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I l l 

ABSTRACT 

This report contains a description of the work accomplished during 
the first contract quarter (9 March to 31 May 1959) of Contract AT (30-1)-
2345 between The Martin Company and the USAEC. 

The contract calls for the performance of design and development, 
final design, fabrication, installation, and initial testing and operation 
of a factory pre-packaged air-transportable pressurized water nuclear 
power plant. The plant is to produce 1000 kw of net electrical power 
and 7,000,000 Btu/hr of heat suitable for central heating. It is sched­
uled to be operational, at a government site, by 9 March 1962. 

The principal effort of the quarter was directed toward parametric 
study of reactor, system, and configuration design variables. An ex­
perimental program was initiated to confirm analytical results and, in 
the case of fuel elements, to perform prefabrication studies. 

Although the parametric studies are not scheduled to be completed 
until the second quarter--when they will provide the basis for prelim­
inary design--numerous results of individual studies are included in 
this report. The conclusions drawn from these studies will be pre­
sented in the second quarterly progress report. 



FOREWORD 

This is the first quarterly progress report submitted to the US 
Atomic Energy Commission under Contract AT (30-l)-2345. It covers 
the work accomplished by The Martin Company on the PM-1 Project 
for the period from 9 March through 31 May 1959. 
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PROGRAM HIGHLIGHTS 

A contract was signed with the Stromberg-Carlson Company for 
the performance of research and development work leading to the 
design and procurement of a solid state nuclear instrumentation 
system (Task 1). 

A contract was signed with the Westinghouse Electric Corporation 
for the perform.ance of research and development work leading to 
the procurement of a packaged secondary system (Tasks 1 and 3). 

The use of an ai r -s team condenser was found to be feasible and 
desirable (Task 1). A testing program for such a condenser is 
being considered. 

The parametric study portion of the experimental zero power test 
program was completed (Task 2). 

The parametric study neared completion (Task 3). 

Fabrication of 1/2 in. OD fuel tubes, containing as high as 30 wt % 
UO„ in the meat, was found to be feasible (Task 5). 

A location for the PM-1 plant within the Sundance Air Force Sta­
tion was recommended (Task 11). 

Site data were collected in support of the preparation of the prelim­
inary Hazards Summary Report (Task 17). 



INTRODUCTION 

This is the first of 12 quarterly progress reports required by Con­
tract AT (30-l)-2345 between The Martin Company and the USAEC. 

The basic objectives of the PM-1 program are to design, to fabri­
cate, to install, and to test a factory pre-packaged pressurized water 
power plant which meets the following general cri teria: 

(1) The plant shall be air-transportable by packages. 

(2) It shall consist of a minimum number of packages. 

(3) Since installation is contemplated in frigid climates, expedi­
tious package placement and interconnection will be required; 
site installation procedures shall therefore be as simple as 
possible. 

(4) Plant reliability shall be high; maintenance requirements 
shall be minimized. 

(5) The core shall be designed to deliver full power for two 
years . 

(6) The net plant output shall consist of 1000 kw of high quality 
electrical power and 7,000,000 Btu/hr of space heat. 

(7) The plant shall be designed for operation with a minimum 
sized crew. 

(8) A major portion of the plant must be easily relocated. 

The program was divided into the following tasks: 

(1) Preliminary Design--System Development 

(2) Preliminary Design--Reactor Development 

(3) Preliminary Design--Study, Selection, and Specification 

(4) Final Design 

(5) Core Fabrication 

(6) Dummy Core Fabrication 



X 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

Fabrication and Assembly of Plant 

Packaging 

Preshipment Test 

At-Site Testing 

Site Preparation 

Package Loading Demonstration 

Manuals 

Training 

Project Services 

Consulting 

Reports 

During the first quarter. Tasks 1, 2, 3, 5, 11, 14, 16, and 17 were 
active; in addition to the preceding. Tasks 4 and 15 are scheduled to 
become active during the second quarter. 

Progress will be reported by subtasks. The Project Engineers re­
sponsible for the various subtasks are identified. The scientists and 
engineers who have made significant contributions are identified by 
subtask areas . 

Subsequent reports will contain a summary of design parameters . 
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I. TASK 1--PRELIMINARY DESIGN--SYSTEM DEVELOPMENT 

Project Engineer--Subtasks 1.2, 1,5, 1,6: C. Fox 

The objective of this task is to provide for the performance of inves­
tigations which a re prerequis i te to system design. 

A. SUBTASK l,2--INCORE INSTRUMENTATION 

G, Zindler 

Core instrumentation is required if t empera ture , flow, flux d is t r ibu­
tion and fuel burnup data, not readily obtainable from detectors located 
outside the reac tor , a r e to be obtained. Such information is desi rable 
to provide for the safe and efficient operation and understanding of the 
core , and to provide data upon which future design improvement may 
be based. 

Major subtask effort, during the f irs t quarter , was devoted to com­
pilation of general incore instrumentat ion data. Information compila­
tion will be completed during the second quar ter , and pre l iminary de­
sign will be accomplished. 

A l i t e ra tu re survey was completed and available documents were 
obtained and reviewed. 

A feasibility study was s tar ted to determine whether techniques 
which have been applied by o thers , and about which operating data have 
been collected, may be used to advantage on the PM-1 Project , Attempts 
to obtain core instrumentation data from the Naval Reactor P rogram 
have been unsuccessful to date . 

Discussions were held with Alco Products , Incorporated, (Alco) con­
cerning the i r feasibility studies of A P P R - I B incore instrumentation. 
Their efforts covered design analysis of a system to measu re incore 
flow and t empera tu re . Major problems encountered included the rout ­
ing of signal cables and tubes through small flow channels without chang­
ing or disrupting flow paths, and swelling of the minera l (magnesium 
oxide) signal cable insulation when wetted. Swelling resu l t s in c rack­
ing of the metal cable sheath thereby allowing the reac tor coolant to 
attack the s ignal-carrying wi res . Although the use of other types of 
insulation is being considered, no specific solution to this problem is 
known. 
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With completion of the feasibility study in the next quarter , a p r e ­
l iminary design will be s tar ted on an instrumented subassembly for the 
PM-1 core . This design will take advantage of information gained dur­
ing the feasibility study and will allow assessment of the problems of 
installing detectors and signal l ines in the space gained by removing 
several tubular fuel e lements . 

B. SUBTASK 1.5--INSTRUMENTATION 

G. Zindler 

Efforts under Subtask 1.5 a re directed toward development of con­
t ro l system designs and specific control components for the PM-1 plant. 
Emphasis is being placed on improved reliabili ty and grea te r simplicity 
of sys tems . In the p r imary system, development of new component de­
signs is included; in the secondary system, efforts a re concentrated on 
selection of appropriate controls from existing equipment. 

1, P r i m a r y System Controls and Instrumentation 

This effort is subcontracted in total to the St romberg-Car lson Com­
pany, Rochester , New York, Their r e s e a r c h and development effort is 
directed toward increas ing reliabili ty and simplifying PM-1 control and 
operation. 

Efforts during this reporting period included preparat ion of a s ta te ­
ment of work for the contract and negotiations as to the level of effort 
and cost. Following these , on 19 May 1959, approval was given the sub­
contractor to proceed. His a r ea s of investigation a r e as follows: 

(1) Reliability ana lys i s - -This analysis i s based upon a complete 
and integrated control system as it could be delivered without 
development. It does not take into account any of the modifi­
cations result ing from the development efforts under way at 
this t ime. Reliability analysis of these developments will be 
covered in final design efforts. 

(2) Fault monitoring and self -checking--This effort is directed 
toward improving nuclear power plant fault monitoring and 
self-checking. Increased reliabil i ty through more expeditious 
diagnosis of failure and r epa i r and maintenance of equipment 
is expected to resul t . 
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(3) Control console configuration--A human engineering approach 
is being taken in specifying size, shape and arrangement of 
the PM-1 control console. Reduction of the manpower required 
to safely operate the power plant is of major importance. 

(4) Control room design criteria--A design criteria is being 
prepared, again with a hunaan engineering approach, to pro­
vide efficient working conditions. 

(5) Automatic startup controls--Effort is being directed toward 
providing automatic startup control for the PM-1. This would 
cover the range from cold shutdown to a power level sufficient 
to bring a primary loop to near design temperature and pres­
sure--although little or no heat is delivered to the secondary 
loop. Studies of system behavior during automatic startup are 
discussed under Task 3.1. 

(6) Reactor period instrument development--Because existing 
period measurement instruments have been plagued by the 
poor signal-to-noise-ratio found in reactor startup instru­
mentation, a development effort is underway to provide a 
superior period measuring system. 

2. Secondary Loop Controls and Instrumentation 

The secondary loop steam generator control and instrumentation 
study, by Westinghouse Electric Corporation, has been directed toward 
the use of proven components suitable for a plant of this size. It has 
been assumed, from experience with other operating pressurized water 
plants, that no feedback from the electrical generator output to the pr i­
mary control system will be necessary. (This assumption is being in­
vestigated.) Using these ground rules, a preliminary control diagram 
for the secondary loop steam generator system has been developed and 
is shown in Fig. I - l . A preliminary list of equipment associated with 
the secondary system was developed. Table I-l shows the direct read­
ings required. Table 1-2 the recorders required. Table 1-3 the annuncia­
tors required and Table 1-4 shows the remotely operated controls. 
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Fly. I - l . P re l iminary PM-1 Control Diagram 
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TABLE I-l 
Control Room Direct Readings 

Steam flow from steam 
generator 

Steam pressure 

Steam generator water level 

Condenser pressure 

Voltage 

Amperage 

Power output 

Turbine inlet pressure 

Turbine extraction pressure 

Turbine lubricating oil 
temperature 

Turbine lubricating oil 
pressure 

Turbine bearing temperature 

Generator bearing temperature 

Generator starter tempera­
ture (2) 

Evaporator pressure shell side 

Evaporator pressure tube side 

Evaporator water level 

Process steam flow 

Feed storage tank level 

Feedwater storage tank tem­
perature 

Condenser hot well level (2) 

Condenser temperature (4) 

Deaerator pressure 

Deaerator level 

Feedwater temperature 

Turbine speed 

Feedwater flow 

Miscellaneous (6) 
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TABLE 1-2 
Recorders 

Kilowatt hours 

Steam flow from steam generator 

Steam pressure at steam generator 

Feedwater flow 

Steam generator water level 

Condenser pressure 

Feedwater temperature 

TABLE 1-3 
Annunciators 

Steam generator water 
level--low 

Steam pressure--low 

Condenser pressure--high 

Voltage--high or low 

Turbine lubricating oil 
temperature - -high 

Turbine lubricating oil 
pressure--low 

Turbine bearing tempera­
ture--high 

Generator bearing tempera­
ture--high 

Generator station tempera­
ture--high 

Feedwater storage tank 
level--low 

Feedwater temperature--low 

Condenser temperature--low 

Condenser temperature--high 

Deaerator water level--low 

Feedwater pump failure 

Condensate pump failure 

Condenser fan failure 

Turbine overspeed 

Evaporator water level--low Miscellaneous (4) 
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TABLE 1-4 

Remotely Operated Controls 

Turbine speed control Service water pump 

Synchronization panel Turbine lubricating oil cooler fans (2) 

Boiler feed pump Battery charger 

Condensate pumps (4) Voltage control 

Condenser fans (8) Vacuum pump (2) 

Feedwater t ransfer pump Evaporator feed pump (2) 

Miscellaneous (10) 

The degree of automation that can be obtained within the scope of 
the PM-1 requi rements and objectives is being investigated. Under 
normal operation, modern s team-e lec t r i c sys tems of this size a r e 
fair ly "automatic". A very imiportant factor, when considering the de­
sirabil i ty of providing automation, i s the determination of how many 
opera tors can be replaced. With the control scheme discussed, it is 
considered that one secondary loop operator per shift will be sufficient 
for normal operation. One qualified machinist , an electr ician, and a 
janitor-handy man will 6e required a s general backup for one shift per 
day. Fur ther reduction in operator requi rements does not appear fea­
sible, 

A program for developing a mathematical model of the s team gen­
e ra to r and secondary loop for analog computer study i s underway. This 
will check the present control philosophy and will allow study of the ef­
fect of various factors on power quality. 

Normally, pneumatic controls would be used on steam electr ic s y s ­
t e m s of this s ize . But, because of the low tempera ture operating r e ­
quirements , other types of controls a r e being evaluated. An electr ic 
three-e lement s team generator control that has been used in some naval 
applications is available; it will be studied for PM-1 application. 

Electr ical ly and hydraulically operated motor valves of integral de­
sign a re being studied. At present , the l a t t e r appears eas i e r to control 
and more suited to our plant. This study will be completed during the 
pre l iminary design phase of the contract . 
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The use of " in- l ine" automatic water sampling devices, such as those 
manufactured by the Cambridge and the Swarthout Companies for pH and 
oxygen content determination, a r e being investigated. Also, the use of 
portable "plug-in" instrumentation during the PM-1 s tar tup and s ix-
month test period i s being analyzed. Both of these studies will be com­
pleted during the pre l iminary design phase. 

C. SUBTASK 1.6--SECONDARY SYSTEM DEVELOPMENT 

W, Koch 

Work under this subtask was subcontracted to the Westinghouse E lec ­
t r i c Corporation and was directed toward solving power quality problems 
and accumulating and evaluating data on direct a i r - s t e a m and a i r -g lycol -
s team condensers . 

During the next quar ter a specific approach to solving the power 
quality problem will be selected, a condenser system will be selected, 
and development work will be initiated, if necessary , on equipment spec ­
ified during the pre l iminary design, 

1. Power Quality 

The power quality problem is three-fold; the meeting of voltage fluc­
tuation c r i t e r ia , the meeting of deviation factor and harmonic content 
c r i t e r i a , and the meeting of frequency regulation*criteria. 

Three methods a r e being investigated to meet the voltage quality ob­
jective that fluctuations be l imited to ±0.5% during steady state , and 
±2% between 10 and 120% of ra ted load when the plant i s subjected to 
an instantaneous load change of 30% of rated capacity at 0,80 power fac­
to r . 

The f irst method studied, apparently the most feasible, is to use a 
generator having a fast acting, static excitation, voltage regulator s y s ­
tem and enough iron in i ts construction to lower its t ransient reactance. 
Three different types of generators were considered: 

(1) A 1200-rpm salient pole type 

(2) .A 1800-rpm salient pole type 

(3) A 3600-rpm non-salient pole type. 
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Each of these types was considered at ra t ings of full and one-half of r e ­
quired plant capacity. The studies on Systems 2 and 3 have not been 
completed, but pre l iminary information makes them appear l e s s des i r ­
able than System 1. 

Table 1-5 shows the resu l t s of the study on the 1200-rpm salient pole 
machines rated at 650 and 1250 kw. 

TABLE 1-5 

1200 rpm Salient Pole Generator 

650 kw 1250 kw 

Transient r eac tance- -% 

Tempera ture rise—"C 

Applied load--kw 

Voltage dip--% 

Generator weight--lb 
(without exciter) 

25 

70 

150 

6 

6350 

8 

50 

150 

2 

10,400 

25 

70 

300 

6 

9400 

8 

50 

300 

2 

18,000 

It can readily be seen that a considerable weight penalty i s paid 
when the t ransient reac tances of the generator a r e decreased to the r e ­
quired 8%, but it i s felt that the generator weights can be reduced dur ­
ing the design development effort, and that this approach can be utilized 
successfully. As mentioned in the turbine generator discussion under 
Subtask 3,1, the overs ized 1250-kw genera tor (18,000 lb) can be de­
signed into a turbine generator set weighing l e s s than the shipping weight 
l imit of 30,000 lb. 

The second method being investigated ut i l izes an e lec t r ic load dump 
device to impose a load ramp transient , instead of a load step transient , 
on the generator . If the ramp t ransient can be applied proper ly , a stand­
ard generator could be used and the voltage kept within the des i red 
l imi t s . Although this investigation has not been completed,-the approach 
does not appear feasible. This is naainly due to problems associated 
with controlling the switching of the compensating loads to and from the 
l ine. These problems a re exaggerated by our des i re to avoid actuating 
the PM-1 nuclear control system by load-anticipating devices . 
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The third method ut i l izes a synchronous condenser to inc rease the 
power factor at the generator to near unity, thereby eliminating the ef­
fect of generator reactance . This study has not been completed, but it 
appears that switching problems will l imit i ts feasibility. 

The use of the oversized generator and fast acting static excitation 
voltage regulator system requ i res no elaborate control system and /or 
feedback from the load as is the case with the electr ic res i s tance load 
dump device system, the synchronous condenser system, or sys tems 
involving load change anticipating devices at the load. 

Meeting the harmonic content c r i t e r i a cannot presently be guaranteed 
through design, because it is load dependent, and detailed load data a r e 
not available. The no-load deviation factor of the genera tors under con­
sideration will not exceed 2%, the r m s of all harmonics will be l ess 
than 2% and no single harmonic will exceed 1.5%. The harmonics that 
may exceed 0.75% a r e the 3rd, 5th, 7th, and 9th, Since the 3rd and 9th 
will be zero in the l ine- to- l ine voltage, any excesses of these harmonics 
over 0.75% would appear to be of l i t t le import . Either the 5th o r 7th 
harmonic may be reduced at the expense of the o thers . The remaining 
harmonic can be reduced by a filter if necessary , but only after the 
genera tor has been completely designed. 

The power quality objective concerning frequency s ta tes that the 
plant shall be inherently capable of limiting frequency fluctuations to 
within ±2% between 10 and 120% of ra ted load, when subjected to an 
instantaneous load change of 30% of ra ted capacity at 0,80 power factor; 
that recovery t ime from the initiation of the t ransient to steady state 
condition shall not exceed 1.5 sec; and that, under steady state condi­
tions, the plant shall l imit frequency fluctuations to ±0,25%. A com­
plete investigation is being made of these c r i t e r ia , but it appears that 
they can be met without difficulty by using an isochronous governor. 
This type governor i s being used successfully on such turbine-dr iven 
equipment as paper d rye r s , nylon spinning machines, etc. , where speed 
must be regulated to within ±0.1%. 

2. Condenser System Study 

The use of a direct a i r - s t e a m condenser system may have weight 
and equipment simplification advantages. To ascer ta in if such is the 
case , Gibbs and Hill, Incorporated conducted an independent analysis 
of condenser sys tems in support of the Westinghouse Elect r ic Corpora­
tion subcontract study. 

The Gibbs and Hill repor t covered tubular surface condensers ut i ­
lizing ethylene glycol or direct a i r coolers , and a direct contact con­
denser . In the la t te r system, the s team is condensed by the injection 
of water into the condenser; the injected water having been cooled in an 
auxil iary a i r cooled condenser. All sys tems were considered for am­
bient t empera tu res of - 70 to 70° F , 
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The results of the Gibbs and Hill study may be summarized as fol­
lows: 

(1) Ethylene-glycol system--The major advantage of the ethylene 
glycol system is the elimination of freezeup problems per­
mitting a simpler control system and less insulation. 

The disadvantages include the requirement for glycol storage 
facilities, special seals for use with ethylene glycol, addi­
tional circulating pump power, higher system weight, and 
more packages, 

(2) Direct air-steam system--The direct air-steam condenser 
system consists of a finned tubular air blast condenser; 
waste heat is rejected to the atmosphere. 

Three air-steam condenser systems have been studied. These in­
clude the installation at the National Reactor Test Station, the Eilson 
Air Force Base installation, and the power trains built for the USSR 
during World War II. 

SL-1.- Data regarding this system were obtained from the Modine 
Company and Mr, A. Smaardyke, Argonne National Laboratory, 

The system consists of five finned tubular coil sections fabricated 
from 6061 aluminum, ASTM-GS-llA, with the coils so connected that the 
air passes over each coil in series. The steam flows in four parallel 
paths downward through the last four coils, the condensate draining to 
a bottom header. The first coil, a precooler, is connected to the same 
header. The blower-type fan is driven through a variable speed fluid 
drive. A ducting and damper system mixes fresh and recirculated air 
in a manner to preclude condenser freezeup. The equipment has oper­
ated smoothly with inlet fresh air temperatures as low as - 24° F, The 
entire system is located indoors in a space provided with emergency 
space heaters which may be used to help prevent freezeup. 

Unfortunately, this system has never been able to meet its design 
requirements. Figure 1-2 shows actual and calculated performance 
curves. The manufacturer believes that half of its reduced capacity is 
due to faults in piping configuration and the other half to lack of suffi­
cient heat exchange surface. The operators have been unable to bal­
ance the steam flow in the last four sections with respect to heat t rans­
fer surface. An analysis of the system indicates that the mass velocity 
of steam through the various sections is not uniform. This may be due 
to variation of the mean temperature difference from section to section. 
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Note: Data corrected for altitude 
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Eilson Air Force Base, Alaska.- Data for this installation were ob-
tained from Office of the Corps of Engineers, Seattle, Washington; Head­
quarters, U.S. Air Force, Washington, D.C.; and the Marley Company, 

An air cooled steam condenser was installed outdoors at the Eilson 
Air Force Base generating plant. Design conditions covered a temper­
ature range of - 60 to f 90''F, Due to freezeup trouble, and resulting 
tube ruptures, a shed was later erected around the condenser, and the 
slope of the condenser tubes was increased to facilitate drainage. For 
a brief period after these modifications were made, the unit operated 
satisfactorily. However, trouble subsequently developed because inlet 
air temperature control had not been provided, and unsatisfactory opera­
tion was experienced due to the wide range of air temperatures. The 
installation was changed to an indoor water cooled surface condenser. 
Personnel intimately associated with this project apparently have no 
basic prejudice against the use of steam air condensers for cold weather 
service, provided such equipment is carefully designed. 

Power trains for the USSR,- Data for these installations were ob-
tained from an article by R. A. Bowman, November 1945, ASME Trans­
actions, and from the Westinghouse Electric Corporation. 

During the early part of World War II, Westinghouse designed and 
built railroad car-mounted generating plants using air cooled steam 
condensers. Each unit had a net capacity of 5000 kw. Unfortunately, 
information on actual operating experience was never received from 
the Russians. 

The condensers for each plant consisted of 16 sections, eight of 
which were mounted on single railroad flat cars . Each section had 42.5 
sq ft of face area (air side). Induced draft fans pulled air across the 
tubes and discharged it through a Venturi-type stack. 

Steam was exhausted from the turbine into an insulated steam duct 
located below the condenser tubes. The steam then flowed upward into 
the first eight rows of tubes. Any uncondensed steam or noncondens-
ables passed through an inner and an outer vent chamber and thence 
downward through the last two rows of tubes which connected to an air 
ejector. These last two rows of tubes acted as an air cooler. Con­
densate from the air cooler section drained into the steam duct through 
a water trap. Condensate in the first eight rows of tubes flowed back to 
the steam duct. This counter flow of condensate and steam tended to 
heat the condensate and prevent freezeup. The exhaust from each of the 
first eight rows of tubes was orificed thus balancing the heat transfer 
through each section. 
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One major point which could be troublesome during extremely cold 
weather is that air, which is heavier than steam, must be forced up to 
the air ejector. It would seem more feasible to take the noncondensables 
from the bottom to take advantage of the density factor. 

Table 1-6 shows the shop tests performed on the USSR power train 
condensers. 

TABLE 1-6 
USSR Power Train Condenser Test Results 

Test Number 

Ambient, "F 

Barometer, in. Hg 

Air temperature from con­
denser, "F 

Steam temperature, "F 

Steam condensed, Ib/hr 

Air pressure drop, in. of water 

Heat load, Btu/hr x 10® 

Heat transfer rate, Btu/hr/ft^/°F 

3. Direct Contact Water-Cooled System 

Figure 1-3 shows the direct contact water cooled condenser system. 
The basic arrangement utilizes a low level jet or direct contact con­
denser. The mixture of condensate and condensing water is removed 
from the hotwell by the condensing water punap. A portion of the water 
is sent back to the cycle and the remainder is recirculated through an 
air blast water cooler. The cycle is completely sealed and all water 
is of feed water quality. This type system has been used to a limited 
extent in Europe, 

The main disadvantage of this system, as compared to an air-steam 
system, is that a direct contact vertical condenser is required which 
would be approximately 4 ft in diameter and 11 ft high. Also, a water 
circulating pump is required, increasing the auxiliary power require­
ments. This system does have some advantages as compared to the 

I 
94.25 

28.95 

202,2 

225.4 

79,860 

2,4 

75.33 

13.4 

2 

86,8 

28.93 

184.2 

217.2 

78,640 

2,53 

74.36 

11.7 

3 

70.3 

28.86 

171,3 

202,4 

78,140 

2.64 

75.83 

12,0 
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or Louvers and Two 
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Controlled 

L 
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Manual 
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Condensate Pump Water Coolant Pump 

F i g . 1-3. D i r e c t Contact Water-Cooled Condenser 
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a i r - s t e a m system in that elimination of noncondensables in the cooler 
reduces the a i r blast a rea approximately 20%, considerable experience 
with water cooled surface condensers is available, and the control sy s ­
tem is somewhat s impler , 

4, Gibbs and Hill Comments 

The Gibbs and Hill study made the following comments concerning 
the design of a i r - s t e a m and water-cooled condenser sys tems: 

(1) All l ines, duct work, and equipment must be insulated and 
weather-proofed with th icknesses calculated to permit gravity 
drainage before freezeup could occur in the event of plant 
shutdown. 

(2) Steam l ines not having a continuous flow, liquid l ines , a i r 
l ines , and gas l ines must be s team traced with a double run 
of piping (one on each side of the l ine). If this type of freeze 
protection is not used, e lectr ic res is tance heating cable should 
be used for freezeup protection. 

(3) Heat t ransfer apparatus located outdoors should be mounted 
ei ther ver t ical ly o r at a sharp slope to permit quick gravity 
drainage. 

(4) Pumps and other equipment should be located indoors when­
ever possible . 

(5) The manufacturers of lubricating oils should be contacted to 
obtain a recommendation for oils suitable for use at these 
low t empera tu re s . 

(6) It is advisable that equipment and piping be installed in an en­
closure having e lec t r ic space heating for use during plant 
shutdown. 

(7) Careful consideration must be given to low tempera ture me t -
sdlurgy in the design, fabrication, and operation of these s y s ­
t e m s . 

Based on present ly available information, the USSR snow t r a in ex­
per ience, general past experience in condenser and heat exchange equip­
ment, and the Gibbs and HUl studies, Westinghouse recommended that 
the direct a i r - s t e a m type condenser system be used. 

At present the design of a test model i s being completed. The model 
will be one-half of a full s ize condenser section using horizontal 
aluminum finned tubes, variable pitch fans, louvers , and all auxiliary 
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equipment required for the actual condenser sys tem. Possible locations 
where environmental tes t s may be performed, such as Mt Washington, 
Aberdeen Proving Grounds and Eglin AFB, a r e being investigated. 

Some i tems considered will be: 

(1) Freezeup problems at various loads 

(2) Startup and shutdown procedures 

(3) Flow distribution of a i r 

(4) Flow distribution of steam 

(5) Controls 

(6) Methods of removing noncondensables 

(7) Housing or insulation requ i rements . 
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II. TASK 2--PRELIMINARY DESIGN--

REACTOR DEVELOPMENT 

Project Engineer--Subtasks 2 .1 , 2.2, 2.3, 2.4: J , F , O'Brien 
Project Engineer--Subtask 2.5: R, J, Akin 

The objective of this task is to provide for the performance of 
the necessary analytical and /or experimental investigations which 
a r e prerequis i te to reac tor design. 

A. SUBTASK 2.1--FLEXIBLE ZERO POWER TEST 

H, B. Rosenthal E. A, Scicchitano 

The objective of the flexible zero power tes t is to provide exper i ­
mental data to support the final core design of the PM-1 nuclear power 
plant. Experimental support for the pre l iminary design i s also included 
in that experimental data on specific i t ems such as lumped burnable 
poison worth, the worth of var ious types and geometr ical configurations 
of rods , and flux distributions a r e required to verify analytical techniques 
and/or various design approaches. 

During the quar ter , a pa ramet r i c zero power tes t p rogram (PPM-1) 
was undertaken to obtain experimental data in support of the pa ramet r i c 
core analysis work being done under Subtask 3 .1 . The experimental 
p rogram was designed to provide information on: 

(1) Reactivity effect of varying the radial location of 
Y-rods . 

(2) Reactivity effect of varying s lab-rod width. 

(3) Reactivity effect of varying s lab- rod thickness. 

(4) Reactivity of step and cruciform rods . 

(5) Tempera ture coefficient. 

(6) Reactivity effects of lumped burnable poison. 

(7) Distribution of fast flux in the core and p r e s s u r e 
vesse l . 

Fuel elements fabricated under AEC Contract AT(30-3)-277 were 
utilized in the exper iments . The experimental portion of the p rogram 
was completed during this quar te r . 
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The resu l t s of analytical calculations of rod worth, temperature co­
efficients, and the self-shielding factors for various configurations 
of lumped burnable poisons were compared with experimental r e su l t s . 

1. Reactivity Effect of Varying the Radial Location of Y-Rods (Core I) 

Pt-evious studies have shown that control rod worth calculations using 
the two dimensional code "PDQ" for single and multiple banks of Y-shaped 
rods were in good agreement ( = ± 10%) with experimental resu l t s . In 
these s tudies , the radial location of the eccentric r ing of rods was con­
stant at « 5 in. Since PM-1 control studies include rod location optimiza­
tion, it is des i rable to compare analytical and experimental resul ts 
showing the effect of varying the radial location of eccentric rods. 

Comparison of experimental and analytical resul ts indicate that the 
present method of calculating rod worth utilizing PDQ is satisfactory 
for the pre l iminary design studies. However, for rod design studies, 
the conservative ± 10% e r r o r will be assumed. 

A summary of the charac te r i s t ics of all cores is given in Table 
I I - l . 

Exper imental study.- To determine the shadowing effects of control 
rods at var ious radial distances, the per iphera l Y-rods were evaluated 
at four radial distances from the central axis of the core . To minimize 
the effort necessa ry for core changes while sti l l maintaining sufficient 
shadowing effects, the positions of only three of the six per ipheral Y-
rods were var ied. 

The evaluation of the worth of a four-rod bank (center and three 
per iphera l rods) was made in P P M - 1 , Core I, as shown in Fig. I I - l . 
After appropriate cadmium adjustments, cri t icali ty was achieved with 
the cent ra l Y-rod part ia l ly inser ted in the core . 

The radial locations of Y-rods , 1, 3 and 6 were nominally 5, 5-1/2, 
6, and 6-1/2 in. from the center of the core as shown in Fig. I I - l . At 
each point, all three rods were at the same radial distance. For each 
change in rod location, rod guides and fuel tubes were relocated to their 
p roper posi t ions. The actual radia l distances differ somewhat from the 
nominal, s ince each step was one fuel cell (0.485 in.) instead of 1/2 in. 
In addition, the radial a rm of each rod was not on a t rue radius, but was 
displaced one tube. The actual distances a re l isted in Table II-2. 
Throughout these measurements the central Y-rod remained in i ts 
inser ted position. 

Measurements were made using subcri t ical techniques. These 
techniques may be generally described as follows: 



TABLE II-l 

Composition of Cores Used in Parametric Zero Power Test 

Core I 

Fuel tubes - 169!* a t 11.87 gm = 20.108 kg U-255 
No baff le 
Thermal shield ID - 22.75 in. 
Pressure vessel ID - 50.00 in. 
Total reactivity (including reactivity poisoned out with 

cadmium) - 12.9^ A K/K at 20° C 
Operating core reactivity - 1.085̂  A K/K at 20° C 

CE rods** - 5 
Safety rods - 2 
Y-rods - h 

Core II 

Fuel tubes - 657 a t 11.87 gm = 7.56 kg U-255 
Equivalent radius* - 6.6 i n . (based on 0.2057 sq i n . 

uni t c e l l ) 
No baff le 
Thermal shield - 22.75 i n . 
Pressure vesse l - 50-00 i n . 

CE rods - 2 

Safety rods - 2 
Total core r e a c t i v i t y - 0.65^ A K/K a t 20° C 

Core I I I 
Fuel tubes - I782 a t 11.87 gm = 21.16 kg U-255 
Space occupied by t e s t hole - 61 tubes 
Equivalent radius - 11.0 i n . (based on 0,2037 sq i n . 

uni t c e l l ) 
No baff le 
Thermal sh ie ld ID - 22.75 i n . 
Operating core r e a c t i v i t y - 0.52^ A K/K a t 20° C 

Fuel tubes - 6^5 a t 11.87 gm = 7.65 kg U-235 
Equivalent radius - 6.6 i n . (based on 0.2037 sq i n . 

uni t c e l l 
No baff le 
Thermal sh ie ld ID - 22.75 i n . 

Core IV 

Core V 

Fuel tubes - 1723 a t 11.87 gm = 20.45 kg U-235 
Equivalent radius - 10.7 i n . (based on 0.2057 sq i n . uni t 

c e l l ) 
No baff le 

Thermal sh ie ld ID - 22.75 i n . 
Pressure vesse l - 3O.OO in . 
Operating core r e a c t i v i t y - 0.77^ A K/K a t 20° C 

Pressure vessel ID - 50.00 i n . 
CE rods - 3 

Safety rods - 2 
Total reactivity (including reactivity poisoned 

out with Cd) 15.5f» A K/K at 20° C 

Pressure vessel ID - 50.00 in. 

CE rods - 3 
Safety rods - 2 
Total core reactivity - 0.7^ A K/K at 20° C 

CE rods - 3 

Safety Rods - 2 
Total reactivity (including reactivity poisoned 

out with Cd) 13.33^ A K/K at 20° C 

* The radius of a cylinder of equal circular area as the experimental core. 

••Critical experiment control rods - used for fine control and measurement, 
exceed 2$ A K/K 

Total worth of three rods does not 
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Pressure Vessel 

Thermal Shield 

Y-Rod Water Channel 

SS Y-Rod Guide 

Nominal 
Radial 
Location 

5 in. 
5-1/2 in, 

6 in. 
6-1/2 in. 

Fig. I I - l . Core I Showing Y-Rods in Various Radial Locations 
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(1) A source t e rm is obtained by bringing the reac tor subcri t ical 
using a cr i t ica l experiment (CE) rod of known worth. 

(2) The source t e rm is related to counting ra tes by Eq (1), 

s„ = -#4— (1) 
o p- 1 

S = source t e rm o 

C = measured count ra te 

p = measured reactivity 

(3) Measured reactivity i s determined. 

(4) The reactivity value of the rod bank can now be de ter ­
mined. 

(A complete descript ion of the subcri t ical technique is given in Appendix 
A of MND-MPR-1646.) 

Table II-2 shows the reactivity worth of the Y-rods as a function of 
radial location. The effect of varying the radial location of the Y-rod 
water channels was determined from a comparison among the m e a s u r e ­
ments with the Y-rods fully withdrawn. Rod worths show the values of 
the rod bank in the various locations. Total worths show the combina­
tion pf rod worth and water channel worth. Movement of the three pe­
r iphera l rods from 5.0 to 5.5 in. does not produce a significant effect 
since considerable shadowing is still taking place. Thus, movement to 
5.5 in. can be accomplished with a negligible reduction in the worth of 
the four-rod bank. In moving the bank to 6.0 and 6.5 in., shadowing be­
comes less important but the worth of the bank dec reases due to i ts lo­
cation in a l ess important, i .e. , l ess react ive, portion of the core . 

