
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Figure 11.4 5.ho-;v j. 0:;: :-.r.a BU-ujilvdo oieui .'■■-rifctor assembly. Six of
these asofeir.bb-os aie ra.uij'eo. U; •-.■■iilc-.i o.'.'.serLm^ai: r.ssoiiibly i.o (mmpleiely surround 
the 85-'Ce3:. assembly iv:-. eet.’ve :.- j r :'Lrl ;u. Th=? iii.oido surface of the beryllium 
is contoured, to vi-mV.-.ii 1. Mve .o. :': li.-.sSi:.-.! ;:' i:y '.he ■-■uo-idi row of call assembly tubes in 
the hexagonal ar.\-;y. The i,li ') :. chti- thick at ‘ thinnest section and is 33.5 
inches long, extending 3 v-'-h.-o-- ih-.-.'i •.;!■:■ uolc-v-, -k-, noilv-:; c:n. e. The ijeryllium. is bolted 
to the rear stainless sr.ee■ siuV.. ■jo--unv..-.; .Mainirdii a v. c-mc:i waior gap between these com
ponents. The odd-shaped sodur-i.-. st;..' oioces :ive hcici in position by dowel pins
through the top stainless sc ecu and tno potion; piece. The 0.2-inch water gap is main
tained between the oo; .cor j.cec cs ..nd the L-j-yUiom. The acs-smbiy rests on the top surface 
of the spider and is rac-iai'-.y rc-su.'■utd oy rwc -J.ow&i pin^ in the spider, and one dowel pin 
that extends thcovg!i the t =o r-.c:c oi art h- h.-uato the irutcr surface of tne beryllium approxi
mately 0.4 inch iron 1 ■■ •’.■r '.■vtc...-;;.- ■dtu.rrc-tc r ...f l!k cojI assem,oiy tabes. Figure 11.5 shows 
six beryllium rufJeoioi- -.".Uic--- r-.c-so cc:r-.r ,>•. :;h,. r.s i;v-: trial assembly was made.

Fig. 11.4 —Beryllium and .stainless steel reflector assembly (P62-8-16C)
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Figure 11. 5 shows the mild steel ring simulating the cylindrical shell of the prototype 
stainless steel reactor vessel. This ring rests on the top surface of the support spider and 
is radially located by two dowel pins in the support spider that extend into the bottom sur
face of this ring. The top tube sheet assembly and the brackets to locate the actuator sup
port frame columns are secured tc the top surface of the outer ring with shoulder screws. 
Three hundred degrees of the two inner mild steel reflector rings are bolted to the inside 
diameter of this ring. Water gaps of 0.3 inch are provided for cooling by spacers between 
each of these rings. The remaining 50 degrees of the inner reflector rings form an inde
pendent assembly that rests on the support spider and. is radially positioned by dowel pins. 
The radial position of this 60-degree reflector ring assembly may be varied so the effect 
of varying the water gap can be determined. Ail mild steel components employed in the 
critical experiment assembly are painted with an epoxy resin paint to prevent rusting.

Figure 11.7 shows a 309-degree segment of one of the two inner mild steel reflector 
rings. These reflector rings simulate the inner stainless steel reflector cylinders in the 
prototype reactor. As previously explained, these segments of the reflector rings bolt to 
the outer reflector rings.

Figure 11,8 shows the completed assembly of the outer mild steel ring and the two 300- 
degree segments of the inner rings previously described.

Figures 11.3 and 11.10 show the partial assembly made to check the fits and clearances 
of the components prior to shipping the component to ITS.

11.3 WORK PLANNED FOR NEXT PERIOD

The procurement and fabrication of components will be completed during the next re
porting period and all components will have been delivered to the Idaho Test Station.
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Fig. 11.6— Mild steel outer reflector ring (P62-8-4D)

Fig. 11.7 — 300-degree segment — inner mild steel reflector ring (1-62-8-41’.)

