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ABSTRACT

This report contains a description of the work accomplished during
the eighth contract quarter (December 1, 1960 to February 28, 1961)
of Contract No. AT(30-1)-2345 between The Martin Company and the
USAEC.

The objective of the contract is the design, development, fabrication,
installation and initial testing and operation of a prepackaged, air-trans-
portable, pressurized water reactor nuclear power plant, the PM-1. The
specified output is 1 mwe and 7 million Btu/hr of heat. The plant is to be
operational by March 1962.

The principal efforts during the eighth project quarter were con-
cerned with reactor development work, plant fabrication and assembly,
and training.

Major reactor development work included:

(1) Fuel element development.

(2) Zero-power testing and analysis.

(3) Reactor flow and heat transfer testing and analysis.

(4) Analytical power plant extrapolation from the reference PM
design.

v



FOREWORD

This is the eighth quarterly progress report submitted to the U. S.
Atomic Energy Commission under Contract No. AT(30-1)-2345. It
covers the work accomplished by The Martin Company on the PM-1
project for the period from December 1, 1960 through February 28,
1961.
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PROGRAM HIGHLIGHTS

1. A program of experimentation was carried out which led to modi-
fication of the fuel element fabrication process. Complete tube
sealing against entry of water and improvement of matrix resist-
ance to water logging is expected to result (Subtask 5.3).

2. Detailed analytical studies concerning extrapolation of the power
level of PM-type nuclear power plants were conducted (Subtask
5.9).

3. Plant assembly at Martin-Baltimore continued at an advanced rate
as more equipment was delivered by the various vendors (Task 7).

4. Crew training was initiated. The general portion of the course was
completed, as was the bulk of the electrical specialty course
(Subtask 14.2).
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INTRODUCTION

This is the eighth of 12 quarterly progress reports required by
Contract No. AT(30-1)-2345 between The Martin Company and the
USAEC.

During the eighth quarter, Tasks 2, 5, 7, 9, 11, 13, 14, 15, 16 and 17
were active.
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PM-1 NUCLEAR POWER PLANT DESIGN SUMMARY

A. REACTOR DESIGN CHARACTERISTICS

1. Overall Performance Data

Pressurizer water, nominal
operating pressure (psia) 1300

Design pressure for heat transfer
analysis (psia) 1200

Design pressure for structural
analysis (psia) 1485

Average core coolant temperature,
nominal ('F) 463

Reactor thermal power, nominal
(megawatts) 9.37

Reactor thermal power, design
(megawatts) 10.31

Core life, nominal (megawatt-yr) 18.74

2. Core Design Characteristics

Geometry, right circular cylinder
(approximately)

Diameter, average (in.) 22.8 -
Equivalent core diameter (in.) 22.74
Active length (in.) 30

Overall length of fuel tube (in.) 33-1/4

Core structural material Modified A

Moderator, coolant and reflector

347

H 20 at 130

.STM 304 and

0 psia

-Denotes change in plant parameter from previous submission.
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Fuel element data, tubular,
cermet type

Pitch, triangular (in.)
Outside diameter (in.)
Inside diameter (in.)
Meat thickness (in.)
Clad thickness (in.)

Clad material

U-235 loading/tube, nominal (gm)

Averaged over core

Number

Meat composition, nominal

(wt % UO 2 )

Meat composition, nominal
(wt % 304L SS)

Amount of U-235 (average in core)

U-235 burnup at 18.74
megawatt-yr

Number of fuel elements

(per peripheral bundle)
(per center bundle)

Number of poison elements

(per peripheral bundle)
(per center bundle)

Number of dummy elements

(per peripheral bundle)

0.665
0.506 4.
0.416
0.030
0.0075 4-

AISI Type 347 stainless
steel, modified, 0.01 wt
% Co maximum, 0.03 wt
% Co plus Ta maximum

40.13 2%

40.13 2%

741

28

72

29.2 kg

9.0 kg

121
15

15
0

3

-Denotes change in plant parameter from previous submission.
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Burnable poison element data, unclad,
cylindrical, boron stainless steel,
alloy type

Outside diameter (in.) varies to
compensate for actual boron
loadings obtained

Basic poison material

Boron loading (natural) in
weight percent of natural
boron in stainless steel alloy

Total B-10 loading in core (gm)

Number

0.500/0.475

ASTM Type 304 stainless
steel, 0.01 wt o Co
maximum, 0.03 wt o Co
plus Ta maximum

0.27

32.16

72 (full
18 (2/3

Control element data, Y-shaped
cermet type

Arm length--total overall from
pickup ball centerline (in.)

-- active (in.)

Arm width--total (in.)

-- active poison (in.)

Arm thickness- -total (in.)
-- active (in.)

Clad thickness (in.)

length)
length)

38-3/8

32.0 +-

3-7/8

3-1/2

5/16
1 14

0.030

Clad material AISI Type 347 stainless
steel, modified, 0.05 wt
% Co maximum, 0.15 wt
% Co plus Ta maximum

Europium compound
dispersed in stainless
steel (equivalent to 30
wt % Eu2 O3 )

Poison element

Number 6

c- Denotes change in plant parameter from previous submission.
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Nuclear worth of six control rods

Nuclear worth of five control rods
(%dp)

Nuclear worth of four rods,
minimum worth (%t6p)

Nuclear worth of three rods, every
other rod (%p)

Minimum shutdown control margin,
one rod fully withdrawn (otp)

Average thermal core flux

Initial (n)

At 2 years (n4)

Average temperature coefficients

Overall, 65* to 463* F
(Ap/oF)

Operating temperature
(A p /OF)

3. Core Heat Trarfsfer Characteristics

Heat flux (Btu/ft2-hr)

Average

Heat flux, maximum

Average coolant temperature (*F)

-19.06 F-

-12.14 +-

-7.85

-8.17

0.22 +-

0.7 x 1013

1.4 x 1013

-1.0 x 10 (initial)*;

-0.9 x 10~4 (at 2 yr)

_4
-1.6 x 10 --
(initial)*;

-1.9 x 10~4 (at 2 yr)

72,000+

286,000 -

463

xvi

*Calculated on basis of all rods out; therefore, highly conservative.

7*7Denotes change in plant parameter from previous submission.



4. Reactor Hydraulic Characteristics

Coolant flow rate (gpm) 2125

B. SYSTEMS DESIGN

1. General Plant

Reactor power output, nominal
(megawatt) 9.37

Steam generator power output,
nominal (megawatt) 9.37

Steam pressure, full power, minimum
(psia) (saturated) 300

Steam pressure, zero power,
maximum (psia) 485

Steam quality, full power,
maximum (% moisture) 1/4

2. Main Coolant System

Number of coolant loops 1

Coolant flow rate (gpm) 2125

Coolant system design pressure (psig) 1485

Coolant velocity in piping, main loop
(fps) 26

Coolant pipe size, main loop,
nominal (in.)

Schedule 80 6

System basic material

Reactor pressure vessel AISI 347

Piping AISI 316

Remainder AISI 304
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Main coolant pumps

Pumps, number (canned rotor type)

Steam generator

Number of units

Design pressure, shell side,
approximately (psi)

Type

Temperature, primary inlet, full
power, approximately (*F)

Temperature, primary outlet, full
power, approximately (*F)

Temperature, steam side outlet,
full power (*F)

Access

Tube material

3. Pressurizing and Pressure Relief
System

Number of pressurizers

Type

Temperature, normal (*F)

Pressure, normal (psia)

Pressure element (decreasing)

Pressure element (increasing)

1

1

600

Vertical with integral
steam drum and sepa-
rators

479

447

417

Shell and tube side
bolted

Inconel

1

Steam

577

1300

Water spray head

Electric immersion
heaters

xviii



4. Coolant Purification and Sampling
System

Number of purification loops

Purification device

Inlet temperature to ion exchanger,
maximum (OF)

Maintenance provisions

5. Primary Shield Water System

Primary shield water cooler

Purification loop

Maintenance provisions

1

Ion exchange resin

120

Recharge with fresh
resin

Air blast type

Ion exchange resin

Recharge with fresh
resin

C. SECONDARY SYSTEM

1. General Plant

Steam flow, full power (lb/hr)

Steam flow, turbine, full power,
straight condensing (lb/hr)

Steam flow to evaporator-reboiler,
full load (lb/hr)

Steam pressure, full power, dry and
saturated (psia)

Feedwater flow, full power (lb/hr)

Rated gross electrical output,
0.8 pf (kw)

Net electrical output, 0.8 pf (kw)

Line voltage

34,332 +-

25,726 +-

7850 +-

300

34,532 -

1250

1000

4160/2400

+-Denotes change in plant parameter from previous submission.
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Cycles

Phases

Auxiliary equipment voltage

Process heat, 35 psia dry and
saturated steam (Btu/hr)

Design elevation (ft)

Auxiliary power, approximately (kw)

2. Turbine-Generator Set

Type

60

3

480

7 x 106

6500

135

Horizontal, single
extraction turbine

Number of stages 5

Throttle pressure, full power (psia) 290

Extraction steam pressure, full
load (psia) 86.6 -

Extraction steam flow, full load
(lb/ hr) 2970 <-

Turbine steam exhaust conditions,
full power

Pressure (in. Hg abs) 9

Moisture (%) 12.2

Turbine speed (rpm) 8050

Lube oil cooler, type Air cooled

Generator rating (kva) 1562.5

Generator rating, 0.8 pf, exclusive of
excitation power (kw) 1250

Generator type Salient pole

Generator speed (rpm) 1200

<--Denotes change in plant parameter from previous submission
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3. Condenser System

Number of units (each 1/4 capacity)

Number of units per C-130A flight

Type

Duty--heat rejected, full load, per
unit (Btu/hr)

Design heat load per unit (Btu/hr)

Tubes

Number of fans per unit

4. Feedwater System

Deaerator

Type

Feedwater design flow (lb/hr)

Design pressure (psia)

Oxygen removal guarantee

(cm 3/liter remaining)

Storage (min)

Boiler feed pumps

Number

Drivers

Type

Closed feedwater heaters

Number

Type

4

2

Direct air to steam

5.07 x 106

5.2 x 106

Horizontal, finned
aluminum

2

Atomizing

37,912

50

0.005

5

2

One steam driven, one
electrically driven

Vertical, centrifugal

1

Tube and shell,
horizontal
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Number of passes, tube side

Number of passes, shell side

Tube material

Design pressure, shell side (psig)

Design pressure, tube side (psig)

Heat transfer surface (ft2)

5. Auxiliaries

Evaporator- reboiler

Capacity (lb/hr of 35 psia steam)

Design pressure, shell side (psia)

Design pressure, tube side (psia)

Makeup water temperature
minimum (*F)

Condensate return temperature (F)

Coil steam, operating pressure (psia)

Feedwater storage tank

Capacity, approximately (gal)

Turbine steam bypass system

Type

Maximum bypass flow

Desuperheated steam, maximum
temperature (*F)

6

1

Admiralty metal

110

585

220

7500

65

165

40

200

112 4-

1950

Manual with desuper-
heater station

5% of full load

220

(- Denotes change in plant parameter from previous submission.
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Auxiliary generator unit

Type

Number

Capacity, at 6500-ft elevation (kw)

Electrical characteristics

Emergency power

D-C power source

Capaciity at 8-hr discharge rate
(amp-hr)

A-C power source

High speed diesel

1

150

480 volts, 60 cps,
3 phase

Batteries

160

2-unit MG set

D. PACKAGING

Number of shipping packages in basic plant (exclusive of housing and
site preparation):

Uncontained Contained

Primary loop packages including
waste disposal system 6

Secondary loop packages 9

Decontamination package 1

(FIGURES 1 AND 2 IN POCKET)

8

9

1
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I. TASK 2--PRELIMINARY DESIGN--REACTOR DEVELOPMENT

A. SUBTASK 2.5--ACTUATOR PROGRAM

J. Sieg

During the eighth quarter, the actuator program was essentially com-
pleted with the accomplishment of the following:

(1) The production system, based upon prototype system design
and testing, was fabricated and successfully tested, thereby
confirming the validity of the prototype effort.

(2) The prototype system was shipped to The Martin Company
and a program of misalignment testing was initiated. Test
data were obtained which appear to indicate that the order of
misalignment anticipated in the reactor will not pose an ac-
tuator operating problem. Data reduction and analysis were
not complete at the end of the reporting period.

During the testing period, it was recognized that short circuit
failure of the hold circuit transistor switch or inadvertent
grounding of the hold coil circuit would make it impossible to
scram the system through the scram switches. The power sup-
ply circuits were so redesigned that either a manual or an
automatic scram will, in addition to opening the transistor
switches, interrupt all power supply circuits, thereby doubly
assuring scram action. The redesign has been incorporated
into the production actuator system drive circuits.

It was also decided to eliminate the operator option of simul-
taneously moving more than one control rod at the 6-in./min
rate under most conditions. The production actuator system
logic circuits were modified to assure that motion of two or
more rods can only take place in the 2-in./min mode of opera-
tion. The one exception to this condition is setback operation,
at which time all rods are inserted at 6 in./min through mani-
pulation of a single switch.

(3) Handling tool design was completed; fabrication was essentially
completed. The feasibility of the tooling necessary to remove
or install the scram spring and actuator internals, latch and

1
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unlatch the actuator to or from the control rod, pick up or lower
the control rod from or to its core seat, bleed the mechanism,
and retract the actuator internals was demonstrated.

Subtask activities during the next project quarter will be devoted mainly
to completing the misalignment testing program and to the preparation of
program reports.

2



II-1

II. TASK 5--PM RESEARCH, DEVELOPMENT

AND CORE FABRICATION

Project Engineer

Subtasks 5.3, 5.4, 5.5, 5.6, 5.7, 5.8--J. F. O'Brien

Subtask 5.9--G. Zindler

Subtask 5.12--R. Akin

A. SUBTASK 5.3--FUEL ELEMENT AND CORE DEVELOPMENT

W. Weinberger, B. Sprissler

In order that proper continuity be maintained in reporting of all areas
of fuel element and core component development, all other affected areas,
including postirradiation examination and core design change evaluations,
are reported in this section.

1. Y-Rod Blade and Rod Development

One full scale control rod blade and three preproduction blades have
been completed.

In all cases, on the basis of destructive and nondestructive tests, the
blades were found to be of good quality.

Difficulties encountered included the requirement for compact and
coining die modification to obtain specified core width and length. The
cores of the completed blades were found to contain concave edges and
the core width seemed to increase from end to center giving a barrel-like
appearance. The effects of these process limitations are being evaluated
at the present time.

2. Thermal Bow Test Program

During this period, the core element thermal bow test program was
completed with the following results:

(1) Effectiveness of the PM-1 roll-expanded tube-to-grid joint was
determined to be 92% of that of a perfectly rigid joint.

(2) Thermal cycling of a PM-1 type tube-grid assembly, while under
constant side load, resulted in a negligible increase in deflection.
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(3) Tubes assembled to grids with an interference fit showed the
same deflection characteristics after roll-expansion as did the
tubes assembled in the standard PM-1 manner.

(4) The control rod bowing test showed a maximum rotation of
0.089* of one blade relative to another with the third blade
immersed in water at 1750 F. Maximum measurable .AT
(neglecting transients) obtained between the heated blade and
the other blades was about 50* F.

The conclusions reached from the program indicate that the present
design is acceptable and no fundamental design changes are necessary.
To ensure the approximately 90% end fixity expected of the PM-1 tube-to-
grid joint, the following requirements were established for PM-1 core
manufacture and assembly:

(1) Checking of fuel elements adjacent to control rod channels
prior to and after bundle assembly to ensure that no prebowing
exists toward the channel.

(2) Establishing a tube-to-lower grid attachment process that will
provide an element fixity of 90% minimum (obtained during the
thermal bow test program).

(3) Checking during manufacturing to ensure that elements meet
the necessary standards.

3. PM-1 Fuel Element Development and Testing

Due to the failure of the PM-1-M fuel element in the SM-1 reactor, it
was necessary to determine cause of failure, to take corrective action and
to alter the manufacturing process.

Cause of PM-1-M failure. Evaluation of the cause of failure of the PM-1-M
element was carried out at BMI in a hot cell, while investigation of the
mechanism of failure was carried on at Martin.

Work at BMI consisted primarily of visual and metallographical
examination of the failed element.

Results of these examinations revealed that two out of 14 fuel tubes
in the PM-1-PM element contained blisters on their inside diameters. An
analysis of the gas contained in these blisters indicated the presence of
water vapor.

Metallography revealed that the dead ends of the two defective tubes
contained leaks along the butt seam into the fueled area of the tubes.
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General observations noted during metallographical examination of the
structure away from blisters may be summarized as follows:

(1) The matrix appears to be very much improved as a result of
irradiation. It appears to have sintered and become very tight
about all U0 2 particles.

(2) The UO 2 particles appear to have grown together or sintered.

This is the case especially at the cermet butt seam, as is
healing in UO2 particles heavily fractured prior to irradiation.

(3) General bonding appears much improved over the "as manu-
factured" state.

(4) The general structure in areas that failed appears to be more
similar to the "as manufactured" state.

The work at The Martin Company may be summarized as follows.

A group of PM-Z tubes was selected from previous ultrasonic records.
Some of the tubes selected had poor cermet butt seams, some contained
unbonded areas and some were considered fully acceptable as indicated
by nondestructive techniques.

Early work consisted of thermal shock tests. It was found that thermal
shocking of these tubes failed to cause any defects, regardless of shock
temperatures or number of cycles to which the tubes were subjected.

Since the work carried out at BMI seemed to indicate that the cause
of failure of the tubes in the PM-1-M element was water logging, tests at
Martin were designed to produce failures of this nature. It was decided
to utilize a specimen having a known leak and to subject the specimen
to an autoclave test at 645* F and 2000 psi pressure for a period of 24
hours. It should then be possible to determine the capacity of the tube to
pick up water by measuring any resultant weight gain. The tube would
then be thermally shocked at some elevated temperature, cooled to room
temperature and inspected.

Since the only autoclaves available were not large enough to accept a
full length tube, it was decided to halve a tube. A known defect was
thereby established in the tube with the cermet at the cut end being
exposed.

Tubes were prepared in the above manner, autoclaved at conditions
outlined above, thermally shocked at 21500 F for 10 minutes, cooled for
20 minutes and evaluated. Tubes subjected to this test were found to
blister in a manner identical to that experienced in the failed PM-1-M
tubes.
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Metallography of the failed tubes indicated that the clad-to-cermet
bond was quite good in most instances (as it was in the failed PM-1-M
tubes) and that the failure seemed to originate through the first layer of
oxide particles of cermet adjacent to the interface of bond.

In an effort to determine what effect a different type of defect might
cause on these tubes, some tubes were prepared as described previously
and the open ends were closed. A 0.013-inch hole was then drilled through
the tube wall. The tubes were subsequently autoclaved and thermally
shocked. It was noted on tubes tested in this manner, and also tubes
having the hole-type defect and unsealed cut ends, that a blister would
form on the OD of the tube. In most instances, this blister would display
various degrees of rupture. In a few instances, these blisters formed in
areas of suspected unbond, as indicated by ultrasonic testing. Most
blisters, however, formed in random locations without respect to ultra-
sonically indicated unbond areas.

These data led to the conclusion that tubes made by the process utilized
for the fabrication of PM-1-M tubes would yield tubes having very poor re-
sistance to water logging if any defects were present in the clad or dead-
end areas of the tube.

Corrective procedures to eliminate end leakage of water. Two correc-
tive steps were added to the fuel tube fabrication process to eliminate end
leakage.

(1) Fusion welding of the longitudinal dead-end seams prior to
assembly of the tubular element for drawing and bonding
operations was initiated to eliminate leakage along the ' as
sheared" or deburred edges. This operation ensures a positive
seal without relying on nondestructive test results and eliminates
cracking difficulties previously encountered during the final
swaging and expansion of tube ends.

(2) A circumferential weld around the tube dead end was also in-
cluded in the fabrication process as an additional end seal.
This weld can be made by fusion or resistance welding tech-
niques. Evaluation resulted in the final choice of a full penetration
fusion weld subsequent to the prebond treatment. Use of this
weld assures that no end leakage will result from a faulty dead-
end bond.

A test series of short (approximately 12 inches) sample tubes was
prepared as a means of evaluating these new end sealing techniques. Test
results are shown in Table II-1.
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TABLE II-1

End Sealing Test Results*

Test
Tube No. Fabrication History Cycles Defects

121 Standard process--3/32-inch wide 5x Blister
122 defect along seam 2x Blister

123 Standard process plus dead-end 20x OK
124 fusion of seam 20x OK

125 Standard process plus dead-end 20x OK
126 seam fusion and resistance cir- 20x OK

cumferential

127 Standard process plus dead-end 20x OK
128 seam fusion and fusion circum- 20x OK

ferential

130 Standard process--no welds--
sheared dead-end seam lx Blister

*Results as of March 1, 1961--tests being continued.

All the test samples used for the runs outlined were swage-reduced on
each end and subsequently expanded into simulated grid blocks.

Each autoclave cycle consisted of subjecting the tubes to 2000 psi, 6450 F
for a period of 24 hours. Subsequently, each tube was thermally shocked at
21500 F for 10 minutes, cooled for 20 minutes and inspected.

While Sample 130 blistered in just 1 cycle and Samples 121 and 122 took
5 and 2 cycles, respectively, to blister, it was noted that the path of water
travel in 121 and 122 was so large that the water most likely escaped prior
to flashing to steam; consequently no blister was immediately formed.
Weight gain data indicated a much greater pickup on Samples 121 and 122
than with Sample 130.

In conclusion, no leaks were detected in tubes fabricated by a process
employing the end sealing longitudinal and the circumferential welding
operations. These steps also were shown to eliminate problems of cracking
during swage-reduction and subsequent expansion of tube ends. For these
reasons, these steps were established as part of the standard PM-1 process.
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Investigation of techniques for improvement of resistance to watqr logging
of tubular PM-i fuel elements. Review of the failure of the PM-1i-M elements
and other elements employed in test work showed that failures in the fuel
tubes due to water logging generally occurred randomly at an appreciable
distance from the defect in the tube. This seemed to indicate that the water
was able freely to permeate the tube. The most apparent paths of water
travel in these tubes are:

(1) The cermet butt seam.

