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FOREWORD 

This report describes operation of the Shippingport Atomic Power Station with the second seed 

of the first core. Similar reports have been issued summarizing operation with the first seed and 

refueling of Seed 1 with Seed Z. 

The primary purpose of the Shippingport Proj.ect .is to advance the basic technology of water 

cooled reactors through the design, development, testing and operation of a large power reactor as 

part of a utility system. A great deal of instrumentation, flexibility of operation and other special 

features have been incorporated into the design and construction of the reaCtor plant to facilitate the 

acquisition of test data and operating experience. 

Operation of Shippingport has resulted in information on water reactor technology essential to 

the ultimate achievement of economic nuclear power. This information, based on both experimental 

and analytical results, includes work on the heat transfer, hydraulic characteristics and reactor phys­

ics of water reactors, in addition to development of experience with primary system components such 

as heat exchangers, reactor vessels, pressurizers, canned rotor main coolant pumps, control ·rod 

drive mechanisms and valves. We hope that through reports such as this, industry will benefit from 

the technological information and practical experience developed in the construction, testing and 

operation of Shippingport. 

H. G. Rickover 

United States Atomic Energy Commission 
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INTRODUCTION 

Development and design of the Shippingport Atomic Power Station was initiated in the spring of 

1953, construction started in March of 1955, and the operations and test program began in December 

of 1957. 

On October 9, 1959, the "seed", or enriched uranium component of Shippingport Core I was de­

termined to be ready for replacement. This marked the end of the first extended operating and test 

period - one of sufficient duration to be productive of a significant body of experience and data. This 

experience and data were made available in DLCS-364 "Shippingport Operations from Start-up to First 

Refueling, 11 which provides a summary of the pertinent information developed during that period. 

The replacement of the first enriched uranium loading began on Nove.mber 2, 1959 and proceeded 

concurrently with plant modi'fication and maintenance. Refueling was completed and initial criticality 

was attained with Seed 2 on April 12, 1960. P~wer operation commenced on May 6, 1960 and full power 

was attained on May 7, 1960. Operation continued at load factors considerably higher than those in 

Seed 1 until August 14, 1961, at which time the Station was shut down in preparation for the second 

refueling, Actual refueling operations commenced on August 16, 1961. 

This report is concerned with the operation of the Shippingport Atomic Power Station during Seed 

2 lifetime. This discussion deals primarily with experience with the nuclear portion of the station, 

with the "conventional" portion being introduced only as it relates to over-all station operation or to 

unusual problems which result from the use of conventional equipment with a pressurized water reactor. 

Recognizing the wide range of interests directed toward the additional Shippingport experiences, 

it was concluded that this report could best be presented in five parts, in much the same manner as 

the original operations report. Part I consists of summary reviews of possible interest to manage­

ment, and Parts II through V consist of detailed reports of interest to engineering and scientific per­

sonnel. Also included in Part I is a detailed Chronology which, either scanned or studied, provides 

an over-all view of what has occurred at Shippingport during the period. 

It is assumed that the reader has more than a casual acquaintance with the background and design 

of the Shippingport Station. Those interested in detailed information on the design of the station are 

referred to the book, "The Shippingport Pressurized Water Reactor" published by the Addison-Wesley 

Publishing Company in 1958 . 

. Consistent with the original premise that Shippingport ~as built to provide information and not 

power at competitive costs, and must, therefore, be regarded as a test facility, this report includes 

no analysis of kilowatt hour costs or cost reductions that might have been achieved had Shippingport 

been built and operated solely as a power producer. It should be noted that during the 15 months of 

Seed 2 operation, the plant was utilized to conduct numerous reactor plant and core tests at various 

stages of core depletion to improve the understanding of water cooled reactors and to train personnel 

in reactor plant operations. Despite the extensive low-power operation required by this testing and 

training, the 514,300,000 KWH gross generated during Seed 2 operation was equivalent to ·operating 

the plant· at full power 70 percent of the time. During Seed 2 operation the Shippingport Station was 

used for testing,· training, and power generation more than 97 percent of the time; the reactor plant 

was shut down for maintenance less than 3 percent of the time. 

v 

C. N. Dunn 

R. F; Stratton 

W. E. Wynne 
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PWR OPERATION HIGHLIGHTS 

Initial criticality for testing 

Full power operation 

Lifetime 

Total electricity generated (gross output 

per seed) 