■« i. t

J.H i
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12. CRITICAL EXPERIMENT TEST EQUIPMENT

1270)

The design of *■■■>=■ U-'it ^uipment and Mi1- di-av/ings tor this equipment were virtually com
pleted during the rupor* peiTod.. fUthouun fabricauon in the shops was slowed down due to 
the temporary iundj:;;/ limitation, U-.e Lest equipmfcnt for the critical experiment mockup 
will be cotipleted iv:y.-ii the mc-.:kin; is celivered.

A summary ut thr -.Utus of the lest couiptuerii is given in Table 12.1 and amplified in 
succacding sc-etiDns.

12.1 FABRICATION OF CE ASSEMBLY

12.1.1 TANK SUBASSEMBLY

The tank .jubasse-'.vjVv v. ...: Lr.sfjdeJ ■ u ihe doily us shown in Figure 12.1. Painting and 
adding a tomyar ov v. -:r,: v Jc-vei proho vviii rompUi.e work on this .subassembly.

■ is. ) 2. i — hritir:al f-xpf'rirrient less assembly (li-4287-1)
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TAli.,.;-: 12. i

ij:jOA CIUTlfAL KXl'KIUMKNT ASSEMBl.Y STATi-S

Assembly Drawing No. Drawing Title Status In Drafting Status In Shops

ii:iOA c, t; 692E308 Test Stand - General Assembly Adding wire trays Materials being accu-
Assembly 892K317 Cable Trays ■■ Subassembly and Details Issued mulated

Working Platform 692E310 Platform Modification Issued Complete
692E311 Handrail and Stairway Subassembly Issued Complete
692E312 Working Platform Subassembly Issued Complete
125JJ72-10 Deck Plating - Removable Issued Complete

Tank Subassembly 692E313 Tank Subassembly Issued 85% Complete
1 2uil7253 Platecoil Hanger Detail Issued Not Started
109C2-i3 Float Switch Bracket Issued Complete
109C230 Support Frame Assembly Issued Complete
125B7261 Flange, Overflow Is.sucd Complete
123117202 Support Dump Valve Issued Not started

Actuator Support o'.K' Ki'.S'j Actuator Support Stand Issued Complete
Stand

146A6213 Actuator Stand Clamp Issued Complete
848D326 Actuator Support Plate Details Issued Complete
146A6219 Actuator Hold-Down Lugs Issued Complete

Actuators 848D325 Actuator Modification Assembly Issued Parts for modifying 21 
drive heads complete.
15 drive heads com
pletely modified. 
Installation of spacer 
button on flange not 
started.

125B7249 Actuator Modification - Miscellaneous Details Issued Complete
125B7251 Control Rod Connector Issued Complete
125B7252 Actuator Extension Rod Issued Complete
109C236 Flange, Magnet Plate Issued Complete
109C237 Flange, Bottom Issued Complete
109C240 Actuator Drive Motor Base Modification Issued Component parts, tor 20 

actuators complete, 25 
required

848D336 Quick Disconnect - Control Rod Issued Prototype completed,
40 required

146A6218 Spring, Quick Disconnect Issued Not started - 
40 required

126B7254 Bail-Lifting, Actuator Issued Complete
109C258 Source Holder Subassembly and Details Issued Not started

Fill and Drain 848B319 Piping - Fill and Drain System issued 90% Complete
System 109C244 Piping Support Issued Complete

109C254 Support, Motor Control Panel Issued Complete
109C239 Specification Control Drawing - Heating Coil Issued Complete
848D337 Support - Tank Demineralized Water Storage Issued Complete
848D338 Piping, Fill and Drain - Demineralized Issued 30% Complete
692E319 Schematic Diagram Fiii and Drain System Check Print Not started
109C262 Control Air Piping - CE Tank Issued Not started
892E318 Storage Tank, Miscellaneous Details Issued Complete

Remote Level Indicator Not started Parts on hand

Facility Prints to be marked Not needed until after
Modification Test Program starts.
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12.1.2 ACTUATORS