(2) The cermet-to-clad bond interface.

(3) The cermet, because of poor density and/or oxide particle
interconnectedness.

(4) Any failures in cermet-dead-end welds.

As a means of eliminating these probable trouble areas and consequently
improving resistance to water logging, various process refinements were
evaluated.

Proposed methods of improvement and their results were as follows:

(1) Positive sealing of cermet butt seam.

(a) Resistance seam welding was found to be the most promising
and is still being studied in an effort to produce a consistent
reproducible weld.

(b) Fusion welding seam--it was determined that fusion welding
of a cermet containing UO2 is not feasible.

(c) Electroless nickel plate of cermet--not feasible due to brittle
structure formed and resultant major process change.

(d) Flame spraying stainless steel on cermet--not feasible due
to porous nature of coating, difficulty of attaining uniformity
of coating thickness and resultant major process change.

(e) Removal of UO2 by leaching with nitric acid--no improve-

ment noted. Still being evaluated in connection with re-
sistance seam welding studies.
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(2) Improvement of cermet-to-clad bond.

(a) Reduce UO 2 content to 27, 25 and 20 wt %. Some improve-

ment noted at 20 wt %.

(b) Reduce UO 2 fines and/or increase UO 2 particle size. No

improvement noted.

(c) Flame spray stainless steel on cermet. Same results as
noted in 1(d) above.

(d) Electroless nickel plate or braze coat of cermet. Same
results as 1(c) above.

(e) Pickle and/or ultrasonic clean cermet strip. Same results
as 1(e) above.

(3) Improve cermet density and/or decrease UO 2 particle intercon-

nectedness.

(a) Determine optimum stainless steel particle size. Trends
to date indicate -325 mesh powder better than standard
PM-1 size powder.

(b) Determine optimum sintering conditions. Trends indicate
temperature increase to 1250* C to be improvement. Sub-
sequent process changes delete this requirement.

(c) Reduce quantity of UO2 fine particles. No improvement

noted.

(d) Determine effect of UO2 loading by variation in loading

from 30 wt % to 27, 25 and 20 wt %. This change is made
by reduction in UO 2 loading and/or increasing strip thick-

ness by addition of stainless steel. Reduction of loading
to 20 wt % shows general imDrovement. Increase of strip
thickness was not feasible since a near maximum thickness
for equipment available was already in use. A possible
increase of approximately 0.003 inch might be possible with
a slight decrease in yield.

(4) Improvement of cermet--dead-end welds.

(a) Tooling changes to reduce extrusion of material at weld
extremities. Found to give some slight improvements.
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(b) Insertion of powder rolled stainless steel insert between
wrought dead end and cermet. Still being evaluated.

On each of the above mentioned variables, a set of duplicate sample
tubes was prepared. One of the tubes was defected with a 0.013-inch
diameter hole drilled in one end of the cermet-containing portion of the
tube. The second tube had one dead-end section cropped off to leave the
cermet exposed. These tubes, along with standard tubes and SM- 1 flat
plates defected in a similar manner, were subjected to autoclave and
thermal shock tests. All test samples are radiographed, ultrasonically
tested, weighed, inserted in an autoclave for 48 hours at 2000 psi and
6450 F, weighed, thermally shocked at 11750 C for 10 minutes, cooled
for 20 minutes, inspected for defects and subsequently recycled if no
defects are present.

While certain trends were apparent from the data collected, no partic-
ular, or group of, process variables seemed to indicate any great im-
provement in cermet-to-clad bond, cermet density and/or decrease in
UO 2 particle interconnectedness. However, development of cermet seam

closure and development of cermet-to-dead-end welds showed some slight
improvement, and development in these areas was continued.

In review of the work carried out and outlined above, a process change
was proposed for use as a means of increasing the resistance of the tubular
fuel element to water logging.

Manufacturing process alteration. The changes in the fabrication proc-
ess proposed consisted primarily o1 hot working the powder-rolled and
sintered cermet rather than cold working and annealing the cermet strip.
The overall process would consist of the following steps:

(1) Weigh out stainless steel and UO2 powders.

(2) Blend.

(3) Powder roll strip.

(4) Cut strip to length

(5) Sinter.

(6) Shear to length and width.

(7) Prepare stainless steel foil envelope.

(8) Envelop sheared cermet.
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(9) Preheat.

(10) Hot roll.

(11) Furnace clean.

(12) Shear to length and width.

(13) Scarf ends for welding.

(14) Resistance seam weld dead-ends.

(15) Scarf edges.

(16) Leach edges.

(17) Anneal.

(18) Form tube on brake press.

(19) Roll form tube.

(20) Anneal.

(21) Resistance weld longitudinal core seam.

(22) Fusion weld longitudinal dead-end seam.

(23) Anneal.

(24) Roll form over mandrel alternate- - swage form.

(25) Assemble on mandrel with clad.

(26) Cold draw.

(27) Remove mandrel.

(28) Clean.

(29) Prebond,

(30) Circumferential fusion weld dead-end.

(31) Draw to length.

(32) Diffusion bond.
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(33) Straighten.

(34) Machine to length.

(35) Identify.

(36) Clean.

(37) Ultrasonically inspect.

(38) Swage-reduce tube ends.

(39) Clean.

(40) Store for assembly.

Early development work has indicated that this technique of fabrication
tends to reduce fracturing and stringering of UO 2 particles, increases

strength and density of matrix and shows an improvement in tightness of
the matrix about the UO2 particles. In addition, other improvements to be

realized from this process include reduction of UO 2 process losses, reduc-

tion in contamination of work areas, deletion of extensive cleaning of cer-
met, improvement of bond and, finally, the stainless steel foil tends to act
as a second protective clad apart from the tubular clad.

Process development areas still being studied in connection with the new
improved process consist of hot rolling techniques and core seam closure.
In addition, new test requirements are being evaluated and newly fabricated
tubes are being evaluated by previously established test techniques.

4. Reactor Design Evaluations

During the past quarter, nuclear, thermal and hydraulic studies
were performed in support of the fuel element development effort.
The studies were of a parametric nature so that the consequences of
potential fuel element design changes could be determined with respect
to core lifetime and thermal performance.

a. Nuclear analysis

The following studies were conducted:

(1) A parametric study to determine the effect on PM-1
initial reactivity and core life of the following changes in
fuel elements and lumped poison rods:
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(a) Varying the UO2 concentration in the fuel element matrix

between 22 and 28 wt %o.

(b) Varying the boron concentration and diameter of the
lumped poison rods between 0.84 and 0. 135 wt Jo and be-
tween 0.5 and 0.3 inches, respectively.

(c) Increasing the thickness of the fuel matrix by increasing
either the ID or the OD up to 6 mils.

(d) Increasing the clad thickness, both inner and outer, by
1-1/2 and 3 mils.

(2) Calculation of the effect on relative radial power density dis-
tribution after 600 full-power days of core life of the in-
sertion of:

(a) A new (unirradiated) center bundle.

(b) A new peripheral bundle, rods both inserted and withdrawn.

(c) A new center and peripheral bundle, rods both inserted
and withdrawn.

The most significant conclusions from the studies are:

(1) The addition of stainless steel to the clad has a relatively
small effect on core life, i.e., an increase in clad thickness
of 1.5 mils results in a 30-day loss in life.

(2) The core life is very sensitive to the UO2 loading. A reduc-

tion in UO 2 in the fuel matrix from 28 wt 16 to 25 wt 16 re-

sults in a 300-day loss in life.

(3) The substitution of 52-4* lumped poison rods yields the same
initial reactivity as the reference design and a gain of about
50 days in core life.

The new fuel element manufacturing technique may increase the
inner and outer clad thickness by 1-1 /2 mils each. The ID will be un-
changed and the OD increased to 0.506 inch. The results of the para-
metric study indicate that the loss of core life caused by the increased

*The designation 52-4 refers to a lumped poison rod with a nominal
natural boron content of 0.52 wt Jo and a diameter of 0.4 inch.
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clad can be compensated by increasing the fuel loading per element by
about 0.45 grams of U-235. Work has been initiated to determine the
increased fuel loading more accurately. The results will be reported
in the next quarterly.

Parametric study. Cell corrections for the various fuel elements
and lumped poison rods considered in the study were determined through
use of P-3 calculations.

Fuel element cell corrections. The equivalent cell for the fuel
element was defined as one ruel tube and the associated water. Only
the thermal group cell correction was calculated for the fuel tube, as
previous results indicated that the epithermal corrections were small.

Thermal neutron spectrum hardening was included by taking an M-B
neutron distribution at an effective hardened temperature based on self-
shielded cross sections.

The change in the cell correction with fuel burnup was based on
the relationship,

1
g(t) = 25 (1)9 M ~N(t) 2

1 + y 2
N 25

0
where

y was determined from initial conditions.

Lumped poison rod cell corrections. The cell correction calcula-
tions for the lumped poison rods were extended to include the lower five
epithermal energy groups (to lethargy 15.5) as well as the thermal
group. In lieu of performing a time-consuming, multiregion, multi-
group SN calculation, one-group P-3 calculations were made at each
energy level. The neutron absorption term was modified to include
removal by slowing down, and in-group scattering was allowed in the
epithermal groups. The thermal group was treated in the usual manner.

The configuration for the cell calculation was composed of a lumped
poison rod at the center, with its associated water, surrounded by a
homogeneous cell-corrected mixture of five fuel cells. The ratio of one
lumped poison rod to five fuel elements was used because it approximates
the true ratio in that portion of the core where the poison rods are
located. The effect of using a higher ratio of fuel elements to lumped
poison rods was investigated. The resulting cell corrections, which
are shown in Table 11-2, do not vary appreciably.
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TABLE 11-2

LPR Thermal Cell Corrections for Different Ratios of
FE to LPR in a Cell

Temperature
LPR (OF) FE/LPR g (LPR)

52-4 68 5 0.4914

52-4 68 8 0.4863

52-4 68 11 0.4832

52-4 463 5 0.5896

52-4 463 8 0.5825

52-4 463 11 0.5781

Because of the multitude of cell corrections required due to the
three variables, rod diameter, poison concentration and energy, only
the 0.0 wt % and 0.52 wt o boron cases were calculated directly (ex-
cept for 84-3). The others were inferred from:

g (wt %) = Nt(2)
h +y N -(wt%)

0

where h is the reciprocal of the self-shielding factor for a rod with no
boron (0.0 wt %6).

The cell correction as a function of time was determined from Eq
(2) with the argument replaced by time.

Initial core reactivity. The initial cold reactivities of the different
cores were det rmined through use of the C-3 computer code. This
code performs a multigroup slowing-down calculation for an infinite
medium and corrects for neutron leakage by the insertion of a buckling
term.

The reactivity of the PM- 1 reference core was calculated and
the bias required to make this agree with the experimentally measured
reactivity was determined. The same bias was then applied to all the
calculated reactivities.

The results of the calculations are shown in Figs. II-1 through 11-5.
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Core lifetimes. The core lifetimes were calculated by the C-3
burnup code, which performs a uniform burnout calculation. The burn-
out was determined incrementally with time intervals of 100 days until
the core was subcritical. The bias which was previously calculated
was corrected for temperature and applied to the lifetime results;
the corrected core lifetimes were then determined. The changes in
lifetime resulting from the core variations were obtained by com-
paring them with the calculated PM- 1 reference core life and are shown
in Figs. 11-6 through II-10.

Radial power with fuel bundle substitution. In order to determine
the feasibility of substitution of new fuel bundles for old ones before
the end of the core life, it is necessary to know the adverse effect on
power distribution caused by bundle replacement. Therefore, power
distributions after 600 full power days of core life were determined for
the following conditions:

(1) A new center bundle.

(2) A new peripheral bundle, rods withdrawn.

(3) A new peripheral bundle, rods inserted.

(4) A new center and peripheral bundle, rods withdrawn.

(5) A new center and peripheral bundle, rods inserted.

The relative radial power distributions for cases (2) through (5)
above were obtained from a 3-group, 15-region, 2-dimensional diffusion
calculation (PDQ code). Eleven of the regions represented fuel-bearing
portions of the core; 6 for representation of heterogeneities and non-
uniform burnout of the old fuel bundles and 5 for heterogeneities in the
new bundle (with the new center bundle, the numbers are reversed).
The resulting power maps obtained from these calculations are shown
in Figs. 11-11 through 11-14.

The relative radial power distribution with only a new center bundle
was determined by a multiregion, one-dimensional calculation. The
results are shown in Fig. 11-15.

b. Thermal and hydraulic analysis

The distribution of coolant flow within the PM- 1 core was determined
for poison element diameters of 0.300, 0.400 and 0.500 inch. Fuel element
diameters of 0.500, 0.506 and 0.512 inch were treated in each case. Also
studied were the effects on flow split and coolant temperature of fuel ele-
ments having ID's of 0.410 and 0.404 inch.
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The effect of replacing spent bundles with fresh fuel on the fraction of
burnout heat flux and exit subcooling was determined for three cases:

(1) Center bundle replaced.

(2) One peripheral bundle replaced.

(3) Both center bundle and one peripheral bundle replaced.

Each of these studies is discussed below.

Change in fuel element and control rod dimensions. The BITE code
was used to determine the thermal and hydraulic effects of increasing meat
thickness by 3 and 6 mils with corresponding changes in ID or OD of 6 and
12 mils. Since BITE requires a flow split input, several values were run
for each core configuration. A plot of assumed flow split versus APD,,
the difference in computed pressure drops across the inside and outside
of the tube, was used to obtain the appropriate flow splits. PM- 1 grid
plate dimensions were used in this study. The output also yielded values
of maximum coolant temperatures for power levels of 13 and 23 kilowatts
per element and coolant flow of 2.230 gpm. These were scaled to provide
coolant temperatures at design power (12.6 kw), hot channel power (12.6 x
1.77 or 22.3 kw), and a variety of coolant flow rates produced by varying
fuel element and poison rod dimensions.

Using the method described in PM-1 3rd Quarterly Progress Report,
MND-M-1814, p 111-28, generalized equations were written to describe the
coolant distribution within the core. The flow regions shown in Fig. 4.7,
MND-M-1814, were employed with the following changes:

(1) Region 3 was eliminated.

(2) Region 9 was extended to include the entire peripheral area.

(3) A new region (10) was introduced to correspond to a variable
poison element diameter in an infinite array.

(4) A new region (11) was introduced to correspond to a variable
poison element diameter at the vertex of the control rod.

(5) The most recent flow area dimensions and poison rod locations
were considered.

The diameters of the 2/3-length lumped poison rods were assumed to
vary as the whole poison rods, while those of the stainless steel rods
remained at 0.500 inch.
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In general, these dimensional changes decrease the flow outside a
typical element, increasing bulk temperature. Table 11-3 contains the
flow rate expected per typical fuel element, the maximum bulk temper-
atures to be encountered at steady state for both normal and hot channels,
the maximum bulk temperature expected within a hot channel during the
most severe anticipated operational transient and the percentage permis-
sible power increase for each proposed change.

The maximum bulk temperatures were obtained from the BITE runs,
previously described, by the relation:

0 + 
0 0 P F B

max out Bmax in (PB F)

where

e = maximum bulk temperature at new power level and flow
max rate, under steady-state conditions

0. = inlet temperature (446.7* F)
in

P = power

F = flow rate

B = values used in BITE runs.

if

BPin B
If0 A= 0 B m -x 0. ian

then

HCF HCF(P) HCF(F)

where

AOH CF = temperature rise in hot channel

FHCF(P)= hot channel factor (power) = 1.19

FHCFF = hot channel factor (flow) = 1.11
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TABLE II-3

Thermal and Hydraulic Effects of PM-1 Core Dimension Changes

Poison Rod
Cement ID OD

0.416

0.416

0.416

0.416

0.416

0.416

0.416

0.416

0.416

0.416

0.410

0.404

0.410

0.404

0.410

0.404

0.500

0.500

0.400

0.300

0.500

0.400

0.300

0.500

0.400

0.300

0.500

0.500

0.400

0.400

0.300

0.300

Power! Tube

12.6

22.3

22.3

22.3

22.3

22.3

22.3

22.3

22.3

22.3

22.3

22.3

22.3

22.3

22.3

22.3

ss
Flow Rate/ Flow No HCF

Tube

2.270

2.270

2.190

2.110

Z.250

2.145

2.075

2.220

2.140

2.060

2.262

2.250

2.175

2.162

2.095

2.087

Ratio Max

0.508 487.6

0.508 519.7

0.508 522.1

0.508 525.0

0.508 521.1

0.508 524.5

0.508 52713

0.508 523.6

0.508 526.3

0.508 529.6

0.499 518.7

0.487 519.3

0.499 521.7

0.487 522.3

0.499 525.4

0.487 525.0

Maximum
Bulk Temperature

(OF)

SS Transient,
HCF HCF
HCF OTR

500.3 511.1

543.1 562.3

546.2 565.9

550.0 570.7

544.8 564.5

544.6 570.0

552.9 574.2

548.2 568.2

551.8 572.7

555.9 577.7

541.9 560.8

542.7 562.0

545.8 565.6

596.4 566.5

549.6 570.0

549.9 570.8

Element OD

a.

b.

c.

d.

e.

f.

g.

h.

i*

j.

k.

1.

m.

n.

O.

p.

0.500

0.500

0.500

0.500

0.506

0.506

0.606

0.512

0.512

0.512

0.500

0.500

0.500

0.500

0.500

0.500

% Change in
Power

Permissible
(1200 psi)

+87.1

+4.2

+1.1

-2.8

+2.3

-2.3

-5.5

-1.1

-4.4

-8.0

+5.6

+4.5

+1.3

+0.6

-2.3

-2.9

CA)
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So that

0HCF = in + A0HCF

where

HCF = maximum bulk temperature to be expected within the
hot channel, at steady state.

And, finally, if

AGTR = A)HCFFT

where

160 TR = transient temperature rise

FT = transient factor = 1.20

then

e = e. + Ae
TR in TR

where

TR = maximum bulk temperature to be expected within hot
channel during the most severe anticipated operational
transients.

e TR was then compared to the saturation temperature at 1200 psi, the

minimum pressure expected during a transient.

Insertion of fresh fuel bundles into a spent core. Through nuclear analy-
sis, tne location ana relative power level of te not element within a spiked
PM-1 core were determined. The following spent bundles were considered
replaced by fresh fuel:

(1) Center bundle.

(2) One peripheral bundle.

(3) Center bundle and one peripheral bundle.
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The PM-1 reference core fuel and poison element dimensions were
assumed for this study.

Table 11-4 indicates the power level within the hot element relative to
the average core power. Using BITE, these hot elements were investi-
gated for bulk boiling, first under nominal design conditions and second
under increased power levels. Finally, both hot channel and transient
factors were applied, as in the method described above, obtain maximum
bulk temperature expected.

Results. Increasing fuel element diameter from 0.500 to 0.512 inch
causes the flow rate associated with a typical tube to decrease by 2.2%,
the maximum bulk temperature to increase approximately 6* F and no
sizable effect on flow split (Table 11-3, Items b, e, h). Decreasing ID from
0.416 to 0.404 inch produces similar effects (Table 11-3, Items b, k, p;
e, m, n; and h, o, p) although flow split is markedly changed. Poison rod
diameters as small as 0.300 inch with fuel element diameters of 0.512
inch cause a 9.25% drop in flow rate around the average element.

The results shown in Table 11-3 are probably conservative for two
reasons, namely:

(1) The ratio of hot element power to average element power used
in this study (1.77) corresponds to the control rods in the fully
withdrawn position. The power-flattening aspects of nonuniform
burnup are not accounted for, however, since the above ratio
was obtained experimentally with a fresh core.

(2) The flow area outside the most critical element is larger than
that of an element in the infinite array. Therefore, the outside
flow rate would also be correspondingly higher. This was not
considered in this study.

After the insertion of fresh fuel bundles into the partially depleted PM-1
core (600 days), power level increases of 11.8% with a fresh peripheral
bundle and 2% with a new center and peripheral bundle are permissible. In
each case, no bulk boiling would occur and burnout heat flux remains at an
acceptable level. The insertion of a fresh center bundle only would not be
permissible under present design conditions. Table 11-4 contains these
findings.

Conclusions. Very conservative calculations show a core with elements
of U. Oub-inch ULI to be within all safety limits, and one with elements of
0.512-inch OD to be marginal. Reductions in element ID to 0.410 or 0.404
inch would be acceptable under all presently anticipated conditions.

Poison rod OD's as small as 0.4 inch are acceptable in combination
with the present fuel elements. Further reductions will cause bulk coolant
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TABLE 11-4

Effects of Adding Fresh Fuel to Spent PM-i Core

Steady State
(Hot Element)

Conditions -NoHCF Transient HCF

Maximum Fractional Maximum Change in Power
Relative Power Coolant Burnout Coolant Fractional Permissible

Case Hot Element/ Avg Temperature (max) Temperature Burnout (%)

Fresh Center
Bundle

a. Rods at
critical bank 1.96 533.3 0.1639 583.7 0.2610 -12.0

b. Rods out 1.96 532.6 0.1049 582.8 0.1735 -11.5

Fresh Peripheral

a. Rods at
critical bank 1.55 514.7 0.1282 554.5 0.2045 +11.8

b. Rods out 1.62 513.8 0.0804 552.9 0.1330 +13.5

Fresh Center and
Peripheral Bundles

a. Rod at
critical bank 1.69 521.3 0.1411 564.8 0. 2245 +2.0

b. Rods out 1.77 520.4 0.0891 563.7 0.1470 +3.0
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temperatures to reach saturation during the most extreme operational
transient conditions.

Replacing a peripheral bundle or the center bundle and one peripheral
bundle of a spent core is thermally and hydraulically acceptable for the
reference core. However, the insertion of a fresh center bundle only
would result in bulk boiling of the coolant within the hot channel during
transients.

B. SUBTASK 5.4-- PM- 1 CORE FABRICATION

S. Furman, K. Dufrane

1. Europium Titanate Processing

All the europium oxide required for control rod fabrication has been
processed into europium titanate. Chemical analysis and stability tests
have been completed and the material is ready for production.