TABLE n - 2 

Reactivity as a Function of Radial Location of Y-Rods 

Radial Distance Water Channel Four-Rod Bank Worth 
(in.) Total Worth Worth (%/!iK/K) 

Nominal True (% A K/K) (%t^ K/K) Subcritically Critically 

5 5.110 -11.97 0 -11.97 

5-1/2 5.594 -11.89 +0,02 -11.91 

6 6.077 -10.16 +0.07 -10.23 

6-1/2 6.561 - 9.64 +0.20 - 9,84 -10.48 
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To verify the absolute reactivity value obtained subcrit ically, suffi­
cient cadmium was removed to bring the reactor cr i t ical with the four 
Y-rods (including the central rod) fully inserted at the 6 - l /2 - in . radial 
location. The worth of the four Y-rod band was determined to be 10.48% 
A K/K. 

Analytical study.- An IBM-704 machine code, COFWAC (Calculation 
of FluxlVeighted Absorber Constants) was written to simplify absorber 
constant computation, for use in three-group diffusion theory codes. 

COFWAC is a For t ran II (FORmula TRANslation) coded, compatible 
program which calculates flux-weigh ted, few-group constants for those 
extraneous regions within a reac tor core which may be approximated 
b-̂ ' a semi-infinite slab. This includes such core components as flow 
baffles and control rods . Functionally, COFWAC consists of a linkage 
of the codes which were used previously to obtain s imi la r constants. 

The output consists of the multigroup constants and fluxes for both 
the absorber and core mate r ia l s , the calculated multigroup flux ra t ios 
or cell correct ions , flux-weighted three-group constants for PDQ and 
CURE (XY, R0, and RZ) and appropriate input data„ In addition, any one 
of the aforementioned sets of three-group constants may be punched on 
cards in the format required for direct input to CURE or PDQ. 

Checkout of the par t s of the code needed was completed. Checkout 
of the remaining portions of the code will be done la te r . (COFWAC was 
used in conjunction with the analysis of the Y-rod bank experiment as 
well as the other experiments given in the following sections.) 

2, Reactivity Versus Rod Geometry 

To fully evaluate the adequacy of the techniques utilized to calculate 
control rod worth, four experiments were designed to evaluate "s imple" 
rod geometr ies in clean cores , i .e. , cores in which major perturbations 
do not exist . In utilizing a clean core, the measurements which a re 
taken, as well as the calculations and analyses which follow, a re greatly 
simplified. 

Experimental study.-

Reactivity ve rsus slab rod width (Core 11)—For this study the core 
shown in F ig . II-2 was assembled. All cadmium was removed from the 
fuel elements of Core I, all prototype Y-rods were removed and the 
core rebuilt to the reduced size shown. The safety rods were completely 
withdrawn during the experiments , with fine control and experimental 
reactivity provided by the CE control rods . All measurements were made 
with the slab rods inserted in the same test slot using subcrit ical techniques 
as explained previously. 
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Pressure Vessel 

Thermal Shield 

Fig . I I -2 . Core II Used for Slab and Step Rod Configuration 
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The slab rods were made of a mixture of B .C and aluminum, encased 
in a 1/4 in. wide s tainless steel picture frame, clad with 0,025 in. stain­
l e s s s teel . All slabs had a nominal thickness of 0.200 in. The B .C was 

4 
diluted with aluminum to a nominal natural boron density of 0.75 g m / c c . 

The reactivi ty values for the var ious rods a re shown graphically in 
Fig . I I -3 . As a check, the worth of the 3 in. x 0.200 in. slab was also 
determined cr i t ical ly. 

The data indicate the expected increase in rod worth as the width of 
the rod i nc r ea se s . Departure from the l inear was anticipated since the 
rod occupies space in the l e s s reactive portions of the core as the rod 
width is increased . 

Reactivity ve rsus slab rod thickness (Core II)--In evaluating the 
reactivity effect of slab rods with various thicknesses, PPM-1 Core II 
(Fig. II-2) was again utilized. The slab rods were inser ted in the same 
test slot shown in Fig . I I -2 . Subcritical techniques were used. 

All rods had a nominal width of 3 in. Average boron density in the 
rods was 0.76 g m / c c . 

The experimental r esu l t s a re shown in Fig . II-4. It is apparent that 
complete "blackness" in the rods has not been reached in ternas of rod 
thickness for a fixed concentration of boron. 

Step rod evaluation--The analytical technique utilized in evaluating 
the worth of Y-rods is done in X-Y geometry. Therefore, it i s necessa ry 
to approximate the a r m s of the rod with a step model. The adequacy of 
this step approximation requ i res examination from an experimental point 
of view, 

A step rod corresponding to the approximation of a Y-rod a r m 3 in. 
wide and 0,200 in. thick was fabricated and an experimental comparison 
of the two rods was made. Sketches of each rod a re shown in Fig, I I -5 . 
To accommodate the step rod, eight additional fuel tubes were removed 
from the tes t slot shown in Fig . I I -2. Both the step rod and the slab rod 
were evaluated in this l a rge r slot. 

The reactivi ty values obtained a r e presented in Table I I -3 , 
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Fig. I I -5 . Step Rod with Slab Rod Superimposed 
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TABLE II-3 

Step Rod Evaluation 

Boron Boron Reactivity 
Slab Thickness Density Weight (% A K/K) 

Rod (in.) (gm/cc) (gm) Subcritical Cri t ical 

3 X 0.200 0.204 ± 0.0015 0.7468 175.0 3.42 3.34 

Step 0.207 ± 0.0017 0.7476 229.5 3.66 

Comparing the two reactivity values shows that the reactivity worth of 
the step rod i s 7% g rea t e r than the 3 x 0.200 slab. Since boron density 
for the step and slab rods a re the same, the measured reactivity 
difference is due to the difference in geometry and control a r ea . 

Reactivity ve r sus cruciform rod width (Core III)--In the event that 
pa ramet r i c and pre l iminary design dictate placement of fuel elements 
in a square ra the r than a t r iangular pitch, the Y-rods would be replaced 
with cruciform rods . Therefore, an experimental evaluation of the effect 
of cruciform rod a r m width was undertaken. 

To produce data with minimum influence from edge effects, a core 
was built up with a uniform distribution of cadmium in the form of a 
cadmium-tin mixture rolled into tubular form and inser ted inside the 
fuel tubes. This core had a test hole in the center in which the cruciform 
rods were studied. The cruciform a r m s were made of a mixture of 
B^C and aluminum, encased in a 1/4 in, wide s ta in less s teel picture 

frame, clad with 0,025 in. s ta inless s teel . All a r m s had a nominal 
thickness of 0.200 in. The B .C was diluted with aluminum to a nominal 

natural boron density of 0,75 g m / c c . 

Table II-4 p resen ts the boron dimensions and concentrations for 
the var ious cruciform a r m s . The reactivity values for the various 
cruciform rods a r e presented in Table I I -5 . Worth determinations 
were made subcri t ical ly with a cr i t ica l check. F o r convenience, 
measurements were made in two existing instrument channels. 
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Summary on Cruciform Rods 
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Boron 
Width 
(in.) 

2-1/2 

3 

3-1/2 

Arm 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

Thickness 
(in.) 

0.210 ± 0.0043 

0.205 ± 0.0030 

0.204 ± 0.0015 

0.210 ± 0.0023 

0.204 ± 0.0024 

0.200 ± 0.0047 

0.218 ± 0.0057 

0.196 ± 0.0047 

0.204 ± 0.0040 

0.200 ± 0.0064 

0.205 ± 0.0036 

0.211 ± 0.0021 

Boron 
Density 
(gm/cc) 

0.7475 

0.7484 

0.7504 

0.7470 

0.7448 

0.7438 

0.7419 

0.7484 

0.7432 

0.7478 

0,7491 

0.7427 

Boron 
(gm) 

138.3 

140,0 

138.8 

139.7 

172,8 

169.0 

176.6 

170.6 

189.5 

192.9 

198.5 

202.0 

TABLE II-5 

Reactivity Worth of Cruciform Rods 

Reactivity (% A K/K) 
Arm Width 

(in.) 

2-1/2 

3 

3-1/2 

Channel 1 

4.94 

6.03 

6.84 

Sub 
Ch 

cr i t ica l 
annel 2~ 

5.7 

7.02 

7.97 

Average 

5.35 

6.53 

7.40 

Cri t ical 

5.34 

- -

- -
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The effect on reactivity of cruciform a r m width i s essentially the 
same as that previously noted with slab rods . The anticipated increase 
in reactivity with a r m width exhibits a tendency toward saturation at 
large values of a r m width. 

Analytical study.- Analytical studies which represent additional 
fundamental control rod studies for support of pre l iminary design 
studies a r e in p rog re s s . Compilation of ail of the input data for the 
"PDQ" analyses were completed. Three-group constants for the 
absorber regions were calculated using the absorber constant p ro­
gram, COFWAC, described. 

3. Tempera ture Coefficient Measurements 

A question ra ised by previous temperature coefficient measure ­
ments was whether a i r bubbles, generated through water degassing 
during heating, created voids-- thereby resulting in incorrect reactivity 
values. A p r imary objective of this experiment was investigation and 
elimination of the effect of this var iable . The following approach was 
utilized: 

(1) Determination of reactivity values while heating the water, 
maintenance of the water at 70° C for at least 30 min, then 
determining the reactivity values while cooling the water. 
A difference in the determinations would indicate the presence 
of voids. 

(2) If the resu l t s of the first approach indicate the absence of 
bubbles, adding a wetting agent to the water and determining 
reactivi ty values while cooling the water . 

A comparison of experimental and analytically determined temperature 
coefficients was a secondary objective. 

Experimental study.-

Temperature effect- -Temperature coefficient studies were per ­
formed on P P M - 1 , Core IV, which was essentially the same a s Core II 
except that a CE rod was inser ted in the center test hole with the gaps 
on ei ther side filled with fuel e lements . Measurements were made by 
establishing cri t icali ty, increasing the tempera ture of the water approxi­
mately 10" C with s team hea te r s , maintaining the temperature until 
equilibrium was reached, and re-es tabl ishing cr i t ical i ty . The reactivity 
effect of tempera ture by cooling was determined by revers ing the proces 



11-15 

During the initial run, measu remen t s were made a s the tempera ture 
was increased from 16.66 to 63.44° C. In the final run the t empera ture 
was increased from 45.0 to 69.8° C. 

To maintain the t empera ture at 70° C, it was n e c e s s a r y to apply 
s team so that the t empera ture was cycled over a range of approximately 
± 1° C. The tempera ture was maintained at about 70° C for 38 min during 
the final run. 

The t empera tu re was decreased by running cold water through the 
s team l ines . F igure II-6 shows a plot of the data obtained. It should 
be noted that all react ivi ty values have been normal ized to 70° C. 

The t empera tu re coefficients of react ivi ty for P P M - 1 , Core IV, 
obtained by differentiating the curves in F ig . I I -6, a r e summarized in 
Table I I -6 . The total react ivi ty difference between 20 and 70° C was 
-0.325% A K/K by heating and -0.316% ^ K/K by cooling. 

TABLE II-6 

Tempera tu re Coefficient of Reactivity 

Tempera tu re Tempera tu re Coefficient 
(°C) Curve (% ^ K/K/°C) 

20 Heating -0.002 

Cooling -0.002 

70 Heating -0.009 

Cooling -0.008 

Void effect--The second question to be resolved by this experiment 
was whether the react ivi ty v e r s u s t empera tu re curves obtained were 
valid, o r whether the voids c rea ted by degassing of the water invalidated 
the r e s u l t s . 

An at tempt to see whether a i r bubbles remained on the surface of 
the fuel tubes during heating, using a telephoto lens and a TV camera , 
was unsuccessful . 

A second approach, d i rec t observat ion of bubble size and distribution 
over a port ion of the surfaces of severa l tubes under varying conditions 
of t empera tu re , was next ut i l ized. Based upon evaluation of data 
developed using this approach, it was concluded that: 
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(1) The reactivity of the voids is smal l , not exceeding 3% of 
the measured value of the tempera ture effect. 

(2) The maximum amount of gas void retained on the fuel e l e ­
ments occurs at approximately 53° C. This value is 
equivalent, based on the assumptions used, to a uniform 
film thickness of 0.0008 in. on both the inside and outside 
of tubes. 

(3) A heat-up ra te of 0.2° C/min gives less gas retention than 

a ra te of 0,5° C/min (0.8 x 10~ compared to 1.95 x 10~ 
volume/sq in. surface maximum). 

(4) The ra te of resaturat ion of water with air using a l imited 

free surface a rea (0.044 sq ft /gal water) is very low. 

(5) Adding wetting agents and thus reducing surface tension 
decreases the amount of gas retention. Twelve pa r t s per 
million of sodium lauryl sulfate had litt le effect, but 50 ppm 
essentially eliminated all gas . 

(6) An increase in wetting agent concentration dec reases the 
water tempera ture at which maximum bubble formation 
occurs as well as decreasing the amount of gas retention. 

Analytical study.- The reactivi ty of the core was calculated for 
different t empera tures from 68 to 180° F (20 to 82.2° C). Both 
nuclear and density tempera ture coefficients were considered. 
Specifically, the change in reactivi ty with tempera ture was assumed 
to be due to* 

(1) The change in microscopic thermal c ro s s sections with 
tempera ture . 

(2) The change in reflector savings result ing in a change in the 
buckling with tempera ture , 

(3) The change in density of water with t empera ture . 

Core mate r ia l s other than water were assumed to have a constant 
density in the tempera ture range between 68 and 180° F . 
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The effect of voids on the reactivity variation with tempera ture was 
also investigated. Analytical resu l t s a r e shown in Fig. II-7. 

Reactivity was calculated using a three-group diffusion code, C-3 . 
Thermal disadvantage factors , calculated using code 1-2, and reflector 
savings (both calculated as a function of temperature) were used to 
account for heterogeneity and reflector effects. 

Corre la t ion. - The relat ive shapes of the analytical and experimental 
react ivi ty versus tempera ture curves show good agreement. The 
calculated decrease in reactivity for a tempera ture increase from 20 
to 70° C is 0.0046. The experimental decrease for this tempera ture 
inc rease was 0.0033. The difference of 0.0013 between the experimental 
and analytical reactivity changes is well within the total of experimental 
and calculational e r r o r . 

Although the presence of voids resu l t s in a decrease in core 
react ivi ty, the tempera ture coefficient remains approximately 
constant for a constant void. Additional void studies will be p e r ­
formed in evaluating local boiling conditions in the prel iminary design 
analysis . 

4. Evaluation of Lumped Burnable Poisons (Core V) 

Lumping of the burnable poison in the form of rods or tubes in 
the PM-1 core presents a method for controlling the react ivi ty-
lifetime excursion (described qualitatively in the reac tor studies of 
Subtask 3.1). This degree of control is dependent upon the t ime 
variance of the self-shielding factor for the lump as well as the effect 
of the other t ime dependent var iables , i .e . , fuel burnup. fuel thermal 
disadvantage factor, poison buildup, etc. The objectives of this study 
a r e to determine experimentally the effect of lumping the poison 
ma te r i a l at zero t ime, i .e. , in a cold and clean reac tor , and to compare 
the experimental data with analytically determined reactivity effects 
of lumping. 

Experimental study.- The reactivi ty worth of lumped burnable 
poison was evaluated by obtaining radial worths of rods and tubes 
containing various concentrations of boron. Measurements were 
made in PPM-1 Core V along the radia l t r a v e r s e shown in Fig. 11-8. 
In the case of the three outer points on the radia l t r a v e r s e , the 
react ivi ty value of some of the samples was so low that it was neces ­
s a ry to measu re the value of two corresponding samples simultaneously. 
In these c a s e s , samples were located in positions on symmet r ica l 
radi i as indicated in Fig. 11-8. 
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Two types of samples were studied: rods of a B C and aluminum 
mixture , and tubes of the same mix tu re - -a l l clad in s ta inless s teel . 
The nominal boron concentrations of the rods were 0.4, 0 .1 , and 0.05 
g m / c c . In the tube, the boron concentration was 0.1 g m / c c . 

Table 11-7 presen ts the boron concentrations for the various 
samples studied. 

TABLE II-7 

Boron Concentrations in Lumped Burnable Poison Specimens 

Sample No. 

Rod 1 

2 

3 

4 

5 

Tube 2 

4 

Boron Density 
(gm/cc) 

0.4033 

0.1025 

0.1032 

0,0508 

0,0508 

0.1019 

0,1024 

Boron Weight 
(gm) 

19.12 

4.86 

4.89 

2.42 

2.41 

1.46 

1.47 

In the instances where only one sample was evaluated. Rods 1, 2, 
4, and Tube 4 were used. As the react ivi ty values decreased, the 
additional samples . Rods 3, 5 and Tube 2, were located along the 
al ternate radius in conjunction with their corresponding samples . 

The reactivity values per unit samples a re presented in Table II-8. 
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TABLE 11° 8 

Radial Reactivity Worths of Lumped Burnable Poisons (% ^ K/K) 

Radial Location (cm) 0 6,40 10.67 17.07 23.47 25.61 26.67 

Sample 
(nominal gm/cc) 

0.4 rod 0.427 0.392 0.304 0.191 0.076 0.059 0.043 

0.1 rod 0.297 0.271 0.212 0.136 0.053* 0.041* 0.036* 

0.05 rod 0.217 0.198 0.154 0.111 0.041* 0.035* 0,033* 

0.1 tube 0.174 0.169 0.133 0,087 0.031* 0.031* 0.024* 

*These values a re based on a measurement using two samples . 

Figure/II'-9 presents the same data in t e r m s of reactivity per 
gram of boron. In order to check the validity of some of the 
react ivi ty worths, a few selected points were re run . The variation 
in react ivi ty worths did not exceed 0.004%Zi K/K. 

The curves in Fig. 11-9 do not show an increase in reactivity near 
the per iphery of the core . This is probably due to the presence of the 
the rmal shield and the fact that the water channel between the outer 
fuel tube and the the rmal shield is smal l . The equivalent radius of 
the core is 27.08 cm. The actual radia l distance of the outer edge of 
the outer tube is 27.15 cm. Thus the water channel between this tube 
and the the rmal shield is only 1.74 cm. 

The data a re presented as reactivity per gram of boron as a 
function of boron concentration in Fig . 11-10. These curves a re based 
on the data for poison lumped in rods . Examination of Fig, II-9 shows 
the difference in the self-shielding factor for equal concentrations of 
boron in rods and tubes. It is evident that the react ivi ty controlled 
per gram in the tube is grea ter than in the rod because of the ineffec­
t iveness of the boron close to the center of the rod. 

Analytical s tudy.- Two of the important nuclear proper t ies of 
the lumped poisons required for analysis a re the reactivi ty worth 
and Lhe t ime dependent self-shielding factor, g(t), of the lumped poison. 
Since g(t) (where g = ^ poison/^ unperturbed) is essential ly equal to 
g(N), i .e. , a function of poison concentration, a knowledge of reactivity 
worth allows this function to be calculated using perturbation theory. 
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In order to a s su re the proper choice of poison concentrations for 
experiment, the self-shielding factor as a function of poison concen­
tration was calculated. This was done using diffusion theory which, 
although not prec ise ly cor rec t , would give the relat ive shape of the 
curve. F rom these r e su l t s , shown in Fig. 11-11, poison concentrations 
of 0.05, 0.1 and 0.4 gm/cc were selected for experimentation. A direct 
comparison of F igs . 11-10 and 11-11 can be made in which the shapes of 
the curves may be compared. Experimental points normalized to the 
self-shielding factor corresponding to a boron density of 0.05 gm/cc 
a re shown in Fig. JI-11 for a radia l location of 23.47 cm. To cor re la te 
the experimental and analytical r e su l t s , it was necessary to assume 
that the self-shielding factor (Fig, 11-11) is directly proport ional to 
the reactivity per gram controlled by the lumped poison (Fig, 11-10) 
i r respect ive of the concentration of poison mater ia l . To a first 
approximation, this assumption is t rue , but becomes less applicable 
as the concentration of poison inc reases . The agreement between 
experiment and analysis i s , however, quite good. 

5. Fas t Flux Measurements (Core V) 

To implement shielding calculations of fast neutron flux outside 
of the core and in the p r e s s u r e vessel , the fast neutron flux was 
measured in Core V. adjacent to the thermal shield, and adjacent to 
the p r e s s u r e vesse l . 

The flux measurements were performed using the (n,p) threshold 
reaction in phosphorus which gives an activation product of Si-31 with 
a 2,62-hr half-life. The effective threshold for this reaction is about 
2.5 mev. Foils were made by moistening reagent -grade dibasic 
ammoniiun phosphate powder and tamping it into place in 2-in. 
diameter plast ic pet r i dishes to a depth of about 1/8 in. This , when 
allowed to dry, formed a compact stable m a s s . No covering over the 
phosphorus compound was employed except during exposure in the 
reac tor , at which t ime they were enclosed in waterproof plast ic bags. 

The distribution of fast flux was measured along a radia l line 
through the core at i ts midplane, from the core center outwards 
through the the rmal shield, and along another radius at the sanae 
height adjacent to the p r e s s u r e vessel . 

The resu l t s of these measvu'ements a r e plotted as a single rad ia l 
distribution of Fig, 11-12. although the three se ts of points represen t 
different measurements in three separa te reac tor runs . The curve 
was drawn through the data points so as to give the best visual fit 
with the slopes of the curve within the p r e s s u r e vesse l and within the 
thermal shield drawn so as to be equal. In cases where one of the 
three data points in a se t was far different from the other two, it 
was discarded. 
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It is estimated that the absolute value of the scale of the 
neutron flux is accurate to ± 20%. Sources of e r r o r a r i se mainly 
in the s ta t i s t ics of the measurement of counting r a t e s . It is e s t i ­
mated that an individual data point outside the p r e s s u r e vessel has 
an uncertainty of ± 30%. Inside the core the uncertainty reduces to 
about ± 10%. 

Analytical evaluation of the data is not complete, 

6. Excursion Analysis 

The excursion analysis for the PM-1 flexible zero power exper i ­
ment was s ta r ted . Methods of solution to the kinetic equations were 
investigated. The most promising were those presented in UN 58/629 
"Some Topics in Reactor Kinetics" by E, Richdard Cohen. The theory 
of this method was reviewed and the extension of this method, as 
mentioned by Cohen, to include the p recu r so r equations by metods 
s imi l a r to Runge-Kutta p rocedures , was investigated. An IBM-704 
machine program for solution of the equations has been coded in 
For t ran , Checkout of these equations with available data fr i ERDL 
excursion analysis data will be done next, 

7. Summary 

The pa ramet r i c zero power tes t p rogram was initiated and the 
experimental portion completed during this quar ter . 

The react ivi ty of three eccentr ic Y-rods with a cent ra l Y-rod in 
place varied from 11.97% A K/K at 5 in. to 9,84 Zi K/K at 6.5 in. 

The reactivi ty worths of slab rods 0,200 in. thick varied from 
2,93% A K/K for a 2,5-in, wide slab to 3,79% A K/K for a 3,5-in. 
wide slab. 

Slab rods three in. wide had worths varying from 3.28% ^̂  K/K 
for a 0,16-in. thick slab to 3,70% /i K/K for a slab 0,28-in, thick. 

Comparison of a s tep rod, duplicating the analytical model with 
a slab, showed the worth to be 7% grea te r for the s tep rod. Cruciform 
rod worths varied from 5,3% Zi K/K for a rod with 2,5-in, a r m s to 
7,40% /5i K/K for 3,5-in. a r m s . 

The tempera ture coefficient of a 6,6-in, radius core was measured 
to be -0.002% £^ K/K at 20° C and -0.008% £^ K/K at 70° C. The 
tempera ture effect from 20 to 70° C was found to be 0.315%>!i K/K. Agree­
ment with the analytically determined tempera ture effect was good. 



Lumped burnable poisons were evaluated in a core with a 10.7-in, 
radius . Good agreement with analytical self-shielding factors was 
found. 

Fast flux measurements were made at the midplane of the core aa 
5 2 2 

4.5 X 10" n/cm sec watt above 2,5 mev at the center and as 8.6 x 10 
n /cm sec watt above 2.5 mev 3 in. outside the p r e s s u r e vesse l . 

The excursion analysis for the PM-1 flexible zero power test was 
initialed. 

8. Anticipated Work for Next Quarter 

Analytical evaluation of all experiments completed during the 
paramet r ic zero power test will be completed. 

Planning and initial design for the flexible zero power experiment 
will be initiated. 

Compilation of the Hazards Summary Report for the flexible zero 
power test will be initiated., 

The excursion analysis for the flexible zero power test will be 
programmed completely and initial check runs made. 



11-30 

B. SUBTASK 2.2--IRRADIATION TEST 

J. B, Zorn 

The objective of the i r radiat ion program is to subject the PM-1 fuel 
element to burnup in an environment which simulates, as nearly as pos ­
sible, the conditions of t empera ture , heat flux, coolant subcooling, cool­
ant t empera ture r i s e , and heat removal to be experienced during opera­
tion of the PM-1 nuclear power plant. 

In general , the best tes t a fuel element can undergo i s a serv ice 
test under actual conditions, i .e. , in a prototype reac tor made up of p r o ­
totype elements . In the case of the P M - 1 , such a test is not suitable 
because of schedule requi rements . It becomes necessary, therefore, to 
devise methods of test ing the fuel e lsewhere as rapidly as possible. 
This can be done in a r eac to r in which the neutron flux has been in­
c reased to a l a r g e r than normal value. Accelerat ion of burnup is t h e r e ­
by obtained, but several consequences resul t immediately: 

(1) Since power in the i r radia ted element is directly proportional 
to the neutron flux, the power generation ra te is increased. 

(2) A much l a r g e r quantity of heat is generated and removal of 
the heat from the sample element is made m o r e difficult. 

(3) Tempera tures become more difficult to maintain at nominal 
values as well as reasonably constant values. 

(4) S t res ses due to the existence of thermal gradients a r e in­
c reased . 

Some specific considerations applicable to an i r radiat ion program 
a re l is ted, 

1. Fuel Element Specimen Size 

It is necessa ry to adhere as closely as possible to the actual physical 
dimensions of the prototype fuel element in the samples to be tested. 
Tube d iameters , wall thickness, cladding thickness, and the physical 
size of the cermet core constituents can easily be maintained. How­
ever, because of the heat removal problem as mentioned, it may be nec ­
e s s a r y to reduce the sample length. It i s inadvisable to do this for the 
following reasons : 

(1) Full s ize t e s t s a r e more re l iable . Results a r e bet ter in te r ­
preted if s ize and/or scale factors do not affect the tes t . 
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(2) In the par t icular case of PM-1 fuel elements, higher L/D 
rat ios a r e s t ructural ly l e s s stable and should, therefore , be 
tested. 

(3) Longer fuel element samples involve g rea t e r m a s s e s of f i s ­
sionable mater ia l in one element. Therefore, l a rge r amounts 
of fission gas a re potentially available for channeling or dif­
fusion into prefer red a r e a s , 

2. Heat Removal from the Fuel Specimen 

Under service conditions, heat is lost through both the inside and 
outside surfaces of the PM-1 tubular fuel element. Under this condi­
tion, a cer tain tempera ture profile a c r o s s the core of the element is 
maintained. It is essential that the tempera ture profile as well a s the 
maximum meat centerl ine tempera ture be maintained as close to the 
actual case as possible. Thermal differentials and the result ing in te r ­
nal s t r e s s e s can have considerable influence on the s tructural and met ­
allurgical integrity of the specimen. Severe s t r e s s gradients could 
cause gross distortion in the element with possible unbonding of the clad 
and core . 

3. Tempera ture and Coolant Flow 

Maintenance of a reasonable maximum core centerl ine t empera ture 
(for PM-1 elements , it should not exceed approximately 750° F) is im­
perat ive in o rder that the sample be given a representat ive tes t . The 
maintenance of the maximum core center l ine tempera ture throughout 
the test (in this case a 100** F total variation is permiss ib le) is also a 
requirement although it is not as s t r ic t as the other one given. 

4. Specimen Monitoring 

Insofar as possible, as much instrumentation as is pract icable should 
be included to nionitor: 

(1) Flux and burnup 

(2) Tempera ture 

(3) Fiss ion product buildup 

(4) Flow and p r e s s u r e 

(5) Specimen fai lure. 

With these general objectives and considerations in mind, the follow­
ing was acconmplished during the quar ter . 
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A proposal for the i r radiat ion test ing of PM~1 fuel tubes in the vai-
leci tos Boiling Water Reactor (VBWR) was received from General E lec­
t r i c , Since it would take considerably longer than desirable to obtain 
the necessary U-235 burnup ra t e s in the VBWR, and since the plant will 
be shut down for a period of six months, s tar t ing about October 1959, 
this reac tor was excluded from further consideration as a possible fa­
cility for i r radiat ion test ing under this p rogram. 

Several vis i ts took place between Battelle Memorial Institute (BMI) 
and Martin personnel; these resul ted in a proposal from BMI for capsule 
i r radia t ion of PM-1 fuel specimens in the MTR or ETR. The proposal 
covered design and fabrication of capsules , i r radiat ion to 36 and 72 
at . % of U-235 burnup, and final pos t - i r rad ia t ion testing. The program 
submitted by BMI can be summarized as follows: 

(1) Capsules inherently r e s t r i c t heat dissipation from the central 
regions of tubular fuel e lements; excessive t empera tu res 
will resul t if specimen lengths a r e too long. An investigation 
into the l imi ts imposed by capsule design revealed that the 
maximum active fuel element length that could be to lera ted 
is 10 in. 

(2) It was proposed that 16 specimens (5 and 10 in, long) be i r ­
radiated, A total of 11 capsules would be utilized for i r r a d i ­
ating the samples to burnups of 36 and 72 at , %. 

(3) Approximately 4-1 /2 mo would be required from initiation of 
the program to design and fabricate the f irs t of the required 
11 capsules . All capsules should be completed in approxi­
mately 6 mo. 

(4) Irradiat ion t ime for 36 and 72 at, % burnup will be 4 and 12 
calendar months, respectively, 

(5) Restilts on specimens i r radia ted to 36 at, % burnup should be 
available about 13 mo after program go-ahead while p re l im­
inary resu l t s on the 72 alt, % burnup specimens should be 
available after approximately 18 mo. These t ime schedules 
presuppose availability of space in the MTR and/or ETR so 
that all specimens can be inser ted simultaneously. 

Negotiations with the Westinghouse Corporation, Pittsburgh, Penn­
sylvania, on i r radia t ion test ing in the WTR, resulted in proposals for 
both capsule and in-pile loop p r o g r a m s . 

In-pile loop tes t ing, - The original proposal from Westinghouse on 
in-pile loop test ing indicated that 13 full length PM-1 fuel tubes could 
be i r radia ted in the WTR central thimble with little or no modification 
to the facility. Fu r the r investigation indicated that accelera ted power 
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generation in the elements , due to high neutron flux levels , would limit 
this number to approximately eight specimens . In this case , the heat 
removal capacity of the loop would have to be increased by at leas t 
500 kw. A more recent review of the problem revealed that four e le ­
ments can be i r radia ted in the loop if flow res t r ic t ions a r e employed 
to obtain coolant velocities of from 15 to 20 fps with no inc rease in heat 
exchanger capacity. 

It is est imated that the WTR should be at full power (30 mw) by 
1 September 1959, and loop space will be available for the PM-1 ex­
per iment at this t ime . The approximate perturbed, thermal neutron 

14 
flux will be 1 X 10 nv and burnups of 36 and 72 at. % of U-235 can be 
achieved in 4 -1 /2 and 12 calendar months, respectively. 

Excluding the cost of neutrons, the overall cost of i r radia t ion and 
pos t - i r radia t ion test ing is somewhat l e s s for the loop t e s t than for the 
capsule test , although cost per specimen for loop test ing is higher. 

Capsule tes t ing. - The proposal received from Westinghouse for 
capsule i r radia t ions included design and fabrication of instrumented 
capsules, i r radiat ion in the WTR, and pos t - i r radia t ion examination. 
In this case , 14 specimens (four 10 in. long and ten 5 in. long) a r e to 
be i r radia ted to burnups of 36 to 72 at . %, Irradiation periods were 
est imated to be 4-1 /2 and 12 calendar months, respectively. Since BMI 
would design and fabricate the capsules under subcontract with Westing­
house, the same t ime schedule would apply as discussed previously. 

AEC F o r m s 320, requesting capsule i r radiat ion in the MTR and/or 
ETR and loop i r radiat ion in the WTR were prepared and submitted to 
the AEC for approval. 

A detailed technical comparison between loop and capsule t es t s was 
p repared with the final conclusion favoring loop tes t s on full length 
PM-1 fuel e lements . A summary is given in Table II-9, 

A survey was made of the different fuel element p a r a m e t e r s being 
considered and the various combinations which would stat is t ical ly p ro ­
vide the most informqition were selected for i r radia t ion test ing. A 
representa t ive (though not final) l ist is given in Table 11-10 for capsule 
specimens . 

The Materials Test Reactor coolant flow charac te r i s t i c s and the cap­
sule design utilized during the previous Martin i r radia t ion tes t on min­
iatur ized (3 in. long) PM-1 fuel e lements were investigated to determine 
whether insulating specimens to maintain des i red t empera tu res during 
i r radia t ion is possible. By this means the more costly and hazardous 
NaK capsules could be eliminated. With 10 mi l s of insulation on the 



n-34 

TABLE n - 9 

Irradiat ion Test ing--Comparison of Loop and Capsule Tes ts 

Heat removal from both inside 
and outside of tubes 

I r radia t ion of full length fuel 
e lements 

Continual monitoring of heat 
t r ans fe r medium 

Detection of element failure 

Tempera tu re control of specimen 

Production of l a rge mechanical 
s t r e s s e s 

Production of l a rge thermal 
gradients 

Simulation of actual t emper ­
a tu re profiles 

Duplication of absolute t em­
pe ra tu re values 

Number of elements pe r 
physical unit 

Number of f)arameters var ied 

Es t imated total cost pe r specimen 
(exclusive of neutron charges) • 

Information available (estimated) 

36% burnup 

72% burnup 

Complete 

Loop 

yes 

yes 

yes 

yes 

yes 

no 

no 

yes 

doubtful 

4 

6 

$16,310 max 

Jan 1960 

Oct 1960 

Jan 1961 

Capsule 

no 

no 

no 

no 

yes , but not 
after 50% burn 

yes 

yes 

no 

very doubtful 

1 

6 

$13,700 

May 1960 

Jan 1961 

Mar 1961 
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Specimen 
No. 

136 

172 

236 

272 

356 

372 

436 

472 

572 

672 

772 

872 

972 

1072 

100 

200 

CapE 

Tube Diameter 
OD 
(in.) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.375 

0.375 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

TABLE 11-10 

jule Irradiation Specimens 

Meat 
Thickness 

(mils) 

30 

30 

30 

50 

30 

30 

50 

30 

30 

30 

30 

30 

30 

30 

30 

30 

UOg in 

Meat 
(vt I0) 

30 

30 

25 

25 

25 

25 

25 

25 

30 

25 

30 

25 

30 

25 

None 

None 

Poison Active 
in Meat Length 
(vt i) (in.) 