Average load factor 

Average load factor excluding testing 

Date refueling started 

Working days required to complete refueling 

and return to full power 

SEED I 

Decemb·er Z, 1957 

December Z3, 1957 

5806 EFPH 

388,500,000 

KWHR 

37o/o 

75o/o 

November Z, 1959 

156 

SEED Z 

April IZ, 1960 

May 6, 1960 

7900 EFPH 

514,300,000 

KWHR 

70o/o 

97o/o 

August 16, 1961 

63 

Other reports on PWR Operation, Testing, Design, and Maintenance are listed in'WAPD-PWR-

1606 (Revised), The Shippingport Pressurized Water Reactor Project Catalog of Document Abstracts, 

.December 1961 - This document lists over 1500 reports on PWR which are available through the 

Office of Technical Services, Department of Commerce, Washington 25, D.C. 
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CHAPTER 1 

OPERATION AND TESTING 

Introduction 

The Core I Seed 2 operating period was devoted primarily to developing useful information on 

the long-term behavior of the reactor and major plant components. This includes the following: 

1. Obtaining extep.si ve information on the depletion capabilities of natural UO blanket fuel 
2 

elements. 

2. Obtaining information on the physics characteristics and thermal performance of seed and 

blanket cores as a function of fuel depletion, and demonstrating the continual generation of a 

high fraction of the core power from the natural uranium blanket. 

3. Acquisition of data on the pe:dormance of major plant systems and components, to obtain a 

realistic basis for judging the adequacy of component design specifications. 

In order to obtain these objectives, the test schedule consisted basically of six full power runs, ·each 

approximately 1200 hours in length, separated by intervals of periodic reactor physics and equipment 

performance type testing. In addition, the dynamic operating characteristics of systems were in­

vestigated to determine their individual adequacy. as well as their integrated performance character­

istics. 

The station was operated successfully both as a peak and base load unit in accordance with the 

test program, the student training program (refer to Part I, Chapter 2), and the power requirements 

of the Duquesne Light System. The reactor plant provided a stable heat source with a high degree of 

flexibility as evidenced by the numerous plant start-ups and shutdowns that were conducted during 

Seed 2 lifetime for test purposes. Experience to date indicates that this type of reactor power sta­

tion could be incorporated readily into any electrical network system and operated as either a peak 

or base load station, depending upon economic considerations. 

Operations 

Seed 2 operated with a m1J.Ch higher station load factor (approximately 70o/o for Seed 2 compared 

to 37o/o for Seed 1) because of the absence of major equipment problems and fewer station shutdowns 

for test purposes. Figure I-1 depicts the accumulated gross generation incurred during Seed 2 life 

from start of power operation on May 6, 1960, to shutdown for Seed 2 - Seed 3 refueling on August 

14, 1961. Table I-A contains the list of tests which were performed at the times specified by the 

numbers on Figure I-1. 

During this fifteen-month period 7900 equivalent full power hours (EFPH) of operation were ob­

tained. Full power capability for Seed 2 ended on June 10, 1961, after 7528 EFPH, when there­

activity of the core decreased to the point where the station could no longer be maintained at 60 MW 
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net electrical output under normal reactor coolant temperature, pressure, and equilibrium xenon 

conditions. The station was then operated at reduced electrical output and reduced average coolant 

temperature until August 14, 1961, when it was shutdown for the install"a.tion of Seed 3. 

Variations in generator load and reactor coolant temperature throughout Seed 2 life are pre-

s en ted in Part I, Chapter 3, Chronology. Subjects of particular inter est relating to Seed 2 operation 

include the following items: 

1. Blanket performance capabilities. 

2. The station capability of operating as a peak and base load station. 

3. Reactor stability. 

4. Improved equipment reliability. 

The natural uranium blanket performed satisfactorily throughout Seed 2 lifetime. Core instru­

mentation indicated that the percentage of core power produced by the blanket varied from 53o/o near 

the beginning of Seed 2 lifetime to 56% near the end of Seed 2 lifetime (refer to Part II). Only two 

blanket fuel elements (J-5 and.K-8) were suspected of having defective tubes. These two fuel ele­

ments were removed at the Seed 2 - Seed 3 refueling and examined at the Idaho test facility. One 

tube in both elements were found to contain manufacturing defects of less than 5 mils diameter·. 