2. Wet Critical

Design of a structure to support and align two scramable control rod
drive mechanisms was completed and fabrication initiated. Addendum to
the existing PMZ-1 Hazards Summary Report was prepared and submitted
to AEC.

3. Core Components

The status of core component fabrication is as follows:

Part Number

372-2105015

372-2105012

372-2105011

372-2105014

372-2105013

372-2105004

Name

Lock sleeve and align-
ment structure

Lower grid

Upper grid

Control rod guide
rails

Fuel elements

Upper skirt assembly

Fabrication
Start

10-28-60

10-28-60

11-7-60

11-31-60

5-1-60

12-5-60

Status
Complete

12-29-60

3-30-61

3-30-61

3-10-61

7-2-61

3-31-61
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Part Number

372-2105006

372-2105018

372-2105009

372-2105009

372-2105017

372-2105007

372-2105016

Name

Center bundle details

Primary source details

Core shroud details
-5, -7, -11, -13, -15,
-17 and -21

Core shroud assembly
-1 and -3

Spring, hold down

Details, hold down

Control rod assembly

Fabrication Status
Start Complete

11-2-60 1-6-61

11-11-60 11-18-60

10-25-60

12-7-60

1-24-61

10-25-60

11-8-60

12-16-60

3-31-61

1-27-61

11-30-60

5-21-61

During the next quarter, it is expected that:

(1) Fabrication of core components will continue.

(2) Fabrication of fuel elements will be initiated.

C. SUBTASK 5.5--FUEL ELEMENT IRRADIATION PROGRAM

The objective of the irradiation program is to prepare and subject the
PM-1 fuel element to burnup of fuel in an environment which simulates,
as closely as possible, the conditions of temperature, heat flux, coolant
subcooling, coolant temperature rise and heat removal to be experienced
during operation of the PM-1 nuclear power plant.

1. Burnout Tests at WTR Conditions (STTS-4 test section)

A burnout program conducted under conditions to be encountered by
the PM-1 fuel element in the WTR irradiation test was completed. A total
of 20 burnout runs was conducted with an STTS-4-type test section. Two
types of burnout run were conducted. The first type was at a 1-to-1 flow
split, which results in a lower velocity in the annular flow passage of
STTS-4 than that in the WTR unit for the same total flow rate. The second
type of burnout run was to be conducted at a flow split of 1.5 to 1, there-
by producing the same velocity in the annular flow path of STTS-4 as
exists in the WTR unit. Loop flow restrictions limited this flow ratio to
1.41 to 1.
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Prior to investigating the WTR parameters, a checkout run was con-
ducted at parameters previously studied in the STTS-4 program. An
absolute check on the data obtained at WTR conditions while using the
burnout detector was ascertained by a physical burnout run.

The range of parameters investigated was:

System pressure 1300 psia
Coolant subcooling 174* to 238* F

66
Mass velocity 2.28 x 10 to 3.68 x 106

lb /hr-ft2

Flow ratio (outside to
inside) 0.98 to 1.41

A summary of the results is given in Table 11-5.

A program was initiated to correlate both the STTS-4 and the WTR
burnout data without explicit reference to heat split. A correlation of the
following form is being investigated:

(q" BO)T = f ([sub)', (Aesub), Gi Go

The use of the total heat flux eliminates the problem of deciding in which
side of the tube burnout was initiated. This choice of variables also stems
from the hypothesis that at incipient burnout, i.e., when one side is en-
countering localized partial film boiling, a distortion in the temperature
distribution is experienced. The result is that the second heat transfer
surface, i.e., the surface below incipient burnout conditions, is forced to
dissipate a greater amount of heat until it is also at incipient burnout. At
this point, burnout is encountered, which is a function of the heat transfer
and hydrodynamic conditions in both sides of the tube.

The conclusions reached as a result of the WTR program and the expe-
rience gained in the previous STTS-4 burnout study are:

(1) The burnout heat flux at WTR conditions is approximately
6 2

3 x 10 Btu/hr/ft

(2) Operation at 75% of this value is allowable if flow instability
is not experienced. Other anomalies such as spacers and
defects were not considered in reaching this conclusion.

(3) Subcooling does not appear to be an independent variable.

(4) Flow ratio should be included as an independent variable.
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TABLE 11-5

Summary of Results

Heat FluxRun Tube 6 2
No. Side (106 Btu/ft2-hr)

17' Inside
Outside

18' Inside
(actual
burnout) Outside

16B' Inside
Outside

4A' Inside
Outside

4B' Inside
Outside

10' Inside
Outside

11' Inside
Outside

12' Inside
Outside

7' Inside
Outside

4C' Inside
Outside

5C Inside
Outside

6C Inside
Outside

7C Inside
Outside

8C Inside
Outside

9C' Inside
Outside

9C2 Inside
Outside

9C3' Inside
Outside

16D Inside
Outside

17D Inside
Outside

3.52
2.48

3.51

2.38

3.38
2.38

3.07
2.62

3.05
2.78

3.08
2.81

3.28
2.61

3.10
2.78

3.21
2.59

2.56
3.39

2.77
3.46

2.92
3.34

2.91
3.40

2.88
3.55

2.51
3.43

2.86
3.28

2.47
3.35

3.40
2.75

3.50
2.58

Subcooling
(*F)

178
202

176

204

178
208

174
196

176
196

210
230

210
233

209
232

210
238

219
207

194
212

186
210

202
224

205
230

221
202

206
226

223
204

194
206

198
206

Mass Velocity

(106 lb/ft2-hr)

3.48
2.30

3.49

2.29

3.49
2.25

3.42
2.55

3.41
2.55

3.46
2.57

3.68
2.43

3.47
2.52

3.49
2.51

3.48
3.18

3.43
3.16

3.42
3.16

3.45
3.17

3.46
3.20

3.46
3.19

3.53
3.17

3.54
3.17

3.53
2.31

3.57
2.28

Heat
Balance

(%)

-3.0

Flow Ratio
Inside/Outside

0.99

-3.3 1.00

0.9 1.02

0.7 0.88

1.6 0.88

3.4 0.88

3.0 0.99

3.9 0.90

1.9 0.91

-4.0 0.72

8.3 0.71

6.4 0.71

6.5 0.71

10.6 0.71

-7.2 0.71

5.9 0.73

-4.8 0.73

-0.7

-6.8

1.00

1.0'1

Total Heat Flux

(10 Btu/ft2-hr)

2.97

2.92

2.85

2.83

2.85

2.94

2.93

2.93

2.88

2.99

3.13

3.14

3.17

3.23

3.00

3.08

2.93

3.06

3.02
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(5) Some potential exists in correlating the total burnout heat flux
in terms of inside and outside subcoolings and coolant mass
velocities.

2. Autoclave Tests

The final test design report was reviewed by Martin Company person-
nel and certain proposed modifications were discussed with the WTR per-
sonnel. An autoclave test followed by a thermal test was performed on
the four PM-1 fuel tubes planned for the in-pile experiement.

The specification for the autoclave testing of the PM-1 fuel tubes was
developed.

The results of the autoclave test showed no change in the external ap-
pearance of the fuel tubes except for surface oxidation.

The tubes were inspected after the autoclave test and prior to the thermal
shock test of heating to 1000* F in air. The diameters were measured at
two positions on each end. These are shown in Table 11-6 along with the
earlier measurements. The bowing was also measured on a flat plate.
These data are included in Table 11-6 as well as results of the water
chemistry analysis.

TABLE 11-6

Dimensional Measurements of Martin Fuel Tubes
Before and After Autoclave Testing

"A"l End
Before After

0.5013 0.5011

0.5015 0.5014

0.5012 0.5013
e.5019 0.5011

0.5025 0.5026
0.5023 0.5022

0.5013 0.5017
0.5013 0.5014

"B" End
Before After

0.5014 0.5012

0.5011 0.5014

0.5015 0.5013
0.5013 0.5011

0.5020 0.5023
0.5023 0.5023

0.5010 0.5014
0.5011 0.5013

Bowing
Before After

0.010 0.006
(at center)
0.008
(at end)

0.001 0.004

0.001 0.006

0..004 0.006
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Autoclave Water Analysis

Test Run
Analysis Start Finish

Uranium (ppm) <0.06

pH 7.0 6.4

Chloride (ppm) <0.02 1.8

*Retest showed level to be <0.04 ppm.

3. Design Modifications

Vibration, caused by the coolant flow, of the fuel tubes with the spacers
was not given enough emphasis in the original design. It was decided to
make the spacer supports more rigid, thus reducing the freedom for vibra-
tion. A vibration test is being run to determine the extent of improvement
to be expected and the best means of achieving it.

The nuclear aspects of the enlarged core and new loading procedure are
being evaluated to determine the effective neutron flux at the location of the
PM- 1 experiment.

Candle code calculations are being run on an IBM-7090 to determine
how much the new core loading (larger core and multiregion loading)
will affect the absolute flux at the position of the Martin experiment.

The flux determination is made for five time steps during each
reactor operating cycle to determine the change in flux shape and magni-
tude expected during any particular cycle. A critical experiment is
being prepared, using 0.062-inch thick stainless steel sheet containing
1.12% natural boron, wrapped around the sample holder as a flux de-
pressor.

The information from the critical experiment and the machine calcula-
tions will be used, along with data previously obtained, to determine the
effectiVe thermal neutron flux at the location of the Martin experiment.
This will be checked at certain time intervals during a cycle. The flux
will be used to determine the power output of the Martin experiment as a
function of time.

The results of the power output determination will be used to make a
reanalysis of the burnout heat flux for the experiment.
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The effect of the spacers on the hydraulics of the coolant have been
investigated, and no definitive answers can be obtained without an ex-
tensive series of burnout experiments, using a special flow loop. Quali-
tatively, the effect seems no more than would be experienced with a
cladding defect of a size equal to that of the spacer.

During the next quarter, it is expected that:

(1) Machine calculations will be completed for the equilibrium
core.

(2) Vibration tests will be completed.

(3) The effectiveness of the B-SS flux depressor will be meas-
ured in the Critical Facility.

(4) Power production calculations will be repeated, using the
results of the machine calculations and the critical ex-
periment.

(5) The sample holder will be modified on the basis of the
vibration test results.

(6) Upon completion of the sample holder and operation of cor-
rected thermal and hydraulic analyses, the radiation program
will be presented to the Safeguard Committee for review.

D. SUBTASK 5.6--PM CRITICAL EXPERIMENTS AND
ZERO-POWER TESTS

R. Hoffmeister, H. Rosenthal, D. Schweller

The objectives of this subtask are to provide experimental data to
support nuclear analysis in the development of advanced PM nuclear
power plant systems and to perform such analysis.

The following was accomplished during this quarter:

(1) Data reduction to yield the fast flux, y and percent of thermal
fission mapping of the Initial Core 52 configuration was com-
pleted.

(2) Data reduction to yield a power and percent thermal fission
mapping for Reference Design Core 27 with the Y-rods at the
critical bank was completed.
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(3) Data reduction to yield a power map for Reference Design
Core 27 with the Y-rods withdrawn was completed.

(4) A circumferential flux distribution of several fuel tubes was
performed in Reference Design Core 27.

(5) The soluble boron program was abandoned, since an adequate
range of parameters could not be obtained without drastically
changing the most credible incident under License No. CX-7.

(6) A new program to study the nuclear characteristics of lumped
poison rods was planned and initiated.

(7) A minimum size Core 03 was built up to criticality.

(8) Total core reactivity was determined for Cores 03, 04, 05,
273, 274 and 523 (this nomenclature is described later in
this section).

(9) A stainless steel thermal shield evaluation was performed.

(10) An evaluation of epicadmium fission fraction calculations
was performed.

During the next quarter, the completion of the lumped poison rod study
is anticipated.

EXPERIMENTAL STUDIES

1. Fast Neutron Flux, Gamma Dosage and Percent Subcadmium Fissions
in initial Configuration Core 52

Measurements of fast neutron flux activations, gamma dosage distri-
bution and percent of fissions produced by subcadmium neutrons were
performed in Initial Configuration Core 52 in the locations shown in Fig.
11-16. The measurements were performed during a previous quarter.
The data were subsequently reduced and are reported herein.

a. Fast neutron flux

The foil material used for the measurement of the fast neutron flux
was red phosphorus powder. The foils were prepared by packing the
powder into plastic dishes 2 inches in diameter to a depth of about 1/8
inch. These were waterproofed for insertion in the reactor by sealing
them in plastic bags. The phosphorus is activated by neutrons above

approximately 2 mev in the reaction P 3 1 (n, p) Si 31. The foils were
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located in the core at the two different planes of 38. 1 centimeters (mid-
plane of core) and 61.0 centimeters (approximately 3/4 of the way up
the core) above the bottom of the active core.

After activation, the phosphorus foils were removed from the plastic
bags and counted several times each in flow proportional counters for
preset times of one minute.

The data are plotted in Fig. 11-17 as a radial distribution through
the core, thermal shields and pressure vessel at the two different
horizontal planes of 38.1 and 61.0 centimeters above the bottom of the
active core. Note that fair agreement is obtained between data points
taken on separate runs. Note also that, outside the pressure vessel, the
flux at the two different heights is essentially the same. The accuracy
of the activation is about 11%6 for any data point, due mostly to uncer-
tainties in the measurement of the reactor power level. The calibration
in terms of absolute neutron flux has an additional uncertainty of approxi-
mately 1516 for those data points inside the reactor core. This yields
a total uncertainty of approximately 19%6 for those points.

b. Gamma dosage distribution

The gamma dosage measurements were made with Dupont Type
558 dosimeter film packets. The film packets were sealed individually
in polyethylene bags to provide waterproofing and then attached to plexi-
glas wands for positioning in the reactor core.

The gamma films were located as shown in Fig. 11-16 and at the two
planes of 38.1 centimeters and 61.0 centimeters above the bottom of the
active core. In order to minimize the additional exposure to the films
following the reactor shutdown, they are arranged for rapid removal
from the reactor. The reactor was shut down by dropping the rods but
not dumping the water. With the additional gamma shielding provided
by the water, it was possible to enter the cell and remove the films
immediately after shutdown without any waiting period. In order to
estimate the additional exposure received by the foils during the time
from shutdown until the foils were removed from the reactor, two foils
were placed side by side on the reactor top grid. One was removed
immediately at reactor shutdown and one after all the other foils had
been removed from the reactor. The difference in exposure between
these foils was found to amount to 8%6 for the first run and 5%6 for the
second. The data were corrected in the analysis for this additional
exposure.

The results are presented in Fig. 11-18 in terms of roentgens of
exposure per hour per watt of reactor power. Separate symbols are
used for each reactor run and for the two different heights above the
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bottom of the reactor core. The scatter of the data points indicates
a reproducibility of about 13% in the absolute values of the set of data
points as a whole. This yields a total uncertainty of approximately
24%.

c. Percent subcadmium fission

The percent fission caused by subcadmium neutrons was measured
at four different fuel tube locations in the core by comparing the activa-
tion in a fuel tube when it was bare and when it was covered inside and
out by a 0.030-inch thick jacket of cadmium.

Since the cadmium jackets could not be made to fit the fuel tubes
exactly, special precautions were taken to ensure that no water got be-
tween the cadmium and the fuel tube. The jacket on the outside of the
fuel tube was waterproofed along its length with mylar tape and at the
ends with paraffin. The jacket on the inside of the tube was kept dry by
corking both ends of the tube. To at least partially replace the modera-
tor in the center of the fuel tubes, a 1/4-inch diameter plexiglas wand
was inserted into the tube.

The wand was also used to hold the foil which checked the amount of
epicadmium flux depression caused by the jackets of cadmium. Two
cadmium-covered foils were inserted into each tube when it was cad-
mium covered and their activation compared with the activation of
similar cadmium-covered foils at the same location with no cadmium
sheath around the fuel tubes. The two heights at which the foils were
placed were 38.1 and 61.0 centimeters above the bottom of the active
core. Activations were compared by means of normalizer foils in
other parts of the core. The amount of epicadmium flux depression
was assumed to be the ratio of the activations in the two cases. Since
the measured values of flux depression were identical within experimen-
tal errors for all points measured, one average value of flux depression
was used to correct all the power data. Expressed as the ratio of the
undepressed flux to the depressed flux, it is 1.25 0.08. The observed
activities of the cadmium-covered fuel tubes were multiplied by this
value to obtain the corrected values.

The locations chosen are shown in Fig. II- 16. One was chosen near
the center of the core, one near a Y-rod channel, one on the core split
line in the midst of the lumped poison rods and one near the edge of the
core.

The axial distribution of the percent thermal fission was found to be
flat within the limits of experimental error with a slight upturn of
approximately 3% at the extreme lower end of each fuel tube. The
results were averaged over the length of each fuel tube and are pre-
sented in Table 11-7 in terms of the average percent thermal fission
at each fuel tube location.
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TABLE 11-7

Percent Thermal Fission

Thermal Fission
Tube Location (%)

1 79.8 1.4

2 84.9 1.1

3 83.1 1.2

4 82.1 1.3

2. Power Distribution Measurements in Reference Design Core 27

Power density distribution was measured in Reference Design Core
27 in the region shown in Fig. 11-19 for conditions of the 6 Y-rod bank
approximately at its critical position, and of the bank fully withdrawn.
In addition, the percentage of fissions caused by subcadmium neutrons
was determined with the critical 6 Y-rod bank.

The data were reduced in essentially the same manner as those in
Initial Configuration Core 52, as described in MND-M-1817, except
that the reduction was carried out on the IBM 709 computer, using a
new program written for this purpose. In this program, the integration
of the data over the length of the fuel tube was accomplished by the method
of joining successive data points with straight line segments. In order to
extrapolate the data out to the lower and upper ends of the fuel tube, a
hyperbolic fit was used from the last three points at each end of the axial
distribution. From the relative integrated power levels per fuel tube ob-
tained by this procedure, the average power in the core was obtained.
Appropriate corrections were made in the calculations to compensate for
variations in the fuel tube weights and the counter efficiency. Background
corrections and normalizer foil variations were small and, hence, were
neglected. All power levels reported are normalized to the average power
level in the reactor core.

The accuracy of the measurement at any particular point on a fuel
tube was limited by several factors. Variations in the distribution of
U-235 along the length of the fuel tube were approximately 5%. Uncer-
tainties due to the normalizer foil positioning, weight and the statistics
of its counts amount to about 2%. Uncertainties due to instabilities and
inaccuracies in the electronics amount to about 5%. Uncertainties in the
integration of the total core power amount to about 3%. The total of these
is an uncertainty of about 8%. The variation in fuel weight is not included
in this factor, since it was a known quantity included in the analysis.
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In addition, other effects cause some further uncertainties which are
dependent upon the physical location of the data points. Statistical uncer-
tainties of the measurement vary from about 0.6%o at the peak of the
activity in a hot fuel tube to about 5%6 for the weakly activated upper ends
of fuel tubes in the critical bank configuration. Local peaking effects around
the circumference introduce an uncertainty of up to approximately 4%6
for the fuel tubes near a water channel. Finally, slight errors in positioning
the tube in the counting apparatus introduced errors of up to 5%6 for those
data points on steeply varying portions of the axial power distribution such
as occur on fuel tubes located next to a Y-rod for that portion of the tube
next to the bottom of the Y-rod. All three of these uncertainties will not
be significant for any one point on a fuel tube. Considering all the factors
mentioned above, for the most unfavorable data point location, the accuracy
of measurement should be within 10%.

a. Reference Design Core 27 with critical 6 Y-rod bank

For this measurement, the 6 Y-rod bank was withdrawn to 8. 25 inches,
a convenient operational margin from the critical position of 8.17 inches.
All the fuel tubes in the portion of the core indicated in Fig. 11-19 were
scanned once on the power measurement apparatus.

Figure 11-20 shows the average integrated power in each fuel tube for
that portion of the core in which measurements were taken. Note that
the range of values is from 0.87 to 1.56 times the core average power,
or a spread of a factor of 1.8 between the coolest and hottest tubes. By
comparison, Initial Configuration Core 52, as described in MND-M-1817,
also showed a spread of 1.8, from 0.79 to 1.45 times the core average
power.

The center region of the core is the hottest and there is less peaking
around the outer Y-rod guides. The rest of the core is fairly flat with a
fall-off in power around the core rim, especially near the split line. The
peaking near the junction of the three arms of each of the Y-rods which
appeared in Initial Configuration Core 52 has apparently been eliminated
by the two-third-length poison elements.

Figures 11-21, 11-22 and 11-23 show the power levels at 14.6, 35.6 and
54.6 centimeters above the bottom of the active core, respectively, for
that portion of the core in which measurements were taken. These three
levels are, respectively: (1) the approximate peak of the axial power dis-
tribution, (2) the approximate midplane of the core and (3) approximately 3/4
up the core. Figure 11-21 shows that the highest peaks are in the center
region of the core, where they reach approximately 3.28 times the core
average power. There is also some peaking along the sides of the Y-rod,
which was as much as 3.15 times the core average power. The lowest
levels are, again, at the core edge where the peaks are as low as 1.49
times the core average. Figures 11-22 and 11-23 show that, at the mid-
plane of the core and above, the core center region is still the hottest
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spot and that there is a general depression of the power in the tubes next
to the Y-rods, as expected. Figures 11-24 through 11-27 show graphs of
the measured axial power distribution at fuel tube locations C-3, F-5s, J-14,
VII-17, G-7, N-8, C-6 and VII-15. The points plotted at the extreme top
and bottom are not experimental points, but are machine extrapolations to
the end points, as described above. Smooth curves have been drawn through
the data points.

b. Reference Design Core 27 with Y-rods fully withdrawn

To fully withdraw all Y-rods, 520 boron polyethylene strips were
added to the core. All the tubes in the portion of the core indicated in
Fig. 11-19 were scanned at least once with the power measurement appara-
tus. The boron polyethylene strips in the core were moved around prior
to each reactor run as required so that they were never located in the fuel
tubes which were to be scanned following that run.