The test actuator with a modified drive-head was scrammed from the fully withdrawn 
position 505 times during an endurance test. The actuator performed very well with no 
maintenance required during the last 286 scrams. This indicates that there should be very 
little maintenance to perform on the actuators during the performance of the critical ex
periment,

A prototype control rod quick disconnect, shown in Figure 12. 2 was manufactured and 
evaluated. Some redesign was performed to facilitate manufacturing,

12.1.3 ACTUATOR SUPPORT STAND

Fabrication of this item, shown in Figure 12. 3, was completed during this report period. 
The completed top actuator support plate is shown in Figure 12. 4.

12.1.4 FILL AND DRAIN SYSTEM

The fill and drain system was modified slightly to permit the pumping of water from a 
tank truck to the storage tank for refilling the system.

A revised schematic diagram, the dolly-mounted portion of the fill and drain system, 
and the storage tank are shown in Figures 12.5, 12.6 and 12.7, respectively. The storage 
tank, which was used in the vertical position for a previous experiment, was modified to 
lie on its side so the critical experiment tank could be drained by gravity with the quick 
dump valve. The piping for pump No. 2, which pumps from the storage tank, is being- 
fabricated.

The control panel for the fill and drain system is being completely rewired to give safer 
and easier operation, Existing panels and components will be used.

12.v PREPARATION OF FACILITY TO RECEIVE DOLLY

No major modifications to the Low Power Test Facility have been necessary. Some modi
fications to the control, room wiring were necessary in order to accommodate the control 
rod actuators and the fill-drain and heating system on the CE tank and dolly. The steam sup
ply to the test cell for the CE tank water heater has not been provided. The LPT counting 
system has been improved by increasing the count rate capacity of the counters. A semi
automatic plotter has been added to the counting system which will plot the counts as they 
nro pvmied on!, from the ini! cour-tora.

The Low Power Test Facility will be shared with another contractor who will operate a 
reactor in the CE cell. This contractor will occupy the CE cell, CE control room, instru
ment repair room, instrument storage room, operations office and operations supervisor 
office. General Electric will occupy and be responsible for the remaining portion of the
building.

The 630A critical experiment reactor will be placed in the southwest corner of the IC

The fuel cartridges will be assembled in the subassembly room. Two hoods have been 
■i ided t: t.'-.o room .rland b-v: Ujf.-dib'.g wd 1 be accomplished. The air is
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Fig. 12,2 —Control rod quick-disconnect (U-4287-6)
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Fig, 12.4 — l op actuator support plate (li-4287-4)

12.2.1 NUCLEAR INSTRUMENTATION

No modifications will be made to the CE nuclear instrumentation described in the previ-

12.2.2 CONTROL AND SAFETY CIRCUITRY

Modifications and additions to the control and safety circuitry have been completed with
-A • ■ '<:■> ■■ A, *?■. jrd1';. Li;:i.nd addition of a moderiito’-

Vv’.-.'t'-i C '-o..‘ ■I-: <=:■■A--??: di .'--cfe-J towirc! ilcerafion oi
Ir.e .-.d'r .......i-.Jh.-.-:, ■■■ei.v.'L-. or rspitcement of

v7L. r: id ...... r~j■- j::.' - - j-viO: J..-.a-, * Fsi'cMfig ciociutry. Controj
S.vd-J v:, ■■■. pOv.'';:" held V:TH l-1: VOltS di
rect current. The present system will latch with 60 volts direct current power and hold 
with 30 volts direct current.

■ ,,P- ■■■ ,.::u,'5 been coiv---

'Ibid., p. 108.
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Five, 12.6■ 630 '> CiJ nil and drain system (L-4237-/!!