Station Capability 

As exhibited during Seed 1 operation, the station again operated satisfactorily when subjected to 

various load swings and relatively· fast start-ups and shutdowns. Load transient testing (DLCS 36301) 

conducted in July, 1960, and the sixty station start-up tests (DLCS 35002) performed in June, 1961, 

demonstrated the statlon;s capaoilitY in tfiis respect. 

The longest uninterrupted base load operation (1357 EFPH) for Seed 2 occurred from April to 

June, 1961. It was found that Shippingport, as most conventional stations, accepts a base load 

operation very well and it is expected that longer extended power run::; will·l.J~ p~r.ful'!ned success­

fully. 

Reactor Stability 

The reactor was inherently stable throughout Seed 2 operation. As had been anticipated, late 

. in seed life operator action in terms of rod motion was required during fast load reductions from 

full power in preparation for xenon transient testing because of the gradually decreasing effect of 

the negative temperature coefficient. 

A radial flux oscillation deliberately induced into the core as part of a test revealed a damped 

radial oscillation power behavior and confirmed that Seed 2 was stable with respect to spontaneous 

radial oscillations. This test is discussed. in greater detail in Part II, Chapter 3, Special Se.ed Z 

Physics Tests. 
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Equipment Reliability 

In general, the station equipment that presented major operating problems during Seed 1 opera­

tion was corrected by design modifications. These problems are discussed in detail in Part I, 

Chapter 6, Maintenance. 

Three reactor coolant pumps operated without difficulty during Seed 2. The fourth reactor 

coolant pump, which had failed to start late in Seed 1 life, again exhibited this problem several 

times during initial Seed 2 testing. However, the pump did operate satisfactorily when it was ncit 

subjected to frequent cycling. Prior to the end of Seed 2 life this reactor coolant pump and volute 

were removed because of operating limitations and to prepare the loop to accept a pump for Core II. 

Subsequently, a pump identical in design to the other three reactor coolant pumps and a modified 

volute were installed for Seed 3 operation. 

$team ii:eneratnr ]P.i'lk:=q~P. (prima.:ry to occondo.ry) wa.e ueledeu on three of the four installed 

units. However, the worst leakage in the affected units was so small that it could be determined 

only by radiochemical methods based on iodine isotopes in the boiler water. Since this leakage 

presented no operating problem, all steam generators continued to operate satisfactorily during 

Seed 2 lifetime. 

The turbine plant equipment developed two serious problems. Two of the three installed feed­

water heaters developed major tube leakage and required retubing prior to power op.eration in Seed 

3. The second problem occurred when tube failure due to chemical attack was encountered in the 

<i.ir ejector and necessitated complete retubing of one section of the unit. For specific details on all 

station ~quipment problema, refer to Part IV, Chapter 1. 

Testing 

The test information obtained during Seed 2 operation is generally comparable to that obtained 

during Seed 1 even though the cores differed in several respects. The over-all effects of increased 

fuel loading, the introduction of natural boron poison in Seed 2, and the changes in reactivity con­

tribution of the blanket (natural uranium oxide) region are discussed in Part II, Reactor Physics 

Performance. 

Approximately 375 performances of the 130 basic tests were completed during Seed 2. These 

tests are. categorized into four groups, namely, Reactor Physics, Plant Performance, Radiation 

and Chemistry, and Equipment Performance type tests. Test evaluation reports are available 

through the office of Technical Services, Oak Ridge, Tenn. A brief discussion and a specific 

example of each of the four test groups is pres en ted below. 

Key numbers shown on the accumulated gross generation curve in Figure I-1 categorize the 

major tests according to definite operating periods. The tests are identified in Table I -A. 
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Figure I-1. ·Accumulated Gross Generation - Core I Seed 2. 

TABLE 1-A 

MAJOR TESTS PERFORMED DURING CORE I SE:ED 2 

Period 

Initial approach to 

criticality for Core I, 

Seed 2 on April 12, 1960 

Initial Seed 2 Power 

Operation, May 6, 1960 

May 7 to June 10, 1960 

(0 to 761. 6 EFPH) 

June 1 U to 23, 1960 

DLCS 

Number 

16001 

35002 

35601 

36201 

15102 

15601 

34901 

35801 

36201 

14801 

15601 

36001 

I- 4 

Test Title 

Initial Approach to Criticality 

FEDAL System (Operation During Plant 

Startup) 