All power levels reported are normalized to the average power level
in the reactor core. Figure 11-28 shows the average integrated power
in each fuel tube for that portion of the core in which measurements are
taken. The range of the tube average power levels is from 0.59 to 1.77
times the core average power, or a spread of a factor of 3.0 from the
coolest to the hottest tubes. By comparison, the tube average power levels
in Initial Configuration Core 52, as presented in MND-M-1817, ranged from
0.64 to 1.89, or again a factor of 3.0. In Reference Design Core 27, the
hottest tubes are, again, those along the Y-rod channel and the center
region of the core. The power levels along the Y-rod channel have been
slightly reduced, while those in the center region have been increased
over those of Core 52.

Figures 11-29, 11-30 and 11-31 show the power levels at 19.6, 40.6 and
54.6 centimeters above the bottom of the active core, respectively, for
that portion of the core in which measurements were taken. The 40.6-centi-
meter level, as shown in Fig. 11-30, is at approximately the peak of the axial
power level distribution. The peaks range from 0.81 to 2.44 times the
average power of the core, or a total spread of a factor of 3.0. By com-
parison, Core 52 showed a nearly identical spread of 2.9, from 0.90 to
2.61 times the core average power. The pattern of these peak power
levels shows the same changes from Core 52 as are shown in the tube
average power levels. The maps at the other two core heights also show
essentially the same phenomena.

Figures 11-32, 11-33, 11-34 and 11-35 show the axial power distributions
in fuel tubes C-3, N-8, VII-17, J-14, VII-15, C-6, F-5 and G-7. These
are the same fuel tubes reported for Reference Design Core 27 in the
critical 6 Y-rod bank position (Figs. 11-24 through 11-27). The points
plotted at the extreme top and bottom of the rods are not experimental
points but are machine extrapolations to the end points of the tube as
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described in the preceding section. Smooth curves have been drawn
through the data points. Of particular interest is the shape of the distribu-
tion in tube F-5, which is located next to one of the two-third-length lumped
poison elements. The power distribution in this tube shows a distortion
in the direction of higher levels at the upper end of the tube, as expected.

c. Percent subcadmium fissions

The percent of fissions in Reference Design Core 27 caused by sub-
cadmium neutrons was measured at the five fuel tube locations shown in
Fig. 11-19. The 6 Y-rod bank was located at 8.25 inches, approximately
the critical position. The measurement was made by comparing the amount
of fission product activity induced in a bare fuel tube with that induced in a
cadmium-covered fuel tube when exposed at the same location. One experi-
ment was performed with the fuel tube covered by an outer jacket of cadmium
only, omitting the inner jacket of cadmium. This was done to observe the
importance of the inner cadmium jacket in excluding thermal fissions from
the fuel tube. Position J-7 was used for this measurement.

The axial distribution of the epicadmium flux depression was found to
be essentially flat over the length of each fuel tube measured, within the
limits of experimental error; therefore, only one value of the flux de-
pression was used for each fuel tube.

In the analysis of the data, corrections were made for the effects of
background, varying fuel tube weight, measured epicadmium flux depression
and relative counter efficiencies. The data are presented in terms of the
axial distribution of the percent thermal fission along each fuel tube meas-
ured. The results are shown in Figs. 11-36, 11-37 and 11-38. Note that the
scale has been expanded to show better the variation between points. The
error limits shown are those due to the statistical spread of the experi-
mental data. In Figs. 11-36 and 11-37, the curves are relatively flat with
some turn upward at each end. In Fig. 11-38, which shows the measure-
ment in J-7 next to a control rod for the case of the single and the double
jacket of cadmium, the curves are far from flat and show a large drop in
the percent thermal fission in the area immediately adjacent to the control
rod. The apparent percent subcadmium fission for the fuel tube with the
single jacket of cadmium is only 8516 to 95% of the percent thermal fission
as measured with both the inner and outer cadmium jackets.

In addition to the statistical errors of the data, as shown on the graphs
from 0.3% to 1.4%, there are other errors due chiefly to variations in the
normalizers, electronics drifting, positioning errors and instruments in
fuel distribution uniformity which amount all together to about 1.6%.
The total uncertainty at any one point is the combination of these two
values and is approximately 1.6% to 2. 1%.
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d. Circumferential power distribution

A rough measurement of the circumferential distribution of power
density around selected fuel tubes was performed in Reference Design
Core 27 for the conditions of: (1) the Y-rods at 7.85 inches, approximately
the critical 6 Y-rod bank position and (2) one Y-rod stuck full out with
the remaining 5 Y-rod bank full in (12 additional fuel tubes had been
added to the core in locations 0-11 and M-13 of each bundle to permit
the establishment of the second condition).

Measurements were made around fuel tubes I-E4 and I-F5.

The measurement of circumferential power distribution around afuel
tube was accomplished by wrapping strips of uranium foil about 1/4 inch
wide, suitably waterproofed with mylar tape, around the inside and outside
of fuel tubes at the desired heights. The water moderator on the inside of
the fuel tube was replaced by a 3/8-inch diameter lucite rod wrapped for a
distance of at least 1 inch above and below the uranium foil with a double
thickness of 0.004-inch polyethylene sheet to build up the diameter of the
rod. The foil, enclosed in mylar tape, was then fastened around the poly-
ethylene sheet and made a tight fit when inserted into the fuel tube. Due
to the tape and the thickness of the uranium foil, the center of the foil was
placed approximately 0.006 inch away from the inner wall of the fuel tube.
Rubber plugs were inserted into each end of the tube to ensure that no water
could get between the foil and the tube wall. The uranium foil on the outside
of the fuel tube was also waterproofed with mylar tape before being wrapped
around the fuel tube. In this case, the spacing between the center of the
foil and the outer surface of the fuel tube was approximately 0.0035 inch.
The foil strips were indexed so that their approximate orientation in the
core would be known. 'The locations chosen for the strips were at approxi-
mately 4 and 14 inches above the bottom of the active core (approximately
the peak of the perturbed flux and the rodded region, respectively) at fuel
tube locations I-F5 and I-E4 (for the condition of the Y-rods at the critical
6 Y-rod bank position) and at approximately 4 and 23 inches above the bottom
of the active core at fuel tube location I-F5 (for the condition of rod I stuck
full out).

The foil strips were exposed at about a 10-watt power level for 30
minutes. At the end of this time, they were removed from the reactor and
1/8-inch diameter foils punched from the strips and counted with scin-
tillation counters, using a preset count technique. The distances of the
centers of the foils from the indexing mark on the foils were measured and
recorded.

In the analysis of the data, the observed counts were plotted versus
the separation of the foils converted from distance to degrees. Curves
were drawn through the points and integrated with a planimeter to find their
averages. The average of each pair of curves (for inside and outside the
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fuel tube at one specified height and location) was divided into the value
of each data point on the pair of curves as a normalizing factor and the
curves were replotted and redrawn. Figure 11-39 is typical of the curves
obtained for the critical 6 Y-rod bank condition.

3. Lumped Poison Rod Evaluations

The use of lumped poison rods in a reactor design presents addi-
tional analytical complexities primarily in the homogenization of the
lumped poison rods into a typical fuel-bearing region. Therefore, a
series of definitive experiments to determine the nuclear characteris-
tics of lumped poison rods was undertaken.

The cores studied were symmetrical, clean, repeating arrays of
cells. Each cell contained one lumped poison rod of from 0.3- to 0.5-
inch diameter with a boron content of from 0 to 0.84 wt 16 natural boron.
The total number of cells for all the cores was kept as constant as pos-
sible so that the excess reactivities could be controlled by boron poly-
ethylene strips.

The experimental determination of total core reactivity provides a
means by which gross analytical techniques can be checked.

The following nomenclature was adopted to describe the cores to be
studied in this program. The system employed consists of a two- or
three-digit number, the last of which refers to the lumped poison rod
diameter and the remaining refer to the boron content of the rod. For
example, Core 273 is a core containing 0.27 wt Jo boron in a 0.3-inch
lumped poison rod.

The reactivity values reported herein are only approximate, since
they have not been corrected for the differences in the period-versus-
reactivity relationship for the various cores.

a. Core rearrangement

In order to accommodate the lumped poison rod study (PMZ-2),
several items were altered in the PMZ- 1 system, namely:

(1) The upper steel and plastic grid Y-rod slots were reworked
to accommodate fuel tubes.

(2) All Y-rod guides were removed from the core region and
six guides were installed outside the shroud at the edge of
the grid to provide grid alignment. To accomplish this, six
inner thermal shield blocks were removed.
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(3) Aluminum spacers were fabricated to provide proper fuel
tube spacing in the Y-rod slot regions of the top grid.

(4) In order to minimize perturbations caused by the large safety
rod plates in the PMZ- 1, the small seven-finger-type plate
used for the CE rods will also be used for the safety rods in
this new program.

(5) Flux-measuring devices, such as plastic foil holders, plastic
and lumped poison rod slugs and lumped poison rods with
1/16-inch holes drilled through them, were designed and fab-
ricated.

b. Minimum size critical Core 03 (0 gm/cm3 boron in the 0.3-inch
diameter lumped poison rods)

The measurements made in the first series of cores consisted of a
minimum size critical core with no boron strips. This measurement
was performed on Core 03. The core was built up by standard multi-
plication technique, with the unit addition being one cell of six fuel tubes
surrounding a 0.3-inch diameter stainless steel rod. The critical core
shown in Fig. 11-40 contained 22 cells and had an excess reactivity con-
trolled by the CE rod of 0.70 0.05% LK/K. The 22 cells contained
132 fuel tubes (5191.6 grams U-235). Multiplication data indicate that
criticality with no excess would be obtained with 21.4 cells or approxi-
mately 128.4 fuel tubes.

c. Thirty-seven-cell cores (0 gm/cm3 boron in the 0.3- to 0.5-inch
diameter lumped poison rods)

The core size was then expanded to 37 cells with a total loading of
222 fuel tubes (see Fig. 11-41). Boron polyethylene strips (5.09 wt %
natural boron) were used to control the excess reactivity of the core.
Total core reactivity was then determined by evaluating samples from
all of the typical cells in the core by period measurements. Multiply-
ing the worth per strip for each type of cell by the number of strips of
that type and summing this for all types of cells yields the total core
reactivity.

The total reactivities of Cores 04 and 05 were determined in a
similar manner. Table 11-8 shows the worth per strip for each core
for all of the cell types. Table 11-9 summarizes the total reactivities,
strip loadings and boron loadings for the three cores. Figure 11-42
shows these data graphically.
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TABLE 11-8

Worth per Strip (% L K/K)

Typical Cell

1 (center ring)

2 (first ring)

9 (second ring corner)

8 (second ring middle)

22 (third ring corner)

21 (third ring internal)

Core 03

0.1324

0.1260

0.0703

0.0790

0.0378

0.0495

Core 04

0.1274

0.1164

0.0694

0.0809

0.0396

0.0509

Core 05

0.1311

0.1204

0.0709

0.0818

0.0378

0.0481

TABLE 11-9

Total Reactivity

Boron
Strips

Core (No.)

03 144

04 126

05 104

Boron in
Active
Core
(gm)

70.7

61.9

51.1

Reactivity
Controlled
by Boron

Strips
(% 6 K/K)

9.96 0.35

8.54 0.31

7.03 0.23

Reactivity
Controlled
by CE Rod
(jo 6K /K)

0.06 0.01

0.12 0.01

0.05 0.01

Total
Core

Reactivity
(Jo AK /K)

10.02 0.35

8.66 0.31

7.08 0.23

d. Sixty-one-cell cores (0.27 to 0.52 wt 16o
diameter lumped poison rods)

boron in the 0.3- to 0.5-inch

Cores containing 0.27 or 0.52 wt %o boron in the lumped poison rods
of from 0.3- to 0.5-inch diameter were built up to 61 cells (see Fig. 11-43)
by standard multiplication techniques, using boron strips to control the
excess reactivity. These cores contain 366 fuel tubes (14393.9 grams U-
235) and 61 lumped poison rods. The total core reactivity controlled by
the boron plastic strips was evaluated in the same manner as described
above. Table II-10 summarizes the worth per strip for the three cores
studied during this quarter in this series of six cores. Table 11-11 sum-
marizes the total reactivities, boron strip loadings and boron loadings
for these cores.
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V
II

Fig. UI-43. 61-Cell Array

TABLE 11-10

Worth per Strip (% 6K/K)--61-Cell Cores

Typical Cell Core 273 Core 274 Core 523

1 (center ring) 0.1034 0.1042 0.0995

2 (first ring) 0.0966 0.0983 0.0973

9 (second ring corner) 0.0676 0.0641 0.0607

8 (second ring middle) 0.0726 0.0736 0.0712

22 (third ring corner) 0.0400 0.0411 0.0328

21 (third ring internal) 0.0473 0.0464 0.0410

41 (fourth ring corner) 0.0239 0.0164 0.0179

40 (fourth ring intermediate) 0.0289 0.0257 0.0247

39 (fourth ring middle) 0.0343 0.0301 0.0274
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TABLE II-11

Total Core Reactivity--61-Cell Cores

Boron in
Lumped
Poison
Rods

Core (gm)

Boron
Strips
(No.)

Boron in
Boron
Strips
(gm)

Reactivity
Controlled
by Boron

Strips
(% 6K/K)

Reactivity
Controlled
by CE Rods
(% 6K/K)

Total
Core

Reactivity
(% AK/K)

273 44.8 311 152.7 15.05 0.54 0 15.05 0.54

274 78.9 245 120.3 11.15 0.42 0.10 0.01 11.25 0.42

523 86.1 267 131.1 11.42 0.45 0.05 0.01 11.47 0.45

ANALYTICAL STUDIES

1. Thermal Shield Evaluation

The worth of the stainless steel thermal shields around Reference
Core 52 was determined analytically and compared with experimental
results. The analysis was performed using Program C 3 -F 3 linked.

The reactivity was calculated both with and without the two stainless
steel thermal shields (H 2 0 and SS regions were not homogenized) and

the total worth was obtained by subtraction. Group constants were
obtained using Program C3 with a fission source spectrum.

The calculated results
obtained experimentally.

Worth of the

shown in Table 11-12 agree closely with those

TABLE 11-12

Stainless Steel Thermal Shields

Inner shield

Outer shield

Total worth

Experimental
(%b p)

0.913

0.784

1.697

Analytical
(% p)

0.98

0.76

1.64
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2. Epicadmium Fission Fraction

The epicadmium fission fraction was calculated for Reference Core
52 for each of the six core regions.

The epicadmium fission fraction (i.e., fraction of fissions above 0.4
ev) was calculated as follows:

u = 17.034

Ef epicadmium_ S = 0 f(u) (u) du

ff total u = 19.554

Y f(u) $(u) du + Zf(th) *(th)
u = 0

The values of Zf(u) and (u) were obtained, for each region, from

the moderation calculation of the C 3 -F 3 linked code.

A comparison with experimental results is given in Fig. 11-44. Good
agreement is shown, especially when the effect of homogenizing the
control rod channels and guides, lumped poison rods and stainless steel
tubes over the core regions of the analytical model is considered.

E. SUBTASK 5.7--REACTOR FLOW TESTS

W. J. Taylor, I. Starr

The objective of PM-1 reactor flow studies is to evaluate and optimize
the hydraulic design of the reactor. A full scale flow model was employed.

The following was accomplished during this quarter:

(1) Completion of the experimental portion of the full-scale test
program.

(2) Partial (75%) data reduction.

(3) Partial data analysis.

1. Experimental Effort

The full-scale flow test data were collected in three parts.
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Part 1 was completed during the last report period and included flow
measurements in the upper shroud orifices and the control rod channels.
Head loss measurements in the water box, thermal shield annuli and
across the upper skirt head were also obtained. Some of these were
preliminary to actual test runs, their purpose being to determine the
order of magnitude of various measurements.

Part 2 consisted primarily of flow measurements inside the core tubes.
Additional head loss measurements in the water box and the thermal shield
annuli were obtained. Overall head loss and velocity in the center hold-
down tube were measured.

Part 3 consisted primarily of flow measurements between the core
tubes. Necessary reruns of previous data were also made in Part 3.

Finally, the experimental effort was extended to resolve some incon-
sistencies between overall head loss and total loop flow for Parts 1, 2 and
3.

A major problem encountered during this test effort was the deter-
mination of total loop flow; the normalizations and comparisons required
to resolve this problem have not been completed as yet.

At this point in the program, the following general conclusions may
be stated:

(1) Core cross flow is not directly measurabl. Some evidence
of cross flow may be observed from the core data as the con-
trol rod positions are changed. However, it appears unlikely
that local areas near the control rod channels are starved for
flow.

(2) Inside-to-outside core flow ratios (excluding lost flow in the
control rod channels and the core periphery) compare favorably
with those obtained in the bundle flow tests.

(3) The overall vessel head loss is equal to or somewhat greater
than the value obtained in the quarter scale flow tests, rather
than the 30% less indicated previously.

(4) Flow distribution through the water box orifice plate is more uni-
form than that measured in the last quarter scale test as a
result of the revised orifice plate design based on quarter scale
test results.

(5) Measurable nonuniformities at the same radial distance are
present in the core flow distribution. This conclusion is
strengthened by the fact that the same instrumented tubes
yield different flow rates at different core positions.

86



11-85

(6) Distributions are not affected by flow rate in the range tested.

(7) Greater flow per tube passes through and around tubes in the
center of the core than tubes at the core periphery. This ex-
cludes some local effects.

After the experimental program was completed, the flow model was
disassembled with the following observations:

(1) All instrumentation was intact with the exception of two core
pressure taps. It is believed that these were damaged during
disassembly, since a review of core data did not reveal the
type of discrepancies that would have occurred if the taps
had been damaged during testing.

(2) The core was exceptionally clean, except in those places where
aluminum was in contact with, or very close to, stainless steel
components. It is encouraging that the corrosion products formed
did not deposit throughout the core. The data were unaffected
by corrosion, with the exception of the measurements made at
the core periphery; an analytical study to determine maximum
errors was initiated.

(3) Inspection of the core pressure taps, which were calibrated
to determine flow rates through the core tubes, revealed that
they were in excellent condition.

(4) The sealing gasket between the orifice plate and the lower core
shroud was intact. This is encouraging, since there was some
speculation that core flow was bypassing at this point and
causing errors in overall drop.

The following figures illustrate various stages in the experimental
program. Figure 11-46 is especially interesting because it shows the
instrumentation required to transmit differential pressures from the
core to the external instrumentation. The tubing pictured is a continuous
length extending from the fitting shown at the top of the core to a fitting
outside the vessel head. Each length must pass through the upper skirt
head, a plate welded to the vessel head and, finally, the vessel head.

Figure 11-45 shows the installed flow model without external instrumen-
tation, while Fig. 11-46 shows the core instrumentation initial installation.

2. Data Reduction--Core

All the core data obtained in the normally scheduled phases of the
test were reduced to the following significant hydraulic parameters:
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(1) Velocity (flow) inside each tube (Phase II).

(2) Velocity (flow) outside tubes (Phase III).

(3) Velocity (flow) in control rod channels (Phase 1).

(4) Velocity (flow) in core peripheral area (Phase III).

3. Core Data Analysis- -Reruns

Calculated velocities inside instrumented fuel tubes were plotted
against indicated total flow rate. Reruns were requested on all incon-
sistent data points.

4. Normalization of Core Data

It was found that loop flow rates were not accurately predicted through
use of the installed metering orifice. This was first discovered when it
was found, by direct measurement, that core flow was a function of core
position, although the flowmeters indicated constant loop flow. Reruns
confirmed these data. Consequently, it was concluded that the metering
orifice readings were influenced by core and core shroud position as well
as by other possible factors. Upon investigation of the physical loop, the
other factors were found to be:

(1) The metering orifice in the main loop piping was closer to the
reactor vessel than the recommended 20 diameters.

(2) A gasket in the outlet nozzle flanged connection was too small,
thereby obstructing flow.

Although both (1) and (2) could have set up unusual flow patterns at
the orifice plate, it was felt that (2) was the dominant effect.

Since the metering orifice could no longer be employed to determine
total loop flow, it was decided to find a pressure drop measurement
which was more consistent, to normalize all flow rates using this measure-
ment, and then to perform core flow balances.

The gasket was replaced and a special set of data were taken so that
head loss across the water box orifice plate could be plotted against
indicated total flow. The plot in Fig. 11-47 resulted. It was assumed
that the equation of this curve was of the form:

H1  W a
(1)

H2 W
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where

H = water box orifice plate head loss (180 degrees from inlet)

W = indicated total loop flow rate.

The value of "a" was found to be 1.992. The assumption as to the
form of the curve was verified by comparing the points determined using
Eq (1) with the data points. All selected points satisfied the assumed
equation.

Using the determined value of "a" and assuming that velocities
inside and outside the core tubes vary consistently with "H," we are
able to relate all core velocities, either inside or outside the tubes, to
the orifice plate head loss. This is done by altering Eq (1) to read:

H Va
n (Vc (2)

x x

where

Hn = the water box head loss to which the data are being normalized

H = the water box head measured for the core position being
considered.

Solving Eq (2) for Vc'

(H\ 1/a

c Hx
x

V = the un-normalized velocity

vc = the normalized velocity.

When all core data have been normalized in this manner, loop flow
rate can be obtained.

5. Flow Balances

Normalized and corrected core data will be employed to determine
total loop flow rate for each run. The core will be split into four sections
(inside fuel tubes, outside fuel tubes, core periphery and control rod
channels), the velocity and the flow will be found in each section and the
flow will be totaled. The first of these flow balances is in progress for
design flow.
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6. Core Periphery

Two sets of pressure taps located in opposite tube bundles are used
to determine flow at the core periphery. Each set is located in a tube
nearest the lower shroud. At the conclusion of the test, a gelatin-like
substance was found scattered over the inside surface of the shroud. In
order to determine the effect on peripheral flow rate, an analytical flow
model was set up. It was anticipated that this model, although quite
conservative, would not effect total core flow to a great degree. However,
it was found that this method predicted the presence of the gelatin to have
a 3% effect on total flow. Consequently, another slightly less conservative
model is presently being formulated which is based on the resistance
(drag) of an immersed body.