SS^^S^l®P|iiiiiiC^^^ift^S2Wi22£I:®fss|wBlf25f||i>JM*fliliiS5?tSfi8SSi^
12. 2. 3 COiiJMTI^_P.OOM

'Live pulses.

detector would, reduce tae difi'erecces in counting efficiencies of the channels. This addi
tional feature is gp-oroxitwately SO percent, completed.
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It •.n'r-.-F.'.r.g i:: thf: dete^tcr head die ud: provide a.
wirLfc-i- .■ ■v-;;'!:-.:r..3sr.«/':i-dU'fweiu:eo m counts?: asojinotr-/. The

■ ! ■ ■ : - .'.p. oan ii.sc-d h.l Virv Lho fe.fti'3’
position of the detector. This work is approximately 90 percent complete.

I.':=e ve'-o-. hii-.. ';’tie
i phoii !rv; ■ - r.-i-.-dified

: ' ■■ V.'-td iel'A;-'
■.''V.'. pd.'jf o:.' .’r'l'r-dive

trie typewriter ai;d paper-tape punch). The plotting system has been checked out with very 
satisfactory results. A final checkout will be made as soon as the new counting heads are

12.3 FINAL PREPARATIONS POE OPERATION

The initial plan was to deliver the CE tank and dolly assembly to LPT for the checkout
■".■:■■■ ■■■: ■.■ ■■■ - >■--TCv: ■.■rrCui; iue reactor

was assembled and placed in the CE tank. This schedule has now been changed. The CE 
tank, dolly and reactor will be delivered to LPT at the same time late in September. How- 
: ■•p;r:nbe-.wfc:.'■. oo-cyded:: jhackout
with the new facility wiring.
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12.4 CRITICAL EXPERIMENT FUEL ELEMENTS

:■ ■: ■ \:7 A.uo/st
6; .V -.pproAl-
.'n&^olv ‘.i i- i;: o?-':-:■■■ ihr; .-'.ifti ha-s

- ■■ ' \ - ~.,Kl:6-;,
The remainder was considered usable in its present form. The sorting, cleaning and coat
ing of the fuel is being done in the actuator building.

i:. : ■ ■ . r ■ ■ h -■ ,:iv\ r cleaning
th; i-- ;; 1 ■ ■ -x-1 r\. ■ ■'«r; Jl'-v.-il-/accepted
is'lire in- soli'; cloth

and then washing them in acetone. The sheets are allowed to dry and then coated with a 
ddi: .Uv-t.- ■.=: ' ■■ ■ ■ ■■v .■ "a,v>r v.-.-c-v.'Uvijiy hfeii used

■'V: c: f. '•'..; .■ . ■. ct-i ■.■■■? ;,o. >:r v.h= b-iei
I .7 V ; j’ - .P'. h; -.'leinc

lighter. Part of this loss is due to the cleaning process.

Tin- .■.v.c . -.. y :' -r ■■ -1 uc :r. wtt'r. iiU:-;
or rao.I: '■ 1 ■ r : ■ ■- ■■■ ■ .-■ T. .i-.o'.v o e'estio

fiO

Hg. 12.8—UlustratioD of deterioration of fuel coating (U-4280-4)

Loading of the mockup fuel cartridges was started August 29, 1962, in the LPT sub- 
assembly room. One difficulty which has been encountered in loading the fuel cartridges

is a very important factor in obtaining the correct reactor fuel loading. The weight of the 
fuel which is cleaned and coated in Idaho is known exactly. However, the weight of the fuel
which is not cleaned is questionable. The fuel is carefully weighed in small batches but the

coating weight.
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12.5 OPERATOR TRAINING

Operator training for the 830A critical experiment has been started. Operators have 
been familiarized with the test equipment drawings, facility wiring and the test program 
and pi-coedar ss.