Reactor Coolant Fission Product Activity 

Reactivity Lifetime Test 

Determination of Coefficients of Reactivity 

Xenon Transient TP.sts 

Station Performance of Steady State Loads 

Reactor Pressure Drop and Coolant Flow 

Characteristics 

Reactivity Lifetime Test 

Control Rod Drive Mechanism Periodic Test 

Xenon Transient Tests 

·Flow Coastdown Test 



Key 

Number 

4-5 

6 

6-7 

7 

8 

9 

TABLE 1-A ( Cont'd) 

MAJOR TESTS PERFORMED DURING CORE I SEED 2 

Period 

June 23 to Aug. 13, 1960 

Aug. 13 to Aug. 19, 1960 

Aug. 19 to Nov. 25, 1960 

(1648.9 to 3564.4 EFPH) 

Nov. 25 to Dec.· 7, 1960 

Jan. 28 to Feb. 3, 1961 

(4833. 8 EFPH) 

March 30 to April 14, 

1961 (6144.8 to 6171.3 

EFPH) 

DLCS 

Number 

15602 

35002 

35501 

35502 

15601 

15603 

34401 

15102 

15601 

27601 

36301 

37701 

14901 

14902 

15101 

15601 

15102 

15601 

30501 

14701 

14901 

14902 

15101 

15102 

15601 

35002 

I - 5 

Test Title 

Xenon Transient Tests 

FEDAL System {Operation During Plant 

Startup) 

Stearn Generator Test 

Stearn Generator Test 

Xenon Transient Tests 

Xenon Transient Tests 

Rapid Station Shutdown 

Determination of Coefficients of Reactivity 

Xenori Transient Tests 

Controlled Safety Test - Rod Withdrawal 

Transients 

Dynamic Response of Reactor Plant to Load 

Swings 

Effect of Stearn Generator Performance on 

Core Power Distribution 

Control Rod Position for Criticality 

Control Rod Position for Criticality 

Determination of Coefficients of Reactivity 

Xenon T"ransient Tests 

Determination of Coefficients of Reactivity 

Xenon Transient Tests 

Radiation Survey of the Reactor Vessel Head 

Determination of Reactor Coolant System 

Pressure Drop 

Control Rod Positio:t:l. for Criticality 

Control Rod Position for Criticality 

Determination of Coefficients of Reactivity 

Determination of Coefficients of Reactivity 

Xenon Transient Tests 

FEDAL System {Operation During Plant 

Start-up) 



TABLE 1-A (Cont'd) 

MAJOR TESTS PERFORMED DURING CORE I SEED 2 

Key 

Number 

9-10 

10-11 

11-12 

12-13 

13 

14 

Period 

April 14 to June 10, 

1961 (6171.3 to 7528.3 

EFPH) 

June 10 to July 4, 1961 

July 4 to July 16, 1961 

July 16 to· August 14, 

1 Y6l (7900. 7 EFPH) 

Augustl6, 1961 

Initial reactor criticality 

for Core I, Seed 3 on 

October 7, 1961 

Reactor Physics 

DLCS 

Number 

15102 

36201 

. 38801 

14801 

14901 

14902 

15003 

15101 

15601 

30501 

35002 

36201 

38802 

35002. 

36201 

16001 

Teat Title 

Determination of Coefficients of Reactivity 

Reactivity Lifetime Test 

Axial Flux Perturbation Test 

Control Rod Drive Mechanism Periodic Test 

Control Rod Position for Cr-iticality 

Control Rod Position for Criticality 

Calibration and Intercomparison of Control 

Rods 

Determination of Coefficients of Reactivity 

Xenon Transient Tests 

Radiation Survey of the Reactor Vessel Head 

FEDAL System (Operation During Plant 

Start-up) 

Reactivity Lifetime Test (75% Reactor Power) 

R:-~rlial Flu:M; Tilt Test 

}.'J::UAL System (O!Jt:!'d.Liuu Dul'ing Pla.nt 

St<l. rt-np) 

Reactivity Lifetime Test (50o/o Reactor 

Power) 