The first analytical model is illustrated in Fig. 11-48. For this
model, it was assumed that the total head loss measured by the pressure
taps is made up of:

(1) Four frictional losses in the clean sections, each of
length Lso

(2) Four frictional losses in the, spotted sections, each of
length LG.

(3) Four contraction losses into the spotted sections.

(4) Four expansion losses out of the spotted sections.

Expressed in equation form:

[fL V2 f L VG2 V2 2

total = 4 s s s + G G G + K G + K G (4)
2g DeG cg c Tg~ E j~

Since:

aG VG =a Vs G = )(Vs) (5)

-

A A 2-a

s G 2-D 2-a (6)
N R e De V

R( 6n

Substituting Eqs (5) and (6) into (4) and simplifying
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Fig. H-48. First Analytical Model
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h total =2
9 [AL v 2-a v 2

-a

De s 3

AL v2-a a s v a
+ G s s

De 3-a a a
G G

+K (-s. 2 + K -2. 2j

a G eaG
(7)

Combining all constants, this final equation becomes

h total = C V a +C 2 V 2(8)1 s 2 s

Knowing h total from the data, Vs can be found by iteration and multiplied

by as to find the flow in the core periphery.

Definition of Symbols

= Constant term

2
= Flow area of clean section (ft

2
Flow area of spotted section (ft

= Combination constants

= Equivalent diameters of clean and spotted section,
respectively (ft)

= Friction factors for clean and spotted sections,
respectively

2
= Acceleration due to gravity (ft/sec

= Total head loss measured by pressure taps (ft of H2

= Contraction and expansion coefficients, respectively

= Straight lengths (shroud) of clean and spotted sections,
respectively (ft)

= Reynolds number

= Velocity in clean and spotted sections, respectively
(ft/sec)
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v = Kinematic viscosity (ft2/sec)

a = Slope of head loss velocity curve on log-log coordinates

7. Inlet Water Box

Velocity distribution through the orifice plate was quite uniform.
There were, however, lower values 60 degrees to either side of the inlet.
Accounting for the variable spacing between rows of holes in the orifice
plate, flow distribution through the plate was determined. Circumferential
variation of volumetric flow rate was quite uniform, varying approximately

14% from the mean (based on flow/degree angle). These results compared
favorably with the quarter scale test. The static pressure distribution
data in the water box has been reduced but no analysis has been performed
on it to date.

8. Head on Upper Skirt

Pressure difference across the head on the upper skirt has been
determined for indicated maximum, minimum and design flow rates.
These differences will be normalized and the coi'responding force
calculated.

9. Center Bundle Hold-Down Tube

The velocity distribution in the center bundle hold-down tube has
been determined and is illustrated in Fig. 11-49. The basis of this
analysis can be found in Binder's "Fluid Mechanics," pages 121 and 122.
In essence, if one knows the maximum velocity in the tube, the distribu-
tion can be found. Since, in this test, a pitot-static tap is located at the
center of the hold-down tube, Binder's analysis method is applicable.
Total flow in the center bundle hold-down tube, based on the average
velocity, is 125 gpm.

10. Overall Vessel Head Loss

Although total loop flow rates (flow balances) have not yet been com-
puted, it appears as if the overall drop will be no higher than that predicted
during PM-1 design.

F. SUBTASK 5.8--HEAT TRANSFER TESTS

C. Eicheldinger, M. D. Norin, R. Baer, J. J. Jicha, S. Frank

The subtask objective is to obtain experimental data to support the
advanced local boiling thermal and hydraulic design of PM- 1-type re-
actor cores. Three test sections, as described below, were employed
in this program.
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(1) STTS-3 is a single-tube test section designed for inside cool-
ant flow only and instrumented to obtain local boiling pressure
drop and heat transfer data.

(2) STTS-4 is a single-tube test section designed for inside and
outside coolant flow and instrumented to obtain data for local
boiling burnout studies.

(3) SETCH-2 is a seven-tube test section with outside coolant
flow only and is instrumented to obtain heat transfer and
pressure drop data outside tubes.

During this quarter, the following was accomplished:

(1) STTS-3A. The experimental program was completed. Data
reduction was completed and data analysis was approximately
50% complete.

(2) Analysis of Schrock and Owens Data. An attempt was made
to correlate the local boiling pressure drop data of these in-
vestigators, using an STTS-3-type equation. The results were
not conclusive.

(3) WTR Irradiation Heat Transfer Program. The experimental
program was completed and all data was reduced and ana-
lyzed. (Results are reported under Subtask 5.5.)

1. STTS-3A Test Program

The developmental effort, initiated and reported in the previous re-
port period, to produce a fabrication technique which would eliminate
defects and test section leaks was successfully completed. In the new
test section, the 1/16-inch OD pressure tap tubing was replaced by
1/8-inch tubing which was welded directly to the tube wall. This re-
sulted in a more rugged arrangement which did not require repair for
the remainder of the program.

The STTS-3A local boiling heat transfer and pressure drop program
was completed during the report period. A total of 242 runs was con-
ducted, including 132 local boiling runs. The range of local boiling pa-
rameters investigated was:

Flow rate: 1.2 to 9.0 gpm

Inlet temperature: 445* F

Heat flux: 0.101 x 106 to 1.30 x 106 Btu/hr-ft2

f/f. up to 3.0

Correlating parameters were as listed in Table II-13.
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TABLE 11-13

Correlating Parameters

Pressure (psia) 800 1100 1300 1500

j factor (x 10-3)

Maximum 4.60 7.57 8.84 12.0
Minimum 1.66 1.58 1.57 1.54

Reynolds No. (x 10-5)

Maximum 5.18 5.39 5.50 5.52
Minimum 0.685 0.684 0.659 0.689

The majority of the nonboiling runs were isothermal pressure drop
runs, made to check out the test section and to arrive at a satisfactory
arrangement for measuring pressure drop. Wilson Point runs were not
conducted during this program, since the results previously obtained
did not realize the desired accuracy. Thus, the thermal resistance be-
tween the bulk coolant and the point at which the outside wall tempera-
ture was measured was determined analytically. A guard heater was
employed to eliminate the temperature gradient that is dependent on
heat loss and which does not yield readily to analysis. Use of the guard
heater appears to have improved the quality of the heat transfer data.

Isothermal runs conducted periodically during the local boiling runs
indicated a scale buildup after 3/4 of the program had been completed.
The test section was removed from the loop, mechanically cleaned and
the last 1/4 of the program completed. Mass spectroscopy of the scale
indicated a high magnesium and carbon content. The nature of the scale
buildup would indicate a sudden release of partially soluble material.
This could be attributed to the failure of a thermocouple and subsequent
release of its electrical insulation, and to the sudden introduction of
manometer fluid into the loop. This would account for the quantity of
magnesium (thermocouple insulation- magnesium oxide) and carbon
(manometer fluid-monobromo napthalene) that was found. It should be
noted that this scale buildup would not normally be encountered, since
the loop water chemistry is continuously controlled to maintain a pH
above 9.0.

Two 3-wire thermocouples were welded to the tube wall in place of
two conventional couples which are separated from the tube wall by
electrical insulation. By employing a portable d-c power source, the
couples were balanced in place after the test section was insulated,
assembled and installed in the loop. Calibration of the couples was
made at temperatures up to 5500 F by isothermal runs conducted in the
loop. Results obtained when care was exercised in compensating for
the voltage drop across the thermocouple junction were quite satisfac-
tory.
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During the course of refining the measurement on pressure drop, it
became apparent that data on the compressibility of the fluid used in
the manometer were needed. Since these data were not available in the
literature, an experiment was designed to determine the compressibility.
The apparatus was checked by determining the compressibility of water.
After satisfactory checks on water (data taken from Keenan and Keyes),
the compressibilities of the manometer fluids, monobromo napthalene
and acetylene tetrabromide were determined.

2. STTS-3A Data Reduction

The reduction of the STTS-3A data was completed, using the IBM
709 code (STTS-3A-DRC). The heat transfer data appearing on the
printouts include a comparison between the wall superheat averaged
over the length of tube in local boiling and that which the Jens and Lottes
equation would predict. It further includes comparison of the nonboiling
parameters with the Dittus-Boelter correlation. The criterion used in
the code to mark the inception of local boiling was an increase in the
inside wall temperature of less than 3* F between increments. This
proved to be an insufficient criterion to cover all cases, but it was de-
cided to check the printouts and do further calculations by hand when
necessary rather than to change the code. The reduced pressure drop
data included f /f. 0 , heat transfer (Colburn) factor, and Reynolds num-

ber for each of the five pressure drop increments.

The isothermal runs throughout the test program were reduced by
hand. An f. correlation was obtained for each of the five pressure drop

150

increments; several sets of these correlations were determined for
various groups of runs. Although most of the isothermal data fall within
5% of the smooth tube, there are definite trends with the increments,
and it was felt that separate correlations should be used to account
for pressure tap and associated instrument variations. There is a set
of isothermal correlations for the local boiling runs Nos. 54 through

5
105. These are in a range of Re<2 x 105. After Run No. 105, the

velocity range was increased and a set of data for Re>2 x 105 was ob-
tained. At Run No. 140, the test data began to show deviations now
known to be the result of deposits on the inside of the apparatus. When
the tube was finally thoroughly cleaned and reinstalled, a third set of
f. correlations was required for Runs No. 196 through 211. Data at
150

this time were higher than previously for Increments 1, 2 and 5, appar-
ently because of the honing done to clean the tube. A fourth set was ob-
tained for the last 31 runs of the program. All f. data were fitted

by visually placing a straight line through them as plotted on log-log
paper, and the correlations thus obtained were of the form: f. =

b15
a/(Re) . The constants a and b were then fed into the STTS-3A-DRC
for use with the appropriate group of local boiling runs.
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3. STTS-3A Data Analysis

The STTS-3A data analysis is discussed below in three portions, namely:

(1) Local boiling pressure drops.

(2) Nonboiling heat transfer.

(3) Local boiling heat transfer.

a. Local boiling pressure drops

The pressure drop results of all local boiling runs, with the exception
of those between Nos. 140 and 196, made when crud deposits on the inside
tube wall are known to have existed, have been grouped according to sys-
tem pressure and fitted with an IBM 709 code (STTS-3A-DAC) written
for this purpose. The fitted curves are of the form:

f/f. = a + bj + c(Re)
150

where

f/f.o = ratio of friction factors, local boiling to isothermal

j = heat transfer factor

Re = Reynolds number.

Table 11-14 summarizes these results, where a, b and c are the
sample estimates of the regression coefficients, r is the correlation co-
efficient, s is the standard deviation and n is the number of data points
used in the fit. The means and ranges of the variables are also given.
It is important to note that the above table is preliminary in the sense
that the analysis is not complete at this time. Although all data which
were obviously of questionable validity were discarded a priori, sub-
sequent analysis may justify further omissions, different groupings or
even a different method of fitting. There are specific questions yet to
be answered concerning the relatively low correlation coefficient for
the 800-psia data, the very questionable lower range extremes of the
f/f. values, and the single exception to the monotonic dependence on

150

pressure exhibited by the regression coefficients.

b. Nonboiling heat transfer

The nonboiling heat transfer data for all the runs are being plotted

on graphs of Nu/Pr0. versus Re for each wall thermocouple. The plots
for the first four wall thermocouples have been completed. The third
and fourth show good agreement with the Dittus-Boelter correlation
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TABLE 11-14

Summary of Pressure Drop Results (Local Boiling)

Pressure
(psia)

800

1100

1300

1500

j
j Range

(10-3

2.57

1.7 to 4.6

3.21

1.6 to 7.6

2.86

1.6 to 8.8

3.18

1.5 to 2.0

(Re)
(Re) Range

(10)

2.74

0.7 to 5.2

2.18

0.7 to 5.4

3.06

0.7 to 5.5

2.54

0.7 to 5.5

(f/fiso)

Range

1.26

0.7 to 2.2

1.34

0.5 to 2.8

1.28

0.5 to 3.1

1.32

0.5 to 2.9

0

a

0.104

0.328

0.332

0.573

b

386

290

278

234

c

(10- )

0.0592

0.0380

0.0516

0.0005

r

0.824

0.865

0.909

0.934

s

0.152

0.201

0.162

0.153

n

72

63

86

70
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(within 12%). The first two wall thermocouples were of the three-wire
variety, and measurements made with them before they were recom-
pensated after Run No. 163 are of little value. Starting with No. 164,
however, they yielded data which agreed more closely with Dittus-
Boelter predictions.

c. Local boiling heat transfer

The plots of wall superheat versus heat flux for each pressure were
completed (Figs. 11-50 through 11-53). All show fair agreement with the
plotted slope of the Jens and Lottes correlation; however, all values are
greater in magnitude. The data for Runs 141 through 184 were also
plotted (solid symbols) to show the effect of the crud which was depos-
ited on the tube inner wall during these runs. This effect was a higher
calculated value of the inner wall temperature, since the temperature
drop through the scale was not taken into account in the data reduction
procedure. It is generally reflected in the plots by increased values of
the wall superheat. Excluding these data, the plots for pressures of
800, 1100 and 1300 psia are, for the most part, 35 to 40% higher than
Jens and Lottes, and display the proper pressure dependence (accord-
ing to Jens and Lottes, wall superheat decreases as pressure in-
creases). However, the 1500-psia plot is over 100% higher than the
Jens and Lottes correlation, with magnitudes comparable to those ob-
tained at 800 psia.

4. Analysis of Schrock and Owens* Data

As indicated in the previous section of this report, as well as in
previous reports, considerable success has been achieved in corre-
lating local boiling pressure drop data, using an equation of the follow-
ing form:

f/f. = a + bj + c(Re).
150

However, neither this equation nor any other has received general ac-
ceptance by investigators working in this field. Therefore, it was de-
cided to attempt to correlate data of other investigators, using this
equation, and thus substantiate its validity. Since data reduction meth-
ods are automated, relatively little effort was required. The data of
Schrock and Owens was selected, since incremental pressure measure-
ments are reported. This is in contrast to most other work, where
overall channel pressure drops are reported, even though a portion of
the channel was generally in a nonboiling condition.

*Reference: Owens, W. L., and Schrock, V. E., "Local Pressure
Gradients for Subcooled Boiling of Water in Vertical Tubes," ASME
Paper No. 60-WA-249, presented before ASME, 27 November to 2
December 1960.
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The Schrock and Owens data were reduced, using an IBM 709 code
which was written specifically for this purpose and was similar to
STTS-3A-DRC. The local boiling heat transfer data showed good agree-
ment with the Jens and Lottes correlation, falling within 10% of it in all
but 9 of 50 cases. On the other hand, the pressure drop data, when
fitted using STTS-3A-DAC, gave rather poor results. The pressure
groups used were 100, 150, 200, 250 to 300 and 350 to 400 psia. All
groups but the 150 psia had correlation coefficients of about 0.80. The
150-psia group had a correlation coefficient of only 0.42.

Schrock and Owens correlated their data using a Martinelli-Nelson
type of parameter, 4, that is essentially the square root of f /f.. In-

stead of f, however, a local boiling pressure gradient was used and,
instead of f , a pressure gradient for nonboiling heat transfer was

used. Both gradients contain acceleration as well as friction effects.
Two significant points in the procedure of obtaining the fitted variable,
LP, are that: (1) In order to obtain the local boiling pressure gradient,
either a curve of pressure versus length must be plotted and the deriv-
atives found by measuring, or a parabolic least squares fit applied and
the derivatives found analytically. Either method involves smoothing
of the data. (2) The square root is extracted from the ratio of pressure
gradients and this must reduce the scatter of the variable of interest

which is actually P2

Careful examination of the Schrock and Owens data revealed a num-
ber of anomolies, e.g., instances where incremental pressure drops
were lower than values on either side of the increment. It is felt that
these anomalies are principally responsible for the inability to obtain
more favorable correlation coefficients.

SUBTASK 5.8. 1--TRANSIENT HEAT TRANSFER TEST PROGRAM

C. Eicheldinger, M. P. Norin, R. Magladry, J. J. Jicha, R. Lightner

The following was accomplished during the quarter:

(1) A system of semiautomated data reduction was devised.

(2) The effect of instrumentation transient characteristics on
test results was being investigated.

(3) A study of experimental errors and the means to minimize
their effect was pursued.

(4) Fabrication of the test section assembly, including one set
of DTTS-1 tubes, was completed.
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(5) The complete test section assembly was successfully hydro-
statically leak tested at 400* F and 1500 psia.

(6) Fabrication of the test section support stand and bracing
bracket was completed.

(7) Fabrication of the second set of DTTS- 1 tubes was initiated.

(8) Flow calibration of each tube of the first set was conducted in
a low pres.3ure, low temperature loop assembled during the
report period.

(9) Test program design, with emphasis on test section flow
calibration and instrumentation response tests, was continued.

(10) Immersion apparatus for bulk coolant thermocouple response
time tests was designed, fabricated, "debugged" and employed
for the initial response time tests.

(11) Design and checkout of the electrical circuit for the galvanom-
eter-oscillograph recording system was completed.

(12) Autoclave tests of unsheathed bulk coolant thermocouples were
initiated.

(13) Kieley-Mueller quick-closing shutoff valves were received,
leak tested and operationally checked.

(14) Fabrication of mountings and valve assemblies for the pressure
transducers was initiated.

(15) All required instrumentation except the high frequency Pot-
termeter and three differential pressure transducers were
received and checkout calibrations were initiated.

(16) Recordings were received of the MG set voltage response,
and found to be satisfactory.

(17) The MG set was received in a damaged condition; the damaged
components were returned to the vendor and repaired.

(18) Schematic and wiring diagrams of the loop modifications were
prepared.

(19) The power programmer for the MG set was designed and com-
ponents were ordered.

(20) Status of facility modifications was as follows:
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(a) Cooling system: 901o complete.

(b) Loop: 60% complete.

(c) Foundation for MG set: 100% complete.

(d) MG set: in place.

(e) Electrical modifications: 20% complete.

It is expected that, during the next quarter:

(1) Items 2 and 3 above will be completed and the data reduction
system will be implemented accordingly.

(2) Calibration and correction data will be compiled and integrated
with the data reduction system.

(3) The data reduction system will be set up and used.

(4) Fabrication of the second , third and fourth sets of DTTS-1
tubes will be completed.

(5) Flow calibration of all tubes will be completed.

(6) Response time tests and calibration of all instrumentation will
be completed.

(7) Modification of the heat transfer loop will be completed.

(8) The modified loop and associated equipment will be checked
out.

(9) The complete DTTS- 1 test section will be installed in the heat
transfer loop and thermally insulated, instrumentation con-
nections will be made and the loop experimental program will
be initiated.

1. Analytical Studies

Analytical effort during the quarter was devoted to the planning of
the methods of data reduction which will be utilized after the experimental
program is initiated.

Present experimental plans anticipate the use of 26 electro-oscillo-
graph traces of recorded data (see Table II- 15). Data reduction entails
the reading and subsequent processing of an estimated 40,000 data points
during the course of the program. Initial reduction steps involve trans-
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formation of recorded traces to digital form, using Benson-Lehner Curve
Reading Equipment. Further reduction will be performed by digital ma-
chine. Figure 11-54 shows a block diagram of the planned data reduction
system. The nomenclature to be used is given in Table 11-16.

The instrumentation system viewed in its data reduction aspects re-
sponds to a variable, changes its scale, distorts it and introduces error
into it. The goal of the reduction system is to reproduce the variable as
accurately as possible from the instrumentation output and to keep track
of the errors in its reproduction. Indeed, the reduction process itself will
introduce some error.

Given a variable V, input to a sensor, the instrumentation system
transforms it into the variable T, which appears as a trace. Formally,
these may be related as follows:

T] =Sr [V [TF] + E

where

v = variable sensed

S = static transfer characteristic

[TF] = transient transfer function

E = error

7= time interval

The bracketed terms denote Harris series representation of time-
dependent functions.

TABLE 11-15

Anticipated Measurements

Number of
Function Measured Traces

Pressure drop 9
Absolute pressure 2
Voltage 3
Current 1
Wall temperatures 6
Bulk coolant temperatures 2
Flow rate 1
Chart speed 1
Timer 1
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TABLE 11-16

Nomenclature

Transient Heat Transfer Program, Data Reduction System

Calibration curve (CC)

Channel

Digital processing

Identification list

Option

Raw data record

Reduced data record

Signal

Signal scale factor (SSF)

Standard signal

Trace

Table of values, normalized to unity at
maximum value, relating channel output
to channel input. Valid for quasi-steady-
state conditions.

Path traveled by information from sen-
sor input to trace.

Operations performed on the raw data
by the digital computer to produce re-
duced data having desired dimensional
units.

List of prescribed information which will
accompany the galvanometer record for
each experimental run. Includes run
number, trace number, sensor designa-
tion and location, options employed and
signal scale factors.

Any control of instrument sensitivity or
response which may be varied between
runs.

Punched cards comprising input to digital
computer. Includes identification list.

Punched cards comprising output of
digital computer. Includes identification
list.

Electrical representation of data from
sensor to galvanometer.

Instrumentation scale factor equal to the
ratio of trace deflections for a standard
signal; to be evaluated frequently.

Constant input to channel used to deter-
mine signal scale factors.

Graphical output of galvanometer.
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TABLE 11-16 (continued)

Transfer function (TF) Function, normalized to unit gain, that
allows correction for the time dependency
of a channel.

a. Distortion

Distortion may be defined as deviation from direct proportionality
between the trace deflection and the sensed variable. It follows from in-
herent defects in the transfer characteristics of the instrumentation sys-
tem. These defects can generally be separated into amplitude-dependent
and time-dependent parts and give rise, respectively, to static and
transient distortion.

Static distortion. The static transfer characteristic may be regarded
as the product of a proportionality constant and a defect term,

S = KR,

where R, the defect, is unity if no static distortion occurs.

In the event of distortion,

K = 1 52dI
range J I

over range of I

where 0 and I are the static output and input voltages of the instrumen-
tation system and the static defect is simply

R S=WS.range

over the range of I

These terms correspond to the symbols used in the diagram of the
data reduction system, Fig. 11-54.