12.6 WORK PLANNED FOR NEXT PERIOD

All of the items in Table 12.1 will be completed. Preparation of the facility to receive 
the dolly and reactor will be completed. The actuator support stand containing the actuator 
assemblies will be checked out at the facility. The CE tank, dolly and reactor assembly 
will be delivered to LPT for checkout. The mockup fuel cartridges will be loaded. Operator 
training will be completed and the critical experiment started.
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13. SAFETY ANALYSIS 

(280)

The rough draft of the "Hazaras Summary Report for Operation of the 630A Maritime 
Reactor Critical Experiment at the Low Power Test Facility" was completed ana copies 
were forwarded to AEC-ORO on July 9, 1962. Following review by various AEC compo
nents and compilation of the comments, the report was discussed at a meeting of ORO 
and GE-NMPO representatives on August 23, 1962, The report has been revised to incor
porate necessary changes and to update the sections covering the test program, system 
description and administrative controls. Issuance of the final draft was scheduled during 
the month of September,

The criticality safety rules and procedures for storing, cleaning and recoating the urani
um foils and for assembly of the mockup fuel cartridges were completed and approved by 
AEC-IDO during the report period. The work covered by these procedures is now under

13.1 CRITICAL EXPERIMENT HAZARDS (281)

13.1.1 POSTULATED ACCIDENTS

The consequences cf an additional postulated accident-initiating sequence have been in
vestigated and are included in the final issue of the hazards report. This accident is assumed 
to occur as a result of fee unrestrained withdrawal of a single actuator frame (four actu
ators or twelve poison tips), Assuming that at delayed-critical the frame is fully inserted 
and that withdrawal proceeds at the normal shim velocity of 0.697 centimeters per second, 
the peak power of 2.58 x 10® watts is reached in about 46 seconds. It is assumed, of course, 
that the automatic scram system fails and that fee operator fails to take appropriate safety 
action. As in fee postulated maximum credible accident (MCA), the excursion is terminated 
by meltdown of the central one-third of the core. Such an accident would result in the re
lease of 1,37 x 10® watt-seconds fission energy and the formation of 8,49 x 19*® fission 
fragment. Assuming the same fractional release as in the MCA, the hazards of such an. ex
cursion would be about 77 percent of those estimated for the MCA.
13.1.2 RADIOLOGICAL ̂ HAZARDS

The effluent doses outside of the facility resulting from the MCA have been re-evaluated 
because the assumption cf uniform emission into a 22-1/2-degree sector, for which the 
prior evaluations were made, is not consistent with the remainder of the assumed release 
conditions. The calculated cloud gamma doses have also been further corrected for radio
active decay. Corrected curves for the effluent doses to the thyroid, lung and whole body, 
as a function of distance downwind, are. shown in Figures IS. 1 and 13. 2 for the same typical 
lapse and inversion conditions presented in the previous progress report/'
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f‘ig. 13.1— ‘iffluep.i dose from the maximum credible accident— 630A 
critical, experiment— typical lapse (daytime.)
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^ — 1 m/:
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• ill

DISTANCE DOWNWIND,. /»iet#rs

Fig. 13,2- Ffriueni dose from the ;naxii;:u:n crediMc: ocxddpo!.--630A 
rritica! (.'xperimenr — typical inversion (nighttime;
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14. CRITICAL EXPERIMENT TEST OPERATIONS

(290)

During this report period, a rough draft of the proposed detailed test program and pro
cedures for the critical experiment were written. The test program outlined differs slightly 
from that given in the previous report. However, the tests to be conducted remain essen
tially the same with some additions. The additions include the following measurements.

1. Change in Kex as a function of water moderator level.
2. Radiation dose levels within the Low Power Test, Facility resulting from the 830A 

mockup reactor, for radiological hazards evaluation.
3. Reactivity worth of typical fuel cartridges.
4. Power distribution and Kex changes caused by changes in the amount of center and 

outer moderator associated with typical fuel cartridges.
5. Power distribution and Kex changes due to the addition of a 2-inch-thick, 80-degree 

sector of top tube sheet.
8. Power distribution and Kex changes caused by varying the separation distance between 

the reflector and the reactor.

A rough draft of the Standard Operating and Maintenance Procedures for the 630A Critical 
Experiment Reactor was written during this report period. It will soon be issued for review.

The writing of the Low Power Test Facility Operating Manual was started during this re
port period. It is approximately 30 percent complete.