0.22 B as B|̂ C 5 

0,22 B 

0,22 B 

0.22 B 

0,22 B 

0.22 B 

as 

as 

as 

as 

as 

B̂ C 

B̂ C 

B̂ C 

ZrBg 

ZrBg 

None 

None 

0.22 B 

0.22 B 

0.22 B 

0.22 B 

0.22 B 

0.22 B 

as 

&B 

as 

as 

as 

as 

Bĵ C 

Bî C 

B4C 

B̂ C 

ZrBg 

ZrB^ 

3.0 B as Bĵ C 

1.0 B as B^C 

5 

5 

5 

5 

5 

5 

5 

5 

5 

10 

10 

10 

10 

Max 

Max 

Burnup 
(at.^) 

36 

72 

36 

72 

36 

72 

36 

72 

72 

72 

72 

72 

72 

72 

100 

100 
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outside of the element and coolant flow on the inside and outside, an 
average element t empera tu re of 650" F can be maintained in a bare 
element i r radia t ion with a range of insulation thermal conductivity of 
from 0,2 to 2.5 Btu /hr ft " F . Fo r 10 mi l s of insulation on both the in­
side and outside of the fuel element, the variation in thermal conduc­
tivity required i s from 0.1 to 1.15 Btu /hr ft " F , To date, a combination 
of solid and /o r gaseous insulators which will adequately cover ei ther of 
these ranges has not been found. 

Heat t r ans fe r calculations based on MTR conditions indicated that 
a capsule containing a 10-in. long PM-1 fuel sample in an approximate 

14 neutron flux of 10 nv would not cause 1OC£L1 boiling of the coolant 
water . The capsize wall t empera tu re was found to have a maximum 
value of about 223"F while a wall t empera tu re of 308 to 319"F is r e ­
quired to initiate nucleate boiling. 

5. Anticipated Results for Next Quar ter 

A reconamendation on the type of tes t to be conducted will be sub­
mit ted to AEC. 

Design and preparat ion for i r radiat ion test ing will be initiated. 

C, SUBTASK 2.4--HEAT TRANSFER TEST 

M, P, Norin 

The PM-1 heat t r ans fe r p rogram is designed to obtain heat t r ans fe r 
corre la t ions of heat t r ans fe r coefficients, tube wall t empera ture , bulk 
t empera tu re , and p r e s s u r e drop and flow effects in both non-boiling 
and nucleate boiling ranges . Experimental data obtained during the second 
quar te r and cor re la ted with the pa ramet r i c study program will aid in 
determining whether o r not the PM-1 co re can be operated under local 
boiling conditions. 

The experimental p rogram is required because accepted heat t ransfer 
design procedures re ly on semiempir ica l cor re la t ions , many of which a r e 
only accura te to within ± 25%. As a resul t , these inaccurac ies must be 
incorporated into the design of the r eac to r as anticipated hot channel 
factors with a resultant increase in plant capital and operating costs , 
and a dec rease in plant efficiency. 

The overal l objectives of the program a r e to obtain experimental data 
to support refined the rmal and hydraulic design of the PM-1 core and to 
determine experimental ly those quantities such as burnout heat flux which 
a r e difficult to calculate. 
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During the first quar ter a general heat t ransfer p rogram was outlined 
and evaluated. 

The tes t p rogram requ i res that severa l full-scale simulated fuel e l e ­
ments be ar ranged to duplicate flow ra t e s , p r e s s u r e drops, and other hy­
draulic charac te r i s t i c s encountered in the PM-1 core . Internal heat gen­
eration, through use of a 300-kw controlled d-c power supply, will provide 
heat fluxes throughout the range of in te res t . 

The experimental program will make use of The Martin Company heat 
t ransfer loop and the following three individual tes t sect ions: 

(1) An existing (0.375 OD) seven-tube unit, designated a s SETCH-1 
and fabricated during a previous program, will be operated to 
compare such non-boiling and local boUing heat t ransfer cha r ­
ac te r i s t i cs as inlet and outlet t empera ture , wall t empera ture , 
and bulk water t empera tu re . Approximately 120 individual 
runs a re scheduled. Test conditions in the PM-1 range of 
in teres t span inlet velocities of up to 6 f t / sec , t empera tu res 
ranging from 470 to 580" F , p r e s s u r e s of from 1200 to 2000 

fi 2 
psi, and a heat flux range of from 0.05 to 0.45 x 10 Btu /hr ft . 

(2) A local boiling p r e s s u r e drop corre la t ion will be required for 
the p rogram. This cannot be obtained on the seven-tube s e c ­
tion, in which only flow inside the tubes is measured . A single 
tube test section, fabricated and tested during the shakedown of 
the heat t ransfer loop, will be modified to provide the required 
information. The tes t section, designated STTS-2, will be 
operated under the same conditions as SETCH-1. 

(3) Based upon information obtained in the experinaental p rog rams 
of SETCH-1 and STTS-2 and resu l t s of the pa ramet r i c studies, 
a PM-1 tes t section will be designed and tes ted. This multiple 
or single tube unit will duplicate the final selected PM-1 core 
conditions of geometry, flows, p r e s s u r e s , tenaperature, heat 
flux, and other hydraulic dimensions. This unit will be used 
to evaluate the PM-1 final heat t ransfer design. 

1. Work Completed 

Fabricat ion of SETCH-1 has been completed. Calibration of the center 
tube thermocouples was made and data obtained on the experimental f r i c ­
tion factor of the tubes as a function of Reynolds' number. 

Welding of tes t section mating piping into the Martin heat t ransfer 
loop was completed. The tes t section was instal led in the loop in p r e p -
atation for instrumentation hook-up. The tes t section i s shown in 
F ig . 11-13. 
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Design of the single tube tes t section (STTS-2) was initiated and 
completed. Dimensions of this tes t section a r e such that it is suitable 
for installation within the present heat t r ans fe r loop. This section 
consists of a single s ta inless steel tube of 0,375 in. OD and 0.315 in. 
ID and an effective length of 23 in. Taps for obtaining p r e s s u r e drops 
within the tube a r e located on 4 in. cen te rs along the effective length 
of the tube. Allowances for the mounting of thermocouple fittings a re 
made on 2 in, cen te r s . Smooth flow at the entrance and exit of the test 
section is established through the use of long flow transi t ion p ieces . 
Elec t r ica l bus connections a r e available at each end. Structural 
integrity is maintained during testing through the use of backup pla tes . 
Fabr icat ion was s tar ted during this quar te r and i s scheduled for 
completion during June 1959, 

2, Anticipated Work for Next Quarter 

During the next quar te r test ing of SETCH-1 and STTS-2 will be 
completed. Planning and design of final PM-1 heat t ransfer tes t will 
be initiated. 

D. SUBTASK 2,5--ACTUATOR PROGRAM 

J. Sieg R. ManoU W. Dallam 

During the first quar ter , the actuator p rogram work was concentrated 
in two main a r e a s : seal studies, and preparat ion for selection of an 
actuator vendor, during the second quar ter , 

1, Seal Studies 

The objective of the seal studies was to determine the suitability 
of seal sys tems for use with the PM-1 ac tua tors , Infornaation will 
also be applicable to other sealing requi rements , such as pump shafts, 
valve s tems, etc . 

The cur ren t status of seal technology was surveyed by: 

(1) Extending to qualified seal vendors invitations to bid on a 
seal system meeting the following c r i t e r ia : 

Fo r ro ta ry shaft sea ls : 

Shaft d iameter : 1/2 to 2 in, d iameter (5/8 to 3/4 in.) p r e ­
fe r red . 

Tempera ture : 500 to 650°F, 
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Pressure: 1000 to 2500 psi. 

Lubrication: High purity water. 

Leakage: 70 cc/hr max. 

Operating speeds: 1 rpm, min to 1 rps, max. 

For the linear (reciprocating shaft) seal: 

Shaft diameter: 1/2 to 2 in, diameter (5/8 to 3/4 in.) pre­
ferred. 

Temperature: 500 to 650" F, 

Pressure: 1000 to 2500 psi. 

Lubrication: High purity water. 

Leakage: 70/cc/hr max. 

Operating speeds: 1 fps, nain to 8 fps, max. 

(2) Evaluating the propossds received. All the manufacturers con­
tacted except three, Koppers, Cartriseal and Hydrodyne, de­
clined to propose a seal for our service. 

(3) Mating proposed systems to an existing actuator design. 

Three basic types of seals were studied: 

(1) The floating ring seal as shown in Fig. 11-14. 

(2) The split ring type as shown in Fig, 11-15, 

(3) The bellows-operated pressure plate type as shown in Figs. 
11-16 and 11-17, 

The data pertaining to the seals was evaluated (see Table 11-11) on 
the basis of reliability, wear rate, leakage, life expectancy, maintenance, 
and ease and cost of replacement. The boating ring seal or labyrinth is 
a constant leak rate type of seal. External pressure slightly higher than 
the pressure of the medium being sealed is provided at the seal gland, 
with this flow being diverted both inward and outward. The outward 
flow (leak rate) remains constant over a long period of time and is not 
affected greatly by reasonable wear. This type of seal is relatively 
large, requires external piping, and is quite costly. On the other hand, 
seals of this type have been used very successfully for a number of years. 
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Leakage Path 

Low Pressure 
Region 

Barrier 
Water 

I 10 pal Greater 
/ Than High 
I Pressure Region 

High Pressure 
Region 

Fig, 11-14, Koppers Company Floating Ring Seal 
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Leakage 
Path 

Lov 
Pressure 
Region 

High 
Pressure 
Region 

Split Ring 
Seal 

Fig, 11-15, Koppers Company Split Ring Seal 
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Leakage 
Path 

High 
Pressure 

Sealing Surface 

Low 
Pressure 

Welded 
Bellows 

F ig , n - 1 6 . C a r t r i s e a l Corporation B e l l o w s Seal 
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Low 
Pressure 
Region 

High 
Pressure 
Region 

Leakage 
Path 

Sealing 
Surface 

Machined Bellows 

Fig. 11-17. Hydrodyne Corporation Bellows Seal 



TABLE 11-11 

Seal Data Evaluation 

Leak 
Linear Rate Max 

Wear Temp 

over 2 yr 
Period 

Manufacturers 
Number 

Koppers 
No. 300017 

Koppers 
No. 700052 

Koppers 
No. 

Seal 
Tyje 

Floating 
Ring 
(Bushing) 

Welded 
Bellows 

Split 
Ring 

Rotary 

Yes 

Yes 

Yes 

Recip­
rocating 

Yes 

No 

Yes 

Static 
(cc/hr) 

1 gPl/ 
hr 

50 

70 

Very low 650 
over 2 yr 
Period 

Very low 65O 
over 2 yr 
Period 

Max 
Press 
(psi) 

2500 

2500 

2500 

In Service 

Yes 

No 

Yes 

Hydrodyne 
No. 10255 

Ceirtriseal 
No. 52'̂ 6 

Machined 
Bellows 

Welded 
Bellows 

Yes 

Yes 

No 

No 

50 

50 

Very low 
over 2 yr 
Period 

Very low 
over 2 yr 
Period 

650 

650 

2500 

2500 

Yes 

Yes 

Cartriseal 
No. 5214-0 

Spring 
Loaded 

No Yes 30 to Very low 
50 over 2 yr 

Period 

650 2500 No 

(1) This seal has been used In high purity water service and test data are available from ANL, 
(2) External piping required for water inlet at a higher pressure than the reactor vessel. 
(3) Fatigue life of bellows unknown and wear rate of sealing surface uncertain. 
(k) Wear rate unknown using high purity water as a lubricant, 
(5) Cost does not Include seal housing Included on other quotes, 
(6) Wear rate of sealing ring in HP water unknown. 
(7) Materials of construction unsuitable for radiation level and HP water service. 
(8) Crevice corrosion is a factor at the welded seEim of the bellows. 
(9) This company shows no experience in the field of nuclear problems. 

Note: Leakage rates are calculated and not proven by lab tests. 

Seals 

HP 
Water 

-

Oil 

2-yr 
Life 

Yes 
(1) 

Yes 
(3) (8) 

Yes 
W 

Water 
Required 

Yes 
(2) 

No 

No 

Cooling Fab Cost/ 
Time Unit 
(vk) ($) 

Not 800 
Stated Approx 

Remarks 

Not adaptable for 
remote removal due 
to external piping. 

Not 
Stated 

1+ to 6 

1800 

26 
Each 
(5) 
3 Req­
uired 

This is an unproved 
seal and is still 
in the development 
stage. 

This seal shows 
promise but re­
quires testing. 

No HP 
Water 
Exp 

No HP 
Water 
or 

Nuclear 
Exp 

No HP 
Water 
or 

Nuclear 
Exp 

Yes 
(6) 

Yes 
(7) (8) 

Yes 
(7) 

No 

No 

10 

10 

203 

167.50 

85 

This seal shows 
promise but re­
quires testing. 

Metallurglctil 
problems have to 
be overcome, 

(8) 

Metallurgical 
problems have to 
be overcome. 

(9) 
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The split r ing seal is the type used in automotive engines (piston 
r ings) and for other applications and requi res very litt le space to in­
s ta l l . This type of seal is relatively inexpensive. Its leakage should 
be low over a two-year period of operation, but may be expected to in­
c r e a s e with continuing operation. 

The bellows-type of seal which uses a bellows to apply p re s su re to a 
sealing disk has been used quite extensively with sys tems operating up to 
5000 psi and handling various types of fluids. This type of seal has a 
relatively low initial leak ra te , but leakage increases with wear . If a 
welded-type bellows is used, tes t s should be conducted to determine the 
effects of crevice cor ros ion at the base of the welds and determine the 
fatigue res is tance of the metal in the weld a r ea during cycling. The 
Hydrodyne bellows is machined from a solid piece of ma te r i a l . With 
this method of fabrication, crevice corros ion and discontinuities at 
welded joints a re not factors of importance. 

The seals studied may be catagorized in the following manner : 

(1) The floating ring seal or labyrinth seal should be used where 
space is not a problem, and p r e s s u r e and drain piping can be 
made readily, due to the high degree of reliabili ty of the seal . 

(2) The split r ing seal and/or the machined bellows seal should be 
used where space is at a premium but replacement can be made 
rapidly. Tests would have to be conducted on the seals (as sub­
mitted) to determine seal rel iabil i ty and life expectancy. 

Decisions regarding the use of sea ls with actuators will 
be held in abeyance pending review of the actuator studies and 
establishment of a pre l iminary design. Some of the actuator manu­
fac turers may have redesigned an existing seal for thei r required type 
of duty which is worthy of further consideration. 

2, Preparat ion for Actuator Selection 

The objective of the first phase of the actuator study was to 
accumulate sufficient actuator data to allow immediate actuator 
procurement when reac tor pre l iminary design conditions a r e 
established. 

The development of firm data to be used in selecting a type of 
actuator for procurement was begun. It was decided that the best 
way to obtain such data, in meaningful form, was to invite fixed 
pr ice proposals for the supply of prototype and production equipment. 
A specification was prepared, bid invitations were extended to qualified 
vendors, evaluation c r i t e r i a were established, personnel were 
mobilized for evaluation of design work, and techniccd l iaison was 
initiated with vendors . 

MND-M-1812 
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Information pertaining to the actuator study has not been formally 
submitted as yet by the various manufacturers . However, a review 
of typical actuators is continuing, based upon initial sketches provided 
by representa t ives of various f i rms . 

Several methods of actuating the control and shim rods a re 
present ly employed in existing reac to r s in which the fai lure-prone 
components a r e removable without depressur iz ing the p r imary sys tem. 
These fall into two basic ca tegor ies : 

(1) The type in which the mechanical components a r e placed 
within a p r e s su re housing (restraining the p r imary system 
p res su re ) and a re motivated by magnetic or hydraulic forces 
passing through the p r e s s u r e housing. The e lect r ical 
components a r e placed outside the p r e s s u r e housing and 
the drive rod that propels the control rod is located within 
the p re s su re housing. In this type of actuator the leakage 
ra te is ze ro and drag or friction forces that would result 
from the use of extremely close fitting pa r t s a re essential ly 
eliminated. 

(2) The type that employs a dynamic seal to isolate the elements 
that might readily fail from the p r imary system fluid. In 
this type of actuator some leakage is inherent and sc ram of 
the rod may have to take place through the seal . 

Under the f i rs t type of actuator three basic actuators a r e being 
considered. These a r e : 

(1) The magnetic jack; current ly expected to be used with 
the Yankee and BR-3 (Belgian) r e a c t o r s . This actuator 
is an in-line type of device in which the magnetic power 
bundle and the position indicating bundle a r e mounted 
outside the actuator p r e s s u r e thimble. Replacement of 
the e lectr ical par t s without disturbing the internal 
components may quickly be made . This device operates 
from a square wave power supply and moves the control 
rod in steps or increments in ei ther direction. Scram is 
accomplished by collapsing the field of the holding magnet 
permit t ing the rod to drop, 

(2) The collapsible rotor ball screw drive present ly used on 
nuclear submar ines . 

This actuator has the same accessibl i ty features as the 
magnetic jack and is an in-line type of device, but move­
ment of the rod is accomplished by a ball screw and 
rotating nut. 
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The nut is composed of several segments, spring-loaded 
to remain in the open position, with each segment having 
a ro l le r screw section at one end and magnetic mater ia l 
at the opposite end. The rotation of the nut is accomplished 
by energizing a rotating magnetic field (located on the outside 
of the p r e s su re housing) which propels the nut. Scram is 
accomplished by collapsing the field of the nut-holding 
magnet permitt ing the segments to open and re lease the 
screw. 

(3) The hydraulic p is ton--a concept which has not been built and 
tested. This actuator is an in line type device consisting of 
a piston in i ts p r e s s u r e housing. Surrounding this housing 
is a spiral grooved cylinder acting as a valve. When lined 
up with a par t icular port in the inner housing this cylinder 
dictates the position of the piston which has p r e s su re on each 
side balanced through the port . The outer spiraled cylinder 
(driven by a motor-opera ted gear through a seal) incorporates 
a spring to drive the cylinder to the down position for s c r a m . 

Several actuators employing a seal a re under study; they employ 
ei ther the rack and pinion, ball, or ro l le r nut dr ives . These have 
been used extensively on heavy water, swimming pool, and boiling 
water r eac to r s . 

The rack and pinion type actuator employs a magnetic clutch for 
separation of the power source from the rod drive actuator tube for 
s c r am. The usual configuration of this type of drive is a vert ical 
tube for the actuator rod and a horizontal mounting of the power 
package. This can present a problem in cases where compactness 
is of great importance. 

The ball or ro l le r nut screw-type actuators usually employ a contact 
magnet between the actuator rod and the power package. Collapse of 
this magnetic field resul ts in a s c r am. This type of sc ram system may 
be ar ranged in-line for space savings. 

The data pertaining to the various type actuators will be evaluated 
on the bas is of reliability, wear ra te , leakage, power consumption and r e ­
quirements , life expectancy, maintenance, and ease and cost of r e ­
placement. Data pertaining to re lease and drop t imes and general 
operating charac te r i s t i cs will also be evaluated. 

No conclusions have been reached on the actuators during the 
quar ter due to the lack of final information requested from the 
manufacturers . 

No decisions have been made relat ive to the selection of any 
specific type of actuator as yet; it is expected that a decision 
will be rendered during the second quar ter , after receipt and 
evaluation of the vendors ' final information and proposals . 
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III. TASK 3--PRELIMINARY DESIGN--STUDY, 

SELECTION AND SPECIFICATION 

Project Engineers- -Subtasks 3.1, 3.2: R. Akin, C. Fox 

Project Engineer--Subtask 3.3: C. Fox 

This task covers preparat ion for and accomplishment of pre l iminary 
design. 

A. SUBTASK 3.1--PARAMETRIC STUDY 

The objective of the paramet r ic studies is to examine the var iables of 
plant design in sufficient detail to enable subsequent pre l iminary design 
of an optimized plant. 

The paramet r ic study may logically be subdivided into four major 
a r e a s : p r i m a r y loop, secondary system, instrumentation, and configuration. 
The major a reas have been further subdivided as: 

(1) P r i m a r y loop--R. Akin 

Nuclear studies 
Heat t ransfer studies 
Shielding studies 
System studies 
Design studies 

(2) Secondary s y s t e m - - C , Fox 

General system studies 
Steam generator studies 
Turbine-genera tor studies 
Miscellaneous studies 

(3) Ins t rumentat ion--C. Fox 

(4) Configuration--C. Fox 

Packaging and housing 
Containment 
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The paramet r ic studies will be completed during the next quarter ; 
the resu l t s of the study will form the basis for pre l iminary design. 

1. P r i m a r y Loop 

Nuclear s tudies . -

R, Hoffmeister E . Scicchitano F , Todt 

Nuclear studies performed during the first quar ter consisted of: 

(1) Pa rame t r i c core lifetime studies to provide data for 
establishing the pre l iminary core design. 

(2) Studies of the worth of seven control rods under various con­
ditions, 

(3) Pre l iminary study of the feasibility of lumping burnable poison 
in the core . 

The effect of eight independent var iables on the initial K .„ and the 

life of uniformly loaded cores was studied. This made the selection and 
more detailed study of a s e r i e s of cores meeting PM-1 c r i t e r i a possible. 
Uniform burnup of both fuel and burnable poison was assumed, although 
an average nonuniform burnup effect was calculated and applied. 

Evaluation consisted of arranging data to show fuel inventory ve r sus 
number of fuel e lements for cores giving two-year core life, to show the 
relat ive effects of the different var iables on core life, and to show the 
variat ion of core life with deviation from the optimum levels of the 
different var iab les . 

Detailed nonuniform burnup studies for severa l promising core 
designs were also completed. The K ., was plotted against t ime for the 

core under operating (hot dirty) and down (cold clean) conditions; overal l 
control requi rements may be determined from these plots. 

Control rod studies consisted of determining the worth of a seven-rod 
system as a function of the radial location of the eccentr ic ring of six 
rods , of the core diameter for fixed radial rod location, and of the core 
height for a fixed radial rod location. 

A pre l iminary study to determine the feasibility and worth of incor­
porating lumped burnable poisons into the core was s ta r ted . The v a r i ­
ation of reactivi ty with t ime of cores incorporating homogeneously 
distributed poison and of cores incorporating lumped poisons of var ious 
initial concentrations a re being determined. 
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During the next quarter , evaluation of the paramet r ic core lifetime 
studies will be completed, nonuniform fuel loading will be investigated, 
and a pre l iminary core design will be established. 

The number and size of control rods needed to meet the control r e ­
quirements will be determined. 

The pre l iminary lumped burnable poison study will be completed. 
Nonuniform loading of lumped poison will be investigated. A pre l iminary 
placement of lumped poison in the core will be determined. 

Pa rame t r i c core design s tudies . - The effects of eight independent 
design var iables on core cha rac te r i s t i c s were evaluated to allow the 
range of subsequent investigation of each of the var iables to be narrowed. 
The eight independent var iab les considered and the range investigated 
for each of the var iables aUe shown in Table I I I - l . A synthetic design 
code was used which made it possible to plot complete curves based 
upon 81 calculations ra ther than the thousands of calculations required 
to determine five values of the dependent variable for each combination 
of independent var iab les . The validity of the synthetic design was con­
firmed at severa l points. 

The paramet r ic uniform loading core design studies resul ted in the 
generation of a large quantity of data. Although presentat ion of all 
of the data is not made he re , summar ies of the resu l t s obtained, with 
sample representat ions of these data, a re presented. 

A complete s e r i e s of graphs have been plotted to show the effect 
of the eight independent var iables on the p r i m a r y dependent var iable , 
r eac tor lifetime, and tiiie secondary dependent var iab les : 

(1) Initial K . . (a direct function of the p r imary variable) 

(2) Fuel inventory 

(3) Number of fuel e lements . 

A typical representat ion showing the effect of varying X , , X , , X^, 
and X„ on reac tor lifetime is presented as Fig. I I I - l . In this par t icular 
case , X . , X X„, and XQ are held constant. Twenty-six other r e p r e ­
sentations were prepared which indicated the effects on reac to r lifetime 
of varying combinations of the other independent var iab les . To simplify 
reading the graph, only the extreme values of variable X , were plotted 

as surfaces; points for the middle surface a re plotted but not connected. 



TABLE III-l 

Independent Variables Used in Parametric Core Design Studies 

Design Variable Range Synthetic Design Levels 

\ 

\ 

^5 

^1. 

^5 

H 

^ 

^8 

Core he igh t /d iamete r 

Core d iameter—in . 

Fuel Tube OD—in. 

Fuel Matrix Th ickness - - in . 

Temperature—° F 

Tube Spacing/Tube OD 

Grams of Boron/Grams U-255 

Weight ^ UO i n Matrix 

0.85 

20 

0 .51 

O.OlB 

4oo 

1.1 

0.0 

25 

- 1.45 

- 28 

- 0.50 

- 0.05 

- 550 

- 1.5 

- 0.015 

- 50 

-2 

0.85 

20 

0.510 

0.018 

4oo 

1.10 

0 .0 

0.25 

- 1 

1.0 

22.271 

0.5575 

0 .021 

^37.5 

1.2 

0.00525 

0.2it75 

0 

1.15 

2if.551 

0.if050 

0.02l^ 

1+75 

1.5 

0.0065 

0.265 

+1 

1.50 

26.227 

O.I15895 

0.027 

512.5 

l.k 

0.00975 

0.2825 

•\Q. 

1.1^5 

•28 

0,500 

0.050 

550 

1.5 

0.015 

0.50 



Fuel Tube OD 

+ = O.JIO in . 

o I 0.1tO5 In. 

- = 0.500 in . 

Core Helght/Dlameter = 1.15 

Temperature = 1̂ 75° F 

Boron Loading = 0,0 1 

Operating Power = 10 Mw 

Tube Spacing 
1.2 Tube OD 

20.000 ' M . l 
Meat Thickness = 0.018 in. 

20.000 1.1 
Meat Thickness = 0.021* in. 

20.000 1.1 
Meat Thickness = O.O5O in. 

Fig. I I I - l . Reactor Lifetime--Uniform Core Loading 
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The dashed lines appearing on some of the surfaces of Fig. III-l 
represen t the intercept of a 24-mo reac tor plant core life plane and the 
surface. It may be noted that the intercept is not prec ise ly 24-mo (on 
the ordinate scale) above the surface of the base plane in any case; this 
is because cer tain effects were considered in plotting the intercepts of 
reac tor plant core life which were not taken into account in the basic 
plot of reac tor lifetime, namely: 

(1) An ac ross - the -board correct ion of 25% was applied to 
account conservatively for the effects of nonuniform 
burnup. (This is in addition to the correct ion applied in 
the computer code.) As a resul t of this , the 24-mo core life 
curve would be para l le l to the base plane at a height c o r r e s ­
ponding to an ordinate reading of 30 mo. 

(2) The effect of operating temperature on required reac tor power 
was included by making allowance for the increase of plant 
thermal efficiency (Rankine Cycle) which accompanies an 
increase in operating tempera ture . Since the reac tor 
operating power necessa ry to meet plant requirements at 

• 475° F is somewhat l ess than the 10 mw power c r i t e r i a used 
in the computer codes, a downward shift of the 24-mo core 
life curve from 30 to about 28 mo resu l t s . 

A typical representat ion of the effect of varying X , , X„, X . , and Xg 

on U-235 inventory is presented as Fig, III-2. In this par t icular case , 
X p X„, and X„ are held constant. Eight other representat ions were 

p repared which indicate the effects on reac tor l ifetimes of varying 
combinations of the other independent var iables . The elimination of 
variable X_, tempera ture , explains the decrease in representat ions from 

27 to 9. 

The number of core fuel elements is a function of var iables X-, X„, 

and Xg only. A supplementary three-dimensional graph was prepared to 

allow one to determine quickly the number of tubes result ing from any 
combination of these pa r ame te r s . 

To simplify interpretat ion of the r e su l t s in special cases , an 
al ternate graphical presentat ion was compiled. These graphs, obtained 
by c r o s s plotting information from the 27 representa t ions s imi lar to 
Fig. I I I - l , show the effect of each individual var iable , with all other 
var iables at ei ther their mean or ext reme levels , on ei ther reactor 
lifetime or initial K ,,. Figure III-3, for example, shows reac tor 

lifetime as a function of core diameter , fuel concentration, and tern-
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Core Helght /Dlajneter = 0 .85 

Fue l Tube OD = 0 . 5 I i n . 

Meat Thickness = 0 . I 8 i n . 

Tube Spacing/Tube OD = 1.1 

gm Boron/gm U-255 = 0 .0 

- = 23* 

0 = 26.5?t 

+ = 5056 

Core Height/Diameter = 1.15 

Fuel Tube OD = 0.1*05 in. 

Meat Thickness = 0.2k in. 

Tube Spacing/Tube OD = I.3 

gm Boron/gm U-235 = O.OO65 

Core Height/Diameter = l.l+S 

Fuel Tube OD = 0.50 in. 

Meat Thickness = O.5O in. 

Tube Spacing/Tube OD = 1.5 

gm Boron/gm U-235 = O.OI3 

Core Diameter 
(in.) 

Temperature 
(•F) 

20.000 20.000 ^'^O.O 

Fig. in-3 . Reactor Lifetime--Uniform Core Loading 
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pe ra tu re : in graph 1, all other var iables a re held at the -2 level; in 
graph 2, all other var iables a re held at the 0 level; and in graph 3, 
all other var iables a re held at the +2 level. 

P r io r to evaluating the data obtained, it was necessa ry to establ ish 
the validity of the data generated. To this end, severa l studies of the 
accuracy of the synthetic design curve fit were completed. A check 
calculation of about 20 of the points in the -1 to +1 range indicated that 
the difference between calculated check points and plotted points was 
l e s s than the e r r o r to be expected in reading the graphs . A s e r i e s of 16 
check point cases for combinations of ex t reme levels of severa l inde­
pendent var iables in the range of in teres t were run. Maximum e r r o r was 
a 15%, 

As mentioned previously, an average nonuniform burnup correct ion 
was applied to all c a s e s . In order to economize on machine t ime, it was 
calculated only for the one core defined by middle-range data. The co r ­
rection was checked by performing detailed nonuniform burnup studies 
for the three cases described in Table III-2. Curves s imi la r to Fig. III-4 
were obtained showing react ivi ty ve r sus t ime for a hot dirty and a cold 
clean c o r e . The core lives calculated in the uniform burnup study, in 
these par t icular cases , were found to be 10 to 20% less than were those 
calculated giving detailed consideration to nonuniform burnup. 

TABLE III-2 

Core Designs Evaluated in Detailed Nonuniform Burnup Studies 

No. 1 No. 2 No. 3 

Core Height /Diameter 

Core Diamete r - - in . 

Fuel Tube OD--in. 

Fuel Matrix Thickness- - in . 

Tempera tu r e - - " F 

Tube Spacing/Tube OD 

1,45 

20 

0.50 

0,030 

475 

1.3 

1.046 

22 

0,50 

0,030 

475 

1.3 

1.25 

24 

0,50 

0.030 

475 

1.3 
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Fig. III-4. Reactivity vs T ime , Nonuniform Burnup (Case 1, Table III-2) 
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TABLE III-2 (continued) 

No. 1 No. 2 No. 3 

1.405 

0.0136 

28.25 

889 

28.8 

42 

1.387 

0.0151 

23.00 

1086 

36.7 

52 

*Effective Tube Spacing/Tube OD 1.430 

**Grams of Boron /Grams of U-235 0,0132 

Weight % UOg in Matrix 28.25 

Number of Fuel Tubes 709 

Fuel Inventory (U-235)--kg 28.9 

Core Life (at 9.4 mw)--mo 42 

*Allowance was made for removal of 150 fuel e lements to accommodate 
control rod channels, 

*'*= Amount of boron neces sa ry to reduce initial K -, with equilibrium 

Xe-135 to -^ 1.015. 

The nuclear data obtained a re considered to be reasonably good 
guides for the selection of a narrow range of p a r a m e t e r s to be con­
sidered during pre l iminary design. Evaluations of studies completed 
to date include: 

(1) A s e r i e s of graphs, s imi la r to Fig, III-5, plotting fuel in­
ventory against the number of fuel elements contained in 
cores with a rated life of two y e a r s . The nonlinear shape 
of the curves resu l t s from the fact that both inventory and 
the number of tubes are functions of two var iab les : X_ and 
Xg. 

(2) A s e r i e s of seven representa t ions , s imi la r to Fig. III-6, 
show the effect on core life, nunaber of fuel e lements , and 
fuel inventory of varying ei ther X . , X„, X_, X. , X_, X„, or 

X„ while holding the other var iables constant. In most cases , 

three ranges of XQ a re also plotted. Points from which a 
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curve showing the var ia t ion of r eac to r lifetime as a function 
of the independent var iable for constant fuel inventory can 
be plotted are super imposed on the r eac to r lifetime graph. 

Control rod s t ud i e s . - A p a r a m e t r i c study to evaluate a seven- rod 
control system in co res of varying heights and d iameters was completed. 

The re su l t s obtained, presented in Table III-3, and Figs . III-7 and 
III-8, give the worth of the seven-rod sys tem as a function of: the 
rad ia l location of the eccent r ic r ing of six rods ; increased a r m width; 
core d iameter for a fixed location of the rods; and core height for a 
fixed location of the rods . Additional studies will be performed, if 
necessa ry , as the core configuration becomes more definite. 

Resul ts 

Configuration 

1, y ( F i g , III-7) 

of 

TABLE III-3 

Studying the Worth of a Seven-Rod Bank 

Core Height 
.(in) 

23 
23 
23 
23 

Core 
Diameter 

(in) 

25 
25 
25 
25 

Radius of 
Eccentr ic Ring 

of Six Rods 

5,0 
6.0 
6,5 
7.5 

Worth 
(%AK/K) 

-15,3 
-17,9 
-18.9 
-17.7 

2. Y(Fig . III-7) 
with rod width = 
3.382 in, instead 
of 2,927 in. 

23 25 5,82 •20,5 

3. Y(Fig . III-7) 23 
23 
23 

20 
23 
25 

5,5 
5.5 
5.5 

-29.6 
-20.9 
-15.3 

4. Cruciform (Fig. III-7) 20 
23 
26 

25 
25 
25 

6.0 
6,0 
6.0 

-17.1 
-16.9 
-16.7 

According to Table III-3, and Fig, III-8, maximum rod bank worth 
occurs when the radia l spacing is about 6.75 in. 
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0,19 in. 

1 
0.19 in. 

U 2.500 in. 

\^ ^ ^ ^ ^ 
U 2.078 in ̂  

-«^ ^ ^ ^ > ' 

T 
Y-Shaped Rod Cruciform Rod 

^22i Control Rod Absorber Material: Boron Steel, 2.5 Wt ̂  B-10 

Control Rod Configuration Showing Absorber Section 

Core Radius 

Radius of 

Eccen t r i c Rods 

Not t o Scale 

Y-Shaped Rods Cruciform Rods 

Control Rod Location 

F i g . III-7. Rod Configuration and Location 



-2h — 

6 7 

Radius of Centerline of Eccentric Control Rods ( in . ) 

F ig . i n - 8 . Results of Control Rod Studies for a Seven-Rod Bank 
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It may be seen from i and 2, that an increase of 0,455 in. or 15.5% 
in rod width, resul ted in an increase of 3.0% A K/K, or 17.2% in the 
rod bank reactivity worth. Thus, the advantages of increasing rod 
width are not too great . 

Variation in core d iameter . Item 3, Table II1-3, had a significant 
effect on rod bank worth. 

Core height, as was expected, had no significant effect on rod bank 
worth. 

The relat ive worth of cruciform rods versus Y-rods is also indicated 
from case 2 of Items 1 and 4, Table I1I-3. The cruciform rods with a rm 
widths of 2.078 in. were worth -16.9% as compared to the -17.9% worth 
of the Y-rods with a r m widths of 2.927 in. Since the Y-rods contained 5.6% 
m o r e absorbing a rea than the cruciform rods and the difference in rod 
worth was 5.9%, it appears that both shapes of rod a re about equally 
effective. 