1_
'R =SS - SF,

where

SS = sensor sensitivity

SF = scale factor.
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=CC,-

where CC is calibration curve.

SS, SF and CC are, of course, experimentally determined for each
sensor and/or instrumentation channel.

Transient distortion. Transient distortion may be limited by the ap-
plication of the instrumentation transfer function. If the time form of a
function is independent of its amplitude, the system can be described by
linear differential equations. Under such condition, the output function
may be related analytically to the input function by a transfer function.
In terms of numerical data,

[H]='r [TF I]

The left member is the output of the instrumentation system, corrected
for static distortion. The right member is the convolution product of the
transfer function, TF, and the sensor input. r is the time interval between
data points.

A complete transfer function will be determined for each instrumenta-
tion channel, using a unit step input, I = u (t).

Application of the convolution quotient will yield the transfer function

[TF]=.

To eliminate possible unnecessary efforts, a method has been developed
to estimate the error incurred by failing to account for transient distortions.

As a first estimate, the time dependency of each sensor was assumed
to result from the equivalent of a resistance and capacitance in series.
Such a sensor would respond to a step change in the following way:

.= 1e -t/T
OF

where

F = value of step change

O = indicated value

t = time (sec)

T = time constant (sec)
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T will be determined experimentally for each sensor and associated in-
strumentation channel.

When such a sensor is used to follow a linear variable change,

eF = Ct

it responds in the following way:

e CT t+et/T
T

and the relative dynamic error, E, of the indicated magnitude is

eF 0 T t/T
E = F = _ 1t -e )

F

Using this equation, a set of curves (Fig. 11-55) has been prepared.
A maximum increase of 200% in any measured value has been assumed.
The initialized rate of change, K, is found by dividing the average rate
of change of a variable by its minimum value. The factor B is equal to
3T and is determined experimentally. These curves will be used to de-
termine the necessity of applying transfer functions to the raw data.

b. Digital processing

Given the proper constants, the static transfer characteristic and the
transient transfer function, the digital processing phase of data reduction
can operate.

The IBM 7090 program which controls this phase will utilize the fol-
lowing existing FORTRAN subroutine. The first two are from the Martin
Nuclear Dynamics set and are for the manipulation of time-dependent
variables in Harris series form. The last one is a General Motors Re-
search Staff subroutine based on Attkens' method of interpolation.

Constant multiplier. This subroutine, operating on a given constant,
A, and a given series, [G), yields a second series, [F) , each term of
which is simply Ag., i.e.,

CNSTM (A, [G) = [F].

Convolution quotient. This subroutine operating on the given series,
[G , [H], and the given time interval, T, evaluates [F] =[G] /r [H] , i.e.,

CONQUO ( [G], [1],r) = [F].
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Single interpolation. Given the value of an independent argument, x,
this subroutine yieldsa kth order interpolation on a table of x1 , y values

for the corresponding dependent argument, y. Operatng on the terms of
the series, [G], the subroutine yields the terms of a second series, [F],
i.e.,

TABF([G] , k)= [F].

Considering again the equation to be evaluted by the digital program,

(V] = SS - SF - CC. []

the sequence of steps becomes obvious.

Stored within the program are the constant, SS; the table, CC; and the
series, [TF] . Input to the program includes the constant, SF, the series,
[T , and the constant,'r. The steps follow:

(1) P = SS - SF

(2) CNSTM (P, [TJ ) = [n*1
(3) CONQUO ( [H*] , [TF] , -) = [H]

(4) TABF ( [H], k) =[V].

Experimental programs, described in Section 2, are being conducted
in conjunction with the analytical effort described above to determine the
required scale factors, calibration curves and transfer functions.

c. Test section fabrication

During the quarter, fabrication and assembly of the double-tube test
section, DTTS- 1, was completed. The unit was successfully hydrostatically
tested at 1500 psi and 400* F. Some burrs and roughness on the internal
surface of the tubes in the area of the pressure taps were noted; all of
the taps were reworked to correct this condition. The test section was
then mounted in a bench flow rig for flow calibration tests. These are
described in Section 2 of this subtask.

Since physical burnout of test section tubes is anticipated during the
experimental program, the design allows easy removal and replacement
of tubes. Consequently, a number of spare tubes of each type are being
fabricated. Some difficulties which arose in fabricating the tubes for
the original assembly as well as the replacement tubes are discussed
below. A photograph of the test section taken during flow calibration is
shown in Fig. 11-56. The individual tubes are shown in Fig. 11-57.
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Fig. 11-56. DTTS-1 Test Section Assembly Mounted Horizontally in the
Flow Calibration Loop
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(1) Difficulty has been experienced in realizing the overall tube
length tolerances. This dimension is critical, since too great
a difference in length between the two tubes will result in
bowing of the longer tube when the test section is assembled.
Variations in length are introduced primarily in the brazing
operation which joins the tube to its small and flange, heated
by induction to approximately 2000' F. A rigid brazing fixture
cannot be used, since thermal stresses will distort the tube.
It is now felt that attainable length tolerances are acceptable,
provided a variable-thickness copper gasket is used between
the tube flange and the main header to compensate for differences
in length.

(2) Blistering of the copper plating on the tube has been experienced
during the brazing operation. This has been traced to poor adhes-
ion of the copper plate. Adjustments have been made in the plat-
ing procedure to eliminate this problem.

(3) Poor adhesion of the protective nickel coating has also been
noted. Decorative nickel was used in all cases where there
was poor adhesion. Several sample tubes plated with industrial
nickel were satisfactory. Since oxidation protection is still
adequate, industrial nickel will be used on future tubes.

It now appears that all major problems are solvable, and it is antici-
pated that a supply of spare tubes will be available early in the next
quarter.

2. Experimental Studies

Work on the specification for a detailed test procedure, based on re-
sults of the analog study of feasible PM-1 reactor transients, was con-
tinued during the report period. Emphasis was placed on instrumenta-
tion time response and test section reference tests. Calibration and re-
sponse time tests were conducted with the test section tubes and bulk
coolant thermocouples, respectively. Other calibration and reference
tests in which design work was initiated, and which will be conducted in
the next report period, include the following:

(1) Response time tests for:

(a) Absolute pressure transducers.

(b) Differential pressure transducers.

(c) Potter high frequency flowmeter.

(d) Bulk coolant thermocouples.

(e) Three-wire thermocouples.
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(2) Calibration tests for the above items.

a. Flow calibration tests

The primary objective of this test is to obtain a flow calibration (pres-
sure drop as a function of flow rate) of the inlet restriction of each tube
to be employed in DTTS- 1. These data will be employed in measuring
the flow to each tube during the transient heat transfer tests. Secondary
objectives will be a checkout of all pressure taps, the attainment of
isothermal friction factor data for each tube, and establishing the effect,
if any, of the inlet plenum flow pattern on the inlet orifice flow calibration.
A low temperature, low pressure loop which was assembled during the
report period was used to calibrate the first set of DTTS- 1 tubes. Forty-
inch deflection, U-tube manometers were used to measure the pressure
drop while flow was measured by a Potter turbine-type flowmeter.

Results in final form will be presented as a plot of flow coefficient
versus Reynolds number for each restriction, and friction factor versus
Reynolds number for each tube length. Preliminary data reduction in-
dicates that overall tube pressure drop data cannot be obtained with the
present pressure tap positioning, due to inlet orifice recovery effects.
An investigation is under way to evaluate the merits of relocating the
pressure taps in question.

b. Bulk coolant thermocouple response time tests

An immersion apparatus capable of producing a step temperature
change was fabricated during the report period (see Fig. 11-58). Check-
out and debugging of the apparatus established its applicability. The
principal features of this apparatus are:

(1) Demineralized boiling water, agitated by a motor-driven
stirrer, is used as a 'hot" region.

(2) Bulk coolant thermocouples to be employed in the program
are mounted in a holder of the test rig and carefully aligned
with electrical timer probes and a thermocouple of 40-gage
wire. The electrical timer probes indicate the time at which
the thermocouples enter the hot region, while the 40-gage
thermocouple (which has a rapid response) provides a con-
tinuous check on the apparatus and instrumentation.

(3) An air stream, directed over the top of the hot plate heated
vessel containing the boiling water, is employed to eliminate
premature heating of the thermocouples by steam vapor.

Upon completion of the immersion apparatus checkout, efforts were
directed toward the design and checkout of the electrical galvanometer
circuit for the temperature recording channels of the oscillograph re-
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cording system. This effort has been completed and the response time
tests initiated. Typical printout data for five test thermocouples are
shown in Fig. 11-59. The test thermocouples used included:

(1) The 40-gage unsheathed chromel-alumel apparatus checkout
couple.

(2) Two 24-gage unsheathed chromel-alumel couples.

(3) One 24-gage sheathed chromel-alumel couple.

(4) One 30-gage unsheathed chromel-alumel couple.

A three-wire circuit thermocouple offering more structural integrity
and insensitivity to voltage effects has been developed for bulk coolant
temperature measurements. Response times for this couple will also
be determined at two immersion depths in accordance with the procedure
for the previously mentioned couples.

Autoclave tests are being conducted to determine the effect of high
temperature exposure of the unsheathed bulk coolant thermocoupls to
5500 F water having a pH of 9.2. After 14 days exposure, the thermo-
couples were recalibrated and only the expected temperature shift (high
temperature aging effect) was experienced. Additional checks will be
made after each 7-day exposure period.

c. Test section wall thermocouple tests

The objective of this test is to determine the response time char-
acteristics of the thermocouple system to be employed in measuring
the Jimulated fuel element wall temperatures. Three-wire thermo-
couples will be employed for this purpose. The principal features of
this couple are:

(1) Direct attachment to the surface where a temperature measure-
ment is desired.

(2) Elimination of the error normally associated with measuring
the temperature of a current-carrying region when a thermo-
couple is directly attached to the surface.

Item (1) above enables the realization of good response characteristics,
while item (2) gives the accuracy and reproducibility required.

The general procedure requires that the test specimen to which the
thermocouples are attached be subjected to a power pulse while adiabatic
conditions are maintained. Thus, the energy added to the test specimen
goes only into increasing its temperature. The true temperature of the
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element will be ascertained by analysis, assuming that all of the added
energy is utilized in raising the temperature of the metal. A steady-state
resistance versus temperature calibration will also be obtained and used
to determine a transient temperature history. During the conduct of the
test, the measured surface temperatures, current and voltage will be
recorded with the oscillograph.

These response time tests will be conducted early in the next report
period, employing an actual DTTS-1 tube. Power pulses which, under
steady-state conditions, would yield thermal heat fluxes ranging from

50,000 to 500,000 Btu/ft2-hr will be investigated for time intervals be-
tween 1 and 3 seconds.

3. Instrumentation

During the quarter, virtually all outstanding pieces of instrumenta-
tion were received. The only exceptions were the Pottermeter flow
sensor and several differential pressure transducers. The pressure
transducers were delayed, due to vendor material shortages. The de-
lay in shipping the Pottermeter sensor was caused by difficulties ex-
perienced in plating the rotor. These remaining items are expected to
be closed out early in the next quarter. The assembly of the portable
console to house the major components of instrumentation was completed
and is shown in Fig. 11-60.

a. High speed recording oscillograph

Receipt of the high speed recording oscillograph was reported during
the previous quarter. During this report period, all of the galvanometers
were received. Some of the galvanometer circuits which had been de-
signed were built, checked and, in some cases, modified to provide sat-
isfactory response and sensitivity.

b. Pressure transducers and controller

Six differential pressure transducers and two total pressure trans-
ducers were received; delivery of the three remaining differential units
is expected early in the next quarter. Apparatus to calibrate the trans-
ducers has been assembled and calibration was initiated. The trans-
ducer control system was also received and checked out.

Work on the transducer mounting brackets and valve assemblies was
initiated.

c. Flow instrumentation

The frequency converter, which provides a d-c output proportional to
the flow rate, was received and checked out. However, delivery of the
flow sensor was delayed. For fast response, the rotor of the flow sen-
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sor must be made of a magnetic material; in this case, a 400-series
stainless steel was used. However, to provide the required corrosion
resistance in high temperature, high purity water, a gold plating was
required on the rotor surface, resulting in some delay in schedule. How-
ever, the unit was ready for shipment at the end of the quarter.

d. Thermocouple signal conditioner

The thermocouple cold junction reference and zero suppression unit
was received and checkout was initiated.

4. Loop Modifications

The Martin heat transfer loop is being modified to double the d-c
power available and to correspondingly increase the power dissipation
capacity of the loop. The static rectifier d-c power supply is being re-
placed by a motor-generator set.

a. Motor-generator set

The motor-generator set was received during the quarter. The ro-
tating equipment is mounted on two separable base plates. One of these
units, containing the drive motor and one generator, showed evidence of
longitudinal rotor motion during shipment. Further inspection revealed
a scored shaft and severe bearing damage. It was necessary to return
the unit to the fabricator for repair. Although the unit was returned in
good condition during the quarter, a delay of 4 to 6 weeks in overall pro-
gram schedule resulted. Every attempt will be made to regain some of
this time during the remainder of the program. The concrete pad for
the M-G set was completed and the unit has been moved into position
(see Fig. 11-61).

b. Loop modifications

Modifications to the loop to provide increased heat dissipation ca-
pacity were nearly complete at the end of the quarter. It is planned that
the loop will be hydrostatically tested early in the next quarter, then
thermally insulated.

The quick-operating shutoff valves, which will be installed at the test
section inlet and outlet, were received and successfully hydrostatically
tested. These valves are required to prevent complete loss of coolant
in the event of a test section burnout.

c. Power supply programmer

A design was generated and most of the components were procured
for the power supply programmer. This device will be used to obtain
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the desired variation in the power applied to the test section during each
test run. The unit will be assembled and checked out early in the next
quarter.

G. SUBTASK 5.9--DEVELOPMENT OF PHASE IV
AND PHASE V TEST PROGRAM

C. Murphy, J. Holliday, J. Buzy

During the quarter, the PM- 1 inspection and test outline was sub-
mitted for approval. Preparation, in draft form, of the individual pre-
shipment test procedures was completed.

During the next quarter, the preshipment test procedures will be
submitted for approval. Preparation of the preshipment test program
and of at-site testing procedures will be initiated.

Preshipment tests to be performed are as follows:

PM-1-T1 Nuclear Instrument System and

PM-1-T2 Reactor Rod Control System

Section I Operational check of signal generator and logic
circuits without actuators connected.

Section II Operational check of actuators and position in-
dicators.

PM-1-T3 Reactor Safety System

Section I Calibration and functional check of systems using
internal test signals.

PM-1-T4 Reactor Coolant System

Section I Coolant pump operation in cold loop.

Section II Coolant pump operation in hot loop.

PM-1-T5 Pressurizer and Pressure Relief System

Section I Verification of level instrumentation and controls
operation by raising and lowering water level
with system cold.

Section II Verification of pressurizer pressure instrumen-
tation and control operation during cold hydro
and during hot operation.
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Section III Check of heatup rate of pressurizer heaters.
Determination of the setting of 1A heater trans-
former taps.

Section IV Setting of spray bypass valve during operation.

Section V Setting of spray control valve during operation.

Section VI Pressure relief valve setting verification.

PM-1-T6 Coolant Purification System

Section I Coolant purification valve operation.

Section II Check of adequacy of demineralizer fill procedure.

Section III Check of adequacy of demineralizer flush pro-
cedure.

PM-1-T7 Coolant Charging System

Section I Check of coolant charging pump controls and
valves.

Section II Check of coolant charging pump relief valves
(ability of charging pumps to charge into pres-
surized system will be demonstrated in PM- 1-
T32).

PM-1-T8 Discharge and Vent System

Section I Check of sump pump operation.

Section II Operation of system during plant fill and heatup.

PM-1-T9 Chemical Addition System

Section I Addition of chemicals into the system during
heatup.

PM-1-T10 Shield Water System

Section I Filling system and checking flows and controls.

Section II Check of adequacy of demineralizer fill procedure.

Section III Check of operation of system.

Section IV Check of adequacy of demineralizer flush pro-
cedure.
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PM-1-Tl

PM-1-T13

PM-1-T23

PM-1-T24

PM-1-T29

PM-1-T31

PM- 1-T32

Decay Heat Removal System

Section I Check of operation of system prior to plant heatup.

Section II Check of ability of decay heat pump to cool sys-
tem.

Radiation Monitoring System

Section I Check of system and alarms, using radiation
sources.

Main Station Transformer and Distribution Systems

Section I Check of mechanical operation of breakers and
starters.
Measurement of insulation resistance.

Section II Electrical operation of Primary System auxiliary
control circuits.

Vital A-C and D-C Systems

Section I Check of mechanical operation of breakers and
contactors.

Section II Operational check of systems (without battery).

Plant Instrumentation and Control

Section I Check of Primary System instrumentation and
control, using simulated signals.

Section II Calibration check of Primary System instrumen-
tation and control with plant hot.

Primary Plant Operation

Section I Fill, heatup, operation and cooldown of plant
(guide procedure).

Reactor Leak Tests

Section I Cold hydro of plant (during T3 1).

Section 11 Hot hydro of plant (during T3 1).
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H. SUBTASK 5.12--EXTENDED POWER RANGE STUDIES
FOR PM CLASS NUCLEAR POWER PLANTS

During the past quarter, work was performed in the following areas:

(1) System studies.

(2) Core design studies.

(3) Nuclear analysis.

(4) Compilation of data on improved PM cores.

A summary of the conclusions reached and the current status is given
below.

1. System Analysis

(1) The vendor information necessary to complete the parametric
study was requested. A pressurizer code was written to
aid in sizing of the pressurizers considered in the parametric
study.

(2) A study to determine the maximum reasonable power output of
the PM-1 plant was performed. The plant output obtainable by
changing operating conditions was found to be 16.7 Mw(t). This
requires a maximum ambient air temperature of 560*F. PM-1
site temperature is below 56* F for 80% of the year.

2. Core Design Studies

(1) Studies of minor revisions in the mechanical design of the
PM-1 core continued.

(2) The conceptual design of an advanced core continued, with
studies performed in the following areas:

(a) Finger-type control rods.

(b) Redundant control rods.

(3) The fabrication and radiation damage problems involved in
burnable poison elements suitable for advanced PM-type cores
were investigated.

(a) A limitation of 0.2 wt o B-10 in boron stainless steel tubes
was established.
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(b) A study of pellet-type rods is in progress. The results
obtained thus far are inconclusive.

(4) The use of europium titanate in finger rods was investigated.
It was found that using 97%o purity instead of 99%6 results in
a saving of approximately 20%o. Based on vendor information,
further reduction in purity does not reduce cost.

3.. Nuclear Analysis

(1) The lifetime of the PM-1 core with minor modifications was
found to be extended to approximately 1150 days, at PM-1
power, by the use of boron stainless steel tubes containing
0.2 wt 0 B-10.

(2) Survey studies of finger - and redundant blade -type control rods
were completed. Of the two, finger rods appear more attrac-
tive, but both yield control worths significantly greater than that
of Y-rods.

(3) A fuel element parametric study was completed. The results
show that core life can be increased greatly by the use of thicker
fuel elements and tighter fuel element pitch.

4. Compilation of Data on Improved PM-Type Cores

Data were compiled for two cores, both utilizing the minor revisions
in the PM-1 core mechanical design. One core contains the PM-1 poison
rods; the other, boron stainless steel tubes.

5. Parametric Study

a. Vendor information

Information as to the costs, weights and sizes of all the items of equip-
ment being considered in the study was requested through Procurement.
This information has been received for:

(1) Primary coolant pump.

(2) Purification cooler.

(3) Purification economizer.

Information has not yet been received for:

(1) Reactor coolant system piping.
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(2) Reactor pressure vessel.

(3) Pressurizer.

(4) Steam generator.

b. Pressurizer code

The parametric study involves the sizing of many pressurizers. Since
the sizing of each pressurizer involves rather lengthy calculations, it was
decided to program the necessary equations for the IBM 709 and 7090 com-
puters. This code, which will both size a pressurizer and evaluate a fixed-
size pressurizer, was written, compiled and checked.

The code permits the use of safety factors on insurge and outsurge, and
calculates results both with and without these safety factors. The calcula-
tions are based on fairly simple thermodynamic processes which give rea-
sonable agreement with the available operating data.

6. Power Output of the PM-1 Plant

This study was performed to determine the upper thermal power rating
which is feasible in the PM-1 plant. Analyses were performed on the power-
limiting components of the Primary and Secondary Systems.

Studies of individual components were performed to determine the limita -
tions they impose on the plant power output, and the variation of permissible
power obtainable by varying the appropriate parameters. The more import-
ant individual components studied during this reporting period were:

(1) Reactor vessel.

(2) Primary pump.

(3) Turbine -generator.

(4) Condenser.

The core and steam generator were investigated during the previous
quarter. The results of these studies were then correlated to determine
the maximum reasonable power output of the PM-1 plant and the corres-
ponding integrated yearly energy output.

Further analyses were performed at the uprated power level to valuate
the recirculation rates within the steam generator and to specify an auxil-
iary load dump in the secondary plant.
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As a result of the study, it was concluded that the PM-1 plant can operate
at 16.7 Mw(t) while producing a gross electrical output of 1250 kw. The
significant plant operating conditions would be:

(1) Thermodynamic pressure of 1200 psia.

(2) Steam pressure of 270 psia.

(3) Mean temperature of 4750 F.

(4) Condenser back pressure of 6 inches of Hg.

(5) Maximum ambient air temperature of 560 F.

(6) Reactor vessel design in accordance with the Navy code.

(7) Primary loop flow rate of 2125 gpm.

Considering the portion of the year in which Item (5) above is available,
the yearly integrated plant energy output is 15.3 Mw with a power factor
of 1.0.

a. Reactor vessel studies

The reactor vessel stress limitations were determined as a function of
design pressure and nominal reactor power, according to the ASME Code
and Navy Code. The ASME Code limits the increase of reactor output to a
small percentage, even with the addition of a 1 -inch thermal shield. Under
provisions of the Navy Code, operation at a power level of 20 Mw(t) with a
design pressure of 1500 psia is permissible.