14.1 WORK PLANNED FOR NEXT PERIOD

The test program, operating procedures and facility operating manual documents will be 
completed and issued with appropriate approvals.

‘Ibid., n.78.
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15. FACILITIES AND EQUIPMENT

(330)

During Uiis r-spori. per iod work wat coiii'.ned io soioction cf the site and preparation of the 
design criteria for the power to.or facility. A sommary of this work follows.

15.1 POWER TEST FACILITY (332)

The discussion ol die power te&t Eauiiitv, prosinr.tedinthc previous progress report.w as
sumed that the facility would be iocafed in c!;.e LFTF-fiTFF complex. Subsequently, the IBO 
office of the AEG reviewed the proposed location and indicated that the 630A power test facility 
should be located a mirnrauiu of 4,000 foei scuLrisast of the LPTF-STPF complex because 
of a high caiculaicci SxporimentJj. Beryllium Oxide Reactor (EfiOR) accident dose at STPF.

Since the hazards associated ■■■■'it1-, the operation of BBOit at STPF curtail the operation 
of LPT to the same degree as they do the 630A, it might be better to operate EBOR at a 
different site and place the 630A in the STPF. The 630A Nuclear Steam Generator assem
bly will have a built-in biological shield and triple contijiifneui so its operation will not con
stitute a hazard to the nearby LPTF.

A preliminary study was conducted to determine the feasibility of performing the power 
testing of the 630A at the STPF. The pools themselves would not require modification. An 
additional structure would be required to house the heat dump equipment, emergency diesel 
generator and other minor equipment. It was concluded that the STPF would be a satis
factory site for the 630A. The proposed 630A installation would not affect the flexibility of 
the existing facility. Considerable savings could be achieved by utilizing the STPF rather 
than building a new facility located 4,000 feet southeast of the LPT-STPF complex.

The proposed installation of the 630A nuclear steam generator is in the north pool (Pool 
No. 1) leaving the south pool (reactor pool) available for other programs. Figures 15.1 and
15.2 show the 63 0A nuclear steam generator installed in the north pool. The total- 
containment version was used in this study because of its slightly larger size over the indi
vidual-containment version. The outlines shown for the blower drive also include the area 
required for assembly and removal of the blowers. The elevation of the power plant rela
tive to the floor of the building is flexible. A minimum of forty feet crane-hook clearance 
is required above the mounting deck for removal of the core and plug assembly. Fourteen 
feet of vertical clearance below the mounting deck is required for assembly and removal of 
the boiler. A steel support structure, not shown on the drawing, will distribute the power 
plant load over the bottom of the pool.

The assembly area adjacent to the north pool would be used for major component assem
bly and receiving or shipping equipment via motor truck. The existing 50/5 ton bridge crane

p. 105.
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would be replaced with a 10G.. 10 ton unit. Preliminary calculations indicate that the existing 
crane rail system could be used. The existing control and equipment building would be used 
with only minor additions (control console and racks) required. The existing facility services 
would be utilized and would be supplemented with a second well, and greater electrical ca
pacity. To safely dissipate the heat generated by the 630A power plant, a heat exchanger 
would be installed in a new structure located adjacent to the northwest corner of the pool 
building shown in Figure 15,3. Also contained, within this building would be the large emer
gency diesel generator and other supporting equipment required for the 63QA test.

6” WATER

:\'Nx x .\y

^TREATING SS

HYDF

Fig. 15.3 —Heat dump and pool facility plot plan

An alternate installation would locate the 63GA nuclear steam generator above the north 
pool, While this installation would provide easier access around the power plant and more 
room to remove the boiler, the cost of modifications to the poo! building (raising the roof 
approximately 1C feet ana providing now crane tracKags) might be prohibitive.

15.2 WORK PLANNED FOR NEXT PFiRTr)D

Investigation, of the problems iuve- 
will be continued. The assign or iter

veci in conducting the 53GA power tests at the ST.9F 
a for the never test facility will be prepared and issued.
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