Lumped burnable poisons , - The use of burnable poisons, such as 
boron, to reduce the magnitude of reactivi ty to be controlled at the 
beginning of core life is quite common. If reac tor core life is relat ively 
shor t , a homogeneous distribution of burnable poison does not cause 
excessive peaking of react ivi ty with t ime. For r eac to r s having longer 
core l ives, however, the addition of sufficient boron to reduce reactivi ty 
to approximately zero during initial operation may resu l t in sufficient 
increase of reactivi ty as the poison burns out to pose a ser ious control 
problem at some t ime during core life. The self-shielding effect of 
lumping some or all of the poison may make it possible to load more 
poison into the core and st i l l maintain the same minimum of excess 
K ... The increased loading could, in turn, resul t in a shift and a 

lowering of the plot of peak reactivity against t ime as hypothesized in 
Fig. 1II-9. If the effect on overal l core life is negligible, or if the de­
sirabi l i ty of lowering peak reactivity outweighs the disadvantage of 
loading a higher fuel inventory, the use of lumped poisons can be highly 
beneficial. 

Studies a re in p rogress to determine the effective multiplication 
factor, K „„, as a function of t ime at operating conditions for: a core 

with no burnable poison; a core with homogeneously distributed poison; 
a core with homogeneously distributed lumped poisons; and severa l cores 
utilizing different initial concentrations of lumped poisons. The initial 
poison concentrations for all cases a re such that the initial K .„ is 
« 1.015. " * 
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The variat ion of K ,- with t ime will be determined by using the two-

group equation: 

^ "^^^ 
^ (1-P^) ^ 

^ 1 ^ 2 
K , = s — s o — o + ^^^ (1 + L^^ B^) (1 + L2^ B^) (1 + L2 V 

where: S = fast group macroscopic absorption c ross - sec t ion 
^1 

Z = thermal group macroscopic absorption c ross - sec t ion 
^2 

Z, . = fast group macroscopic fission c ross - sec t ion 

T, f = thermal group macroscopic fission c ross - sec t ion 
^2 

V = number of neutrons per fission ( 2.46 for U-235 ) 

P ' = Z where S = fast group slowing down 
^1 ^1 

S + S probability per unit path length 
^1 ^1 

2 
L = fast group diffusion a rea 

2 
L„ = thermal group diffusion area 

2 
B = total geometr ic buckling 

. i = m N^ CT with N^ = atomic density for material i 
and: > 

i i = 1 CT = microscopic cross-sect ion for 
mater ia l i 
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T,, X. J ^ X X... , T U - 2 3 5 , „ „ U - 2 3 5 U - 2 3 5 
The t ime dependent quantities are N i n S . = N CT 

j^U-235 and N in 2 = y N V , and g(t) the thermal self-shielding a i_ a 
factor. Other quantities a re assumed to remain constant, but will be 
included la te r if the effects of spectra l energy shifts are found to be 
significant. The t ime dependent atomic densit ies are being calculated 
from the equation, 

N(t) = N ( t - l ) - N ( t - 1 ) A ( o 0, + g ( t - l ) o 0-) 
aj^ 1 B.^ i 

where: A = time interval , sec 

0 = group flux 

The t ime dependent self-shielding factor g(t) is essent ial ly a function 
of atomic density, i .e. , g(t) = g(N). This function is obtained by calculating 
the rat io of the flux in the poison to the unperturbed flux using multiregion 
one-dimensional diffusion theory. Several check points are available from 
experimental data obtained under Subtask 2.1 where the reactivi ty effects 
of lumped poisons were determined for three different concentrations of 
lumped poisons. These data will be re la ted to self-shielding factors 
using perturbation theory. 

Heat t ransfer s tudies . -

R. Baer A. Carnesale S. Frank 

The heat t ransfer studies performed during the past quar ter had 
three general objectives: f irst , to obtain design information on nucleate 
boiling and p ressu r i zed water cores ; second, to p repare a detailed 
digital computer code pertaining to heat t ransfer cha rac te r i s t i c s of 
both boiling and nonboiling co res ; and third, to investigate the effect of 
nucleate boiling on coolant flow distribution. 

During the next quar ter , heat t ransfer analysis required in support 
of the pre l iminary design will be performed. If the p re l iminary design 
ut i l izes a core having local boiling, a more detailed investigation of 
the heat t ransfer and hydrodjmamic performances of nucleate boiling 
co res will be made. 



Ill-21 

Nonboiling pressur ized water core study.- The p re s su re required 
to prevent boiling in a core is a function of water saturation temperature 
which, in turn, is a function of the maximum fuel element surface 
tempera ture occurr ing in the core . Therefore, an analytical study was 
made to determine the range of maximum surface tempera ture in a 
s e r i e s of cores defined by various p a r a m e t e r s . 

Since reac tor power var ies only slightly for var ious secondary 
loop configurations, reac tor power was held constant at 10 mw ther ­
mal throughout the study. 

Core d iameters of 22.5 and 25 in. were studied. The smal le r of 
these d iameters represen t s about the smal les t feasible core size 
for a p ressur ized water reac tor producing 10 mw. The l a rge r core 
was selected to give a measure of the variation of power plant cost 
and weight with core diameter . 

Heat t ransfer performance of the core improves as the rat io of 
the core length to core diameter inc reases . However, the cr i t ical 
m a s s of the core inc reases as the value of this rat io exceeds unity. 
A length- to-diameter rat io of 1.25 was selected as a compromise 
between these two conditions. 

Fuel element inside d iameters of 0.25 to 1.0 in. were covered in 
the study. This range is sufficient to include all feasible cores for 
the range of other p a r a m e t e r s studied. The fuel element thickness 
was held constant at 0.030 in. for purposes of this study since the 
maximum fuel element surface tempera ture is essential ly unaffected 
by element thickness. 

P r i m a r y coolant flow rate was var ied from 1400 to 2600 gpm. 
This represen t s the maximum range of flow ra t e s believed to be 
feasible after giving due consideration to the pump costs , weights, 
and power requi rements , defined by p r imary loop p r e s s u r e d rop- -
p r imar i ly a function of flow ra te . 

Since thermal performance of the core inc reases with heat t r a n s ­
fer surface a rea per unit core volume, it would be desirable to 
minimize tube spacing. Fabricat ion considerat ions, however, limit 
the rat io of tube pitch to tube outside diameter to a minimum of 1.2; 
this ra t io was held constant throughout the investigation. 

Only two-pass co re s were included in this study because previous 
investigations of one- and two-pass co res have demonstrated con­
clusively that they are thermodynamic ally super ior . The major 
advantages of a two-pass system are inherent power flattening in 
each pass and increased fluid velocity for a given flow ra t e . For 
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a fixed reac tor power output, a reduction in p r imary loop flow rate 
of the o rder of 50% is attainable over a s ingle-pass system. 

All s teady-state core the rmal calculations were made using an 
IBM-704 digital computer. The assumptions used in the analysis a r e : 

(1) Coolant flow channels a re well defined. 

(2) Coolant mixing may be neglected. 

(3) Axial heat conduction in the fuel elements and coolant may 
be neglected. 

(4) Thermal proper t ies of the fuel element and coolant may 
be assumed to be constant. 

(5) Perfect bonding exis ts between the meat and the cladding. 

(6) Axial symmetry exis ts over the active length of the fuel 
element. 

(7) A heat t ransfer film coefficient, represent ing the res i s tance 
to heat t ransfer between the fuel element surface and the 
coolant, may be predicted. 

Since the nuclear and heat t ransfer studies were performed con­
current ly , reac tor flux and power data had to be based on cores 
believed s imi lar to the eventual PM-1 co re . Data used a re as follows: 

(1) Peak- to-average flux rat io in first pass --2.24 
(including local flux perturbations) 

(2) Peak- to-average flux ra t io in second pass --1.87 
(including local flux perturbations) 

(3) Fract ion of total power produced in f irs t pass --0.50 

(4) Fract ion of total power produced in second --0.50 
pass 

Hot spot factors used in the analysis a re presented in Table III-4. 

The resu l t s of the study were plotted in t e r m s of maximum element 
surface tempera ture minus the coolant inlet t empera tu re . A sample 
set of these resu l t s is shown in Fig. Ill-10. 
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TABLE Ill-i^ 

Plenum Chamber 
Flow Variation 

Velocity Variation 
due to Channel Di­
mension Uncertainty 

Velocity Variation 
due to End Spacer 
Dimension Uncer­
tainty 

Variation in Meat 
Thickness 

Fuel Concentration 

Hot Spot Factors 

Variation (̂ ) 

OB (1) IB (2) J 3) 

12 

10 10 

OB ^OB IB •̂ IB 

1.137 1.11.7 1.078 1.081 

l.Ol+O 1.02l(- 1.024 1.036 

1.067 1.0^3 1.072 1.044 

1.030 1.030 1.030 1.030 

1.020 1.020 1.020 1.020 

.(5) 

Inability to Predict 20 20 
Heat Transfer Film 
Coefficient 

Inability to Predict 10 10 
Neutron Flux Dis­
tribution 

Uncertainty in Power 10 10 
Requirements 

TOTAL 

1.294 1.300 

1.10 

1.10 

1.326 1.622 1.243 1.600 1.210 

(1) Outside Baffle 

(2) Inside Baffle 

(5) Hot Spot Factor to Account for Variations in Bulk Coolant Temperature Rise 

(4) Hot Spot Factor to Account for Variations in the Temperature Drop Across the 
Film 

(5) Hot Spot Factor to Account for Variations in Power 
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L/D of Core =1.25 
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Fig. 111-10. PM-1 Nonboiling Pa ramet r i c Study 
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To use these curves : 

(1) A p re s su re is specified, thereby determining the maximum 
allowable element surface t empera tu re . 

(2) A flow rate is specified, thereby determining, for a given 
power level, the t empera ture r i se ac ross the co re . 

(3) A mean tempera ture is specified, making calculation of 
the core inlet t empera ture possible. 

The ordinate and abscissa may now be determined and the s izes 
and number of tubes in each pass may be found from the graph. 

Local boiling c o r e s - - A study was performed to determine the 
maximum rat io of actual heat flux to burnout heat flux in the cores 
defined by the range of p a r a m e t e r s . 

The p a r a m e t e r s studied were quite s imi la r to those considered 
for p ressur ized water c o r e s . The exceptions were that p r e s s u r e s 
within the design range of interest (900 to 2000 psia) were added as 
independent var iables ; core d iameters as smal l as 20-in. were in­
vestigated, since smal le r core d iameters are feasible with nucleate 
boiling; and the range of the rat io of tube pitch to tube outside diameter 
was extended to 1.5. 

Only s ingle-pass co res were included in the study. Since possible 
bulk boiling in the first pass of a two-pass core would cause severe 
design problems and since the only advantage of a two-pass core is 
its nherent power flattening, the benefits gained from a two-pass 
design did not seem worthwhile. 

An analytical code developed for the IBM-704 was employed in this 
study. The basic assumptions used in the analysis were : 

(1) The radial peak- to-average power distribution rat io is 
two. 

(2) The axial power distribution may be represented as a 
chopped cosine function with an extrapolated length of 
1.3 t imes the active fuel element length. 

(3) The maximum fraction of burnout heat flux occurs at a 
point 65% of the way up the core . 

(4) The velocities inside and outside of the tubes a re equal. 
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(5) The heat fluxes inside and outside of the tubes are equal. 

(6) A 50% power increase will cause incipient bulk boiling at 
the exit of the hot tube, 

(7) Twenty-five percent of the coolant flows through vacant 
control rod channels, 

(8) Coolant flow channels are well defined. 

(9) Coolant mixing may be neglected. 

(10) Axial heat conduction may be neglected. 

(11) Thermal proper t ies may be assumed constant. 

This code was used to determine the inlet, exit, and mean coolant 
t empera tu res ; the point at which local boiling begins; and the 
burnout heat flux. 

It was found that, for the range of p a r a m e t e r s investigated, the 
highest percent of burnout heat flux obtained was 29%. In most cases 
the percentage was between 5 and 15%. Since burnout heat flux is 
the only essent ia l geometry-dependent thermal perfornaance parameter , 
it appears that the the rmal performances of the local boiling co re s 
will be acceptable (in the regions of interest) r ega rd less of core 
configuration. In other words, the mean coolant tempera ture attainable 
i s a function of the coolant flow ra te and the saturation p re s su re and is 
not r e s t r i c t ed by fuel tube heat t ransfer considerat ions. These general 
relat ionships a re shown graphically in Fig. III- l 1. 

Nucleate boiling code--A thermal and hydraulic analysis of plate, 
rod, or tubular fuel e lements operating under nonboiling, local boiling, 
or bulk boiling conditions has been programmed for the IBM-704 
(or 709). The assumptions inherent in this analysis a re sinailar to 
those of the nonboiling code with the exception that coolant proper t ies 
may be tempera ture dependent. The axial and radial t empera ture 
distr ibutions of the fuel element a re determined, as a r e the axial 
distr ibutions of coolant t empera ture , p r e s s u r e , velocity, quality, 
void fraction, and enthalpy. The axial distributions of heat flux, 
local boiling, heat flux, burnout heat flux, saturat ion tempera ture , 
and film coefficient a re also determined. 

At th is t ime, the code (BUBBLES-1) i s in the p rocess of being 
checked out. 
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Flow distribution with nucleate boiling--An analysis was s tar ted 
to determine the effect of local boiling on flow distribution within the 
co re . P r e l i m i n a r y r e su l t s were obtained concerning the maximum 
var ia t ions in r eac to r coolant flow. 

The ex t r emes in the possible flow pattern outside of the e lements 
would occur when the res i s t ance to flow normal to the e lements is 
e i ther ze ro or infinite. 

When the res i s t ance is ze ro , calculations show a reduction in 
velocity of 23% in the channel having local boiling. P re l imina ry 
calculat ions indicate that, for this decrease in velocity, the burnout 
(point at which t ransi t ion from nucleate to film boiling occurs) heat 
flux is lowered by 14% at the location where the rat io of heat flux 
to burnout heat flux is a maximum. 

When the r e s i s t ance is infinite, the coolant is r e s t r i c t ed to a 
single flow path ( s imi la r to the coolant flow inside of the elements) 
and orificing may be used to control flow. The orifice p r e s s u r e drop 
is a function of flow ra te only, and not of the heat t ransfe r c h a r a c t e r ­
i s t ics of the fuel e lements . Hence, orif ices will tend to stabilize the 
flow. Fo r example, if the orifice p r e s s u r e drop is set at four t imes 
the friction p r e s s u r e drop which would occur without boiling, local 
boiling would resul t in only a 6% decrease in coolant velocity and 
a negligible drop in burnout heat flux. 

It was concluded, therefore , that major changes in flow distribution 
can be avoided by the p roper choice of core design, flow r a t e s , and 
t empera tu re levels . 

Shielding s tud ies , -

E, Devita D, Owings 

The relat ively high fluxes present in a compact 10-mw core produce 
intense sources of neutron and gamma radiation within the p r i m a r y s y s ­
tem. The objectives of this phase of Subtask 3,1 were to de termine: 

(1) Methods of providing adequate p r i m a r y and secondary 
shielding. 

(2) The effect of varying p r e s s u r e ves se l and the rmal shield 
d iameter on p r e s s u r e vesse l gamma heating. 

(3) The extent of p r i m a r y loop coolant activation. 
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The objectives of the shielding study were to determine methods of 
providing p r i m a r y and secondary biological shielding, to es t imate 
shield requ i rements , and to examine specific shielding problems en­
countered during p r i m a r y sys tem relocation. 

A pre l iminary investigation of s eve ra l general shield configurations 
provided a background for analysis of the specific designs presented . 
Placement of the p r i m a r y packages (s) was studied, a s was the 
util ization of var ious types of a i r t ranspor table or locally available 
shield m a t e r i a l s . Several designs were evolved which featured 
placement of the r e a c t o r and s team genera tor packages above, below, 
and par t ia l ly below the ground surface . These configurations util ized 
water , lead, iron, plas t ic , and ear th shielding. The more in teres t ing 
concepts were incorporated into the specific designs of F igs . Ill-12 to 
III-15. It should be noted that the var ious shielding configurations have 
been selected, in many c a s e s , to define ex t reme dose r a t e s and do not 
r ep resen t a suggested configuration or method of operat ion. An example 
of this is the use of four feet of shielding water during operat ion as 
shown in Configuration 5 (Fig. Ill-15), 

During the next quar te r , these objectives will be met , and the 
determinat ions will form the bas i s for p re l imina ry design. 

The following provides a descript ion of the configurations. 

(1) The following is applicable to all configurations: 

(1) Air sca t t e red neutron and gamma radiat ion external 
to the packages is negligible. 

(2) The radiat ion from the p r i m a r y coolant within the piping 
and the pump will cause high local dose r a t e s , approxi­
mately e'qual to those from the s team genera tor , 

(3) Unless otherwise noted, dose r a t e s were obtained under 
operat ing conditions, 

(4) Shield water tanks and lead shielding may be designed to 
be completely a i r t r anspor tab le . 

(5) Shield optimization was not at tempted due to p resen t un­
cer ta in t ies concerning radiation source s t rengths . Con­
s iderable weight reduction may be rea l ized when core , 
r eac to r vesse l , and s team genera tor geomet r i e s a r e 
be t te r defined. 
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Figure III-12, Configuration 1 

(1) The estimated volume of earth is 10,000 cu ft. 

(2) The shield water tanks could be eliminated by using a 
6-in. by 5 ft cylindrical lead shield around the reactor 
vessel, and 1.5 ft of shield water (or equivalent plastic) 
placed externally and adjacent to the square earth con­
tainer. 

(3) The shield water tanks could be replaced by contained 
earth in 5 ft x 8 ft x 21.5 ft tanks. The estimated addi­
tional volume of earth is 15,500 cu ft. 

Figure III-13, Configurations 2 and 3 

(1) A 2-in. lead shell placed around the activated region of 
the steam generator would reduce the containment sur­
face dose rates stemming from the steam generator by 
a factor of 10. 

(2) The shield water tanks around the reactor package could 
be replaced at the following points by contained earth in 
tanks of the following thicknesses: 

P 80 in. 

Pg 52 in. 

Po 52 in. 

With the earth shielding, only a 3-in. cylindrical lead 
shield around the reactor vessel is required. The gamma 
dose rates at the outer surface of the containment are 
less than 100 m r / h r . The fast neutron dose rates at the 
outer surface of the containment are less than 25 mr /h r . 
The shield water tanks adjacent to the steam generator 
package of Configuration 2, and the refueling tank adja­
cent to the reactor package of Configuration 3, would be 
retained. 

(3) The estimated fast neutron flux in the region of the 
9 

primary coolant pump in Configuration 3 is 5 x 10 
neutrons/cm sec. 
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(4) Maximum dose ra tes on the containment surfaces a re of 
the order of 10 m r / h r , if lead reac tor shielding is 
eliminated. 

(4) Figure III-14, Configuration 4 

(1) A 2-in. lead plate over the s team generator would allow 
access during operation to regions above the s team genera­
tor . 

(2) Thicknesses of lead shielding placed around the reac tor 
vesse l and corresponding dose ra tes estinnated at P- are 

as follows: 

7 in. 2 m r / h r 

6 in. 10 m r / h r 

4 in. 100 m r / h r 

The weight of the 6-in. lead shield would be approximately 
9 tons. 

(5) Figure III-15, Configuration 5 

(1) The 2-in. lead shield is 36 in. high and shields personnel 
in the housing a rea above the containment after shutdown; 
the 6-in. lead shield is 58 in, high and shields maintenance 
personnel in the s team generator package after shutdown. 

(2) The maximum dose rate 8 hr after shutdown at any point 
within the housing a rea is es t imated to be less than 50 m r / h r . 

(3) Earth shielding for this configuration has an est imated 
volume of 50,000 cu ft. 

(4) A 2-in. lead shield placed around the active region of the 
s team generator would reduce the containment surface 
dose rate from the steam generator by a factor of 10. 

Shield size may be reduced by forbidding or limiting access to 
cer tain a reas adjacent to the p r imary packages during reac tor opera­
tion. For the most part , high radiation levels are present only in those 
a r ea s requiring little or no personnel access . An exception to this . 
occurs in the single package design of Configuration 3, Fig. Ill-14, 
where excessive dose ra tes from fission products and the activated 
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p r e s s u r e vesse l occur after shutdown in the vicinity of the s team genera­
tor . The lead shielding requi red to reduce these dose r a t e s to tolerable 
values is excess ive . The p r imary loop pump is also located in a region 
of fast neutron flux high enough to damage certain types of motor 
insulation. As a resul t of this , the single package concept is considered 
unacceptable from a shielding standpoint. The following were t rue 
for all designs other than the single package: 

(1) Access i s possible to the s team generator and coolant pump 
eight hours after shutdown. 

(2) Adequate shielding against radiation eminating from the core , 
the p re s su re vesse l , and activated impuri t ies in the p r imary 
loop piping is provided during operation, 

(3) Neutron activation of nearby earth or subterranean water is 
prevented. 

(4) Sufficient shielding i s provided to allow safe refueling. 

P re l iminary data for shielding a ver t ica l s team generator were 
developed. P r i m a r y coolant activation was assumed to be the same 
as in the PM-1 reference design. Shielding requi rements along the 
radial centerl ine were found to be approximately the same as in the 
horizontal vers ion. However, appreciably lower dose r a t e s occur along 
the axial centerl ine because of the presence of additional mater ia l , 
shielding effects of the secondary water, and due to the large s team 
void a rea above the radioactive portion of the s team generator . The 
ver t ica l design i s , therefore , considered more acceptable from a shield­
ing standpoint than the horizontal design. 

A var ie ty of shields were evaluated for the active regions of the 
pump and the p r imary coolant piping. It was found that, in more cases , 
the coolant piping will be so positioned that a minimum of local shield­
ing is required. 

Computed dose r a t e s and shield thickness are cor rec t within a factor 
of 10. Uncertainty s t ems nnainly from one or both of the following 
calculational techniques. 

(1) A single average energy and source strength was used to 
est imate the dose ra tes in various media. 

(2) A dose ra te rat io approximation was used to obtain the 
attenuation through severa l different l aye r s of shield media. 
Fo r example, the dose ra te beyond a combination of lead 
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thickness, t . , followed by water of thickness, t , i s obtained 
by multiplying the dose rate in pure water at a distance 
t , + t by the ratio of the dose rate at t.. in pure lead to the 
dose ra te at t in pure water . 

w ^ 
The use of infinite media buildup factors in finite regions and the 

fact that source s trengths in general were assumed constant over the 
source and to be of maximum strength^ resu l t s in conservative 
es t imates . 

Gamma heating of the p re s su re ves se l . - Previous efforts to 
determine the effects of thermal s t r e s s e s created by gamma heating 
and the effects of integrated neutron flux on the reac tor p re s su re 
vesse l have demonstrated that variat ions of water gap and of thermal 
shield thickness have a considerable bearing on such effects. During 
the first quar ter , studies of reac tor vesse l and thermal shield spacing 
and thickness were begun. 

In view of the wide variation of design pa rame te r s being considered, 
it was considered most meaningful to present gamma heating rate and 
fast neutron flux data for var ious thermal shield thicknesses and p re s su re 
vesse l inner d iameters . Heating r a t e s within the reac tor vesse l are a 
maximum along the core radial centerl ine and may be expressed as 

Q(x) = Q^e-^"" (1) 

3 
where: Q(x) = gamma heating ra te (Btu/in. hr) 

occurr ing m the reac to r p r e s su re vesse l (along 
the extended core radial centerline) at a distance 
X from the vesse l inner surface 

3 
Q = heating rate (Btu/in. hr) at the vesse l inner surface 

^ = attenuation coefficient (in." ) 

Graphs of Q and ^ for gaps, measured along the core radial center -
line between the core outer surface and p r e s s u r e vesse l inner surface, 
of from 4.0 to 28 in., and for the rmal shield thicknesses to 1.5 in. are 
given in Figs , III-16 to III-19. Integrated fast neutron flux at the inner 
surface of the p re s su re vesse l after a year of operation at 10 mw may 
be determined approximately from Fig. III-20. 
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Sources of gamma radiation which may contribute significantly to the 
total heating rate are prompt fission gammas, capture gammas, fission 
product decay gammas, and inelastic scattering gammas originating in 
the core; and capture gammas and inelastic scattering gammas originat­
ing in the primary water, shield water, thermal shield, and pressure 
vessel. Source strengths of prompt fission gammas, fission product 
gammas, and capture gammas were estimated from general reactor 
data. In estimatii-g gammas from neutron inelastic scattering, all 
stainless and low alloy steel components were assumed to be iron with 

an inelastic cross-section of 0.1035 cm . All gammas from this 
source were further assumed to have an energy of 1.0 mev. 

Elastic scattering of fast neutrons in the pressure vessel imparts 
heat to the scattering nuclei. This contribution to the total heating is 
given by 

H(x) = 1.47 X 10~^^ 0/x) (Btu/in.^ hr) (2) 

where 0f(x) = fast neutron flux (neutron/cm sec), x being measured 
radically outward from the pressure vessel inner 
surface. This approximation is based on fast neutron 
heating theory developed in TID-7004. 

The core was assumed to have operated continuously for one year 
at a constant power of 10 mw. The primary water was assumed to be 
at 510°F, 2000 psi, A lower operating temperature will result in in­
creased attenuation of core and thermal shield gammas accompanied 
by an increase of water capture gamma source strengths. Both effects 
on the total heating rate are small and tend to cancel. 

The thermal shield was assumed to be centrally located in the gap 
between the core outer surface and inner wall of the pressure vessel. 

Heating rates from the various components of the system were com­
puted separately and summed to give a total heating rate for each con­
figuration analyzed. Where applicable, multi-energy group calculations 
over the gamma spectrum were obtained. The core was assumed to 
have uniform source strength and an equivalent line source was used 
to compute heating rates in the pressure vessel. The thermal shield, 
pressure vessel, and water regions were treated as infinite slab 
sources. Previously developed line and slab source codes were used 
to compute the heating rates. A single buildup factor over the total 
number of mean free paths from source to detector point was used. 
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Since the system is composed entirely of steel and water, the infinite 
medium energy absorption buildup factor for a point isotropic source 
in water was used, except where use of the corresponding buildup factor 
for iron is obviously more cor rec t . 

In general , the gamma heating r a t e s presented represent a con­
servat ive es t imate . Choice of the buildup factor for water when 
attenuating through al ternate layers of s teel and water will give con­
servat ive values for the gamma flux. Minor variations in the p r imary 
loop design p r e s su re and core dimensions will not have a significant 
effect on the heating r a t e s . Placement of the thermal shield within the 
r eac to r vesse l will affect the the rmal s t r e s s within the vesse l wall, 
a central ly placed shield giving an average value. Placing the thermal 
shield close to the core will produce a small increase in p re s su re vesse l 
thermal s t r e s s while placement close to the vesse l will resul t in a small 
decrease . Considerations other than those of gamma heating will 
probably determine the placement of the thermal shield. 

It should be noted that the use of diffusion theory resu l t s in a different 
prediction of vesse l integrated flux (Fig, III-20) than that obtained 
from the use of removal theory. Although removal theory is considered 
to be the more appropriate method of computation, the r e su l t s should be 
t rea ted as having order-of-magnitude accuracy. 

Circulating activity of the p r imary loop coolant and fission product 
activity,- Activated mate r ia l circulating through the p r imary loop of a 
p ressu r i zed water reac tor sys tem rep resen t s a potential hazard in the 
event of loop rupture . The three major sources of activated mate r ia l 
a re coolant activation, coolant impurity activation, and fission product 
r e l ease . Circulating activity in the PM-1 p r i m a r y water has been 
calculated. The constants used in computation were: 

13 Average the rmal neutron flux in core region- 1.7 x 10 

neu t ron /cm sec 

14 2 
Average fast neutron flux in core region--10 neutron/cm sec 
Ratio of t ime of p r imary water in region of high neutron 

flux to total circulat ing t ime--0.0915 

Volume of p r imary loop--2.152 x 10 cc 

Total surface a rea of p r i m a r y loop--1.733 x 10 cm' 
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Stainless steel corros ion re lease rate (assumed constant) 
-11 2 

--1.93 x 10 g m / c m sec 

Flow rate to deminera l i ze r - - ! .26 x 10 c c / s e c . 

Saturation values of circulating and deposited activity were com­
puted using methods set forth in TID-7004. Specific activities in­
vestigated are those given in Table I1I-5. Sodium is initially present 
as an impurity in the p r imary water; all other activities originate in 
the s ta inless steel . Cobalt-60m and Tantalum-182m were assumed 
to decay entirely to Co-60 and Ta-182 and, since both metastable 
activities are short lived, activities for the ground state were com­
puted using summed c ros s - sec t ions . Removal and deposition ra tes 
by p r imary loop components other than the deminera l izers must be 
inferred from measurements taken in reac tor sys tems . Values used 
are as stated in TID-7004 for the Naval Reactor Testing Facility, Arco, 
Idaho. The loop activity is directly proportional to the thermal flux, 
which increases with reac tor operating t ime. For conservat ism, values 
of the fast and thermal flux at the end of core life were used. The 
deminera l izer was assumed 100% efficient, i .e. , all circulating activity 
entering the deminera l izer was assumed removed from the system. 

The induced gamma emitting 0-16 (produced by the 0-16 (n,p) 
N-16 fast neutron reaction) and the neutron-emit t ing N-17 (produced 
by the 0-17 (n,p) N-17 fast neutron reaction) are the dominant sources 
of radiation during reac tor operation. These activities are very 
short- l ived and decay to negligible quantities a few minutes after r e ­
moval of the fast neutron flux. Equilibrium values of these activit ies 
were computed by standard equations given in TID-7004. Specific 
activit ies averaged over the loop during reac tor operation and at shut­
down are given in Table III-6, 

Saturation activity of var ious nuclides generated by activation of 
s tainless steel and water impuri t ies is given in Table III-6; as is the 
res idual activity after var ious shutdown t imes . The totals shown r e ­
present more than 80% of the total non-fission product circulat ing 
activity. 

Fiss ion products may be introduced into the coolant by microscopic 
defects in fuel elements and fuel element failure. Buildup and decay of 
total fission product activity m the core as a function of reac tor opera­
ting t ime and time after shutdown for the reference systena is as 
given in Tables III-7 and III-8, The methods and data of Perk ins and 
King were used for computation. 



Nuclide 

Na-£4 

Cr-51 

Mn-54 

Mn-56 

Fe-55 

Fe-59 

Co-58 

Co-60 

Oo-6Qm(^) 

Ta-182 

Tti-l82m̂ )̂ 

Corrosion Products 

Method of 
Production 

Na-23(n,7')Na-24 

Cr-50(n,r)Cr-51 

Fe-54(n,p)Mn-54^°) 

Mn-55(n,7)Mn-56 

Fe-54(n,7)Fe-55 

Fe-58(n,r)Fe-59 

Ni-58(n,p)Co-58^°) 

Co-59(n,7)Co-6o 

Co-59(n,7)Co-6Qm 

Ta-l8l(n,>')Ta.-l82 

Ta-l8l(n,7)Ta-l82 

TABLE III. -2 
and Impurity Activities in Primary 

Half-Life 

15.0 

27.8 

310 

2.58 

2.96 

46 

72 

5.28 

10.4 

111 

16.4 

hr 

d 

d 

hr 

yr 

d 

d 

yr 

min 

d 

min 

Activation 
Cross-Section 

(baxns) 

0.54 

13.5 

0.46 

13.3 

2.5 

0.98 

0.31 

20.0 

16.0 

19.0 

0.03 

Loop Water 

Decay 
Constant 
(sec-1) 

1.28 

2.89 

2.59 

7.46 

7.42 

1.7^ 

1.11 

4.16 

1.11 

7.23 

7.04 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10-5 

10-7 

10-8 

10-5 

10-9 

10-7 

10-7 

10-9 

10-5 

10-8 

10-^ 

^(a) 
n 

1.0 

0.0449 

0.0581 

1.0 

0.0581 

0.0034 

0.6776 

1.0 

1.0 

1.0 

1.0 

fy^) 

3 X 10 

0.19 

0.649 

0.0200 

0.649 

0.649 

0.12 

0.0004 

0.0004 

0.001 

0.001 

4^ 

-7 

(a) f is the natural abundance of the target nuclide 

(b) f is the abundance by weight of the target nuclide in the system material 
s 

(c) Neutron-proton (n-p) reactions aj-e fast neutron reaction 

(d) 99.7/̂  of 10.4 min C0-6O decays to 5.28-yr C0-6O (isomeric transition) 

(e) ~9% of 16.4 min Ta-l82decays to 111-Ti Ta-l82 (isomeric t rans i t ion) 
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TABLE III-6 

Primary Loop Circulating Activity 

(Curies) 

\ 
\ 

N u c l l d e V 

Na-2l* 

C r - 5 1 

Mn-Jlt 

Mn-56 

F e - 5 5 

F e - 5 9 

C o - 5 8 

Co-60m 

Co-60 

T a - l 8 2 m 

T a - 1 8 2 

N - 1 6 

N-17 

T o t a l 

Decay Time 
( s e c ) 

0 

6 . 5 X lO'- ' -

1 . 5 X lO'-"-

1 . 1 X 1 0 " ^ 

1 . 5 5 X 1 0 ° 

2 . 9 X 1 0 " ' 

1.1* X 1 0 ' ' 

6 . 2 X l O ' ^ 

1 . 9 X 1 0 " ^ 

2 . 3 X 10 

3 . 2 X 1 0 ' ^ 

1 . 7 X l O ' ^ 

6 . 6 8 X 1 0 ^ 

1 . 0 1 X lO-"-

6 . 8 X 1 0 ^ 

1 0 ^ 

6.1*9 X lO'-"-

1 . 3 X lO'-"-

1 . 1 X l O ' ^ 

1.5'* X 1 0 ° 

2 . 9 X 1 0 " ' 

1 .4 X 1 0 " ^ 

6 . 2 X 1 0 " ^ 

1 . 7 X 1 0 ' ^ 

.4 
2 . 3 X 10 

2 . 9 8 X 1 0 ' ^ 

1 . 7 X 1 0 ' ' 

5 . 5 6 X l O ' ^ 

-

2.1*7 X 1 0 ° 

105 

6.1*2 X lO"-"-

1 . 3 X lO'-"-

1 . 1 X 1 0 " ^ 

1.1*1* X 1 0 ° 

2 . 9 X 1 0 " ' 

1.1* X 1 0 " ' 

6 . 2 X 1 0 " ^ 

6 . 2 6 X 1 0 " ' 

-1* 
2 . 3 X 1 0 

1 . 5 8 X 1 0 " ^ 

1 . 7 X 1 0 " ' 

-

-

a . 5 0 X 1 0 ° 

1 0 ^ 

5 . 7 2 X lO'- ' -

1 . 3 X lO"-"-

1 . 1 X 1 0 ' ^ 

7 . 3 5 X lO"-"-

2 . 9 X 1 0 " ' 

1.1* X 1 0 " ' 

6 . 1 9 X 1 0 " ^ 

_ 

2 , 3 X 1 0 ' 

2 . 8 8 X 1 0 ' ^ 

1 . 6 7 X 1 0 " ' 

-

-

1 . 5 2 X 1 0 ° 

io5 

1 . 8 0 X lO ' ' ' -

1 . 2 6 X lO""*-

1 . 1 X 1 0 " ^ 

8 . 9 9 X 1 0 ' 

2 . 9 X 1 0 " ^ 

1 . 3 8 X 1 0 " ' 

6 . 1 5 X 1 0 " ^ 

-

2 . 3 X I Q - ' ' 

-

1 . 6 6 X 1 0 " ' 

3 . 8 5 X lO"-"-

106 

2 . 7 2 X 1 0 " 

9.71* X 1 0 " ^ 

1 . 0 7 X 1 0 " ^ 

-

2 . 8 7 X 1 0 " ' 

1 . 1 7 X 1 0 " ' 

5 . 5 5 X 1 0 ' ^ 

-1* 
2 . 2 9 X 10 

1 . 5 5 X 1 0 " ' 

-

1 . 6 9 X lO"-"-

1 0 ^ 

-

7 . 2 8 X 1 0 " ' 

8.1*9 X 1 0 " 5 

-

2 . 6 9 X 1 0 " 5 

2 . 3 7 X 1 0 " 

2 . 0 3 X 1 0 " ^ 

_ 
-k 

2 . 2 0 X 10 

8 . 1 0 X 10'** 

-

i*.oo X 1 0 " ^ 

108 

-

-

8 . 2 5 X 1 0 " 

-

1 . 3 8 X 1 0 " ' 

-

8 . 9 9 X 1 0 ' ^ 

-

1 . 5 1 X 1 0 ' 

1 . 2 1 X 1 0 " ^ 

-

-

2 . 5 6 X 1 0 " ' 

io5 

-

-
-

-

1 . 6 8 X 1 0 " ^ 

-

-
-

3 . 5 9 X 1 0 " ^ 

-

-

-

-

5 . 2 7 X 1 0 " ^ 

The prlmaxy loop attains 9̂ ^ of saturation activity after approximately 'JOO hr of continuous operation. 
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TABLE III-7 

Buildup of Fission Product Activity 

Activity 
Reactor Operating Time (c'jries) 

0 

1.24 X lo7 

1,89 X lo7 

2.43 X lo7 

2,70 X lo7 

2,78 X io7 

TABLE III-8 

Decay of Fission Product Activity 

0 

1 

10 

100 

1000 

2 

hr 

hr 

hr 

hr 

yr 

Time after Shutdown 

0 

8 

1 

hr 

day 

30 days 

60 days 

90 days 

120 

1 

days 

yr 

Activity 
(curies) 

2 

1 

.78 X 

,14 X 

9.19 X 

3 

2 

1 

1 

5 

.24 X 

,20 X 

.64 X 

.28 X 

.78 X 

io7 

107 

106 

106 

10^ 

106 

10^ 

105 
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Although it is recognized that circulat ing loop activity var ies with 
the prinnary system design and geometry, it is interest ing to note 
that the isotopic activity levels computed for the PM-1 sys tem were 
found to be withm an order of magnitude of the average values of the 
measured isotopic activit ies in the APPR-1 p r i m a r y loop. 