ASME Code

This study showed that the reactor vessel stress limitations restrict
a power increase to 9.8 Mw(t), at a design pressure of 1500 psi, and to
12 Mw(t) if 1 inch of thermal shield is placed inside the reactor vessel.
A decrease in design pressure increases the nominal reactor power rating
in the reactor vessel; it also decreases the core thermal output.

The variation of the allowable design pressure with reactor power out-
put is shown in Fig. 11-62 with thermal shield thickness as a parameter.
This study considered both the mechanical and thermal stresses in the
reactor vessel.

Navy Code

The results of this investigation showed that the power of the plant can
be increased to 20 megawatts without endangering the safety of the vessel.
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A Total shield thickness = 6 in. (3 shields)
Total stress = 1.5 x 14,900 psi = 22,350 psi
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The results use the Navy Code* as a design basis. The vessel will no longer
be within the requirements of Case 1234 of the ASME Code.

The items investigated and the results are as follows:

Thermal ratchet criterion. For a pressure membrane stress of
13,100 psi in PM-1, the allowable thermal stress is 50,000 psi. The max-
imum thermal stress from gamma heat flux is 18,000 psi (at 20-megawatt
power). Thus, the thermal ratchet criterion is not critical for 20-megawatt
power.

Fatigue. The critical area in the vessel for fatigue from transient
gamma heating during startup and shutdown occurs at the discontinuity
between the vessel wall and the nozzles. The maximum alternating stress
intensity was found to be 38,500 psi, and the basic mean stress intensity
was found to be 13,500 psi. Plotting these on the Goodman fatigue diagram
indicated that the allowable number of startup-shutdown cycles (based on
a usage factor of 0.4 for startup-shutdown transients) is 4000. This is
well in excess of the 750-cycle design criterion used for the PM-1 reactor
vessel. The gamma heating transients during operation were not found
to be critical.

Radiation damage. The pressure vessel is fabricated from SA 240 Type
347 stainless steel. This steel has been subjected to fast flux levels of

1022 neutrons/cm2 with no phase change and therefore no change in the
Nil Ductility Transition Temperature (NDT). The calculated fast flux level

at the core midplane is 1021 NVT for 10 -megawatt power. Doubling the

power would result in a fast flux of approximately 2 x 1021 NVT. Since

this is still below 1022 NVT, there will be no change in NDT temperature.
Thus, radiation damage for 20-megawatt power is not critical.

b. Primary pump

The purpose of the investigation of the primary pump was to determine
the maximum increase in flow rate obtainable in the PM-1 plant without
changing the pump volute and motor.

Pump characteristics with the maximum possible impeller diameter
installed were received from the manufacturer. The primary pump char-
acteristics were plotted on the same curve with system head loss, as shown
in Fig. 11-63. The crosspoint of head versus flow for the two units deter-
mined the new system design conditions. The primary loop flow rate

*Tentative Structural Design Basis for Reactor Pressure Vessels and
Directly Associated Components, December 1, 1958, PB 151987.
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under these conditions is increased by 11%. The new brake horsepower
requirements are lower than the installed motor capacity of 75 hp; there-
fore, no change in motor size is needed.

Since little increase in heat transfer rate would be obtained with increased
system flow rate, the remaining studies were based on PM-1 design flow.

c. Turbine -generator

The object of the turbine -generator analysis was to determine the
generator electrical output of the PM-1 unit as a function of throttle
pressure. In order to increase the electrical output, the turbine exhaust
pressure was reduced from 9 inches Hg to 6 inches Hg. The results of
the study are shown in Fig. 11-64.

The steam flow rate in the PM -1 turbine is limited by the size of the
inlet steam chest. The maximum steam velocity through the turbine chest
corresponds to 26,253 lb/hr of 280-psia steam. Steam flow rates were
determined at various pressures from 280 to 200 psia by scaling the above
flow rate by the ratio of steam specific volume.

A 95% turbine-generator efficiency was assumed for all cases. At a
6-inch Hg back pressure, the exhaust steam quality is 87%.

d. Condenser

The object of the air-cooled condenser study was to determine the
required air inlet temperature as a function of turbine throttle pressure
at a 6-inch Hg back pressure. It was assumed that the pressure drop
between the turbine and condenser was negligible.

The results of the condenser study are shown in Fig. 11-65. Utilizing
Figs. 11-64 and 11-65, it can be seen that an ambient temperature of 56* F
is required to produce a gross electrical output of 1250 kw. The ambient
air temperature at the PM-1 site is equal to or less than 56* F for 80%
of the year.

e. Correlation of component limitations

The limitations imposed on the PM-1 plant power output by the individual
components were correlated. Figure 11-66 shows the overall results. The
methods used to correlate the results were:

(1) Figures 11-64 and 11-65 were combined to yield gross electrical
output versus ambient air temperature. This is shown in Fig.
11-66 as Curve 1.
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(2) A differential of 10 psi was added to the turbine throttle pressure
to determine the steam generator shell side pressure. This is
shown in Fig. 11-66 as Curve 2.

(3) A curve, Fig. 11-67, which relates thermal power, temperature
and thermodynamic pressure, was combined with the 2125-gpm
data of Fig. 111-42, 7th PM-1 Quarterly Progress Report. The
results are shown as Curves 3 through 5 of Fig. 11-66.

f. Steam generator recirculation

The recirculation rates were determined at the PM-1 design conditions
and at 18 Mw(t) and 270 psia to verify the design parameters and ascertain
the steam generator adequacy at higher power.

At PM-1 design conditons, a recirculation ratio of 19 was predicted,
compared to a design value of 8.1. It is believed that the design value is
based on quite conservative calculations of the pressure drops entering,
leaving and in the downcomer. At the higher power, a recirculation ratio
of 9.8 is predicted. Using the relationship between downcomer pressure
drop and the total flow rate which was apparently used for design, a re-
circulation ratio of 4 would be predicted. In all cases, the difference in
density between that occurring in downcomer and that occurring in the
tube bundle is sufficient to ensure adequate circulation, and no difficulty
with operation at 18 Mw(t) is anticipated.

g. Auxiliary load dump

Two methods were considered as part of a necessary load dump for
a higher rated PM-1 power plant. The first method is an electrical
resistance bank across the turbine -generator; the second, an auxiliary
steam desuperheater followed by a condenser.

Electrical Resistance Bank

An electrical resistance bank unit to be used for continuous dissipation
of 750-kw, 3-phase, 2400/4160-volt, 60-cps current was sized. The unit
would require one pod and cost between $20,000 and $30,000.

Steam Desuperheater and Condenser

A second method considered to dump the additional steam produced
was a steam desuperheater followed by an air-cooled condenser. This
equipment was sized for an 18-Mw(t) primary plant producing 270-psia
steam.
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The PM-1 condenser design was scaled and two pods of two condensers

per pod for a total of 60,000 ft2 would be required. The air flow rate would
be 1,550,000 lb/hr.

7. Core Design Studies

Work in the core design area was concentrated on the following items:

(1) Minor modifications of the PM-1 core.

(2) Major modifications of the PM-1 core which include:

(a) Finger-type control rods.

(b) Redundant -type control rods.

(3) Burnable poison material study.

(4) Use of europium titanate pellets or compacted powder in finger-
type control rods.

a. Minor modifications to the PM-1 core

Minor modifications to the PM-1 core include:

(1) Elimination of the center bundle and extension of the peripheral
bundles inward to absorb this space, except for a center hole in
which the neutron source is inserted.

(2) Modification of the upper skirt head, because of the center bundle
elimination.

(3) Redesign of the control rod guide rails.

(4) Elimination of all dummy fuel elements.

The improvements gained by these changes were: an increase in the number
of cells from 849 in the PM-1 to 888, with a resulting increase of life; a
reduction in the weight of steel within the core; and a possible reduction in
the manufacturing costs of the guide rails. A cross section of a peripheral
bundle associated with this core is shown in Fig. 11-68.

The guide rail conforms to the same inner dimensions as in PM-1, but
consists of a simple channel with 1/8-inch walls. To eliminate a water gap
adjacent to the guide rails, which would cause power peaking and allow core
flow to bypass fuel elements, a sheet metal form is welded to the side of
each guide rail. As in PM-1, the guide rails align the upper and lower grids,
being pinned to the alignment structure and bolted to the bottom grid.
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b. Major modifications to the PM-1 core

Finger-type control rods have these advantages:

(1) Reduction of the number of cells occupied by control elements
and guides.

(2) Control elements could be distributed through the bundle in a
more efficient manner than that imposed by a Y-rod shape.
This would provide more effective control.

(3) Lower manufacturing costs may be realized.

Redundant-type control blades are those which overlap each other,
thus alleviating the one rod stuck out condition. In the fully inserted
position, a certain amount of control redundancy results. A typical
redundant control rod is shown in Fig. 11-69. The control rod has a
modified cruciform shape and extends into each adjoining bundle.

To obtain a reasonable blade thickness and provide adequate clearance
between control rods, the removal of two rows of fuel elements is required.

Since the control rods cross bundle boundaries, each bundle is divided
into an inner and outer segment. The lower grids of each segment are
separate pieces, requiring an orifice structure extending from the base
of the core shroud to control the flow rate in the control rod channels.
Wear pads, guide rails and bundle alignment devices became complicated.
Fabrication of the modified cruciform-type rod is difficult. For the above
reasons, further study of the redundant control rod scheme was suspended.

c. Burnable poison study

Boron-stainless steel tubes, B4 C-Al 2 03 pellets, and B4C-SiC pellets

were investigated as burnable poison elements. This study included a
literature study of fabrication and radiation damage limitations as well
as calculations of gas evolution and center temperature.

Boron-stainless steel tubing elements are more effective than rods,
since there is less residual steel in the core. Fabrication and radiation
damage limits boron-stainless steel tubing to approximately 0.2 wt %B-10
in stainless steel.

The possibility of using cermet pellets of B 4 C -Al203 is considered

because of the complete lack of residual steel, except for the clad.

The literature on B4C -Al203 cermet was limited, particularly with

respect to the effects of radiation on physical and mechanical properties.
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Pellets of this material have been produced on a laboratory scale by
hot and cold pressing-sintering methods. Depending upon the B4C

content, densities as high as 90% of theoretical have been obtained. The
addition of B 4 C has an adverse effect on density, corrosion resistance

and gas generation.

B4 C -Al203 samples of 4.4 wt % B4C have exhibited small amounts

of helium release -- less than 2% of theoretical. Since a composition
of 1 to 5 wt % is estimated as required for use in the modified PM-1
cores, an expansion space could easily be provided in a poison element
to contain this gas. This space was calculated as approximately 1.5

cm3 for a center temperature of 692* F. A pellet diameter of 0.446
inch was considered, with 0.006 -inch allowance made for radiation
swelling.

The literature survey provided inconclusive information on the water
corrosion properties of B4C -Al203. A water corrosion test must be
conducted to obtain data.

d. Use of europium titanate in finger -type control rods

The possible use of europium titanate (Eu 203-2TiO 2 ) pellets or com-

pacted powder as finger-type control rods was considered. Densities of
97% and 59.8%, respectively, were obtained.

The major effort relative to europium titanate was to determine the
economical aspects of purchasing a europium oxide of a lower purity than
is now used. It was found that high purity rates, above 97%, are considered
standard quality but apparently anything below this, while obtainable, may
not be purchased at significant savings.

8. Nuclear Analysis

The following were accomplished during the quarter:

(1) Lumped burnable poison element studies.

(a) Use of lumped poison tubes and rods in the PM-1 final
design were compared.

(b) A lifetime study on the modified PM-1 core, using different
lumped poison tubes, was conducted.

(2) Control rod types were studied:

(a) Finger rod control systems.
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(b) Redundant blade -type control systems.

(3) A fuel element parametric study was performed.

a. Lumped burnable poison element study

An analysis of the PM-1 final design was made, with lumped poison
tubes substituted for rods. The tubes had the same dimensions as the fuel
elements and contained the same amount of boron as the reference lumped
poison rods. The results indicated a gain in core lifetime of about 100
days. The gain is the result of less residual steel and boron at the end of
life and a slightly higher initial fuel loading.

The average fraction of B-10 remaining in the tubes and rods as a func-
tion time is shown in Fig. 11-70.

The results of the lifetime studies of the modified PM-1 core,
using different ID lumped poison tubes, are very promising. The maxi-
mum core life, which was partially optimized on poison tube wall
thickness, was about 1150 days--a significant increase over the PM-1
final design. More refined calculations, including nonuniform deple -
tion, might result in a smaller gain. The above core life is based on
a core containing 794 fuel elements and 94 poison elements with a
40-mil wall thickness.

A comparison was made of boron-stainless steel lumped poison
tubes of different wall thickness and boron content. Each tube con-
tained 0.20 wt % B-10 in stainless steel. The boron was enriched
to 93% in B-10. The boron concentration selected was based on radia-
tion damage data and manufacturing limitations.

Reactivity and lifetime. The core configuration used for the re-
activity and lifetime calculations was the modified PM-1. The modifi-
cations consist of the following:

(1) Reduction in cross-sectional area of the control rod guides,
allowing two additional cells per guide.

(2) Removal of 18 SS tubes and 3 SS rods from the core.

These modifications permit a total of 888 cells to be used for fuel and
poison tubes as compared to the 831 cells available in the reference
design.

The initial cold reactivity was calculated for the core containing
different ratios of fuel elements to poison elements and poison tubes
of different wall thicknesses. For each poison tube size, the number
of fuel elements and poison tubes was determined so that the initial
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reactivity was approximately equal to that of the PM-1 reference core.
The ratio of the number of fuel elements to the number of full length
poison tubes versus the tube wall thickness is shown in Fig. 11-71.
The values are given for initial reactivities of 0.1300 and 0.1400, as
well as 0.1192, the PM-1 initial reactivity. Each core contains 18
two-third length poison tubes corresponding to those of the reference
design. Referring to Fig. II-71, it can be seen that for a constant
initial reactivity, a reduced number of fuel elements are required
as the tube approaches a solid rod. This is caused by the reduction
in effective cross section as the poison tube approaches a solid rod.

Core lifetime was calculated using each tube thickness and the
fuel elements to poison elements ratio, which yielded an initial cold
reactivity of about 0.1192. The lifetimes were corrected for reactivity
bias and nonuniform burnup. The corrections were obtained by per-
forming the identical calculations on the PM-1 reference design. The
reactivity bias necessary to correct the calculated reference design
reactivity to that measured was obtained. This bias was applied to
all the calculated initial reactivities. The nonuniform burnup bias
was obtained by reducing the reactivity of the uniform burnup re -
sults to obtain a core life of 730 days for the PM-1 reference design.
This bias was applied to all the calculated 'lifetimes. The resulting
lifetimes are given in Figs. 11-72 and 11-73, which show the core life-
time versus poison tube thickness and FE/LPT, respectively.

Referring to Fig. 11-72, it is seen that a smooth curve through the
calculated points indicates a maximum core life of about 1150 days
with a 40 -mil tube wall thickness. However, the core life should
start to decrease very rapidly with further reductions in tube thick -
ness. Thus, it is possible that the peak core life occurs between the
last two calculated points. This is approximated by a dashed line on
both Figs. 11-72 and 11-73. Additional calculations are required to
verify the shape of the curves in this region.

Figure 11-73 clearly shows that the maximum core lifetime is about
1150 days. A further decrease in FE/LPT will cause a corresponding
reduction in core life primarily because fuel is being removed.

b. Control rod studies

Survey nuclear studies on methods of increasing the worth of the
control system for advanced PM-1 type cores have been completed.

The finger rod study results indicate that this system yields a
higher control rod worth than the present Y-type rods. Several ab-
sorber materials were used and are listed below.

153



11-152

Modified core

21 ----------- ---- ----------- - - ------------------------ --------
Initial, cold,

clean reactivity
-0-----------

0.1400

19-------0. 1300 r--------

0.1192
0

14 18 ---------- ---------- ---------- ---- -- - ------- -------- -------- ------- +--------+----L --------- ---
4-

0

0 17 ---------- -------- ---- ----- ---- ---------- -- ------- +-------- ---------- -- -L ---------- ----------
z

16 ---------- -------- - --- ------------ ----- + ---- -------- ---------- ---------- ----------

15 --- - - - - - - - - - - - ----------- ---------- --------------- -------- ---------- -----

1 -- - - - --- -- - ----- --------- --------- ------- -- - --------- ---------- ---------- ----------

0

:3 13 -------

z

in
0 0.05 0.10 0.15 0.20 0.25

Tube Wall Thickness (in. )

Fig. 11-71. Ratio of Number of Fuel Elements to Number of Poison Tubes
Versus Tube Wall Thickness

154



11-153

1200 i

Tube Wall: B-10 Per
Thickness: Tube

1100(in.) (gin)1 100 ---------- -------- -- ---- -- - -- - --------- -- ----- Ii .)( m

0.0400 0.449
0.9250 0.920
0.1450 1.257
0.1975 1.459

\0.2500 1.526
10 0 0 ---------- --------- - --------- -- - - - - ------- -- -------- --------- ------------------- --- - ---------

1 0 0 - - - ---------------------0 .2 5 0 0 -------1 --5 2 6 --

900--------------- -------------------------------
90 0 ---------- --------- --------- ------ -- ----- - --- -------- + --------- + --------- ------- --

Possible curve
form

800---- -------to 0 --------------- -- - - - - - - - ---- ------------------------- --- --- ------ -- -------- - --- -----

U Modified core,
uniform burnup

7 0 -------------------- --------- --------- -- -- - - - ----- - ------------ ----- ----- -- ---------

0 0 --------- +- ------------ ----- -- -- -- ------------------- ------------------- + L --------- ----- ---

700- --------------

600-
500 0002

0 0.05 0.10 0.15 0.20 0.25

Tube Wall Thickness (in. )

Fig. II-72. Core Life Versus Poison Tube Wall Thickness

155



0 ---------------- -- - -- -- ---- - ------- - -- ----- -- ------ --- -- - - - - - - - - - - - - - - - - - -- -- -- -

14 ----------------

Modified core,
uniform burnup

1 3 - -- -- - --- - ~ -- - - - -- -- - -- - -- :

S1 3 -- --- - - - - - - - - - - - -- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - ------------ - - - ---- - - - - - - + - - - -

-- - Possible curve form

-- 1 0 ---.--- ------- --- -------- ----

z
500 600 700 800 900 1000 1100 1200

Core Life (days)

Fig. 11-73. Ratio of Number of Fuel Elements to Number of Poison Tubes
Versus Core Life

1



II-155

Worth of Finger Rod System with Different Materials (150 Rods)

Material 6-Rod Worth (p) 5-Rod Worth (p)

2 wt % B-10-SS unclad -0.211 -0.137

30 wt % Eu203-SS unclad -0.339 -0.220

Eu2O3 2 TiO pellets in

15 -mil clad -0.293 -0.190

Cd-In-Ag (5 -15 -80 wt %)
in 15-mil clad -0.195 -0.127

Experimental 6 Y-rod system
of PM-1 -0.191 -0.121

These values of rod worth should be considered as preliminary
until more detailed calculations are performed.

The redundant blade-type control rods were found to be worth more
than the PM-1 rods. They also lose a smaller percentage of their worth
when one is withdrawn (20% compared to 38%).

Both systems were analyzed on the basis of 150 cells allocated to
the control system, as in the PM-1 Y-rod system with modified rod
guides.

Finger control rod systems. The finger rod cell used in the analysis
consisted of a 0.336-inch OD poison rod guided in a stainless steel tube
of 0.5-inch OD and 0.43-inch ID. The distribution of these cells in the
core was, in all cases, uniform in the radial direction. The distribu-
tion in the 0 direction was also uniform, except in the redundancy
studies.

Odd-shaped bundles. The investigation of odd-shaped bundles, de-
signed to reduce the loss in system worth under the stuck rod condi-
tion, has been completed. The bundle shape depicted in Fig. 11-74
was analyzed. The 5-rod worth of this configuration was 0.007 Ap
greater than the value for the 60-degree wedge -shaped bundles. The
limiting increase in 5-rod worth attainable by increasing the number
of 30-degree projections in Fig. 11-74 is 0.012 Ap. From this, we
may expect the gains to be derived from the odd-shaped fuel bundles
to be limited to approximately 1% in reactivity, unless bundle shapes
of much more complexity than that shown in Fig. 11-74 are used.
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300

Fig. II-74. Odd-Shaped Fuel Bundle for Finger Rod Control System
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Redundant finger configuration. The use of redundancy in a finger
rod system was investigated with a one-dimension calculational model.
The results show that the optimum distribution of poison cells in the e
direction is a uniform one. In the radial direction, of course, a non-
uniform distribution may be worth more than the same poison distri-
buted uniformly.

Redundant blade-type control systems. The redundant blade configura -
tion shown in Fig. 11-75 has been analyzed. The results are summarized
below.

Comparison of Redundant and PM-1 Rod Worths

Fractional
Loss in

System 6-Rod Worth (p) 5-Rod Worth (p) Worth

Redundant blades -0.285 -0.229 0.20

PM-1 Y-rods
(experimental) -0.195 -0.121 0.38

The large increase in system worth is due partially to an increased
amount of poison present by the elimination of 6-rod guides and reloca-
tion of the poison into areas of greater worth. It is believed that the
usual overestimation of control rod worth has been minimized by the
use of Blackness Theory in the determination of constants for the con-
trol material.

c. Fuel element parametric study

The parametric study of the PM-1 type fuel element has been com-
pleted. Fuel matrix thickness (30 to 70 mils) and wt % UO 2 in the

fuel matrix (20 to 40%) were continuous variables. Two values of
pitch, 0.600 and 0.665, were analyzed.

The study indicates that a significant increase in core life can be
obtained by increasing the fuel matrix thickness and/or the wt % UO 2 in

the matrix. For example, using a 70-mil matrix thickness and 28
wt % UO 2 , the core life is nearly triple that of the PM-1. Graphical

representation of the results are shown in Figs. 11-76 and 11-77.

The assumptions used in the analysis were:

(1) PM-1 power level, core height, diameter and temperature.
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Fig. 11-75. Redundant Rod System
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(2) The core is entirely filled with cells, of which 20o are
lumped poison rods.

(3) All of the lumped poison is burnt out at the end of core life.

Lifetimes were obtained from the uniform burnup code and were
roughly corrected to nonuniform life by multiplying by a factor of 0.65.

The effects of the independent variables upon initial reactivity (with-
out poison), uranium loading and lifetime are shown in Figs. 11-76 and
11-77. No corrections have been made in the graphs for the reactivity
biases (and resultant lifetime errors) known to be present in the analyti-
cal techniques. However, comparisons between points on the graphs may
be considered relatively accurate, since in the process of taking the
difference between two points, the biases would cancel.

9. Design Modification Chart

To record the changes resulting from each modification, a table of
PM-type core and plant characteristics has been prepared. The avail-
able values for PM-1 and present modifications have been inserted.
As other designs evolve, their characteristics will also be entered.

Three cores are summarized in Table 11-17. These are:

(1) PM-1 reference core.

(2) PM-1 core with minor mechanical design modifications.

(3) Same as (2), except boron-stainless steel poison tubes are
utilized.
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TABLE 11-17

PM-Type Core Characteristics

Modified Guide
Six 60* Bundles, Rail, Tubular
Modified Guide Poison, Six 60*

PM-1 Rails Bundles

1. Reactor Thermal and Hydraulic

Characteristics

Reactor Thermal Power (Mw)

Nominal 9.37 9.37 9.37

Maximum 11.24 11.24 11.24

Core Coolant Temperature ( F)

Average 463 463 463

Inlet 446.7 446.7 446.7

Average outlet 489.1 489.1 489.1

Hot tube outlet (nominal) 520.4 520.4 520.4

Hot tube outlet (maximum) 567.0 567.0 567.0

Core Operating Pressure (psia)

Normal operating 1300 1300 1300

Minimum operating 1200 1200 1200

Core Heat Flux (Btu/hr-ft2 )

Average 71,900 68,800 67,100

Maximum (without HCF's) 235,600 226,000 220,000

Maximum Fraction of Burnout
Heat Flux 0.095 0.091 0.089

Core Pressure Drop (psi) 1.16 1.16 1.16

Core Coolant Velocity (ft/sec)

Average 2.26 2.26 2.26

Inside tube 2.351 2.26 2.20

Outside tube 2.184 2.100 2.04

2. Core Physical Characteristics

Core diameter, equivalent (in.) 22.7 22.7 22.7

Core active height (in.) 30.0 30.0 30.0

Volume fraction, H20 8.0632 x 101 8.2084 x 101 8.5099 x 101

Volume fraction, SS 1.72816 x 101 1.5681 x 10- 1 1.26958 x 101
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TABLE 11-17 (continued)

PM-1

3. Fuel Element Characteristics

Volume fraction, UO2

Structural material

Metal/water area fraction

Fuel bundle shape and number

Total number of cells

Number of fuel tubes

Number of poison elements

Number of dummy elements

Number of control rods

Type

OD (in.)

ID

Length, active (in.)

Meat composition (wt % UO2 )

Meat thickness (in.)

U-235 enrichment (%)

U-235/element (gin)

Number

Total U-235/core (kg)

Clad material

Clad thickness (in.)

Pitch spacing (in.)

4. Burnable Poison Element

Type

Size

OD of element or clad (in.)

1.62369 x 10-2

Mod ASTM 304
and 347

0.2342

6 peripheral
bundles
1 center bundle

849

741

90

18

6

Tubular cermet

0.506

0.416

30.0

28.35

0.030

93.2

40.13

741

29.74

Modified 347 SS
with 0.01 wt % Co
max 0.03 wt % Co
and Ta max

0.006

0.665

Rod

0.500 to 0.424

Six 60* Bundles,
Modified Guide

Rails

1.6960 x 10-2

0.2115

Six 60-deg
bundles

888

774

114

0

6

Same as PM-1

774

Same as PM-1

Modified Guide
Rail, Tubular

Poison, Six 60*
Bundles

1.7398 x 10-2

0.1697

Six 60-deg
bundles

888

794

94

0

6

Same as PM-1

794

Same as PM-1

Tube

0.500
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TABLE II-17 (continued)

Six 60* Bundles,
Modified Guide

Rails

Modified Guide
Rail, Tubular

Poison, Six 60*
Bundles -

Clad or tube thickness

OD of poison material (in.)

Length of poison material (in.)

Clad material

Poison material

Boron loading (wt %)

Number of elements

Full length

2/3 length

Weight of B10 /element (gm)

Full length

2/3 length

Total amount of B1 0 (gm)

5. Control Element

Type

Total length--overall from pickup
ball centerline (in.)

Active length (in.)

Total width or OD (in.)

Clad thickness (in.)

Meat thickness, nominal (in.)

Active width or OD of control
material (in.)

Clad material

Control material

N/A

0.500 to 0.424

30.0 and 20.0

N/A

Boron stainless
steel

0.2754 B (natural)

72

18

0.383

0.256

32.2

Same as PM-1 0.040

30.0

N/A

Boron stainless
steel

0.200 B10

90

24

76

18

0.4492

0.2991

39.5230

0.383

0.256

40.60

Y-blade clad
ce rmet

38.375

32.0

3.875

0.030

0.250

3.500

347 SS Modified
0.05 wt % Co max
0.15 wt % Co and
Ta max

30 wt % Eu2 O3 in
SS

Same as PM-1 Same as PM-1

Amount of control material
per rod (gm)

Number of control rods

Number of control elements
per rod

2780 (Eu2 O3 )

6

N/A

166

PM-1



11-165

TABLE 11-17 (continued)

Six 60' Bundles,
Modified Guide

Rails

Modified Guide
Rail, Tubular

Poison, Six 60"
Bundles

Amount of control material per
element (gm)

Total weight of control rod (lb)

Nuclear worth of 6 control rods
(%) cold

Nuclear worth of 5 control rods
(%) cold

6. Nuclear Characteristics

Initial reactivity (68* F)

Initial reactivity (463 F)

Average thermal core flux

Initial (Btu/hr-ft 2 )

At 2 years (Btu/hr-ft 2 )

Average temperature coefficients

Overall, 650 to 4630 F initial

At 2 years

Operating temperature (0 F)

Initial

At 2 years

Core conversion ratio

Core life (mw-yr)

PM-1

N/A

35.5 35.5

-19.5

-12.1

0.1182

0.0810

35.5

0.1192

0.0816

N/A

29.598

0.7 x 1013

1.4 x 1013

-1.2 x 10~4

-0.9 x l04

-2.1 x 10-4

-1.9 x 10-4

N/A

18.74

N/A

21.8
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III. TASK 7--FABRICATION AND ASSEMBLY OF PLANT

Project Engineer--G. Zindler

The overall objectives of this task are the fabrication and assembly
of the PM-1. Engineering liaison with the various vendors and engineer-
ing changes required during the fabrication period are also performed
under this task.

A. CONTROLS AND INSTRUMENTATION

R. Wilder

1. Process Instrumentation

All equipment, except for a few items of field-mounted instrumen-
tation, were received during the quarter. The pH flow cells and the
water chemistry instrument cabinet, which contains the readout equip-
ment, are to be delivered during the first weeks of the next quarter.

Temperature scan system. This system was completed during
January, installed in the console and checked. The checkout revealed
an a-c ripple in the d-c power supply that caused malfunctioning of the
unit. A filter has been designed and fabricated and is to be installed in
the system early in the next quarter. The system was also revised during
checkout to incorporate the fail-safe features of lights out for alarm and
audible alarm upon system power failure.

Control console. The wiring of the console was completed, all sys-
tems were checked out and the console was delivered to The Martin Com-
pany. All front panel mounted recorders and controllers were recalibrated
at The Martin Company by Foxboro representatives. System alignment
and calibration will be performed after the field-mounted detectors have
been installed.

2. Nuclear Instrumentation

The fault location system was completed and is undergoing checkout
at Stromberg-Carlson. Delivery is scheduled for early in the next quarter.

3. Control and Instrumentation Accessories

(1) The instrument maintenance shop cabinets were mounted on
the pallet.
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(2) Data sheet DS-27, covering the equipment and tools required
for Instrumentation, Maintenance and Calibration, was released.

(3) Drawings were prepared to show tubing connections to the
Primary System pressure transmitters and sample test equip-
ment. The Primary System pressure transmitters have been
located in a cubicle to be installed on the primary building
wall.

(4) The Secondary System pressure transmitter impulse lines
were changed from piping connections to tubing connections.

(5) A spare parts requirement list for maintaining instrumentation
equipment was compiled.

B. PRIMARY AND SECONDARY SYSTEMS

R. Manoll, H. Clark, R. Groscup,
D. Hutchinson and P. Rosenthal

During the quarter, the following was accomplished:

(1) Continuation of technical liaison with vendors and sub-
contractors.

(2) Engineering revisions, where necessary, to reflect vendor's
equipment requirements, including rearrangement to meet the
shipping criteria.

(3) Continuation of the PM-1 plant assembly at The Martin
Company.

(4) Updating of the plant bill of material for all packages.

(5) Continuation of fabrication, with delivery of many items.

(6) Updating of equipment specifications and data sheets.

Technical liaison was maintained with all Primary and Secondary
System equipment vendors. Engineering designs and data were received,
reviewed internally and comments returned to the vendors as necessary.
Visits were made to subcontractor installations as required. Revisions
to incorporate vendor-certified equipment data into the plant design con-
tinued.
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Installation drawings for the Air Condenser, Steam Generator and
Radioactive Waste Disposal Packages were completed and released.

The design of the borated interconnect shielding to be installed between
the Reactor Package and the Steam Generator Package was completed,
approved and released to the manufacturing group. Materials were ordered.

Preparation of "as built" drawings continued.

Electrical installation of the Maintenance and Decontamination Pack-
ages was completed. Drawings were revised to reflect "as built" changes
in these packages as well as in the Switchgear Package.

The Decontamination Package heating system was modified to incorporate
a horizontal-type projection heater.

New drawings were prepared and issued to cover the mounting bracket
of the coolant charging system in the Decontamination Package, and the
mounting bracket for the diesel generator exhaust. Design of control
systems for the sump pumps and air compressors were completed and
released.

Preparation of package weight, center of gravity and tiedown data,
required prior to shipping the PM-1 packages to the site, was initiated

Review of piping detail design by vendors continued. Primary System
Subsystem 6, 7, 8, 9, 10, 11, 12, 13, 14 and 17 designs were released for
fabrication. Subsystem 15 design is scheduled for release early in the
next quarter.

Subsystem 13 (shield water system) design was reviewed in detail for
piping pressure drops, orifice sizing, pump capacities and vendor equip-
ment cooling requirements. Results of this final investigation showed no
discrepancies from the shield water system analysis presented for ap-
proval on March 9, 1960. Orifice plate sizes were established for all
locations.

Piping isometrics by subsystem were prepared. Those subsystems
released were Nos. 6, 10, 11 and 12. Effort was started on the overall
Primary System piping assembly drawing to incorporate recent subsys-
tem revisions.

Major plant equipment completed and delivered by vendors during
the quarter included:

(1) Plant container tank No. 2.
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(2) Plant container tank No. 3 and support stand.

(3) Steam generator adjustable support.

(4) Refueling dolly.

(5) Tank No. 1 extension.

(6) Tank No. 3 extension and sluice gate.

(7) Air condensers.

(8) Six-inch main coolant loop piping.

(9) Pressurizer.

(10) Shield water pumps.

(11) Shield water demineralizer.

(12) Purification demineralizer.

(13) Control console.

(14) Reactor pressure vessel and tools.

(15) Prototype control rod actuator system.

(16) Core handling tools.

(17) Silver nitrate reactor.

Figures 111-1, 111-2, 111-3 and 111-4 show the assembly of the PM-1.

During the next quarter, the following will be accomplished:

(1) Maintenance of liaison with vendors and subcontractors.

(2) Completion of engineering revision effort to incorporate vendor
equipment data.

(3) Completion of PM-1 plant assembly at The Martin Company.

(4) Receipt of remaining plant components from vendors.

(5) Continued preparation of "as built" drawings for all assembly
work.
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*i

'7;

Fig. III-1. Assembly of PM-1 Secondary System Packages
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(6) Maintenance of the plant bill of material to reflect changes
occurring during assembly.

(7) Continued compilation of package weight data.

C. MANUFACTURING STATUS OF PM-1

Installation/ Assembly

Area

Decontamination

Maintenance

Switchgear

Heat transfer

Turbine-gen-
erator

Control room

Reactor

Steam gen-
erator

Spent fuel

Waste disposal

Condensers

Basic
Skid/
Tank

Complete

Complete

Complete

Complete

N/A

Complete

Complete

Complete

Complete

75%

75%

Major
Equip-
ment

(%)

100

100

100

100

40

100

100

90

100

15

50

Minor
Equip-
ment
(%)

90

100

100

80

90

98

90

50

95

0

50

ASSEMBLY

Elec-
Piping trical

(%0) (%)

95

100

95

Insula-
tion
(%)

95 0

100 0

90 --

25 30

10 50

- - 90

35 0

50

50

0

50

20

0

0

50

0

0

15

0

0
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IV. TASK 9--PRESHIPMENT TESTS

Project Engineer--G. Zindler

A. SUBTASK 9.2--AT-PLANT COMPONENTS TEST

B. SUBTASK 9.3--PRIMARY SYSTEM TEST

C. Murphy, J. Holliday and J. Buzy

Preshipment testing was initiated at the end of the quarter with a
demonstration of refueling tools.

During the next quarter, preshipment testing will be completed.
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V. TASK 11--SITE PREPARATION AND INSTALLATION

A. SUBTASK 11.2--SITE PREPARATION

G. Zindler

No direct action was required during this quarter with regard to
site preparation or plant installation.

During the next quarter, contacts will be established with various
Government agencies to coordinate PM-1 installation with other Air Force
station activities.

Detailed plans will be prepared for the receiving of the plant modules
and for readying the building for the installation of equipment during the
following quarter.

4W
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VI. TASK 13--MANUALS

Project Engineer--F. C. McGinty

The objective of this task is the preparation and publication of opera-
tional and training manuals required for the PM-1 Nuclear Power Plant.

A. SUBTASK 13.1--OPERATIONAL MANUALS

The objective of this subtask is to provide PM-1 plant personnel
with adequate written instructions for plant operation, maintenance,
health physics, water chemistry and assembly-disassembly proce-
dures.

1. Maintenance Manual

J. Junggust, R. Groscup

The planned work during this quarter included the release of the
preliminary manual for student use during training, and its submission
to the Contracting Officer for review and approval. These were accom-
plished.

The preliminary manual is still incomplete, due to lack of certain
vendor literature. As this becomes available, the required data will
be extracted and revision pages will be provided for the manuals em-
ployed at the site.

2. Operating Manual

C. Murphy

As planned, the Preliminary Operating Manual was completed in time
to be used as the text for the PM-1 Crew Training Program. Copies of
the manual were submitted to the Contracting Officer for review and ap-
proval or comment.

The manual is undergoing internal review and verification. All ap-
propriate comments and required changes will be incorporated in the
"site" operating manuals by revision pages, which will be issued prior
to the start of PM-1 operation at Sundance.

During the next quarterly reporting period, effort will be expended
on further verification of the manual and preparation of revision material.
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3. Health Physics and Water Chemistry Manual

J. M. Toennies, K. Jakobson

This manual was completed in its preliminary form and was sub-
mitted to the USAEC for review and approval or comments.

The Water Chemistry portion of the manual was used during this
quarter's Process Control speciality training. The procedures presented
in the manual were verified and, for the most part, found to be satis-
factory. In some minor areas, revision seemed advisable and, in part,
has been accomplished.

During the next quarter, the Health Physics portion of the manual
will be used during Specialty Training and further verification will be
accomplished. All required changes will be incorporated into this
manual prior to its operational use at Sundance.

4. Assembly- -Disassembly Manual

A. Ferrara

The Topical Outline for this manual was prepared and submitted to
the USAEC for its review and approval or comment.

Some preliminary effort was expended in the writing of the manual
prior to receipt of approval from the Contracting Officer. Rough draft
material was prepared for:

(1) Erection of primary plant tanks.

(2) Installation of secondary plant packages within the building.

During the next quarter, it is anticipated that the Preliminary Manual
will be completed and submitted to the USAEC for review and approval
or comment.

B. SUBTASK 13.2--TRAINING MANUAL

F. C. McGinty

The major effort planned and accomplished during this quarter was
the preparation of the lesson plans to be used during the training pro-
gram and submission of same to the Contracting Officer. Upon receipt
of approval from the USAEC, the lesson plans will be prepared in final
form, and will be incorporated as a major portion of the Training Manual.
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Preparation of preliminary copies of the following lesson plans were
completed and submitted to the USAEC:

(1) Plant information course.

(2) Operating instruction course.

(3) Instrumentation specialty course.

(4) Electrical specialty course.

(5) Process control specialty course.

Other work included the preparation of practical work sheets, ex-
aminations and lesson plans for the Mechanical Specialty Course.

The Training Manual will be completed during the next quarter and
submitted to the Contracting Officer.
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VII. TASK 14--TRAINING

Project Engineer--F. C. McGinty

The objectives of this task are to develop and implement a program
to train military personnel to supervise and conduct the operation and
maintenance of the PM-1 Nuclear Power Plant.

A. SUBTASK 14.1--TRAINING DEVELOPMENT

The work accomplished during this period included coordination in
the areas of: (1) readying training facilities for occupancy, (2) student
arrival, (3) initiation of training, (4) instructor preparation, and (5)
preparation of training aids.

In addition to the above, a student guide was prepared and distributed
to the assigned trainees. The guide presented information related to
course scheduling, course content, medical facilities, emergency data,
and general information about the Martin plant and the training program.

During the next quarter, subtask efforts will be limited to the co-
ordination and planning requirements related to phasing students into
the PM-1 test program.

B. SUBTASK 14.2--INSTRUCTION

The PM-1 military crew training program began, as scheduled, during
this quarter. A total of 21 students is participating in the program.
Each has been previously qualified in some nuclear power plant main-
tenance specialty and as a plant operator.

The training was divided into two major categories: (1) general train-
ing for all crew members, and (2) specialty training in the four categories
of maintenance.

General training consisted of a 96-hour course covering plant in-
formation and plant systems, and of a 48-hour course covering opera-
ting procedures. Both courses were completed.

The specialty training phase was initiated during this quarter and
will extend into the next reporting period. A brief description of the
activities taking place within the four specialty categories is presented
below.
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1. Electrical Specialty Course

This course was presented to six electrical specialists, and was ap-
proximately 40 hours in length. The classes were of the group discussion
type, employing a high degree of student participation. Maintenance re-
quirements and techniques on all electrical equipment were discussed.
Demonstrations related to switchgear maintenance were presented by
the vendor representative.

2. Instrumentation Specialty Course

Formal training in this specialty is scheduled for approximately 100
hours, and is being presented to five specialists. During this reporting
period, their class hours were devoted to nuclear instrumentation. The
training was conducted for the most part by a Martin Company instructor/
engineer. Stromberg-Carlson engineers presented three days of instruc-
tions on system calibration and trouble shooting procedures, using the PM-1
test equipment and console mounted nuclear instrumentation.

During the next quarter, these specialists will receive training on the
control rod actuators and on the process instrumentation and controls.

3. Mechanical Specialty Course

The formal classroom training for these seven specialists was post-
poned until the next quarter, thus permitting them to participate in prep-
arations for the refueling demonstration. The majority of the speciality
training during this period was devoted to familiarization of the specialists
with the refueling procedures and tools, as well as practice of the opera-
tions involved.

During the next quarter, refueling operations and planned classroom
training will be completed.

4. Process Control Specialty Course

This phase of training is subdivided into a Water Chemistry section
and a Health Physics section. Each section receives two weeks of com-
bination classroom-laboratory-type instructions. During this reporting
period, the Water Chemistry training was completed. The students used
the PM-1 Health Physics and Water Chemistry Manual as a reference
and performed various water analyses, following the procedures outlined
in the manual.

During the next quarter, training in the Health Physics laboratory will
be completed. The planned effort for the next quarter, beyond that de-
scribed above, includes practical training work and participation in the
PM-1 preshipment test program.

188



VIII-1

VIII. TASK 15--PROJECT SERVICES

Project Engineer--F. C. McGinty

A. SUBTASK 15.1--FILMS AND PHOTOGRAPHS

Film footage was taken of plant fabrication during this quarter.
Scenes were shot of tank erection, primary loop welding, turbine-gen-
erator installation and some refueling procedures. Further effort along
these lines will continue during the next quarter.

The rough draft of the script for the PM-1 Summary Film was pre-
pared; its further refinement will continue.

Appropriate progress photographs were taken of plant fabrication.

B. SUBTASK 15.3--MISCELLANEOUS SERVICES

The only remaining planned effort under this subtask was the prep-
aration of the PM-1 Briefing Package. Six copies of this package
were completed and delivered to the Contracting Officer. No further
reporting will be made on this subtask unless a new service require-
ment develops.
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IX. TASK 16--CONSULTING

G. Zindler

Efforts continued at Gibbs and Hill, Incorporated on review of vendor-
submitted data for the steam-electric system equipment; final piping and
electrical drawings were prepared which incorporated certified vendor
data.

The basic design efforts subcontracted to Gibbs and Hill have been
completed; they will, however, continue to serve The Martin Company on
follow-up efforts.
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X. TASK 17--REPORTS

A. SUBTASK 17.1--PM-1 HAZARDS SUMMARY REPORT

G. Zindler

The Hazards Summary Report Addendum was completed and submitted
to the AEC.

This completes the efforts under this subtask.

B. SUBTASK 17.2--REPORTS OTHER THAN HAZARDS

During this quarter, the following reports were issued:

(1) MND-M-1818--Seventh PM-1 Quarterly Progress
Report.

(2) MND-M-1853 (ADD-1)--Hazards Summary Report
Addendum.

During the next quarter, the eighth quarterly progress report as
well as any other required topical reports or technical memoranda will
be issued.
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