System s tudies . -

J. Beam C. Smith 

The integration of the p r imary and secondary loops for nucleate 
boiling and non-boiling co re s was s tar ted at the end of the quar ter . In 
preparat ion for this integration, the costs and weights of var ious com­
ponents of the p r imary loop were determined and ei ther plotted or 
tabulated. 

During the second quar ter , p r imary loop integration will be completed 
and will form the bas is for p re l iminary design. 

F i r s t quar te r analyses were as follows: 

Core fabrication--Information was obtained on core fabrication costs 
based on past experience attained under Contract AT(30-3)-277. The 
data were extrapolated for different size tubes and meat th icknesses . 

P r i m a r y pump--Information on canned rotor , mechanical seal , and 
controlled leakage pumps was obtained. Evaluation of this information 
indicates that mechanical sea l pumps cost about 60% as much, a re 
approximately 1.5 ft longer, are about 1000 lb heavier , and have an 
efficiency about 10% higher than comparable canned rotor pumps. 

Reactor ve s se l - -The weight of the reac tor vesse l was calculated for 
various values of vesse l internal diameter , core length, and system 
p r e s s u r e . The cost was computed on the bas is of an es t imated cost of 
$2.80/lb; the resu l t s a re shown in Fig, III-21, Actuators and actuator 
housings a re not included. 

P r e s s u r i z e r - - A design study was conducted to determine a reasonable 
rat io of p r i m a r y system design to operating p r e s s u r e . As this rat io 
increases , the p r e s s u r i z e r volume decreases but the p r e s s u r i z e r shell 
thickness inc reases , A value of 1.15 was chosen as being a good com­
promise between these two conditions. 

The assumptions used in the analysis were* 
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(1) Heaters and spray nozzles were inoperative during 
t rans ien ts . 

(2) Steam expansion and compress ion is isentropic. 

(3) Liquid expansion is isentropic. 

(4) The p r e s s u r i z e r is half-full of water; the balance of i ts 
volume is filled with s team. 

(5) P r e s s u r i z e r water is saturated. 

(6) Loop tempera ture is 100° F below the saturat ion tempera ture 
in the p r e s s u r i z e r . 

With these assumptions it was found that for a fixed p r e s s u r i z e r 
volume and a given p r imary loop tempera ture variation, the magnitude 
of the p r e s su re drop associated with an outsurge was approximately 
1/6 of the magnitude of the p re s su re r i se associated with an insurge. 

The variat ion of p r e s s u r i z e r shell weight with system p re s su re 
was found assuming: a 15° F mean loop tempera ture variation; a loop 
volume of 75 cu ft; and a maximum insurge p r e s su re of 15% above the 
operating p r e s s u r e . The cost of the p r e s s u r i z e r shell was calculated 
on the bas is of an est imated price of $2.70/lb. The cost and weight of 
the p r e s s u r i z e r shell is shown in Fig, III-22. Multiplier factors (to 
be applied to p r e s s u r i z e r shell weights and volumes) were determined 
for other loop t empera tu res and volumes. These are shown along with 
p r e s s u r i z e r volume in Fig. 111-23. 

P r i m a r y loop piping--The weight and cost of the p r imary loop main 
coolant piping was calculated based upon the following assumptions: 

(1) The total length of piping is 50 ft 

(2) There a re 12 long-sweep elbows 

(3) The maxinaum fluid velocity is 30 fps 

(4) The rat io of design p r e s su re to operating p r e s su re is 1.15 

(5) Seamless pipe is used 

(6) Allowable pipe s t r e s s is 15,000 psi 
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(7) The corrosion allowance is 0.065 in. over the life of the plant 

(8) There are five flanged connections. 

The cost and weight of the main p r imary coolant piping was plotted 
ve r sus system operating p r e s s u r e for 5- , 6-, and 8-in, pipe of schedules 
80 to 160 inclusive. These plots are shown in Fig. I l l-24. 

Auxiliary sys tem--A study was made of the weights and cost of the 
auxiliary sys tems . Included in the study were the p r imary coolant purifi­
cation, the p r imary coolant blowdown, the shield water, the heat ejection 
from the s team p r e s s u r i z e r blow-off, and the storage and purification 
of liquid waste sys tems . Cost and weight data for s tainless s teel piping, 
fittings, and valves ranging in size from 1/4 to 2 in. were obtained from 
vendors . The variation of system cost and weight with p re s su re was 
determined and i s shown in Fig. I l l -25, 

A brief study of the cost and weight of non-boiling and nucleate 
boiling p r i m a r y sys tems for fixed values of core diameter , fuel element 
geometry, and mean tempera ture was prepared. System p re s su re was 
taken as the independent variable and the required flow rate was deter­
mined. The p r i m a r y pump and s team generator were then sized and thei r 
costs and weights determined. 

The resu l t s a re shown in Tables III-9 and III-10, The costs and weights 
listed represent only those components of the system which vary 
significantly with the var iables considered in this study. These were: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

P r i m a r y loop pump 

Reactor vesse l 

P r e s s u r i z e r 

P r i m a r y loop piping 

Auxiliary sys tems 

Steam generator . 

The integration of the p r imary and secondary loops for nucleate 
boiling and non-boiling cores was s tar ted at the end of the first 
quar ter . Upon completion of the two studies, comparisons will be 
made of the cases represent ing the lowest capital investment in each 
type of co re . 
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TABLE III-9 

Nucleate and Nonboiling I'rlmary Loop Canparison Study 

System 
Integration 

Case 
No. 

A - 1 

A-2 

A - 3 

A-1* 

A-5 

A-6 

K - 1 

K-2 

K-3 

K-1* 

P r i m a r y C h a r a c t e r i s t i c s 

P r e s s u r e 
P 

P 
( p s i a ) 

UOO 

1500 

1600 

1100 

1300 

1600 

1300 

1600 

1300 

1600 

Flow 
R a t e 

(spm) 

281*0 

2130 

1620 

281*0 

2130 

1620 

1710 

121*0 

2 U 0 

1525 

Average 
T e m p e r a t u r e 

T 

(•> F) 

Ten tpe ra tu re 
D i f f e r e n c e 

R e a c t o r 
AT 

1 
N u c l e a t e B o i l i n g 

1*75 

1*75 

1*75 

1*75 

1*75 

1*75 

N o n b o i l i n g 

1*75 

1*75 

1*75 

1*75 

2l*.0 

3 2 . 5 

1*2.5 

2l*.0 

3 2 . 5 

1*2.5 

1*0.5 

5 6 . 0 

5 2 . 5 

1*5.5 

Core 
Dla joe te r 

°c 
( i n . ) 

20 

20 

20 

2l* 

21* 

2l* 

21* 

21* 

2l* 

21* 

F u e l 

O u t e r 

E l e m e n t s 

I n n e r 

T 6 0 - - T o t a l 0 . 5 I n . OD 

7 8 0 — T o t a l 0 . 5 i n . OD 

7 8 O - - T o t a l 0 . 5 I n . OD 

1 1 2 0 — T o t a l 0 . 5 i n . OD 

1 1 2 0 - - T o t a l 0 . 5 i n . OD 

1 1 2 0 — T 

7 6 5 / 
0 . 5 OD 

765/ 
0 . 5 OD 

765/ 
0 . 5 OD 

765/ 
0 . 5 OD 

o t a l 0 . 5 i n . OD 

11*70/0.295 
i n . OD 

1 9 7 0 / 0 . 2 5 5 
i n . OD 

8 8 5 / 0 . 5 8 0 
i n . OD 

8 8 5 / 0 . 3 8 0 
i n . OD 

S e c o n d a r y 
C h a r a c t e r i s t i c s 

P r e s s u r e 

^ s 
( p s i a ) 

300 

300 

300 

300 

500 

300 

300 

300 

300 

300 

SG 
IKTD 

5 7 . 0 

5 6 . 0 

5 5 . 0 

5 7 . 0 

5 6 . 0 

5 5 . 0 

5 5 . 0 

5 3 . 0 

5 6 . 0 

51*. 5 

A u x i l i a r y 
Power (kw' 

P r l 
Pump 

1 0 7 . 5 

75.5 

35.9 

107.5 

75.5 

35.9 

1*5.6 

2 8 . 8 

81.1* 

33.5 

P r i m a r y 
( l b ) 

1 5 , 0 0 0 

12,81*5 

1 6 , 6 5 7 

1 3 , 0 0 0 

12,81*5 

1 6 , 6 5 7 

1 2 , 9 5 0 

1 5 , 0 8 7 

12,91*5 

1 6 , 3 5 2 

^aulDment 

Steam 
Gen 
( l b ) 

9 ,100 

9,51*0 

9 ,600 

9 , 1 0 0 

9,51*0 

9 , 6 0 0 

9 , 6 0 0 

1 0 , 1 0 0 

9 , 3 9 0 

9 ,730 

T o t a l 
( l b ) 

2 2 , 1 0 0 

2 2 , 1 8 5 

2 6 , 2 5 7 

2 2 , 1 0 0 

2 2 , 1 8 5 

2 6 , 2 5 7 

2 2 , 5 5 0 

2 5 , 1 8 7 

2 2 , 3 5 5 

2 6 , 0 6 2 

C o s t 1 

P r i 
Equip 

($) 

1 2 9 , 0 9 0 

109,1*25 

100,1*00 

1 2 9 , 0 9 0 

109,1*25 

100,1*00 

9 8 , 0 2 5 

9 5 , 1 0 0 

1 1 6 , 6 2 5 

9 9 , 6 0 0 

Core 
Fab 

(*) 

1*3,000 

1*3,000 

1*3,000 

6 2 , 5 0 0 

6 2 , 5 0 0 

6 2 , 5 0 0 

1 1 1 , 0 0 0 

1 3 6 , 0 0 0 

8 3 , 8 0 0 

8 3 , 8 0 0 

s t e a m 
Gen 
($) 

7 3 , 5 0 0 

7l*,500 

7 5 , 1 0 0 

7 3 , 5 0 0 

7l*,500 

7 5 , 1 0 0 

7 5 , 2 0 0 

76,1*00 

7l*,l*00 

75,1*00 

T o t a l 

(*) 

21*5,590 

2 2 6 , 9 2 5 

218 ,500 

265 ,090 

21*6,1*25 

238 ,000 

2 8 4 , 2 2 5 

307 ,500 

2 7 4 , 8 2 5 

2 5 8 , 8 0 0 
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Case No. 

A-1 

A-k 

A-2 

A-5 

K-1 

K-5 

A-5 

A-6 

K-2 

K-4 

Primary 
Pressure 
P 
P 

1100 

1100 

1300 

1300 

1300 

1300 

l600 

1600 

1600 

1600 

TABT.K 

Summary of 

Weight 
(lb) 

22,100 

22,100 

22,185 

22,185 

22,550 

22,355 

26,257 

26,257 

25,187 

26,062 

III-IO 

Table III-9 

Cost 
($) 

2̂ 5̂,590 

265,090 

226,925 

246,425 

284,225 

274,825 

218,500 

238,000 

507,500 

258,800 

Pumping Power 
(kw) 

107.5 

107.5 

75.5 

75.5 

45.6 

81.4 

55.9 

55.9 

28.8 

55.5 
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Design s tudies . -

H. Brainard H. Clark J. Goeller J . Todd 

The objective of this study is the definition of severa l p r imary loop 
ar rangements . 

The following basic ground rules were established for the paramet r ic 
study of p r imary loop design and arrangement . 

(1) The minimum number of packages will be used. Dimensions 
were limited to 8 ft 8 in. wide by 8 ft 8 in. high by 30 ft long, 

(2) Total package weight, including equipment, will not exceed 
30,000 lb during shipment. 

(3) The p r imary loop will be designed to eliminate the need for 
field welding. 

(4) No concrete will be employed. 

(5) The package will e i ther be installed above ground or will 
require minimum excavation. (This minimizes the amount of 
required site preparation.) 

(6) Packages must be adaptable to relocation. 

(7) Personnel must be afforded access to the s team generator while 
the p r imary loop is at operating p r e s s u r e , and access for r e ­
fueling the reac tor eight hours after shutdown. 

Several a r rangements of p r imary loop equipment were investigated. 
Typical of these were: 

(1) Arrangement of the p r imary loop into two flat-sided packages 
of square c ross - sec t ion . Fig. III-26. This ar rangement would 
be used with a water biological shield. 

(2) Arrangement of the p r imary loop into a single square package 
containing both the s team generator and the reac to r . Fig. I l l -27. 
A water biological shield would be used. 

(3) Arrangement of the p r imary loop into two cylindrical 
packages. Fig. III-28. (Since the inlet pipe elevation de­
pends on the heat t ransfer system used, two variat ions are 
shown.) Biological shielding is provided by backfilling. 
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The advantages of the first method mentioned a re : 

(1) Maximum space i s available for equipment placement and 
subsequent maintenance. 

(2) Maximum space is available for refueling operations. 

(3) No excavation is required; placement is above ground. 

(4) Minimum erection and site preparat ion effort is required. 

Its disadvantages a re : 

(1) Elaborate s t ruc tura l reinforcement is necessary to guarantee 
s t ruc tura l integrity of flat sided tanks against hydrostatic 
p r e s s u r e . Although required s t ructura l reinforcement can be 
reduced by using a sandwich-type construction paneling, it is 
relat ively expensive and may not maintain i ts strength when 
subjected to radiation. 

(2) The water supply at the proposed site is insufficient to fill 
the shield water tanks in a reasonable t ime. 

(3) The p r imary loop complex would exceed four airplane loads. 

The second design mentioned was examined to determine whether 
so compact a unit was feasible. It was found not to be feasible because: 

(1) Little maintenance room is available. 

(2) Radiation levels would be too high in the vicinity of the s team 
generator (even after shutdown) unless a great deal of 
shielding was provided. 

(3) The neutron radiation level at the pump would be excessive 
during operation. 

(4) Placement of a removable panel between the package and the 
refueling a rea present many problems. 

The cylindrical tank arrangement appears to be satisfactory. Use 
of the ear th retaining shell is optional; this arrangement has not been 
completely evaluated as yet. 

Aluminum was ser iously considered for reducing overal l package 
weight, although welding reduces i ts allowable working s t r e s s con-
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siderably with a resultant increase in required mater ia l thickness and 
weight. 

The following conclusions were reached after considering the various 
a r rangements : 

(1) The concept of using water as the single biological shield 
mater ia l was abandoned. Site backfill is often desirable 
since ear th mounds can be easily erected and disassembled, 
thereby avoiding the additional cost of fabricating and 
shipping shield water tanks. 

(2) Water must be available for personnel shielding during r e ­
fueling operations as well as to remove spent core afterheat. 

(3) Arrangement of the p r imary system is to be such that a 
minimum amount of modification is required whether the 
system is contained or non-contained. 

(4) The package containing the reac tor vesse l must be ver t ical 
to provide room for refueling operations and to maintain 
approximately 9.7 ft of water above the reac tor core for 
protection of maintenance personnel during these operations. 

(5) The additional packages containing the s team generator , 
p r e s s u r i z e r , and associated components may be horizontal 
or ver t ical . 

In general , all assumptions, for purposes of s t r e s s analysis , were 
conservative. 

Layouts and basic design data to optimize the p r i m a r y loop equip-
iii...nt ar rangement from the standpoint of piping, shielding, and mainte­
nance, a re major problems to be considered during the second quar ter . 

2. Secondary System Studies 

W. Koch L. Hassel 

During the first quar ter the main effort associated with the secondary 
loop portion of Subtask 3.1 was devoted to coordinating the Westinghouse 
Elect r ic Corporation performance of the following: 

(1) General secondary system studies 

(2) Steam generator studies 

(3) Turbine-genera tor studies 

(4) Miscellaneous studies. 

These studies will be completed in the next quar ter . They will 
form the bas is for prel iminary design. 

General s tud ies . - The general secondary system studies included: 

(1) Isolation of system equipment and promising ranges of input 
and exhaust p r e s s u r e s through preparat ion and analysis of 
representat ion heat balances. 

m e 
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(2) Analysis of the effects of varying system back p r e s s u r e and 
the boi ler feed pump pr ime mover upon a fixed p r e s s u r e 
system. 

(3) Analysis of the effect of back p r e s s u r e on the required number 
of condenser packages. 

(4) Analysis of the feasibility of utilizing a single condenser 
package. 

Pre l iminary investigation of possible PM-1 p r imary loops and steam 
genera tors indicated that the most promising range of secondary loop 
s team p r e s s u r e s was from 200 to 600 psia. This was based on probable 
p r imary coolant t empera tu res and the des i re to minimize s team generator 
size and weight. Since considerable work had already been done on the 
ethylene-glycol type condenser system, and since direct a i r - s t e a m sys tems 
appeared to offer significant advantages, it was decided to concentrate 
on direct a i r - s t eam condenser sys t ems . Pas t studies had indicated that, 
when the condenser heat must be rejected by a i r cooling, the s ize, weight, 
and electr ical power requi rements make the range of 6 to 11-1/2 in. Hg 
abs turbine back p r e s s u r e a t t ract ive . 

Both the two-turbine generator system (without extraction) and the 
single-turbine genera tor system both with and without extraction) 
were investigated within the steam p r e s s u r e and turbine back p r e s s u r e 
ranges stated. A total of 2 50 ekw was allowed for p r imary and 
secondary loops (125 kw each) auxiliary power, requiring that the 
g ross output of the plant be 1250 ekw to attain a net output of 1000 ekw 

(plus 7 x 10 Btu/hr of p rocess heat in the form of 30 psia steana). 

F igures III-29, III-30, and III-31 show some of the representa t ive 
heat balances. Figure III-29 shows the heat balance for a 1250-kw 
turbine, zero extraction, cycle operating at 500 psia steam p r e s s u r e 
and 9-in. Hg abs back p r e s s u r e . F igure III-30 shows the heat balance 
for a s imi lar unit but with extraction. 

F igure III-31 shows a two-turbine (625 kw each) cycle, with no 
extraction, operating at 200 psia s team and 11-1/2- in . Hg abs back 
p r e s s u r e . 

The resu l t s of the heat balance studies for the three sys tems a r e 
plotted in F igs . III-32, III-33 and III-34 as steanti inlet p r e s s u r e 
versus the steann generator thermal output required to generate 
required power at th ree turbine exhaust b a c k - p r e s s u r e s . 

As expected, the most efficient cycle is the system using 1250-kw 
turbine generator set with extraction to a closed feed water heater . The 
two-turbine cycle without extraction is the least efficient. 
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Make-Up Make-Up 

30,850 I b / h r 

F ig . I I I - 29 . G e a r e d T u r b i n e - G e n e r a t o r B a s i c Heat B a l a n c e - - Z e r o E x t r a c t i o n 
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Fig, III-30. Geared Turbine Generator Basic Heat Balance Extract ion Unit 
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Fig. I I I -31. Geared Turbine-Genera tor Basic Heat Balance 
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In addition to the thermal output requirements developed in this 
study, several cost and packaging aspects of the various cycles were 
noted. It was learned that with a turbine inlet s team p re s su re below 
about 275 psia and secondary loop auxiliary power limited to 125 kw. 
three instead of two a i r - s t e a m condenser packages a re required 
due to the higher heat rejection required and limitations on fan power. 
Table I I I -U gives the number of packages and est imated cost variation 
for the cycles studied. The cost figures refer to variat ions from a 
fixed pr ice quote on a two-turbine-generator system producing 1300 
ekw gross , 1000 ekw net, and operating with 400 psia steam and 11-1/2 
in. Hg abs turbine back p r e s s u r e . 

Analysis of Table I I I -U indicated that the most interest ing cycle, 
in t e r m s of cost and number of packages, uti l izes a single turbine 
operating with 275 psia, or higher, s team. It is advantageous, due to 
p r imary loop and s team generator considerations, to keep steam 
p r e s s u r e as low as possible . It was, therefore , determined to study 
in g rea te r detail cycles operating with 280 psia s team. Again, 6, 9 
and 11-1/2 in, Hg abs turbine back p r e s s u r e s were used, with the gross 
output remaining at 1250 ekw; a comparison of electr ical ly driven 
and steam turbine driven boi ler feed pumps was included. F igures 
III-35 and III-36 show representa t ive heat balances for this study. 
Table III-12 presen ts a summary of these heat balance s tudies . 

The next a rea of in teres t was the determination of the minimum 
turbine back p r e s su re that could be used without requiring more than 
two condenser packages; both the ethylene-glycol type condenser 
system and the direct a i r - s t e a m system were considered. F i r s t , 
the required system auxiliary power for each back p r e s s u r e was 
calculated, excluding the fan power. These power requirements a r e 
tabulated in Tables III-13, III-14 and III-15. Then the fan power 
required for a two-condenser arrangement was plotted against 
turbine back p r e s su re as shown in Fig. III-37. The fan power r equ i r e ­
ments for the various sys tems were then included in Tables III-13 
to III-15, together with the total auxiliary power requirement for each 
of these sys tems . It will be noted that in all the ethylene-glycol 
condenser sys tems and in the direct a i r - s t e a m condenser system 
operating at 6 in, Hg abs back p r e s su re and using a motor driven 
boiler feed pump, more than 125 kw of auxiliary power is required. 
Thus, 7 out of the 12 sys tems studied required increased auxiliary 
power if two-condenser packages were to be used. Figure III-38 
i l lus t ra tes this fact with a se r ies of curves showing the cycles 
studied. The intersect ion of any cycle curve with the zero ordinate 
defines the minimum turbine back p r e s su re that can be used with a 
two-condenser package (allowing 125 kw auxiliary power for the 
secondary loop). Figure III-39 shows the resu l t s of a s imi la r study 
done with sys tems at 500 psia turbine thrott le s team. 



TABLE I I I - U 

Secondary Loop Packages and Est imated Cost Va r i a t i on 

No. Turbine-Generator Sets 

System Steam Pressure 
(psla) 

Turbine Cost 
Variation ($) 

No, of Condensers 
(alr-to-steam type) 

Condenser Cost 
Variation ($) 

Extraction System 
Cost ($) 

Packages Required 
(No.) 

Package Cost 
Variation ($) 

Total Cost 
Variation ($) 

One Fini-Capaclty 

200 to 275 

-151,000 

3 

+65,000 

0 

7 

0 

-66,000 

+ 7000 

7 

0 

-59,000 

275 to 500 

-131,000 

2 

0 

0 

6 

-5000 

-136,000 

+ 7000 

6 

-5000 

-129,000 

Two Half-Capacity 

200 to 275 

0 

3 

465,000 

not 
considered 

8 

+5000 

+70,000 

not 
considered 

8 

+5000 

+70,000 

275 to 500 

0 

2 

0 

not 
considered 

7 

0 

0 

not 
considered 

7 

0 

0 

Area of greatest 
Interest 



280 psia 

411.1° F 

1202.3 Btu/lb 

35,162 Ib/hr 8400 Ib/hr 

Heating 
System 
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30 psla 

291.9 Btu/lb 

Purif ied 
Make-Up 

297.1 Btu/lb 

Elec t r ic Boiler 
Feed Pump 

55,662 Ib/hr 
197.2 Btu/lb 

Primary 
Plant Make-Up 

Fig . I l l - 3 5 . Geared Turbine Generator Extract ion Uni t - -280 p s i a . Dry and Saturated, 
9 - i n . Hg A b s , E l e c t r i c - D r i v e n Bo i l er Feed Pump 
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ste am 
Generator 
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4ll,l° F 
1202,3 Btu/lb 

500 Ib/hr 

35,930 Ib/nr 

319.7° F 
290,0 Btu/lb 

Turbine 
Driven 
Boiler 
Feed 
Pump 

1510 Ib/hr 

^ 2605 Ib/hr 

25,720 Ib/hr 

10p,9 psia 
1158,1 Btu/lb 

A 
I' Heater 

^ 

1510 Ib/hr 

' yy]__ 1250 

'Q kw 

Turbo-Generator 
Unit 

9 in, Hg abs 

Heating 
System 

7000 Ib/hr 
50 psia 

1007.6 Btu/lb 

23,115 Ib/hr 

Evaporator 

35 
psia 

^ \ 
500 Ib/hr 

Air Cooled 
Condenser 

Condensate Pur̂ i 

/ Raw 
Returns from-/ Water 
Heating Make-Up 
System 

— Vent 

4 
1155.5 Btu/lb ^ 

55,950 Ib/hr I 

524,7° F 

Feed Pump 227.8 Btu/lb 

2605 Ib/hr 

Purified 
Make-Up 

8400 Ib/hr 
289,5 Btu/lb 

500 Ib/hr 
1167.1 Btu/lb 

De-Aerator -Primary 
Plant 
Make-Up 

295.2 Btu/lb 

Fig, III-36, Geared Turbine Generator Extraction Unit--280 psia. Dry and 
Saturated, 9-in. Hg Abs,Steam Driven Boiler Feed Pump 



TABLE III-12 

Heat Balance Simmiary for 1250 BIw Plant 

Steam 
Pressure 

(ps ia ) _ 

280 

280 

280 

280 

280 

280 

Condition 
Pressure 

( i n , Hg abs) 

6 

9 

11.5 

6 

9 

11.5 

Steam Gen­
erator Flow 

(Ib/hr) 

53,853 

35,162 

35,785 

55,698 

55,450 

56,462 

Turbine 
Flow 

(Ib/hr) 

25,453 

26,762 

27,385 

24,085 

25,720 

26,692 

Heat 
Rejected ^ 

Btu/hr X 10" 

18.8 

20.2 

20.9 

19.0 

20 .4 

21 .2 

Reactor 
Power 
(mw) 

8.98 

9,h 

9.6 

9.05 

9M 

9.72 

BFP 

Elec 

Elec 

Elec 

Turb 

Turb 

Tiurb 
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TABLE I I I - 1 5 

Aux i l i a ry Power Required for a 

280-psia 1250-kw P lan t 

with 6 i n . Hg abs Back Pressure 

Fan 
Power 

A v a i l a b l e ^ 

Requi red 

Excess 

Def i c i ency 

Motor 
D e s c r i p t i o n 

Condensate 
Fun^ 

A i r 
Pumps 

B o i l e r 
Peedj^ 
Punp 

Evapora tor 
Peed 
PlTItip 

Hea t ing , 
L i g h t i n g , 
Aux, e t c . 

Glyco l 
Ci roul f t t lng 

Punp 

T o t a l 

A u x i l i a r y Power Requi red 

Ai r -Cooled Condenser 

B o i l e r 
Motor-Driven 

kw^ 

0 .88 

15 .2 

2 1 . 1 

0 .80 

10 .0 

— 

46 .0 

79 .0 

100.0 

— 

21.0 

T n s t l d 
(HP) 

1.0 

2 - 7 . 5 

50 

1.0 

. . 

— 

Feed Pump 
Turb ine-Dr iven 

ta,^ 

0 .88 

1 5 . 2 

. . 

0 .80 

10 .0 

— 

4 7 , 0 

~ 

— 

— 

— 

24 .9 

1 0 0 . 1 

100 .0 

0 . 1 

I n s t l d 
(HP) 

1.0 

2 - 7 . 5 

. . 

1.0 

._ 

— 

1 7 . 0 

~ 

— 

~ 

— 

Glycol-Cooled Condenser 

B o i l e r 
Motor-Driven 

kw^ 

0 . 8 8 

1 3 . 2 

2 1 . 1 

0 . 8 0 

1 0 . 0 

59 .0 

105 .0 

2 0 . 0 

150 .0 

~ 

150.0 

T n s t l d 
(HP) 

1.0 

2 - 7 . 5 

50 

1.0 

7 5 . 0 

1?2 .0 

— 

— 

— 

~ 

Feed Pump 
Turb ine-Dr iven 

taf^ 

0 .88 

1 5 . 2 

. . 

0 ,80 

1 0 . 0 

59 .0 

8 5 . 9 

4 1 . 1 

150.0 

~ 

LLO.O 

I n s t l d 
(HP) 

1,0 

2 - 7 . 5 

1,0 

. . 

7 5 . 0 

92 .0 

— 

— 

~ 

~ 

*Based on Motor Efficiency 855̂  
Based on Pump Efficiency 465̂  

"^ased on 125 Jw Available for Station Auxiliary 
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TABLE III-14 

Auxiliary Power Required for a 
280-psia 1250-kw Plant 

with 9 in . Hg abs Back Pressure 

Fan 
Power 

AvaiOAble^ 

Required 

Excess 

Deficiency 

Motor 
Descript ion 

Condensate 
Pun?p 

Air 
Pun^s 

Boi ler 
Feedjj 
Pump 

Evaporator 
Peed 
Puii5> 

Heating, 
U g h t l n g , 
Aux, e t c . 

Glycol 
Ci rcula t ing 

pimrp 

Auxil iary Power Required 

Air-Cooled Condenser 

Boiler 
Motor -Driven 

kw^ 

0.88 

13.2 

21.9 

0.80 

10.0 

^_ 

I n s t l d 
(HP) 

1.0 

2-7.5 

30.0 

1.0 

Feed Punp 
Turbine -Driven 

kw^ 

0.88 

13.2 

0.80 

10.0 

I n s t l d 
(HP) 

1.0 

2-7.5 

. . 

1.0 

Glycol-Cooled Condenser 

Boiler Feed Pvanp 
Motor -Driven Turbine-Driven 

kw^ 

0.88 

15 .2 

21.9 

0.80 

10.0 

59.0 

I n s t l d 
(HP) 

1.0 

2-7.5 

30.0 

1.0 

75.0 

kw* 

0.88 

13.2 

• • • a 

0.80 

10.0 

59.0 

I n s t l d 
(HP) 

1.0 

2-7.5 

. . 

1.0 

75.0 

Total 46.8 

78.2 

71.0 

7.2 

_-

47.0 

~ 

. -

— 

— 

24.9 

100.1 

71.0 

29.1 

~ 

17.0 

— 

— 

— 

105.8 

19.2 

88.0 

~ 

68.8 

1P2.0 

~ 

— 

~ 

— 

83.9 

4 i . i 

88.0 

— 

46.9 

92.0 

~ 

— 

— 

*Based on Motor Efficiency 855̂  

Bas«d on Pun̂ ) Efficiency k6f, 

*^sed on 125 kw Available for Station Auxiliary 
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TABLE I I I - 1 5 

Aux i l i a ry Power Required for a 
280-psia 1250-kw P l a n t 

with 11.5 i n . Hg abs Back Pressure 

Fan 
Power 

kw* 

Available 

Required 

Excess 

Deficiency 

Motor 
Description 

Condensate 
Punp 

Air 
Pumps 

Boiler 
Feedj^ 
Pump 

Evaporator 
Feed 
Pimp 

Heating, 
Lighting, 
Aux, etc. 

Glycol 
Circulating 
Pump 

Auxiliary Power Required 

Air-Cooled Condenser 

Boiler Feed Pump 
Motor -Driven Turb1 ne -Driven 

kw* 

0,88 

13.2 

22,2 

0.80 

10.0 

Instld 
(HP) 

1.0 

2-7.5 

30.0 

1.0 

kw* 

0,88 

13.2 

0.80 

10.0 

Instld, 
(HP) 

1.0 

2-7.5 

1.0 

Glycol-Cooled Condjenser 

Boiler Feed Pump 
Motor-Driven Turbine-Driven 

kw* 

0.88 

13.2 

22.2 

0.80 

10.0 

59.0 

Instld 
(HP) 

1.0 

2-7.5 

30.0 

1.0 

75.0 

kw* 

0.88 

13.2 

0.80 

10.0 

59.0 

Instld 
(HP) 

1.0 

2-7.5 

1.0 

75.0 

Total 47.1 

77.9 

61.5 

16.4 

47.0 

~ 

24.9 

100.1 

71.5 

38.6 

17.0 

~ 

106.1 

18.9 

75.0 

56.1 

122.0 83.9 

4l.l 

75.0 

33.9 

92.0 

._ 

*Based on Motor Eff ic iency 85^ 

Based on Vmsp Eff ic iency 46^ 

Based on 125 kw Available for S t a t i o n Auxi l ia ry 
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1—~' ~r 
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Another study of the use of a single a i r - s t e a m condenser package 
with a 150-kw auxiliary power secondary loop is nearing completion. 
It appears that, in o rder to maintain a condenser LMTD great enough 
to limit fan power to within auxil iary power l imitat ions, turbine 
back p r e s s u r e s of between 15 aijd 20 psia will be required. These 
same prel iminary resu l t s indicate that the p r imary loop thermal 
requi rements will be increased by from 20 to 30%, A possible 
al ternat ive is the use of a novel condenser design in which some 
50,000 sq ft of surface area is housed in a single package; s ize, 
weight, and fan power requirements a r e being investigated for such a 
condenser. 

Steam generator s tudies , - The paramet r ic study of s team gener -
a to r s was completed. This study was to evaluate the effect of s team 
p r e s s u r e , p r imary loop flow, log mean t empera tu re difference, and 
tube mater ia l on cost, size, weight, and p r imary side p r e s s u r e drop. 

Pre l iminary p r imary loop layouts indicated that the horizontal 
type of steam generator offered no advantage. The cost and weight 
of a horizontal unit a r e significantly g rea te r than for ver t ical uni ts . 
Table III-16 shows a comparison between a horizontal and ver t ical 
s team generator suitable for the PM-1 plant. 

TABLE III-16 

Horizontal Type 

TMW output 

Design p r e s s u r e - -
p r imary side (psi) 

Design p r e s s u r e - -
secondary side (psi) 

Coolant flow (Ib/hr) 

Steam p re s su re at full 
load (psig) 

Weight (dry) (lb) 

Est imated cost ($) 

10 

2,300 

1,125 

982,000 

400 

20,000 

125,000 

Vert ical 

10 

2,300 

1,125 

982,000 

400 

11,000 

75,000 
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F o r these reasons , studies were l imited to vert ical s team genera tors 
capable of functioning within the range of operating conditions considered 
during the p r imary and secondary loop studies. To facilitate this work, 
the following conditions were held constant: 

Thermal output 

Shell and channel ID 

Tube OD 

Design p r e s s u r e p r imary 
side 

Number of tubes 

Access to p r imary and 
secondary side (2 each) 

Inlet and outlet nozzle 
ve loc i ty - -pr imary side 

Type steam druna 

Moisture sepa ra to r s 

Material 

Table III-17 p resen t s the resu l t s of this study. 

Stainless steel s team genera tors have been considered to date. The 
rel iabi l i ty of this type of s team generator i s high, as denaonstrated by 
the fact that no tube leaks have been experienced with the many s team 
genera to rs supplied to date. Also, the bolted hand holes permit r emov­
al, replacement , and sesiling on the p r imary side in 4 h r and on the s e c ­
ondary side in 1-1/2 hr . 

The use of Inconel tube and tube sheet construction is also being 
considered. A study of water quality requirements and Inconel 
fabrication methods is underway. 

P resen t experience with th ree-s tage mois ture separa to r s indicates 
that the mois ture content at the s team drum outlet under steady state 
conditions is l e s s than 1/4%*. Tests also show that with a t ransient 
of from 15 to 100 % in 3 sec, the mois ture content of the s team remains 
below 1/2 %*. 

*R. L, Cort and C, C. Peake, "Performance Tes ts of a Vertical Steam 
Genera tor for Nuclear Power Plants ," ASME Paper No. 58-PWR-l , 
Westinghouse Elec t r ic Corporation. 

9.5 mw--middle of range 

28-5/8 in . - -minimum for maintenance 
access 

1/2 in . - -bes t over full range 

2300 ps i - -conservat ive basis 

420- -use available shell ID 

bolted-type hand holes 

20 fps--upper limit 

integral 

3-stage integral 

304 SS (tube side) carbon steel 
(shell side) 
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M-l Steam Generator Study 

Steam 
Pressure 

03 
•H &, 
CO 0 

OJ 

cd 
•H lî  
to 0 

ro, 

W a 

ft 

30USd Tubes-
Estimated Price 

(*) 

86,500 

73,700 

69,100 

84,200 

72,700 

68,500 

81,900 

72,100 

68,100 

87,500 

7't,000 

70,500 

75,000 

85,000 

72,700 

69,700 

96,400 

80,200 

72,100 

69,500 

87,900 

75,000 

71,700 

85,300 

73,600 

70,500 

83,800 

73,000 

70,100 

Inconel Tubes— 
Estimated Price 

(*) 

95,200 

81,100 

76,000 

92,600 

80,000 

75,1+00 

90,000 

79,1*00 

75,000 

96,300 

81,500 

77,600 

80,300 

93,500 

80,000 

76,700 

106,000 

88,300 

79, too 

76,500 

96,700 

82,500 

79,000 

94,000 

81,000 

77,600 

92,100 

8o,4oo 

77,200 

Primary 
Flow 
(gpm) 

1000 

1700 

2500 

1000 

1700 

2500 

1000 

1700 

2500 

IMTD 
(°F) 

30 

65 
100 

30 

65 
100 

30 

65 
100 

30 

65 
100 

65 
30 

65 
100 

20 

30 

65 
100 

30 

65 
100 

30 

65 
100 

30 

65 
100 

Shell Design 
Pressure 
(psi) 

500 

700 

900 

500 

700 

900 

500 

700 

900 

700 

900 

1200 

900 

700 

900 

1200 

600 

700 

900 

1200 

800 

1200 

1500 

800 

1200 

1500 

800 

1200 

1500 

Surface 
Area 
(sq ft) 

l84o 

780 

1*75 

1630 

700 

430 

1520 

660 

4l0 

1840 

780 

520 

675 
1650 

700 

470 
2540 

1520 

660 

460 

l84o 

800 

550 
1630 

720 

500 

1520 

700 

4S0 

Pressure 
Drop 
(psi) 

6.9 
5.0 

h.k 

12.1 

7.7 
6.4 
20.2 

12.0 

9.7 

6.9 
5.0 

k.7 

14.6 

12.1 

7.7 
7.0 

30.2 

20.5 

12.4 

11.3 

6.9 
5.2 

5.1 

12.1 

8.3 

8.2 

20.2 

13.5 

12.6 

Overall 
Length 
(ft) 

23.5 

15.9 

11.1 

21.6 

13.1 

10.7 

20.6 

12.8 

10.5 

23.2 

13.5 
11.2 

19.1 

21.3 ^ 

12.8 

10.7 

29.6 

20.3 

12.5 

10.6 

23.0 

I3.k 

11.2 

21.0 

12.7 

10,T 

20.0 

12.5 

10.5 

Weight 
(lb) 

13,300 

9,'vOO 

8,000 

12,400 

9,000 

7,800 

10,900 

8,800 

7,700 

14,500 

9,700 

9,200 

11, 500 

13,500 

9,200 

8,900 

16,900 

12,900 

9,000 

8,800 

14,900 

10,900 

10,500 

13,700 
10,400 

9.900 

13.200 

10,300 

9,700 
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Turbine genera tor s tud ies . - The basic ground ru les for turbine 
genera tor design and weight evaluation were that a g ro s s output of 
1250 ekw would be provided and that 300 psia throt t le p r e s s u r e and 
9 in. Hg abs back p r e s s u r e would be uti l izied. All turbines a r e 
designed to withstand ze ro load s team conditions at the s team chest . 
With these p a r a m e t e r s establ ished, four different tu rb ine-genera to r 
se ts were investigated: 

(1) A 1250-kw machine using an 8000 to 9000 rpm turbine and 
a 1200 rpm salient pole genera to r . With this sys tem, a 
6% voltage dip accompanies the application of a 300-kw 
step load t r ans ien t . 

(2) A 1250-kw machine s i m i l a r to Item 1, but with an overs ized 
genera tor yielding a 2% voltage dip with application of a 
300-kw step load t rans ien t . 

(3) A 625-kw machine, designed to the conditions of Item 1. 

(4) A 625-kw machine, designed to the conditions of Item 2. 

The r e su l t s of this study a r e given in Table III-18. 

TABLE III-18 

Es t imated Turb ine-Genera tor Weights 

1250-kw Capacity Machine 

Genera tor 

Turbine 

Gear 

Oil cooler 

Bedplate 

Miscel laneous 

System (1) 
(lb) 

9,400 

4,736 

3,000 

320 

2,160 

658 

Total 20,274 lb 

System (2) 
(lb) 

18,000 

4,736 

3,000 

320 

2.160 

658 

28,874 lb 
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TABLE III-18 (continued) 

625'kw Capacity Machine 

Generator 

Turbine 

Gear 

Oil cooler 

Bedplate 

Miscellaneous 

System (3) 
(lb) 

6,350 

4,280 

1,250 

405 

1,520 

2,110 

System (4) 
(lb) 

10,400 

4,280 

1,250 

405 

1,500 

2,110 

Total 15,915 lb 19,945 lb 

These weights a re the result of pre l iminary investigations; further 
reduction may resul t after detailed design. The larges t machine is 
approximately 5 ft by 5 ft by 16 ft long. 

Other weight reduction methods being studied include reducing 
the generator weight by using a 3600-rpm nonsEilient pole machine, 
meeting the weight l imitation on the 2% voltage fluctuation through 
attachments external to the electr ic generator (see Subtask 1.6), 
and using a planetary reduction gear ra ther than the s tandard gear 
and pinion normally used. Although the planetary gear for the 
1250-kw machine is es t imated to weigh 1700 lb, the ent i re difference 
between it and the 3000-lb standard gear cannot be real ized due to 
a required change in the turbine-bearing bracket design. A compara­
tively smal l amount of operating data is available; it i s , however, 
worthy of note that the N. S. Savannah will use a planetary gear with 
i ts 3500-kw generator . The use of lightweight ma te r i a l s in the bed­
plate and other pa r t s of the machine is being studied. 

It should be noted that the weights given in Table III-18 do not 
include the exciter . Static-type exc i te rs present ly used by the Navy 
(450 volts) can readily be adapted to this application and can be in­
stalled in the switch gear a rea . This not only eases the problem of 
generator weight, but also helps to achieve the desired power quality 
due to fas ter response t ime than those attainable with a rotating 
exci ter . 
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Effects of number of tu rb ine-genera to rs - -A single tu rb ine-genera­
tor system offers sufficient advantage over a paral lel system to war­
rant i ts choice, even if it is found that aircraft loading requirements 
necess i ta te shipping the generator separately. The assembly of the 
machine at the site would requi re only one or two extra days, and this 
is more than compensated for by the simplified piping and electr ical 
connections. Some of the advantages to be real ized by using a single 
machine a re as follows^ 

(1) Cost savings of approximately $130,000 a re anticipated, 

(2) Overall system weight is l e s s . 

(3) Greater full-load reliabil i ty i s believed attainable since 
there a re fewer pa r t s to fail, and the failure of one half-
capacity machine under full load would probably resul t 
in failure of the second. 

(4) Fewer piping and wiring connections need be accommodated. 

(5) Operation is s impler , 

(6) Switchgear, cable, conduits, and controls a r e simple and 
l e s s costly. 

(7) Efficiency is higher. 

Steam p r e s s u r e effects on weight--Recent investigations indicate 
that thrott le p r e s s u r e variat ions of 200 to 500 psia, and exhaust 
p r e s s u r e variat ions of 6 to 11-1/2 in, Hg abs, a r e accompanied by l e s s 
than a 5% variat ion in secondary system weight. F igures III-40 and 
III-41 show variat ions of inlet s ize with inlet p r e s s u r e for 625- and 
1250-kw turbines respectively. F igures III-42 and III-43 show v a r i ­
ations of exhaust size with inlet s team p r e s s u r e for 625- and 1250-
kw turbines . 

Moisture ef fec ts- -Figure III-44 shows the variation of inlet p r e s ­
sure with percent mois ture in the exhaust s team for var ious 1250-kw 
turbine back p r e s s u r e s . No erosion problem is anticipated since 12 
to 13% chrome steel will be used in all metal par t s in the s team path 
and the r im velocities will be approximately 800 fps. Considerable 
experience has been accumulated within the las t five y e a r s for turbines 
operating under these mois ture conditions. The turbine of a s imi la r 
power plant has been in serv ice for 5 yr ; erosion has not been noted on 
any of the chrome steel pa r t s , although there has been erosion of the 
carbon steel pa r t s located in the s team path. Another turbine has been 
in operation for 2 yr under conditions of 11 to 12% exhaust mois tu re . 
Again, no problem of erosion has been experienced on the chrome steel 
turbine pa r t s . The Shippingport turbine has a 1200-fps r im velocity with 
chrome steel pa r t s in the s team path. To date, this installation has been 
free of erosion problems. 
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Elevation effects--The design conditions given in the contract for 
the PM-1 plant call for 760 mm Hg p r e s s u r e (sea level). The plant 
installation at the Sundance site will be at an elevation of approximate­
ly 6500 ft and, therefore, e lectr ic generator performance will suffer 
due to poorer generator cooling system performance. Generator capa­
city drops by 1% for every 330 ft above 3300 ft elevation or 9.6% for 
this application. Gross generation will, therefore, be reduced by 120 kw, 
or from 1250 to 1130 kw. A study of the effect of altitude on condenser 
performance is underway and will be completed by the end of the pa ra ­
met r ic study; a s imi la r drop in capacity is anticipated. 

Foundation s tudy--The turbine generator foundation and mounting 
requirements a re being investigated; this study will also be completed 
by the end of the paramet r ic study period. 

Miscellaneous s tudies . -

Switch gear and motor control center - -At present it appears that 35 
units (including p r imary loop equipment) a re required in the PM-1 
motor control center . An investigation of both steel and aluminum con­
struction shows that a significant weight saving can be achieved. 

TABLE III-19 

Comparison of Steel and Aluminum Construction 
in Motor Control Center 

Front and Rear 
Type of Mounting Front Mounted Sections Mounted Sections 

Weight per section with steel 
fabrication (less internals) (lb) 450 595 

Weight per section with 
aluminum fabrication ( less 
internals) (lb) 

Number required 

Total steel s t ruc ture weight 
(lb) 

Total aluminum s t ruc ture 
weight (lb) 

165 

7 

3150 

1155 

210 

3 plus one 
5-unit section 

2235 

795 

Total weight savings with use 
of aluminum s t ruc ture (lb) 1995 1440 
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The type of mounting (front or front and r e a r ) will be determined 
by the final switchgear-control center package layout. 

The question of whether 480 or 4160 volt genera tors yield a more 
economical, lightweight system is being investigated. Present 
indications a re that the 4160-v system is bet ter . Although the 
switchgear for the 4160-v system costs $12,000 more and weighs 
more than that for the 480-v system, this apparent disadvantage is 
balanced by the additional cost and weight of the 480- to 4160-v, 
1250-kva, step-up, load t rans former required. The 4160~v system, 
on the other hand, requi res the provision of a 300-kva, 4160 to 480-v, 
step-down t rans former for the generation of plant auxiliary power. 
The la t ter t rans former can be located in a cubicle in the switchgear 
package. Weight, in the size range studied, is not appreciably affected 
by voltage. 

Auxiliary power supply equipment--Auxil iary power requirements 
for plant s tar tup and shutdown will be resolved during the pre l iminary 
design. Auxiliary power plants from 100- to 250-kw capacity, including 
both high speed diesel and gas turbine-genera tor sys tems a r e being 
investigated. The required fuel s torage tanks, s tart ing equipment, 
controls, cooling system, and lubrication system a re being considered. 

Lead-acid and nickel-cadmium bat tery emergency power supply 
systems a re being compared with regard to cost, weight, and 
maintenance requi rements . The bat tery system is being sized at 
6-kw output for a 1/2-hr period. 

Piping and wiring connect ions--Various types of quick connect-
disconnect pipe couplings such as those manufactured by the Barco, 
Victaulic, and D r e s s e r Companies a re being investigated. No par t icu­
l a r problem is anticipated in this a rea , due to the relatively low p r e s ­
sures and tempera tu res involved. Various types of wiring a r e also 
being investigated and again no problems a r e anticipated with 480-v 
or l e s s . Present indications a re that no suitable quick connector is 
available for 5-kv insulated cable. 

Heat exchange and auxiliary equipment--Several nnethods of 
reducing heat exchanger (evaporator, deaera tor , reboi ler , and 
closed feed-water heater) weight and s ize a re being investigated. 
These include the use of lightweight ma te r i a l s , and the use of a 
single heat exchanger to serve as evaporator for makeup water and 
as the process heat r e -bo i le r . 

A vacuum pump system is being evaluated to replace the s t eam-
jet a i r e jec tors . The purpose of this substitution would be to decrease 
installation t ime, to simplify piping and controls, and to simplify 
operation during startup and shutdown. The reliabili ty and maintenance 
of the rotary- type vacuum pump will be evaluated. 
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The use of motors with aluminum f rames , to reduce overall plant 
weight, is being evaluated. Motors from 1 to 20 hp a re now available. 

Plant ar rangement and service requ i rements - -A component and 
package arrangement study is in p roces s . It appears that six packages 
(including the central control room package) will be required for the 
secondary loop equipment. In conjunction with the study, an investiga­
tion is being made of the heating, ventilating, lighting, sewerage, s tor ­
age area , and naaintenance a rea requi rements of the secondary loop. 

A complete l ist of required maintenance tools is being developed 
and will be completed during pre l iminary design. 

Reliability study--A reliabili ty study of the secondary loop is 
underway. The basic data of this investigation were reported in 
"Forced Outage Rates of High P r e s s u r e Steam Turbines and 
Boi le rs , " by the Joint AIEE Subcommittee, Report No. 57-145, 
June 1957, which covers 880 steam electr ic plants of 10,000 ekw 
capacity or l e s s . Present data for the PM-1 system indicates that 
l e s s than seven unscheduled and six scheduled downtime days per 
year can be expected from this sys tem. The f irst phase of this 
reliabil i ty study will be completed during the paramet r ic study period. 



III-97 

3. Instrumentation 

G. Zindler R. Caw E. Gasse r 

During the first quarter ,automatic reac tor s tar tup and system warmup 
control sys tems were studied with the ass is tance of an analog computer. 
The objectives of this study were to determine the instrumentation require­
ments of such a system and to evaluate the system behavior as a function 
of the input control pa rame te r s . This work also supports the subcontract 
efforts under Task 1.5. 

An analog program was developed that allowed study of reac tor v a r i ­
ables over about 12 decades of operation, of p r imary loop heating over a 
tempera ture range of 0-600°F, and of various rod control c i rcui ts used to 
initiate s tar tup. 

Analog runs were made to study the effects of such var iables as rod 
speed, t empera ture coefficient of reactivity, water heating ra te , and 
various set-points for period control. 

Sufficient data for a complete presentat ion have not yet been obtained. 
Pre l iminary analog resu l t s show good operation of the system with the 
following control system equipment: 

(1) A period control circuit that governs rod withdrawal until a 
power level sufficient to cause heating of p r imary loop water is 
reached. A minimum period of 13 sec appears adequate for 
safe operation with the constant speed rod actuators simulated 
in this study. To help eliminate excessive rod "jogging" due 
to period noise and the fact that the period changes rapidly near 
cri t icali ty, it is recommended that a dead interval of 30 or 
more sec be incorporated, so that rod withdrawal may be halted 
after 13 sec and initiated 40 to 45 sec la te r . 

(2) During the approach to cri t icali ty, the period withdrawal c i r ­
cuits a re monitored by a circuit which measu re s rate of t e m ­
pera ture increase . This circuit will assume rod control when 
heating takes place, and will be in control from that point on. 

(3) For additional safety and /or flexibility, a power level control 
circuit may easily be incorporated into this system for 
hot-s tar tup applications. 

The conclusions reached at this stage a re that automatic control is 
feasible and should prove quite flexible, in that any des i red period, 
temperature ra te , or power demand signals can easily be accommodated. 
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Due to analog limitations, the full system including control dead-bands 
and such t ime-varying constants as temperature and heat t ransfer co­
efficients, could not be t reated in this first study. Without these inputs, 
exact data, such as rod position for various startup conditions, cannot be 
predicted. 

A major uncertainty is the difference between the simulated and the 
final PM-1 sys tem design. However, barr ing large changes in system 
requi rements , the overall system response is not expected to change 
appreciably. 

Some typical system studies a re shown in Figs . Ill-45 to III-47. 
Figure III-45 shows a case where s tar tup is limited to a 13-sec minimum 
period, while in F igs . 11-46 and III-47 it is limited to 40-sec periods; 
the p rogrammed water heating rate is different in each case . 

In addition to this work, efforts began for development of a suitable 
t ransient simulation of the total plant. This program will include power 
range automatic control, s team generator feedwater and steam flow con­
trol , r eac tor and s team generator heat t ransfer charac te r i s t i cs , and 
reac tor kinetics. Load t rans ients and plant stability will be studied in 
detail under this p rogram during the next quarter in support of p r e ­
l iminary design. 

4. Configuration 

Packaging and housing. -

A, Lyman J. Reilly 

Work on packaging and housing during the quar ter was directed to ­
ward the evaluation of package concepts and the establishment of r e ­
quirements and limitations for the equipment to be shipped or operated 
inside the packages. Areas of package design and shipment which 
affect equipment were studied and a design guide for equipment a r ­
rangement and mounting was prepared. Tr ips were made to several 
US Army Corps of Engineers establ ishments to obtain information on 
arc t ic she l t e r s . Emphasis placed on avoiding metall ic conduction 
paths through shel ter walls and on the necessity for providing good vapor 
b a r r i e r s in these walls make likely the selection of construction designs 
tai lored for arc t ic use . 

Evaluation of package concepts--The basic package shel ter concept 
was established through evaluation of the following five possible methods 
for providing equipment she l te rs and packaging: 
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(1) Use of a standard prefabricated building shipped in separate 
packages and erected on the site, 

(2) Use of a specially developed arctic-type prefabricated 
building, constructed of structural sandwich panels, shipped 
in separate packages, and erected on the site, 

(3) Use of a building constructed from the sides of the shipping 
packages. 

(4) Use of a building formed by arranging and interconnecting the 
shipping packages, removing or folding out some of the panels. 

(5) Use of each shipping package as the shelter building for the 
equipment contained therein. 

Each of these methods has the advantages and disadvantages 
summarized in Table III-20, 

It is evident from Table III-20 that the use of shipping packages 
which may be interconnected to form a shelter offers more advantages 
than the other methods considered. This concept was established as 
the one upon which the equipment design requirements and limitations 
are predicated. It is actually a modification of the shipping package-
housing concept (Item 5, Table III-20), that provides the necessary space 
for access to equipment. This concept offers the best possibility of mini­
mizing the number of packages and easing plant installation and relocation 

Size limitations for the equipment were established by using a 3-in. 
thick panel (as discussed on the following pages) and deducting it from 
the maximum 8 ft 8 in. package width limitation for C-130 aircraft, 
leaving an 8 ft 2 in. width dimension for equipment. Although the height 
limitation in the C-130 is also 8 ft 8 in., after the panel roof thickness, 
flooring and shipping skid height are deducted, the height remaining 
for equipment is 7 ft 8 in. maximum (not allowing for a sloping shelter 
roof). 

Maximum length has been arbitrarily set at 30 ft to permit adequate 
room for tie-downs and to allow a greater center of gravity range. It 
should be noted that up to 34 ft in length is possible although the cargo 
compartment is 40 ft long. The center of gravity range in a 34-ft pack­
age would be limited to 4-ft in a C-130A aircraft. It would be further 
restricted if the requirement is established that the packages be capable 
of shipment in either C-130 "A" or " B " aircraft, since the ranges in both 
aircraft do not coincide, see Fig. III-48, Assuming a maximum forward 
position of the 30-ft package at Station 283 and maximum aft position at 
Station 698, the maximum forward center of gravity location would be 2 ft 
forward of the package centerline and the maximum aft center-of-gravity 
location would be 6 ft aft of the package centerline. Thus, an 8-ft range 
in center-of-gravity is permissible with a 30-ft package using a C-130A. 
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TABLE III-20 

fiqulpnent Shelter Concepts 

Method Advantage Disadvantage 

Standard Prefabricated 
Building 

Low initial cost 

Little R and D expense 

Readily available 

Not a true arctic building, dif­
ficult to insulate and vapor seal 

Requires more paclsages than 
methods 5, h and 5 

Heavier conventional packing crate 
required 

Assembled with many small parts, 
nuts, bolts, plates, etc. Long 
erection and relocation time, high 
erection costs 

Special Prefabricated 
Building, Sandwich 
Panels 

Panels less apt to be 
damaged than methods 
3, k and 5 

True arctic building 

Less maintenance than 
in method 1 

Building can be set up 
before equipment arrives 

More costly than method 1 

Requires more packages than 5> '*• 
and 5. Additional packaging 
materlaJ. required for shipping 

Longer erection time than k and 5 

Shelter Building Made 
of Shipping Package 
Sides 

May not require addit­
ional packages 

Less maintenance than 
method 1 

True arctic building 

Building cannot be set up until 
equipment arrives; then must be 
erected before equipment can be 
Installed 

Panels more subject to damage 
then 1 and 2 

Sizing panels would be a problem 
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TABLE III-20 (continued) 

Method Advantage Disadvantage 

Package Interconnection 
to Form a Shelter 
Building 

5. Shipping Package Is 
Shelter Building 

No pre-erectlon required 
before arrival of equip­
ment 

Does not require ad­
ditional shipping 
packages 

Shorter setup time 

Shorter relocation time 

True arctic shelter 

Less maintenance than 
method 1 

More systems can be 
built in 

Lighter weight packages 
than conventional 
packing crates 

Minimum site erection 
time 

Minimum relocation time 

True arctic building 

Less working space and access to 
equipment than 1 and 2 

Requires development program 

More costly than method 1 

Panels subject to damage (but 
easily replaced) 

Work area in the shelter would 
be too confining and equipment 
Inaccessable; no further con­
sideration will be given this 
design 
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Shorter packages would permit shifting the center-of-gravity an additional 
amount that would be equal to the difference between the 30-ft and the 
shor te r package. 

Weight l imitations of 30,000 lb were established for the complete 
packaged equipment and at 25,000 lb for the equipment in the package. 
Weight of the complete package was determined by mission analysis 
for the C-130A aircraft at a range of 1,000 mi, considering the fuel r e ­
quired for full g ross weight at takeoff, no cargo on return, and no mission 
refueling. (Ref: Flight Handbook TO lC-130 A-9, Lockheed Aircraft 
Company,) 

The 30,000 lb weight and 1000 mi range combination cannot be 
exceeded in the C-130A aircraf t . In the event any one package should 
exceed this weight, the C-130B aircraf t might be considered if absolutely 
necessary . The B aircraft has a 10,000 lb higher g ros s weight. While 
most of this weight is accounted for in basic aircraft weight and fuel 
requi rements , 3000 lb additional cargo can be car r ied . (Ref: Flight 
Handbook TO 1C-130B-1C, Lockheed Aircraft Company,) An additional 
runway length of 200 ft would be required for empty takeoff of the B 
aircraft at the s i te . 

Equipment weight limitations were determined by deducting the 
package s t ruc ture and panel weights from the 30,000-lb capacity of the 
aircraf t . Package weight can be great ly affected by the type of mater ia l 
selected for use in the panels: a 3-in, foam core panel, 3 ft 9 in. by 8 ft, 
with f iberglass faces would weigh 50 lb; a 3-in. balsa core panel with 
s ta inless s teel faces would weigh 88 lb; and plywood panels s imi la r to 
those being constructed for the ice cap program would weigh approxi­
mately 115 lb eachj Although limitations on the equipment were 
established on the bas is of balsa core panels, the type of panel to be 
used has not been determined. Since the lighter panels a r e more 
costly, the leas t expensive panel compatible with package equipment 
weight will be selected. 

Heat loss calculations were made for 2 - and 3-in. balsa core 
panels at -55*'F outside t empera ture . The resul ts show that heat loss 
through the walls (excluding losses at joints and through doors) r e ­
presen ts 25 to 30% of the est imated heat that must be dissipated 
by the equipment. Panel thickness can, therefore, be determined 
p r imar i ly by strength ra ther than by insulating proper t ies . 

Snow load requirement--Snow loading considerations do not appear 
to be cr i t ica l in establishing panel thickness. Calculations show that 
a 2-in. panel can sustain the required 30 Ib/sq ft snow load with only 
minor deflection (0.535 in. deflection over 8 ft 8 in.length). 
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Wind and shipping loads--The most cr i t ical condition is anticipated 
from wind, shipping, and handling loads. Little work was done in these 
a reas during this quar ter but these conditions will be evaluated next 
quarter . 

Package bending during shipment may become a ser ious problem. 
Insufficient room is available in the aircraft to permit designing a 
skid or base of sufficient depth to provide minimum deflection and 
bending. A shallow beam will deflect when the package is being hoisted 
or skidded over uneven surfaces, and this bending can induce severe 
loads in the equipment. To provide a rigid s t ructure , the package sides 
may have to be employed as a deep beam; if this is required, the panels 
would have to be designed as a continuous shear member . 

Aircraft floor load limitations of 1000 lb / l inear ft of cargo com­
partment prohibit concentration of loads inside the package when using 
a flexible platform. Therefore, proper distribution of the load over 
the aircraft floor again requires that deep beam construction be utilized. 
Similar s t ruc tura l requirements apply to the shipping of spent fuel 
casks . 

Shock and vibration requi rements - -The PM-1 equipment will be 
designed for shipment by aircraft , truck, ship, or rai l , and for handling 
methods normally used with equipment of comparable value and size. 
The packaging, equipment mountings, and the equipment itself will 
meet "l imit" and 'ultimate" conditions which a re defined as follows: 

Limit conditions - the most severe shock and vibration 
conditions that can be imposed during shipment without 
damage to the equipment. These conditions will be set 
sufficiently high to ensure damage-free shipment on all 
common c a r r i e r s . 

Ultimate conditions - the most severe shock and vibration 
c6nd"rTrdns~that can be imposed during shipment without 
causing major s t ructura l failures in the equipment. These 
conditions will be set sufficiently high to ensure that equipment 
will not t ea r loose and endanger personnel under accidental 
or emergency conditions such as crash landings of a i rcraf t . 
The equipment need not be operable after being subjected to 
"ul t imate" conditions. 

The loads imposed by shock and vibration must be carefully 
defined as to point of input, attenuation through s t ruc tu res , and 
l imits imposed on the power plant equipment. Figure III-49 is a 
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schematic representat ion of a single PM-1 module in shipment. The 
shock input to the c a r r i e r may be defined in t e r m s of g loading in a 
given direction for a given duration of t ime. The c a r r i e r s t ructure 
itself at tenuates the input and applies a somewhat less severe input to 
the rigid base of the module. Similarly, the rigid base and the equip­
ment mountings further attenuate the shock. The equipment itself 
must then withstand the conditions as applied after the s e r i e s of 
attenuation s teps. 

The shock and vibration inputs to the modules during shipping 
and handling will be of random amplitudes and durations. The very 
short duration inputs a re well attenuated, but the longer duration 
or cyclic inputs reach the equipment with little reduction in ampli­
tude (g loading value). For t rucks and aircraft , typical g loads im­
posed on equipment through the c a r r i e r , package, and equipment 
mountings a re readily available. Data applicable to truck t ransport 
has been obtained from tes ts performed at Aberdeen Proving Grounds. 
Data applicable to a i r t ransport has been obtained from the Air Force 
Air Transportabil i ty Specifications MIL-A-8421-A, While some 
differences in package construction will exist between the PM-1 
modules and the packages tested at Aberdeen and by the Air Force , 
it is considered reasonable to use the measured equipment loadings 
as a bas is for pre l iminary design of PM-1 equipment. Special 
problems may then be resolved during final design. Thus the following 
conditions have been established as the "limit" and "ult imate" shock 
conditions applicable to PM-1 equipment for shipment by a i r and truck. 

Air t ranspor t - C-130 

1. Limit 3,0 g longitudinal and ver t ical 
1.5 g la tera l 
0.10 sec or longer 

2, Ultimate 8.0 g forward 
4.5 g down 
0.10 sec or longer 

Truck t ranspor t 

1. Limit 2,0 g vert ical 
1,0 g longitudinal and la tera l 
0.005 to 0.250 sec 

2. Ultimate 3.0 g vert ical 
1.5 g longitudinal and la tera l 
0,055 to 0.250 sec 
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Since vibration inputs a re of very short duration and a re cyclical, 
attenuation through s t ruc tures is p r imar i ly a mat te r of avoiding 
resonant frequencies. The available data in this case deals with inputs 
into the package base, and the following limit and ultimate conditions 
have been established for PM-1 modules: 

Air t ranspor t 3 g 2-300 cps 

Truck t ransport 3 g 1-200 cps 

The shock and vibration conditions encountered in rai l and ship 
t ransport and in package handling a re not as well documented as for 
truck and a i r t ranspor t . Additional information is being sought and 
Martin has developed a limited amount of g loading data applicable 
to rai l shipment. It is considered reasonable, however, to utilize 
special bracing and shock isolation as required to ensure that rail 
and ship loadings t ransmit ted into the equipment will not exceed 
those encountered in a i r and truck t ranspor t . For this reason, the 
shock conditions stated for a i r and truck t ransport will be applied 
for all handling and shipping evaluations during pre l iminary design 
of PM-1 equipment. In addition, it i s considered likely that rai l road 
humping at 10 mph must be accommodated within limit conditions, 
and at 14 mph within ultimate conditions. 

Limit conditions in handling should include a drop of 6 in. onto 
concrete, and a 9-in. drop should be feasible within ultimate condi­
tions. Additional data and analysis will be required to t rans la te 
these events into shock requi rements . It must be remembered that 
the PM-1 modules will be quite large and heavy in comparison with 
packages described in existing shipment specifications. Handling 
of 30,000-lb modules will require caution and is not likely to lead 
to rapid motion except in an accidental drop. The swing and drop 
tes t s required for smal le r packages a re not considered applicable. 
The final shipping specifications will, however, cover all conditions 
which might reasonably be expected in shipment by any type of 
c a r r i e r . 

Containment. -

J . Goeller P . Moll 

The major a r e a s of effort involved the determination and enumeration 
of potential accidents, a pre l iminary evaluation of these accidents, a 
survey of the present applicable methods and concepts of containment, 
and the conceptual development of 12 types of containment. 
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A survey of l i t e ra ture was made to determine the var ious concepts 
of containment in use on reac to r s s imi la r to the PM-1 and on r eac to r s 
in general . These concepts include absorption of incident energy via 
e i ther tanks of water or t r ays of water within a vesse l , conventional 
p r e s s u r e vesse l containment, blow-out into supplementary tanks, and 
limited (leakage) containment. Other methods, such as plast ic con­
tainment shel ls , expanding containment, and underground containment 
were also investigated in a cu r so ry manner . 

A repor t detailing the investigation is in preparat ion. 

Containment requi rements were established during the quar te r in 
preparat ion of a containment design guide specification. 

For purposes of pa ramet r i c design studies, a maximum credible 
incident was defined. This incident permit ted a p ressure -vo lume 
relationship to be developed for the containment calculations. The 
incident was defined as being the re lease of 88 cu ft of p r i m a r y loop 
water with a total contained energy of 2,094,000 Btu, including 300,000 Btu 
from a nuclear excursion and 60,000 Btu from afterheat. Figure III-50 p r e ­
sents the result ing pressure -vo lume curve for expansion into an a i r -
filled volume. These data will be revised after selection of the ther ­
modynamic design p a r a m e t e r s of the plant. The assumed incident was 
based on a 2000-psi p r imary system p re s su re to assure conservative 
resu l t s in the pre l iminary studies. 

Numerous methods of containing p r imary loop incidents were con­
sidered and investigated during the quar ter . Twelve configurations 
were developed to the point of making scaled sketches and determining 
design p r e s s u r e s , approximate weights, number of airplane loads 
involved, and shielding requ i rements . Four of the multiple tank con­
figurations (see Figs , III-51 to III-54) will be evaluated in further study. 
Tables III-21 and III-22 present concepts considered and denote the 
concepts that are to be studied further. 

The multiple tank configurations were chosen for further development 
during the next quar te r because they lend themselves to conversion from 
contained to uncontained sys tems by ei ther using or eliminating additional 
volume tanks. The multiple tank method i s also adaptable to e i ther above 
or below ground installations as required by the s i te . It is quite possible 
that field welds may be eliminated in this type configuration. 

To keep the number of tanks required for containment to a minimum, 
the design p r e s s u r e s become high. The tanks then become heavy and 
do not allow for shipping equipment within them. To overcome this 
difficulty, the equipment, in some cases , may be mounted on skids to be 
shipped separate ly . 
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TABLE III-21 • 

PM-1 Containment Concepts 

Conventional 

Description 

Multiple tanks 
i+,30 ft long 
(Pig. III-52) 

Method of 
Containing Incident 

Expansion through small 
diameter interconnect­
ions into multiple 
pressure vessels 

Design 
Pressure 
(psig) 

82 

Vessels 
(No.) 

k vessels 

Remarks 

No field welding 
Earth back-fill or 
shield water tanks 

Further 
Investigation 

Flange joints 
Materials 
Equipment 
arrangement 
Use of concentric 
shells 

Multiple tanks 
k^2 ft long 
^Fig. III-57) 

Expansion through small 
diameter interconnect­
ions into multiple 
pressure vessels 

115 k vessels 
1 shield 
water 
supply 
tank 

No field welding 
Earth back-fill or 
shield water tanks 

None. Not enough 
maintenance room 

Large volume welded 
vessel, 54-ft dia 

Expansion into large 35 
volume 

1 vessel 
2 equip­
ment 
packages 

Requires field 
welding 
Requires concrete 
Earth back-fill 
Time-consuming 
installation and 
assembly 

None 



TABLE I I I - 2 2 

Description 

Multiple tanks 
2 Horiz - 30 ft long 
2 Vertical - 15 ft 
long 

(Fig. III-51) 

Multiple tanks --
k 30 ft long 
(Fig. III-53) 

Multiple tanks 
2 25 ft long 
1 30 ft long 
(Fig. 111-5^) 

IM-l Containment Concepts 

None onvent1nna1 

Method of 
Containing Incident 

Expansion through full 
diameter connections and 
bulkheads with pressure 
diaphragms into multiple 
pressure vessels 

Expansion through fuU. 
diameter connections into 
multiple high pressure 
vessels 

Expansion through full 
diameter connections into 
multiple pressure vessels 

Design 
Pressure 
(psig) 

150 

85 

150 

Vessels 
(No.) 

k vessels 

k vessels 

3 vessels 

Remarks 

Skid mounted equip­
ment 
Field assembly not 
too difficult 
Pressure diaphragms 
required 
Large flanges a 
problem 

Equipment skid 
mounted 
Field eissembly 
problems 

Equipment skid 
mounted 
Large flanges a 
problem 

1 

h-» 

OS 

Further 
Investigation 

Tank inter­
connections 
Materia.! s 
Equipment 
arrangement 
Use of inner 
shells 

Tank inter­
connections 
Materials 
Equipment 
arrajigement 
Use of concentric 
shells 

Tank inter­
connections 
Materia.! s 
Equipment 
arrangement 
Use of concentric 
shells 



TABLE III-22 (continued) 

IM-l Containment Concepts 

Nonconventioaal 

No. Description 
Method of 

Containing Incident 

Design 
Pressure 
(psig) 

Vessels 
(No.) 

k. Multiple tanks— 
2 Horiz - 30 ft long 

26 ft long 
1 Vertical - 15 ft 
long 

(Fig. III-56) 

Expansion through full 
diameter connections and 
bulkheads with pressure 
diaphragms Into multiple 
pressure vessels 

200 3 vessels 

Large volume--bolted 
flange vessel 
26 ft dla 
(Fig. III-55) 

Expansion into large 
volume 

35 1 vessel 
2 equipment 

PEickages 

Large volume vessel 
bolted flanges — 
expanding dome 
30 ft dia 

Expansion Into large 
variable volume 

10 1 vessel 
2 equipment 
packages 

Remarks 

Skid mounted equip­
ment 
Field assembly not 
too difficult 
Pressure diaphragns 
required 
Requires horizontal 
steam generator 
Large flanges a 
problem 
Excessive foundation 
requirements 

Sealing problems 
Time consuming -
installation and 
assembly 
Fabricating problems 

Sealing problems 
Time consuming -
1 nfit.j^n fiti nn nnri 

assembly 
Fabricating problems 

Further 
Investigation 

None 

None 

None - No weight 
savings 
More complex 

a 
1 

CO 



TABLE I I I - 2 2 X_contlnued) 

PM-1 Containment Concepts 

Nonconventional 

to 

o 

Description 
Method of 

Containing Incident 

Design 
Pressure 
(psig) 

Vessels 
(No.) Remarks 

Further 
Investigation 

Multiple tanks -
directed incident 
2 22 ft long 
1 30 ft long 

Incident directed 
through use of pressure 
and pressure relief 
valves 

255 1 vessel 
2 equipment 
packages 

Reliability of equip­
ment 
Possible loop release 
at corroded points 
rather than thru re­
lief system 

Task 1,4 

Multiple tanks -
energy absorption 
2 20 ft long 

Absorption of energy by 
use of pebbles and high 
pressure vessels 

l60 2 vessels Requires development 
and tests 
Installation time 
for pebble instal­
lation 
Refueling - must 
remove pebbles 
Activation of pebbles 

Task l,k 

Multiple tanks -
energy absorption 
2 20 ft long 

Absorption of energy 
through use of aluminum 
wire mesh and high 
pressure vessels 

l60 2 vessels Requires development 
and tests 
To refuel - must 
remove wire mesh 
Activation problem 

Task l,k 
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If the additional shielding required for above ground installation 
is shipped with the plant, this approximately doubles the number of a i r ­
plane loads needed for the p r imary loop and containment. One alternative 
would be the use of shield water tanks for above ground installat ions. 
This, however, becomes bulky, even though tanks made up of panels for 
assembly at the site would reduce this problem. To ensure water tight 
integrity, flexible l iners would be required inside the tanks. Although 
the concept of shield water tanks appears to be unduly complicated as 
compared with the use of cribbing and local site mate r ia l s , vendors con­
tacted have agreed that the concept is probably feasible, and additional 
data a re being developed. 

Suitable site mate r ia l s should be available at all but ice cap locations, 
where t imber cribbing and packed snow or a separation of approximately 
50 ft through unpacked snow can be used. 

The naultiple tank concept requi res additional study in severa l a r ea s . 
F i r s t , it p resents a problem in joining the tanks together. Conventional 
bolted flanges consume allowable shipping space and are very heavy. 
Pre l iminary analysis , using the ASME Code, indicates that a single flange 
thickness of approximately 7 in. is required for a full d iameter seal . 
It should be noted that flange staffness and proper gasket sealing, not 
strength, are the p r imary requis i tes in sealing a tank of this size (8 ft 
8 in. OD) and, therefore, that the ASME Code design may not prove to be 
an adequate design guide. Flange design and the use of seal welds will 
be further evaluated during the next quar te r . The Conoseal Division of 
the Marman Company has been contacted regarding the use of clamp-type 
joints in s izes ranging from 40 to 96 in. in diameter and at p r e s s u r e s 
from 65 to 150 psig; resu l t s are not encouraging for s izes above 3 ft. 

Three containment concepts which are being dropped a re of the l a rge -
volume s ingle-vessel type. These concepts were rejected because they 
requi re e i ther extensive field welding or involvement with difficult 
bolted joints. In addition, it is considered that the time to assemble 
these vesse l s and install equipment would be prohibitive. At arct ic 
s i tes , plant installation if a large containment vesse l is to be utilized, 
containment vesse l construction would be required a year before the 
plant installation. 

Three of the rejected containment vers ions are of the multiple 
tank-type. The two energy absorption concepts and the directed in­
cident concept will be considered further under Task 1.4 because 
they require development and tes t s to prove their feasibility. The 
desirabil i ty of proceeding with experiments will be reviewed with the 
Commission in August pr ior to initiation of t e s t s . 
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Three vers ions (see F igs . III-55 to III-57) were rejected because 
they do not provide enough room for maintenance access , and are 
otherwise s imi lar to vers ions which do provide access . 

B. SUBTASK 3.2 - PRELIMINARY DESIGN 

Subtask 3.2 work was limited, in the first quarter , to the 
establishment of an overall reliability program and to some 
prel iminary design of instrumentation. Plant prel iminary design 
will be accomplished during the second quar ter . 

The reliability program will be followed through all phases of 
the PM-1 Project, including design, manufacture, test , and field 
operation. A file of reference mater ia l was accumulated which 
includes pertinent handbooks, specifications, etc . 

The contract sets reliability c r i t e r i a by specifying a maximum 
outage of 21 days /yr , including a scheduled annual downtime of 6 
days. Fifteen days, therefore, a re left for total unscheduled downtime. 
An initial division of this t ime was a rb i t ra r i ly made between the three 
major systems of the plant (pr imary, secondary, and control) by 
allocating 1/3 of the unscheduled downtime to .each. The scheduled 
annual downtime is then added, yielding a total allowable downtime, 
for each major system, of 11 days. This figure serves as the target 
for each system; re-evaluation may be made as more system 
charac te r i s t ics a re determined. 

On the basis of the reliability assignments described, reliability 
requirements have been included in the contract s ta tements of work 
for the Westinghouse and Stromberg Car lson subcontracts . 

A prel iminary analysis was made of required control rod actuator 
reliabili ty pr ior to issuing specifications for bid. The requirement 
that reliability of the actuator group be not less than 0.99905 was 
tentatively established. This requi res , in turn, that individual actuator 
reliabili ty be not l e s s than 0.99986, or that the mean t ime between 
actuator failures be of the order of 7000 hr, if 3 hr are lost per 
actuator failure. 

The first reliabili ty report , to be issued next quarter , will present 
a basic approach to reliability and will establish consistent definitions, 
methods, and techniques. It should be noted that reliability data in the 
nuclear industry, par t icular ly failure information regarding pr imary 
loop pumps, actuators , etc. , is notoriously lacking. 



s tu d
Clamp Strip

Panel

Detail 
Typical Joint

Backup Plate

Soft Metal Seal
Panel - Panel

Alternate Joint

Grating Over 
Entire AreaSection A-A 

Floor Level 
Factory Prepared Ladder Omitted 
Rubber Seal

Field Prepared ^ See Detail "A"
Seal

Support Beams

, Prepared Area 
12 ft X 12 ft on Pilings

Sectlonallzed Vessel 
(10 Sections)

Plain View 
-26 ft-

Speclal Fittings 
Req.ulred at These Points

Support Beam 
Side Panel

Vertical Panel
Backup Plate

Bottcm Panel

Support Ring

-Bottcm Plate
Bottom and Side Panel 

Arrangement

Detail "B"

5.

DATA
2Gross Volume - 25̂ 070 ft 

Net Volume - 9,750 ft̂  
Design Press 35 pslg 
Approximate Shielding- 
25,000 lb (Lead) and 
83,600 gal of water If 
Shielded to Allow Personnel 
to Approach Vessel. 
Approximate Airplane Loads- 
16 Includes Entire Primary 
Loop-( Equipment Shipped on 
Separate Skids).

Would Vary According 
to Loop Arrangement

2k ft

Personnel and 
Equipment Hatch

Water Tanks for Gravity Fed Sprinkler 
Crane-Traversing on Ralls 
Grating
Grating for Shock Absorption
-See Detail "B"
Support Ring
--Shield Water In Entire Lower 

Section of Vessel 
"A" Frame

- Reactor Package Filled 
WUdi Water During Re­
fueling or Replacing of 
Actuator Rods
Bottom Support 

Saddles
Support Beams 

Ground Line
'U ft 
Elevation

LE(OTD;
1. Cask
2. Reactor
3. Low Pressure Demlnerallzer
4. High Pressure Demlnerallzer
5. Pressurlzer
6. Steam Generator
7. Pump

F ig . III-5 5 . N on-C onven tlonal Single T ank  C o n ta in m en t—C oncept 5



LEGEND:

1 , R e ac to r  P re ss u re  V esse l
2 . H o r iz o n ta l  Steam G en era to r 

P rim ary  C oo lan t Pxjmp 
H o r iz o n ta l  P re s s u r iz e r

5 . Low P re ssu re  D em in e ra lize r
6 . Cask
7 . Econcanizer 

C ooler
High P re ssu re  D em in e ra lize r

PftTl

C oncrete  Pad

Ground Level

-Bed Rock Bed Rock-

F ig . III-5 6 . N on-C onventional M ultip le  T ank C o n ta in m en t--C o n ce p t 4



Refueling Hatch—
mr/hr
(During
Operation)

16 ft 0 in

2 •Ton 
Holst3 X 10 5 or/hr 

During Operation 
If Water Level 
Is Here

10 ft 
0 In.

Enclosed Walkway

Flooded Shield 
{1 Water Level

in. Dlaaeter 
[Typical) 

Operating Shleldf—
Water Level Dirt Fill- 

Shielding ̂  
22 ft 0 In. 
(Typical)

0 in.

Dirt Fill j jikOO gal
I Shield Water 

Storage Tenk 
Shipped in 
No. 1 Tank2.0 mr/hr Limit

Water Tank 
Shipped Inside 
. 1 Tank

28 ft 
0 In.

28 ft 0 In.

\

Reactor Pressure Vessel 
Vertical Steam Generator 
Primary Coolant Pump 
Pressurlzer
Low Pressure Demlnerallzer 
Cask
Reactor Head Storage Area (Refueling)
Sconcmleer
Cooler
High Pressure Demlnerallzer

Fig . n i-5 7 . Conventional M ultiple Tank Containm ent—Concept 2
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1. Instrumentation, Pre l iminary Design 

While the paramet r ic study is being made of the overall power plant, 
a prel iminary design covering the instrumentation and controls is 
under way. This phase of the work is broken down into several 
important sys tems , namely, nuclear, p r imary plant, auxiliary 
p r imary plant, reac tor safety, health physics, intercommunication, and 
analysis instrumentation. Each requ i res system engineering to 
a s s u r e that it is wholly integrated within itself and with the o thers . 
System descriptions a r e being written which cover the design requirements . 
The resul ts of the paramet r ic study a r e to be factored into these 
and from the combined data a set of final equipment specifications 
will be written. 

Brief system descr ip t ions . - Nuclear instrumentation measu res the 
reac tor power level from source through interme<liate to the power 
range and employs seven channels. The range of measurement is 

from 0.25 to 1.5 x 10^° nv. 

Two identical source range channels, employing BFo proportional 

counters , furnish signal pulses to a count ra te amplifier. The counter 's 
5 

range of one to 10 counts /sec corresponds to a measured neutron flux 
4 

of 0.25 to 2.5 x 10 nv. The output of the count ra te amplifier also feeds a 
period amplifier to indicate reac tor period over a range of -30 to +3 
sec . 

Two identical intermediate range channels employ gamma-c ompensated 
3 9 

ion chambers . Measured neutron fluxes of 2.5 x 10 to 10 nv yield a cur ­
rent which is applied to a log n amplifier. The amplifier output is the 
measure of reac tor powers of from one four millionth to one tenth of 
full power. The output of the intermediate range amplifiers also 
dr ives period amplif iers to indicate period over a range of -30 to 
+3 sec . The period signals from both the source and the in te r ­
mediate range instruments a re used for s tar tup protection of the 
reac to r . 

Three identical power range channels employ uncompensated ion 
chambers to furnish a current signal to l inear amplif iers . Reactor 
power is indicated over a range of from 1 to 150% of full power. This 

O -J Q 
corresponds to a measured neutron flux of 1 x 10 to 1.5 x 10 nv. The 
l inear power signals a re fed to bistable amplif iers and to a coincidence 
circuit which will s c r am the reac tor when two out of the th ree channels 
indicate an overpower condition. 

MND-M-1812 
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Primary plant instrumentation.- The primary plant instrumentation 
measures the basic plant parameters and operating conditions required for 
safe and efficient operation of the reactor plant. The following 
parameters are measured: 

Reactor inlet temperature - 50-550°F 

Reactor outlet temperature - 50-550**F 

Reactor average temperature - 450-550°F 

Reactor coolant flow - 0-1 x 10 Ib/hr 

Pressurizer pressure - 0-2500 psig 

Pressurizer level - range to be determined 

Pressurizer temperature - SO-TOO'F 

The signals obtained are used for indication and control. The reactor 
outlet signal temperature may operate a high temperature alarm or a 
high temperature scram; it is fed into a reactor average temperature 
computer. The reactor inlet temperature is indicated and provides a 
signal to the average temperature computer. The average temperature 
information generated permits the operator to determine the differentiail 
temperature across the reactor. The reactor coolant flow is determined 
by taking the differential pressure across the coolant pump or steam 
generator and the signal is used to provide a scram upon loss of flow. 
Pressurizer pressure is indicated and activates high and low pressure 
alarms, a low pressure scram, the pressurizer heater, and the spray 
valve control. Pressurizer level is indicated and activates high and 
low level alarms, and the pressurizer heater cutoff in the event the 
level drops below the heater wells, Pressurizer temperature is in­
dicated. 

Auxiliary primary plant instrumentation.- The auxiliary primary 
plant instrumentation measures and provides control signals for those 
components which indirectly affect the operation of the reactor plant. 
The following are measured: 

(1) Shield water 

(2) Cooler temperature 

(3) Shield water level 

(4) Coolant waste tank level. 
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The shield water coolers cool the water used for reac tor shielding 
and for cooling the p r imary coolant pump. When the tempera ture of 
the water is above l lO^F, the t empera ture control signal actuates 
the coolers to keep the water t empera tu re below 110°Fo 

The shield water level is measured and controlled to prevent 
excessively low or high levels from occurr ing. The radioactive 
gas storage and coolant waste tanks provide for storage of 
radioactive wastes . Level is measured on both tanks to permit 
the operator to maintain safe levels . 

Reactor safety sys tem. - The r eac to r safety system uti l izes 
signals from the nuclear and p r imary plant instrumentation sys tems 
to s c ram this reac tor , thereby providing protection for the power 
plant against abnormal or unsafe operating conditions that could 
cause damage to equipment and personnel . The system employes a 
sc ram circuit which receives as inputs the following signals: 

(1) High neutron flux 

(2) High coolant t empera ture 

(3) Low coolant p r e s s u r e 

(4) Low coolant flow 

(5) Fas t period during s tar tup. 

Any one or m o r e of these signals will in terrupt the current to the 
rod drive latch solenoids thereby re leas ing the control rods and causing 
a s c r a m . Manual s c r a m is also provided, as a r e interlocks to 
a s su re that the plant i s brought to power safely. 

Health physics instrumentation for the protection of personnel and 
equipment against radiation damage, analysis instrumentation which 
m e a s u r e s the purity of the p r imary coolant and determines the 
effectiveness of the purification system by measur ing conductivity, 
pH, dissolved oxygen and dissolved hydrogen, and communicating 
equipment for rapid verbal t r ansmiss ion of information from one 
station to another a r e also provided. 

C. SUBTASK 3.3 - PREPARATION OF SPECIFICATIONS AND 

COMPONENT AND FACILITY TEST LISTS 

H, Clark J. MUlette 

During the first quar ter , the following general work was done in 
preparat ion for writing the bulk of the pre l iminary specifications dur­
ing the next quar ter : 



(1) Specification requirements were extracted from the contract 
and used as a basis for the formation of the specification 
plan and schedule. This plan and schedule is being used 
as a guide in the preparation of specifications for materials, 
processes, systems, and component procurement, and 
is integrated into the overall project plan. 

(2) Preparation of a specification format, along with instructions, 
for the preparation of outline, final, and procurement speci­
fications began. 

(3) Indexes of the required codes, standards, and practices 
were prepared. These indexes cover approximately 6000 
documents. Copies of these indexes are being reviewed 
to determine whether they are completely applicable, 
or if exceptions will be requested. A master list of applicable 
"Codes, Standards and Practices" will be used during 
succeeding quarters in designing and procuring equipment. 

Preparation of preliminary specifications as well as component and 
facility test lists will begin in the next quarter. 
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IV. TASK 5 —CORE FABRICATION 

Projec t Engineer—Subtask 5.1, 5.2, 5,3: J. F . O'Brien 

The overal l objectives of Task 5 a re to develop and fabricate the 
fuel elements required for the PM-1 Flexible Zero Power Test and 
the final PM-1 core . 

A, SUBTASK 5.1--FABRICATION OF CORE 

In view of the imminence of a s teel s t r ike , it was determined 
that cladding mate r i a l specifications should be prepared and 
cladding mate r ia l ordered during the first quar ter . To this end, 
specifications were prepared and submitted to vendors for bid. 

A major effort, associated with the preparat ion of ma te r i a l 
specifications, concerns impurity l imitat ions. The desirabil i ty 
of reducing the amount of cobalt present in the r eac to r core has 
been demonstrated in the operation of the A P P R - 1 . It is believed 
that the effects of cobalt activation and corrosion with subsequent 
crud deposition throughout the sys tem would be minimized by reducing 
the cobalt content to 0.005 wt % or l e s s . 

Previous tubular elements have been fabricated from a modified 
Type 347 s ta inless s teel , which contains columbium and some 
tantalum,, an impurity also subject to activation. The specific 
activitity of the tantaluxn is g rea te r than that of cobalt, and naay pose 
an equal or g rea te r operating problem. A comparison of the cha rac t e r ­
is t ics of the two elements is given in Table IV-I. 

TABLE IV-1 

Nuclear Character is t ics of Cobalt and Tantalum 

Parent a a c t * Isotope Half- Decay Par t ic les 

Material (barns) Produced Life and Energy (Mev) 

Co-59 36 Co=60 5.2 yr C (1.56, 0.31),\ (1.17, 1.33) 

Ta-181 19 Ta-182 122 d C (0.53), v(0.07, 1.22) 

*At neutron energy correspoading to 2200 m / s e c . 
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The energies of emitted gamma rays can be seen to be equivalent. The 
higher specific activity of tantalum, is due to its short half-life. If it is 
assumed that equal weight percentages of cobalt and tantalum a re present 
at the beginning of core life, calcuation of the rat io of the tantalum activity 
to cobalt activity resu l t s in the figures given in Table IV-2. 

TABLE IV-2 

Activation Charac te r i s t i cs of Cobalt and Tantalum 

Ratio, R, of Ta activity Decay Time for 
Reactor Operating Time to Co activity R to = 1 

37 d ^ 4,5 '^ n o d 

2 yr -^1.3 -̂  40 d 

The 37 day point is the t ime at which the ra t io of the activities 
is grea tes t ; 2 yr is the PM-1 core design lifetime. If approximately 
equal activit ies a r e to be attained, the tantalum content should be 
from 1,3 to 4,5 t imes l ess than the cobalt content. Roughly equal 
activit ies a re desired, since little would be gained by attempting to 
continually decrease one activity if problems a re defined by the other. 

The re la t ive activit ies which have been calculated a re based on 
activation in the core with no sys tem crud deposition taken into 
account. The removal of Ta-182 by neutron absorption to produce 
Ta-183 has not been taken into account. Recent unpublished MTR 
data indicate that Ta-182 has an activation c ross - sec t ion of 17,000 ± 
2000 barns measured with pile neutrons . Tantalum-183 is most 
recent ly repor ted to decay with the emission of a maximum energy 0.35 
Mev gam^ma and some beta par t i c les . The data, however, a re quite 
sketchy. Using the quoted c ross - sec t ion of 17,000 barns reduces 
the activation ration in Table IV-2 by about a factor of two for a thermal 

13 neutron flux of 10 nv. 

In prac t ice , reduction of the tantalum content is difficult, s ince a 
minimum amount of columbium, having a constant proportion of 
tantalum present as an impurity, must be added to the s tee l to act as 
a stabilizing agent. This agent prevents carbide precipitation by 
fixing the specified minimum amount of carbon, 0.05 to 0.08%, present 
in the metal . The carbon is needed to maintain the proper t ies of the 
s tee l . Reduction of the tsuitalum becomes, therefore , a problem of 
what purity of columbium can be attained in actual p rac t ice , and 
high purity columbium thus becomes extremely desi rable . The 
specified chemical composition of the cladding mate r ia l was 
established with these facts in mind and is given in Table IV-3, 
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TABLE lV-3 

Specified Chemical Composition of PM-1 Fuel Element Cladding Material 

Carbon, max 

Manganese, max 

Phosphorous, max 

Sulphur, max 

Silicon, max 

Nickel 

Chromium 

Columbium + Tantalum 

Tantalum, max 

Cobalt, max 

Iron 

(%) 

0.05--0,08 

2.00 

0.045 

0,030 

1.00 

9.00--13.00 

17.00--20.00 

10 t imes C min., 1.0 max 

0.007 

0,005 

Balance 

After establishing the procurement specification, Allegheny Ludlum, 
Davidson Steel, Universal Cyclops, Crucible Steel, and Allvac Metals 
were contacted. Bids were received from four of these companies 
on mate r ia l fabricated to the chemical composition given in Table IV-S, 
Specifications and delivery could be met only by Allvac Metals Company, 
Monroe, North Carolina, who have guaranteed delivery to Babcock and 
Wilcox (B&W) by 19 June 1959 for tube blank piercing. Tube blanks will 
then be prepared by B&W with completion pr ior to the date of their antici­
pated s t r ike (31 July 1959), 

K all schedules which have been presented to date a re held, the 
mate r i a l delivery will be made in t ime to proceed with tube drawing 
after the s t r ike in t ime to meet core fabrication schedules. If the 
schedule dates given above a re not met , backup mate r ia l (0,04% Co 
and 0,076% Ta) is available in the tube r o l l e r ' s (Superior Tube) stock. 
No formal request for this ma te r i a l has been made. 



-4 

Use of backup mate r ia l would not affect the nuclear or corrosion 
charac te r i s t i cs of the core , but would aggravate the problem of 
activation. 

During the next quarter specifications for cold drawing of pierced 
tube blanks will be prepared and put out for bid. Tube drawing will 
then be initiated with delivery of all drawn tubing to be completed 
in October of 1959. 

B, SUBTASK 5,2--CONVERSION OF UF„ TO UO, 

This task will become active in the next quar ter . 

C. SUBTASK 5.3--FUEL ELEMENT DEVELOPMENT 

B. Spr iss ler J. Kane J. Neace D. Grabenstein 

During the quar ter , investigation of the fabrication of tubular fuel 
elements of various tube diameters and mate r ia l compositions was 
undertaken. Cermets containing up to 30 wt % UO„ were fabricated 

as were elements of up to 0.5 in. OD with 30-mil meat thickness and 
containing 23 wt % UO„. Testing techniques were also investigated. 

Studies were initiated to determine the tempera ture dependence of 
boron loss , using various boron compounds and boron alloys. Definite 
relat ionships of boron loss to tempera ture and initial boron content 
were noted. Several boron analysis techniques were investigated 
and a procedure for recovering UO„ from a s intered cermet 
s t r ip was established, 

1, Fuel Element Fabricat ion 

The pr ime objective for the past quar ter has been to establish 
p a r a m e t e r s for the fabrication of tubes containing a cermet core 
with up to 30 wt % UO„, a 0.030 in. meat thickness, and diameter up 
to 0.500 in, ^ 
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The pa ramete r s established and under investigation have been: 

(1) Effect of UO,, and B.C powder concentrations on green 

s t r ip rolling. 

(2) Effect of rol l spacing on thickness of green s t r ip and UO„ 
losses during roiling. 

(3) Effect of simulation of UO„ with s ta inless s teel in powder 
rolling. 

(4) Effect of ro l l pa rame te r s , i .e. , width, flow, etc. , on density 
of rolled s t r ip . 

(5) Effect of furnace cleaning of cladding mater ia l . 

(6) Effect of sintering furnace tempera ture on cermet s t r ip 
density. 

(7) Formabil i ty of cermet s t r ip with increasing UO., content. 

(8) Fabrication of tubes of l a rger diameter . 

As each step in the process is optimized, additional a reas of interest 
will be evaluated. 

The manufacturing equipment that was previously employed to produce 
a core of 0.375 in OD elements is being utilized. The only exception is 
in the cold rolling of the cermet s t r ip . For this operation, a 3 in. by 5 in. 
horizontal Stanat rolling mill is being used. A Fenn rolling mil l is available 
but has not been converted to the four-high combination and so could not 
be used as yet. Tube forming dies for forming the la rger diameter tubular 
cores a re required. All samples to date have been hand worked. An X-ray 
unit in the Non-Destructive Testing Laboratory provided an effective tool 
for checking density variation on the green s t r ip . 

Materials used were as follows: 

Matrix powder--Type 302B stainless s teel 

Fuel--Hi-*ired (natural U) UO^ in the -200 +325 mesh fraction 

Clads and mandre l s - -Type 347 s ta inless s tee l clad, mild 
s teel mandrels 

Burnable po ison- -B.C powder 
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Pre l iminary work was completed on controlling density variations 
in the green s t r ip . The feed hooper was adjusted and proper rolling mil l 
sett ings were established by rolling as - rece ived stainless s tee l powder 
compacts . The change-over to rolling cermet mater ia l containing UO„ 

and B.C did not show any effects that could not be explained by the dif­

fering flow charac te r i s t ics of the mater ia l . 

The green cermet s t r ip had a very uniform appearance and the density 
variation was found to be no more than 5%, The edges of the green s t r ip 
were t r immed by dress ing with a piece of wire mesh. It was found 
that removing this low density mate r ia l minimized cracking during 
subsequent operat ions. The t r imming also removed a source of 
contamination during future handling. 

The yields obtained after rolling one test run are given in Table IV-4. 

TABLE IV-4 

Yield and Loss During Rolling of Green Strip 

Initial hopper charge - 2100 gm 

Product - -usable s t r ip - 1308 gm 

Reusable powder - 758.5 gm 

Scrap - 52.0 gm 

Powder loss - 2.5% 

Product s t r ip - 63% 

The overage of 58.5 gm is due to the pick up of s ta inless s tee l after a 
previous dummy run used to condition the surfaces of the ro l l s . 

To date, severa l batches of ce rmet have been roiled; these include 
23 wt % UO2. 25 wt % UO2 and 30 wt % UO2 ce rme t s . 

Sections of the 23 wt % s t r ip were further heat t reated rolled and 
processed into tubular cores . After cold roiling and dead end attach­
ment, the s t r ips were sheared into the widths required for both 0,375 in. 
OD and 0.500 in, OD elements . The shearing was accomplished by one 
cut per side and the s t r ip was uniform enough to form into a tube. The 
swaging operation produced a tubular core with a good longitudinal seam. 
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In process ing the tubular elements further, variations of the 
previously established procedure were initiated to check the feasibility 
of simplifying the p roces s . For example, furnace cleaning in a 
hydrogen atmosphere (instead of chemical cleaning) was used on the 
cladding mate r ia l and the tubular element. Use of this technique 
would substantially reduce the time and effort involved in chemical 
cleaning of the clad mater ia l . The effect of reducing sintering 
furnace tempera ture was investigated, but resul ts to date a re inconclusive. 

Several elements of 0.375 in. OD to 0.500 in, OD containing 23 wt % 
UO„ with 25-mil meat thickness were fabricated. The bonding on 

severa l samples was not perfect, but this is considered to be due to 
the techniques used to expand the tubes away from the mandrel , and 
the difficulty encountered in removing the mandrel . 

Fuel element samples of 0.375 in. and 0.500 in. OD a re shown in 
F igs . IV-1 and IV-2. The composition of the meat in both cases is 
23 wt % UO,. 0.22 wt % B as B .C, with the remainder Type 302B 

s ta inless s teel . Meat thickness in both cases is 25 mils and cladding 
thickness 6 mi ls . Figure IV-1 shows a sintered cermet s t r ip with 
attached dead ends, the rough formed tube after being swaged, and a 
finished element. Figure IV-2 shows a finished 0,5 in. OD element. 

Overall resul ts to date indicate that: 

(1) Green s t r ip containing 30 wt % UO2 can be rolled, 

(2) P rocess losses during the shear ing operation can be reduced 
by controlling the green s t r ip s ize and density, 

(3) Larger diameter tubes can be fabricated. 

(4) Furnace cleaning of the components before they a re assembled 
is feasible, however, more work is required in this a rea . 

During the next quar ter investigation of the fabrication pa rame te r s 
listed will continue. A s e r i e s of runs will be made to determine 
approximate batch s izes and UO„ process losses . Fuel element 

fabrication runs will be initiated on i rradiat ion tes t specimens . 

2. Ultrasonic Testing 

The objectives of the ultrasonic testing program a re to improve 
upon existing testing techniques through the use of improved single and 
double-wall methods and the establishment of defect s tandards for 
ul trasonic testing of PM-1 elements . 
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In the first quar ter , our immerscope was sent to Cur t iss Wright 
for required r e p a i r s . This unit rece ives the signal from the c rys ta l 
pickups and t rans la tes it into an electronic impulse proportional to the 
s ize and extent of the defect. The unit was repai red and returned later 
in the quar ter . A long c rys ta l was ordered to use in single-wall 
t ransmiss ion measurements ,but has not been received as yet. An 
electrostat ic r ecorde r , for use with the immerscope , was received and 
checked out, A substantial improvement in t ime response and in 
pinpointing defects over the previous method of defect recording was 
noted. 

Investigation of s ingle- and double-wall t ransmiss ion technique im­
provement will be initiated in the next quar ter . Sample fuel elements 
will be purposely defected and examined to establish defect c r i t e r i a . 

3. Control of Burnable Poison 

During fabrication of fuel e lements , some of the boron added to the 
cermet is lost and the boron content becomes uncertain. The purpose of 
these studies is to determine a method for adding boron that a s su res that 
the amount des i red will r emain in the fuel elements after fabrication. 

The following p a r a m e t e r s a re being investigated: 

(1) Effect of t empera ture on boron loss from B.C-s ta in less 
s tee l specimens . 

(2) Effect of t empera ture on boron loss from ZrB^-s ta in less 
s tee l specimens . 

(3) Effect of tempera ture on boron loss from a 0.38 B-sta inless 
s tee l alloy, 

(4) Effect of t empera ture on boron loss from a 0.07 B-10-s ta inless 
s tee l alloy. 

(5) Effect of B.C par t ic le s ize on boron loss . 

(6) Effect of precleaning s ta in less s tee l powders on boron loss . 

(7) Effect of ra te of gas flow on boron loss . 

(8) Effect of specimen size on boron loss . 

The raw mater ia l s used to date and their p roper t ies a re given in 
Table IV-5. 



TABLE V-5 

Boron Containing Powders 

Material 

B̂ C 

Source 

The Norton Company 

Boron 
(Wet Chemistry)* 

76.2 

ZrBg 

Type 302 B-Boron Alloy 

Type 302-B ° Alloy 

Type 302B-stainless steel 

Cooper Metallurgical Association I8.8 

Vanadium Alloy Steel Company O.38 

Vanadium Alloy Steel Company Not Analyzed 

Vanadium Alloy Steel Company 0.02 

Boron 
Theoretical 

ii) 
78.3 

19.2 

0,38 

0.06-0.08 

0 

Particle 
Size 
(mesh) 

-325 

-230 +325 

-100 +230 

-525 

-100 

-100 

-100 

* Martin Analysis 

< 
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Other raw ma te r i a l s , i .e. , boron compounds and boron-s ta in less 
s teel alloys, have been obtained which analyzed much lower than the 
stoichiometric boron content. These mater ia l s were not considered 
usable. Raw mate r ia l s from other sources have been ordered and these 
mate r ia l s will be tested if they analyze closer to stoichiometric than 
the ones being used. 

The test specimens have a 3/4 in. diameter and a re 0,100 in. thick. 
Material for each specimen is individually weighed. Weight measurements 
a re made after compacting the powders at 30 t s i , and after sintering 
as a control to verify chemical analysis . Boron analysis is made on 
whole specimens to eliminate variations due to non-uniform boron 
distribution. The specimens were s intered at t empera tures of 1000, 
1050, 1100, and 1200''C. Figure IV-3 shows the range in the hot zone 
of the furnace and the position of the boat in the hot zone for the 
various t empera tu res . Dew points for the hydrogen atmosphere a re 
-78''C entrance and a minimum of -60°C at exit. 

Complete resu l t s have not been obtained on all mate r ia l s in­
vestigated and some rechecks a re being made. All resu l t s a r e , however, 
repor ted. 

Figure IV-4 shows the variation in total weight loss with tempera ture 
for samples of B C and ZrB in Type 302 B s ta inless s tee l . The 

connected points a re the averages of three specimens at each tempera ture 
and the ver t ical lines represen t the range of measurements found. 
It can be seen that the specimens generally lost weight, although those 
tested at 1050''C had a considerable weight spread and the ZrB„ 

pellets gained weight in the runs at 1000 and 1100°C. Reruns a re 
being made at 1050°C, It was anticipated that weight loss would 
increase with increasing tempera ture , since the tendency to drive off 
volatile mate r ia l s is g rea te r . Figure IV-5 shows the boron content 
versus t empera tu re . Original boron content for the B C was 0.201% 

and for the ZrB™, it was 0,205%. The test at 1050°C again shows 

a discrepancy. 

The boron loss with B.C appears to continually increase with tem­

pera tu re . It appears that use of the ZrB„ would be more advantageous 

than B .C , especially if a t empera ture of 1100°C could be used in 

s intering for the fuel element fabrication p rocess . Fur ther testing will 
be necessary to verify these findings. 
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In the study with the Type 302B stainless steei-0.38 boron alloy 
the boron content was varied by mixing the alloy with plain Type 302B 
s ta in less s teel . Mixtures containing 25 50 75. and 100% of the Type 
302B alloy were made; these contained 0.095, 0„190, 0 285 and 0.38% 
boron, respectively. Figure IV-6 shows the total sample weight loss 
obtained with these mixtures , The weight loss increases with temperature 
with all of the mixtures ; however, at 1000°C, the weight loss is greatest for 
the 302B-0.38 B alloy, while at 1200''C the weight loss would probably 
be greates t for the Type 302B stainless s teel . At this point no explanation 
can be given for this phenomenon. Table IV"6 shows the boron lost from 
various loadings at different t empera tu res . It can be seen that the 
boron loss is relat ively independent of the amount of boron initially 
added, but that the loss is dependent upon tempera ture . Figure IV-7 
shows plots 6f the losses from the various loadings against tempera ture . 
This plot shows that for an increase of 100°C the boron loss IB doubled. 

Tests on a 302B-0,07 B-10 stainless s teel alloy were initiated. 
It is assumed that most, if not all, of the boron in this alloy will be in 
solid solution. Since it should be much more difficult to remove 
mate r i a l in solid solution as opposed to mater ia l in a second phase, 
the boron Joss from this alloy is expected to be much l ess . 

Tests on the boron loss from B.C of different part icle s izes were 
4 ^ 

also initiated. It is expected that the decrease in total surface area 
resul t ing from using the la rger size par t ic les will greatly decrease 
activity leading to losses . 

Tests a re also in process using precleaned stainless s tee l to 
determine if the oxide film on the s ta inless s teel is a source of 
oxygen which promotes boron loss . The effects of hydrogen gas flow 
ra t e s and specimen size or boron losses will be investigated after 
the tes ts discussed a re completed. 

In summation, Z r B appears to be more stable with temperature 
Ct 

than B C. Overall weight loss for plain Type 302B s ta i r l ess steel 

appears to be g rea te r than for 302B stainless steel-boron alloy at 
elevated t empera tu res . 

It appears that the boron loss in boron-sta inless s teel alloy is 
relat ively independent of the amount of boron added, but boron loss is 
s t i l l temperature-dependent . 

Tests on all mate r ia l s and alloys mentioned will be completed 
during the next quar ter , as will tes ts on 302B-0.07 B-10 s ta inless 
s tee l alloy. 
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Boron Loss vs Temperature 

302B Stainless Steel —O.38B-Alloy 

< 
I 

00 

302B-0. 

100 

75 

50 

25 

Average 

38B 

Loss 

Rati 

Temperature 
(«F) 

0 

302B 

0 

25 

50 

P 

B Added 

0.38 

0.285 

0.190 

0.095 

1000"c 

0.029 

0.020 

0.020 

0.017 

0.023 

1050"c 

Analysis 

not 

completed 

1100"C 

Losses (wt %) 

0.050 

0.01̂ 7 

0.066 

0.0iv7 

0.052 

1150''C 

0.067 

0.077 

0.090 

0.069 

0.076 

1200"C 

0.098 

0.095 

0.100 

0.091 

0.096 
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Tests of boron loss in B.C as a function of part ic le size will 

continue, as will tes ts to determine the effect on boron loss of the 
oxide film on s ta inless s teel . 

4. Boron Chemical Analysis 

The purposes of this study a re threefold: 

(1) To standardize and check for accuracy the two methods used 
here for boron chemical analysis . 

(2) To furnish, without delay, backup work for boron loss 
s tudies . 

(3) To make l i te ra ture surveys of other methods now in use at 
other installations for possible use here . 

Since there was an immediate need for rel iable boron analysis of 
s intered pel le ts , the initial effort has been devoted entirely to s tandardiz­
ing the mercury cathode electrolysis and ion-exchange methods 
previously used. Special attention was given to the dissolution of the 
sample , since boron compounds a re so volatile that boron is easily 
lost during this step, A combined acid-reflux and alkaline fusion 
dissolution was found effective for the various types of samples 
(ZrB2-SS, B^C-SS, and B-SS). When conditions were found which 

would hold the boron loss to a negligible quantity during the dissolution 
s tep, these conditions were adopted as standard and written into the 
procedure along with the subsequent s teps of the analysis . 

Boron samples analysed for backup work present ly consist of 
three different types. These a re powder blends, unsintered pel lets , 
and s intered pellets of each of the folloing: 

ZrB2--302 B weighing 4.4 gm 

B^C--302 B weighing 4.4 gm 

302 B (containing B)--302B weighing 2,0 gm 

Twenty-one samples were prepared by mixing weighed quantities 
of Z r B B .C , or 302 B (containing B) powder with weighed quantities 

of Type 302 B s ta inless s teel powder to form a 4.4-gm sample in the 
case of ZrB2 and B.C blends, or a 2.0 gm sample in the case of the 

Type 302 B blends. Each sample was completely dissolved and 
analyzed. The analyst was not aware of sample composition. The 
resu l t s a re given in Table IV-7. 
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TABLE IV-7 

Sample Analyses —Boron-Containing Materials 

Type of Sample 

100^ 302B (containing B ) — Oi 302B 
100^ 302B (containing B)-- 0^ 302B 
100^ 302B (containing B ) — 0^ 302B 

75^ 502B (containing B)—25?» 302B3 
75^ 302B (containing B)—25^ 302B3 
75^ 302B (containing B)—25?^ 302B3 

50^ 302B (containing B)--50'^ 302B3 
50^ 302B (containing B)—50?(. 302B5 
505t 302B (containing B)--50^ 302Bi 

25^ 302B (containing B)--T5/'° 502Bi 
25^ 302B (containing B)—75^ 502Bi 
25^ 302B (containing B)--75^ 302B! 

Oji 302B (containing B)--1005t 502B J 
0^ 302B (containing B)—100^ 302B) 
0^ 302B (containing B)--100^ 302B) 

ZrBg—302B 

ZrB —302B 

ZrBg—302B 

B,C—302B 

Bj^C—302B 

Bj^C—302B 

Theoretical 
Boron Added 

(%) 

0.380 
0.380 
0.380 

0.285 
0.285 
0.285 

0.190 
0.190 
0.190 

0.095 
0.095 
0.095 

0.002 
0.002 
0.002 

0.213 

0.213 

0.213 

0.212 

0.212 

0.212 

Boron Found 
w 

0.383 
0.383 
0.389 

0.286 
0.284 
0.287 

0.193 
0.188 
0.194 

0.094 
0.101 
0.094 

0.003 
0.002 
0.004 

0,206 

0.209 

0.208 

0,209 

0.207 

0.202 
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Surveys of the existing l i tera ture on boron analysis have been con= 
ducted but no reported method offers any advantage over the methods 
now used, either in accuracy of result or in t ime expended per sample. 
In the in teres t of uniformity of resu l t s and also because of the existing 
back-log of samples , no further experimentation in methods development 
has been plaimed until after the current se r i e s of boron loss tes t s has 
been completed. 

A method for the recovery of UO„ from sintered green s t r ip has 

been developed. Approximately 90% recovery of usable mate r ia l is 
possible if slight s ta inless s tee l impuri t ies can be tolerated. 

During the next quar ter , backup analyses for the boron program 
will continue. 

Analysis of p rocess sample elements will be initiated in support 
of the fabrication process development. 
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V. TASK 11--SITE PREPARATION AND INSTALLATION 

Project Engineer--Subtask 11.1: G, Zindler 

The objectives of this task a r e to p repa re the site for the order ly 
installation of PM-1 packages and to install and interconnect the pack­
ages into an operable nuclear power plant, 

A. SUBTASK 11.1--SITE PREPARATION 

P . Martin 

This subtask was activated 13 mo ea r l i e r than was originally 
scheduled. The main objectives for the immediate effort under Subtask 
11,1 were to evaluate the various locations about the r ada r station si te 
which are adaptable to the PM-1 requi rements and to make a firm site 
recommendation to the AEC. Once a PM-1 location has been approved, 
it is necessa ry to perform a detailed field survey and to obtain soil data 
to allow preparat ion of a plant foundation design; this work i s expected 
to be accomplished during the next report ing period. The effort under 
this subtask to date has concerned the evaluation of possible PM-1 power 
plant locations in or near the Operations Area of the Sundance Air Fo rce 
Station and a recommendation by The Martin Company as to i ts prefer red 
location. 

In evaluating the various suitable locations for the nuclear power 
plant, consideration was given to the general site environment in t e r m s 
of population density, meteorology, geology, hydrology, and seismology. 
These factors were considered and will be discussed in g rea t e r detail 
l a t e r in this repor t (Subtask 17,1). 

The Warren Peaks area , the site of the Sundance AFS Operations 
Area, consists of t r e e l e s s peaks covered with wild g r a s s and other vege­
tation, A US Fores t Service lookout tower is located on the highest point. 
One to three feet of soil a re present over bedrock. Essent ial ly uniform 
drainage from the peaks occurs in all direct ions, 

Hutchins Springs, approxinaately 3/4 mi northwest of the operations 
area , in the Lytle Creek watershed, will supply water. 

Following a field survey t r ip and discussions with represen ta t ives 
of the Atomic Energy Commission, Air Force Installations, the Omaha 
Distr ict of the Corps of Engineers, and the Air Defense Command, 
severa l possible locations were made available for considerat ion. 
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These were screened and the three most suitable locations were selected 
for more detailed evaluation. Each was considered to the extent neces­
sary to allow estimates to be made of the order of magnitude of work r e ­
quired to fully develop the location; to demonstrate that the power plant 
could be physically situated within the location without interfering with 
other proposed buildings or with the radar search beams; and to estab­
lish major advantages and disadvantages. For the purposes of these 
evaluations, a conventionally contained version of the PM-1 plant was 
assumed^ 

Preliminary plan and section drawings of each location were pre ­
pared in which the outside dimension of the primary loop containment 
vessel was indicated. 

Each location evaluated had sufficient slope to allow normal plant 
drainage; this made it unnecessary to provide expensive tile and catch 
basins. Drainage was, therefore, a concern only from the nuclear haz­
ards standpoint. The general isolation of the Warren Peaks area is 
extremely favorable, in this respect, since the problem reduces to con­
sideration of the potential contamination of the operations area water 
supply at Hutchins Springs. 

An important evaluation consideration was the relationship of the 
operations area to the location with regard to prevailing winds. It 
was assumed, due to the lack of specific data, that the prevailing winds 
would be westerly; i.e., within the southwest to northwest quadrant. 

The advantage of an exclusion distance between the nuclear power 
plant and other facilities was considered with regard to a potential 
nuclear accident. Radiation levels may be expected to be high in the 
immediate vicinity of the power plant for a short time, in the event 
that a nuclear accident should occur. Considering the inverse square 
relationship between radiation intensity and distance, and the delay tinxe 
required for any cloud to travel from the reactor to the operations area, 
an exclusion distance of the order of a few hundred feet significantly r e ­
duces the potential hazards to Operations Area personnel. On the other 
hand, during normal operation it will be desirable to combine, as much 
as possible, the nuclear power plant and the heating and emergency 
power plant operating crews. This can best be achieved if the distance 
between the two plants is held to a minimum.. The capability of con­
necting the two power plants with an enclosed walkway was considered 
to be an important advantage. 

Other features evaluated included: 

(1) Possible plant integration into the Operations Area security 
system. 

(2) Length of piping and electrical lines required to join the nu­
clear power plant, and the heating plant and emergency power 
building. 
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(3) Cost of PM-1 site preparat ion in t e r m s of: excavation r e ­
quired, fill required, additional access roads required, space 
for convenient s torage and subassembly of PM-1 plant com­
ponents during erection, and possible relocation of operations 
a rea facilities as a result of PM-1 construction. 

(4) Interference with the normal functions of the Operations Area 
during construction and normal operation of the PM-1 plant. 

1. Location I 

Location I (Fig. V-1) i s within the operat ions a rea between the F P S -
7 and FPS-26 r ada r towers 175 ft west-southwest (approximately 260°) 
from the present Fo res t Service lookout tower. 

Est imated Distances from Various Structures in the Complex 

P r i m a r y Loop Secondary Loop 

Buildings or Towers (ft) (ft) 

FPS-7 97 12 

FPS-26 17 32 

Emergency Power Building 70 18 

Operations Building 175 95 

The finished floor elevation of the secondary loop is 6637 ft with 
the highest point of finished construction being 6657 ft. 

Drainage would flow into Lytle Creek and onto the same watershed 
as Hutchins Springs, the Operations Area water source . About five 
nailes down Lytle Creek is a ranch which also uses water from the creek 
for livestock. Lytle Creek flows northwest. 

The prevail ing wester ly winds present an unfavorable wind condition. 

The existing slope i s 30%, but this will be filled and leveled in the 
construction of the r ada r s i te . The most representa t ive tes t pit data 
shows 1 ft of topsoil; 2 ft of gravel , containing clay and la rge rock; 
1.5 ft of weathered bedrock; and solid bedrock below. 
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Advantages.- The major advantages of this location would be: 

(1) Short utility runs 

(2) Minim.um additional enclosed walks 

(3) Minimum site development 

(4) Minimum additional security requirements. 

Disadvantages.- The major disadvantages of this location would be: 

(1) No exclusion area 

(2) Location upwind from most of Operations Area 

(3) Drainage to Operations Area water source 

(4) Jeopardy to existing structures during construction 

(5) Possible interference with radar operation during construc­
tion 

(6) Relocation of existing utility lines, 

2. Location II 

Location II (Fig, V-1) is located approximately due east and 180 
ft from the closest point of construction of the present Forest Service 
lookout tower. This site straddles the location of the security fence 
on the east side of the hill and is 105 ft from FPS-6A radar tower, 75 
ft from Technical Supply, and 155 ft from the Operations Building. 
The finished floor level elevation of the secondary systeni will be 6612 
ft and the highest point of finished construction 6632 ft. The slope of 
the hillside is estimated to be 37.5%. 

The drainage flows into Beaver Creek which flows east for a short 
distance and then turns abruptly northward. There are two springs 
(Dayis and Cole Springs) with a flow of 10-20 gpm about 5 m.i from 
the site on Beaver Creek, with water flow increasing a short distance 
downstream to 30 gpm. Numerous beaver dams exist along the up­
stream portions of Beaver Creek, 

A typical soil profile for this site is shown in test pit data as 1 ft 
of topsoil, 3,5 ft of weathered bedrock, and solid bedrock below. 
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Advantages,- The major advantages of this location are : 

(1) Some isolation from the Operations Area 

(2) Possible use of terrain as natural shielding 

(3) Essentially downwind from the Operations Area 

(4) Can be connected to the Operations Area via an enclosed 
walkway. 

Disadvantages,- The major disadvantages of this location are : 

(1) Hillside construction 

(2) Long utility runs 

(3) Additional site development, 

3, Location III 

Location III (Fig. V-1) is located approximately 700 ft north-
northeast of the present Forest Service lookout tower. This site is 
on the existing roadbed on the east side of a saddle. The finished 
floor level elevation of the secondary loop will be 6498 ft with the 
highest point of finished construction being 6518 ft. This saddle is 
fairly level on top and drops off sharply on each side. The east slope 
is estimated to be 52%. 

The drainage is the same as Location II and flows into Beaver Creek. 
The only unfavorable wind direction is from the north-northeast with 
only slight effects from north and east winds. 

No test pit data is available for this site. The nearest pit, some 
300 ft away, shows a soil profile of 1 ft of topsoil, 4 ft of gravel con­
taining clay and large rock, and solid bedrock below; a similar con­
dition may be anticipated at Location III. The more level land at the 
saddle allows for the deposition of material washed from the upper 
slopes and, since runoff is slower, water penetrates much deeper, there­
by causing greater decomposition and weathering of sub-surface mater i ­
als . This area is somewhat protected from the wind by a grove of t rees 
beginning just west of the saddle. 

Advantages,- The major advantages of this location a r e : 

(1) Exclusion from the Operations Area 

(2) Minimum required excavation 

(3) Favorable wind patterns. 
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Disadvantages. - The major disadvantages of this location are: 

(1) Length of utility runs 

(2) Requirement for separate septic tank 

<3) Requirement for separate security fence and guard station 

(4) Poor personnel access to and from the Operations Area. 

4. ReconMnended Location 

The major factors considered In evaluating the three proposed loca­
tions are summarized in Table V-1 together with the relative standing 
of each individual location. The major factors are listed In approxi­
mately descending order of Importance. 

Based upon this evaluation. The Martin Company recommended that 
Location II on the east slope of the Operations Area be selected for the 
PM-1 plant site. Location II Is the only location that satisfactorily 
meets all of the major requirements for the location of the nuclear 
power plant. 
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T A B L E V-1 

Summary of Location Evaluations 

Major Factors 

Location developnent (length of lines, excavation, 

roads, septic tsuaks, etc.) 

Favorable wind direction 

Proximity to heating plant emd emergency power building 

Exclusion dlstaxice 

Drainage away from Hutchins Springs 

Integration with existing security system 

Noninterference with radar operations 

Location 
I 

Location 
II 

Location 
III 

Good Satisfactory Satisfactory 

Poor 

Good 

Poor 

Poor 

Good 

Poor 

Good 

Satisfactory 

Satisfactory 

Good 

Good 

Good 

Good 

Poor 

Good 

Good 

Poor 

Good 
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VI. TASK 14 - TRAINING 

Project Engineer Subtask 14.1: L. Burns 

The objectives of this task a re to develop and implement a p r o ­
gram to t ra in mil i tary personnel to supervise and conduct the opera­
tion and maintenance of the PM-1 nuclear power plant. 

A. SUBTASK 14.1 - TRAINING PROGRAM DEVELOPMENT 

F . McGinty 

Subtask 14.1, Training P r o g r a m Development, was initiated during 
this quar ter to a s su re the proper integration of training into the ent i re 
PM-1 program at an early s tage. Three general a r eas of work were 
s tar ted during this period; namely, training program scheduling, 
topical outlining of the Training Manual, and a personnel analysis . 

The preparat ion of the pre l iminary overall training p rogram 
schedule was completed (Fig. VI -1). It includes the key points in the 
development of the training program, as well as some of the key 
points of the PM-1 program that have a decided influence on the t r a in ­
ing program development. 

A concept of the Training Manual was developed, and a pre l iminary 
topical outline of i ts contents has been prepared . The Training Manual 
will include course outlines, course char t s , lesson plans, student work 
sheets , evaluation t e s t s , and training aid requirement l is t ings. The 
lesson plans will not contain all of the detailed technical information on 
the PM-1 but mere ly outlines of the lessons that will be presented. 
The Technical Manuals, supplied by equipment vendors, will se rve as 
the source of detail information. The reasons for this approach a r e : 

(1) The student will learn to use and rely on the vendors ' 
technical manuals during the training p rogram. 

(2) The vendor manuals will be kept current with revisions and 
changes in the equipment, whereas a training manual and 
training mate r ia l s a re not kept current and could, at some 
future data, present technical data or operating and main­
tenance instruct ions incompatible with subsequent equip­
ment modifications. 

(3) The vendor manuals a re supplied with the equipment and 
will be available in their latest revisions to operating and 
maintenance personnel . 
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Preliminary Time Sequence Chart for Training Program PM-1 i 

Training Manual Definition 
Operation and Maintenance Concepts Complete 
Personnel Analysis Complete 
Syllabus Complete 
Manual Topical Outline--Ist Draft 
Preliminary Cost Estimate 
Concept of and Tentative Task Analysis 
Design Freeze 
Operation and Maintenance Plan Preliminary Draft 
Manual Topical Outline to AEC 
Course Outline Ccmplete to AEC 
Training Equlpnent 1st Selection 
Detailed Cost Estimate 
AEC Approval—Training Manual and Course Outline 
Training Equipment 2nd Selection 
Training Plan Complete to AEC 
Training Equijment Final Selection 
Visual Aids-Reciulrements Estimate 
Training Plan--AEC Approved 
Final. Design Complete 
Task Analysis Complete 
Operation and Maintenance Plan—1st Drafts 
Lesson Plans--Preliminary Draft 
Training Manual—1st Draft 
Operation and Maintenance Plan—Flnnl Draft 
Lesson Plan—iBt Draft 
Trftlnlng Manual —Final T)Taf+. 

Other Manuals—1st Draft 
Package Loading Demonstration 
Lessons Plana—Final Draft 
Operation and Maintenance Plans—Complete 
Training Manuals and Lesson Plans Complete 
Visual Aids—Complete--Training Equipment 
Other Manuals—Preliminary Copies Available 
Training Program at Marco 
Assembly and Check Out 
Performance Test—Job Integration 
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To define the program to be used in training the PM-1 operating 
crew, an analysis of their background skil ls , knowledge, and p r e ­
vious training is required. As all PM-1 operating and maintenance 
personnel will have completed the one year For t Belvoir APPR- 1 
"Nuclear Power Plant Opera tors Course" (1958-1959), this training 
program is being studied in detail as represent ing the students ' 
previous knowledge, training, and skill . This phase of the personnel 
analysis is 50% complete. The analysis will be completed with a 
detailed study of individual personal his tory folders and an evaluation 
of performance and development during the For t Belvoir training 
program. No conclusions as to the detailed training requirement 
can be made until the completed personnel analysis can be compared 
to the operation and maintenance procedures for the P M - 1 . 

The first PM-1 training meeting is scheduled to take place on 
5 June 1959, at For t Belvoir. Military, AEC, and Martin Company 
personnel will be participating. The purposes of the meeting a r e : 

(1) To establish liaison between Martin and For t Belvoir t r a in ­
ing personnel . 

(2) To present the Martin approach to training. 

(3) To present and discuss the concept of the Training Manual, 
and the pre l iminary topical outline of i ts contents. 

(4) To discuss t ime phasing of students into the PM-1 training 
p rogram. 

(5) To famil iar ize Martin training personnel with the For t 
Belvoir Nuclear Power Plant School facil i t ies. 

Other anticipated accomplishments for the next report ing period 
a re : 

(1) Writing of a syllabus of instruction for the PM-1 training 
program, containing course scope, course objectives, p r e ­
requis i tes , and tentative schedules. 

(2) Based on the resu l t s of the June 5 meeting, prepar ing a 
second draft of the Topical Outline of the Training Manual. 

(3) Completing studinent personnel analysis and initiating com­
par isons between it and the Task Analysis information. 

(4) Continuing liaison with For t Belvoir and AEC personnel on 
planning training. This will include the establishment of 
lesson plan and course outline formats , as well as work 
on the personnel analysis phase of the t raining p rogram de­
velopment. 
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VII. TASK 16 - CONSULTING 

During the first quar ter , the Gibbs and Hill Company was retained 
as a consultant in the general a rea of power plant design. They have 
ass is ted , and will continue to ass is t in evaluating the secondary system 
work being performed by the Westinghouse Elec t r ic Corporation. 

Their specific contributions were as follows: 

(1) Review of heat balances and s team genera tor data. 

(2) Analysis of the ALPR s t eam-a i r condenser system per ­
formance. 

(3) A comparative study of ethylene glycol, direct a i r - s t eam, and 
direct contact water cooled-water -a i r condenser sys tems . 

Dr. T. J. Thompson of MIT was invited to visit The Martin Company 
for a one-day discussion of PM-1 hazards evaluation concepts. 

During the next quar te r the consulting efforts of Gibbs and Hill a r e 
expected to continue. Dr. Thompson will also be retained on an 
as-needed bas is to provide ass is tance in the a reas of core design and 
hazards analysis . 
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National Fores t . The PM-1 will be constructed to support the radar 
station and will be located within a few hundred feet of the r ada r op­
erat ions a rea on Warren Peaks . 

2. Population 

Military. - The mil i tary personnel a re concentrated in two a reas 
which a re significant to a hazards evaluation. The first is that of the 
radar station which will be manned by not more than 25 people at any 
one t ime. It is of p r imary importance in evaluating the consequences 
of a reac tor accident because of its proximity to the PM-1 plant. An 
area of secondary importance is the Cantonment Area, located approxi­
mately 4 mi south of Warren Peaks, which will house 195 people, mainly 
mil i tary personnel and their famil ies. 

Civilian. - The town of Sundance is 6 mi southeast of Warren Peaks 
and r ep resen t s the larges t center of population in the a rea . Its popula­
tion was 893 according to the 1950 census with recent local es t imates 
ranging as high as 1000. Aside from th is , population is confined to 
res idents of sca t tered farm homes and ranches . About 50 res idents 
a re located within 7 mi of Warren Peaks . Other than these there a re 
no significant population groups within a 15-mi radius of Warren Peaks. 

In addition to permanent res idents , the summer months a t t ract t r a n s ­
ient people, such as campers , f ishermen, prospectorSj cattle g r a z e r s , 
etc. , who utilize the r e sou rce s of the national forest . Although it is 
impossible to es t imate the exact number of t rans ients in the a rea for 
any given period, their number is expected to be snaall. 

3. Meteorology 

General climatology.- The following climatic description is r e p -
resentat ive of the town of Sundance, which is almost 2000 ft lower in 
elevation than Warren Peaks and is somewhat shel tered from the p r e ­
vailing winds. 

The climate of Sundance is described as s emi -a r id with long cold 
winters and short hot s u m m e r s . During the winter months naore than 
50% of possible sunshine is received; summer days a re hot and nights 
are cool; the humidity is very low. There a re few summer nights when 
the tempera ture remains above 60° F . During the warmest month, July, 
the average minimum tempera ture is in the mid 50's although t empera ­
tures above 90° a re noted frequently. The winters are long and cold 
with January being the coldest month, however, the clear skies and dry 
air moderate the cold by permitt ing grea te r absorption of solar r ad ia ­
tion. The cold weather comes from outbreaks of cold Canadian air mov­
ing southeastward from the Rockies, ac ross the plains, to the Black 
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Hills. The initial onslaught of arct ic air is usually accompanied by 
strong northerly or northwesterly winds with drifting snow. The coldest 
nights are associated with clear skies and very light winds. 

More than half of the annual precipitation of 18.5 in. falls during the 
period from April through July. The three winter months constitute 
the period with the least mois ture . Amounts of snowfall a re quite large 
but the water content of the snow is usually low. During the spring 
months of March and April, precipitation often begins as rain mixed 
with snow which later turns into a heavy, wet snowfall; these snowstorms 
a re frequently accompanied by strong winds and drifting. On the aver­
age, March has more snow than any other month. It is est imated that 
the average annual precipitation for Warren Peaks is 23 in. and the 
mean annual snowfall 110 in. 

Freezing tempera tures have occurred in the spring as late as June 
25th and as ear ly in the fall as August 28th. It must be real ized that 
these dates will be considerably al tered with the increased elevation 
and exposed position of Warren Peaks. Here, the last freezing temper ­
ature could conceivably occur on July 15th, and the first on July 16th. 
The average date of the last freezing tempera ture in the spring is May 
26th and the first freezing tempera ture in the fall is September 18th. 

Wind flow.- The only wind data available for the town of Sundance 
is old and questionable. The data (Fig. VIIl-1) include direction only; 
wind speed was not available. Although the prevailing direction is from 
the southwest, it should be noted that Sundance is located in a valley 
between two mountain ranges which r i se approximately 2000 ft above 
the surrounding t e r r a in . This valley runs in a southwest-northeast di­
rection and establishes a funneling effect. In all probability, this ex­
plains the reason why Sundance has a high percentage of southwesterl ies 
in a region where prevailing winds are from the west and northwest. It 
is anticipated that at Warren Peaks winds will blow from southwest 
through northwest 80% of the t ime but that a higher portion of these 
winds will blow from west and northwest than was the case at Sundance. 

As stated before^ no rel iable wind speed data a re available for Warren 
Peaks . However, 28 days of scat tered data was obtained from the Fores t 
Service. These data were taken at the lookout tower on Warren Peaks 
during the period from 19 May through 9 July 1958, recorded at 1:00 
PM. The average wind speed for this 28 days of r ecord was approxi­
mately 15 mph with the lowest recorded at 5 mph and the highest 38 
mph. Although no valid conclusions can be drawn from these data, they 
tend to indicate that wind velocities will generally be ra the r high and 
that calm conditions will seldom, if ever, exist. 
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Tempera tu re . - The tempera ture recorded at the Fores t Service 
lookout tower indicate that Warren Peaks is considerably colder than 
Sundance. The mean tempera ture at 1:00 PM for the 28 days of r eco rd 
was 59° F , with a high of 72° F on May 28th and a low of 28° F on July 
9th. Although not directly applicable to Warren Peaks , the following 
table l ists the monthly means and ex t remes of tempera ture for Sundance. 
No other t empera ture data a r e available. 

TABLE VIII-1 

Tempera ture Data--Sundance, Wyoming 
45-Yr Record 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 

Maximum 
( O F ) 

60 

66 

72 

82 

101 

99 

105 

100 

99 

89 

87 

65 

105 

Mean 
(° F ) 

19 

21 

28 

40 

51 

60 

68 

67 

57 

45 

31 

23 

43 

M i n i m u m 
( ° F ) 

"39 

-42 

= 24 

-10 

7 

25 

34 

30 

6 

-17 

- 2 1 

-32 

-42 
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Precipi tat ion.- The following table l is ts the means and extremes of 
precipitation for 48yrof record at the town of Sundance: 

TABLE VIII-2 

Precipitat ion Data--Sundance, Wyoming 

Mean annual 

Maximum year 

Minimum year 

Maximum mean monthly 

Minimum mean monthly 

Maximum amount in 1 mo 

Minimum amount in 1 mo 

Maximum amount in a 24-hr 
period 

Mean annual number of days 
with 0.01 in. or more 

Snowfall (40 yr of data) 

Mean annual snowfall 

Maximum snowfall in 
1 winter 

Maximum snowfall in 
1 mo 

(in.) 

18.5 

27.81 (1922) 

11.58 (1954) 

3.3 (June) 

0.8 (February) 

6.24 (June 1941) 

Trace inches (November 
1917) 

2.73 (June 1940) 

86 days 

79 

168.7 (1916-17) 

53.5 (December 1916) 
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The precipitation and snowfall data listed for Sundance a re not con­
s idered representa t ive of Warren Peaks . Empir ical es t imates for 
Warren Peaks arer 

(in.) 

Mean annual precipitation 23 

Mean annual snowfall 110 

4. Geology 

The Bear Lodge Mountains were formed by an intrusive lenticular 
shaped body of molten igneous rock, known geologically as a laccolith, 
which forced itself between overlying sedimentary s t ra ta and the under­
lying mica schis t s . In so doing, the sedimentary rocks were uplifted 
into a dome-shaped s t ruc ture forming the Bear Lodge Mountains. 
This geologic event was contemporary with and is considered a par t 
of the Black Hills uplift (early Ter t i a ry Era) . Erosional p rocesses 
have since removed the sedimentary rocks from the top and higher 
slopes of the dome, exposing the igneous core of the mountains. 
Sedimentary rocks a re present only at lower elevations, around the 
flanks of the mountains. 

Igneous monzonite-syenite porphyry bedrock underl ies the entire 
Warren Peaks operational s i te . It has a yellowish, reddish, or greyish 
color at the surface and is greatly al tered by decomposition and solu­
tion of some of its minera l constituents. Below the surface, p r o g r e s ­
sively f i rmer , less al tered rock is encountered. The weathered portion 
of the bedrock generally has a thickness of from two to three feet. 

A thin mantle of soil , resul t ing from the decomposition of the parent 
igneous rock, covers the bedrock on Warren Peaks. It is usually a mix­
ture of clay, quartz gra ins , mica and other ma te r i a l s . The thickness of 
this mantle is probably one foot or less on the more exposed and s teeper 
s lopes, and increases to five feet on the l e s se r slopes where g rea te r depo­
sition and less run-off occur. 

5. Hydrology 

Sub-surface water . - The central portion of Bear Lodge Mountains 
is probably not underlain by water-bear ing formations. The outlook for 
obtaining water from underground sources in the immediate a rea 
(except from springs) is not good, although some possibi l i t ies do exist 
in neighboring valleys. 
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The water source for the operations area of the radar station will 
be from Hutchins Springs, which is about 3/4 mi northwest of Warren 
Peaks on the Lytle Creek water shed and has a flow of about 10 gpm. 
Table VIII-3 l is ts an analysis of the water from Hutchins Springs as pre­
pared for the Omaha District of the Corps of Engineers . 

TABLE VIII-3 

Chemical Analysis of Water 
Hutchins Springs, Warren Peaks, Wyoming 

Date of Sample: 26 July 1958 

P a r t s Per 
Analysis Million 

Suspended solids 0 

Dissolved solids (residue at 103° C) 51 

Alkalinity to phenolphthalein as CaCOo 0 

Alkalinity to methyl orange as CaCO„ 

(total alkalinity) 4.3 

Total hardness as CaCOg 10.3 

Calcium 1.4 

Magnesium 1.7 

Alkalies as sodium 3.3 

Iron 0.1 

Aluminum 0.0 

Manganese 0.0 

Sulfate 5 

Chloride 1.4 

Nitrate 0.3 

Bicarbonate 5.5 

Carbonate 0.0 

Silica 15.4 

Sodium 2 

Potass ium 1.3 

pH 6.0 
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Another spring in the a rea . Renter Spring, is about 2-1/2 mi south-
southeast of Warren Peaks along the road from the Cantonment Area 
to the Operations Area. Other known springs in the immediate a rea 
a re Davis and Cole Springs which a re located about 5 mi nor th-nor th­
east of Warren Peaks on Beaver Creek. These springs have a flow of 
10 to 20 gpm. 

Surface water . - The amount of flowing water in the Sundance a rea 
is not great; many of the draws, valleys and canyons a re dry except 
when there is ra in or melting snow. None of the s t r e a m s has a continu­
ous flow from head to mouthy and many appear at intervals in springs or 
bottom seeps which supply waters that flow for grea te r or l e s se r d i s ­
tances before evaporating or passing underground. Often the water in a 
valley consists of a s e r i e s of pools. 

Figure VIlI-1 i l lus t ra tes drainage and water sources for the PM-1 
si te a rea . 

6. Seismology 

There is no specific knowledge of earthquake conditions in this a rea . 
The Seismic Probability Map of the United States, contained in the Uni­
form Building Code issued by the Pacific Coast Building Officials Con­
ference, designates the eas te rn third of Wyoming to be a "zero se ismic 
zone." However, minor t r e m o r s have occurred in Cheyenne, also in the 
zero probability zone, every year or two. They have never been of damag­
ing magnitude. 

Design of the operational r ada r s t ruc tu res incorporated some se ismic 
design c r i t e r i a because of blasting and mining operations expected in 
the vicinity. 