Start of Seed 2-3 Refueling 

Initial Approach to Criticality 

Periodic reactor physic.:s testing was conducted to provide information on the core operating 

characteristics as a function of core depletion. This type of information was necessary so that a 

comparison could be made between design and actual data. This comparison is then evaluated in 

order to improve analytical techniques used in developing future designs, Factors that are deter­

mined by this type of testing are temperatu~e and pressure coefficients of reac.:tivity, rod worth, 
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core symmetry, temperature defect and excess shutdown reactivity. Comparison of predicted core 

performance with data at full power with equilibrium xenon and samarium were employed more 

extensively for Seed II, whereas during Seed I, comparisons were made using the low power, xenon 

free, test results. Physics tests, in general, confirmed results obtained during Seed 1. During 

Seed 2 lifetime, a significant increase in the blanket reactivities was ·observed. Measurements also 

indicated that there was a general decrease in the negative temperature coefficient from -2.3 to 

-0. 8xlo-4 /°F during Seed 2 life. 

Example. 

DLCS 15601--Xenon Transient Test. 

The purpose of this test was to determine core reactivity as a function of existing xenon con­

centrations (equilibrium to maxirnum) throughout core life. 

Immediately after a rapid shutdown from full power operation, the critical controlling group 

rod heights and worths were measured by observing approximately four reactor periods at each 

fixed group height during the xenon transie~t. As the core reactivity changed due to the transient, 

the rod group height was changed as required to maintain reactor criticality. The reactor period 

was obtained by observing the time required for the compensated ion chamber current to increase 

by the factor of "e. 11 

The data from this test were used to determine the reactivity change between equilibrium and 

peak .x.t:mon conditions and thus obtain rod worth values. 

Plant Performance 

A number of plant performance type tests were performed at both steady-state and transient 

power conditions. The reactivity lifetime test (DLCS 36201) provided information on fuel depletion, 

the thermal performance of the core, and over-all plant performance when subjected to prolonged 

steady-state power operations. Relatively close agreement between analog simulation studies and 

actual load transient testing performed during Seed 1 decreased the need for periodic transient 

testing during Seed 2. 

Example. 

DLCS 363 01 - Dynamic R.espons e of Reactor Plant to Load Swings. 

The purpose of this test was to determine the actual operating characte:ristics of the reactor 

plant systems, when integrated with the turbine plant systems, as the station was subjected to load 

swings. 
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Stable station operating conditions were established prior to each load transient. All load 

transients were performed with reactor control in manual in order to evaluate the individual effects 

of temperature coefficient, rod motion, and pressurizer spray operation. High-speed recorder 

equipment w:as utilized to record the majorplant parameters that were affected by transient load 

conditions. 

The parameter changes recorded during actual load swing testing were then compared to the 

results of analog simulation studies. Since no major plant changes have been made since original 

construction of the plant, and the tempe:ratui:e coefficients of Seed 1 and Seed 2 were relatively the 

same, all load transient tests conducted to date produced similar plant responses. These transient 

responses were satisfactory in all respects. 

Radi"ation and Chemistry 

Numerous tests of this type were conducted to determine the quantity and composition of crud, 

radiation level changes in various portions of the plant, localluu u! hut ;pot.!l, crud trapo and other 

areas of preferential crud· deposition as a function of plant operating conditions, and core power 

history. Anoth·er area of investigation involved tests to determine the possibility of. t:ladlliug ue!ed:! 

in blanket fuel elements. 

Example. 

DLCS 35002 - FEDAL System (Operation During Plant Start-up). 

The purpose of this test was to determine if defective blanket fuel elements existed in the core 

locations previously found to have high levels of delayed neutron emitter activity. 

During station start-up, the FEDAL system reco:ruers were observed for any peaks in activity 

levels while .monitoring sample flow from a speclf1c olankE!t elemenl. (A significant pc.!!.l~:.-or 11burot" 

of activity level is indicative of a defective element.) 

All blanket.fuel elements were monitored at least once during Seed 2 operational ~:~ta:rt-ups. Two 

elements, J-5 and K-8, exhibited sytnptoms of defects during the test performance. Both of these 

blanket assemblies were removed during Seed 2 - Seed 3 refueling and further investigation revealed 

small (less than 5 mil) defects. 

Equipment Performance 

Various types of tests were performed on installed systems and components in order to verify 

initial satisfactory performanc.e, to investigate ·and evaluate equipment performance periodically, 

and to confirm the performance of modified equipment. Initial performance type tests were con­

ducted for the newly installed reactor plant cooldown and temperature control system and the data 

acquisition system. 
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Example. 

DLCS 12901 - Reactor Protection System 

The purpose of this test was to verify the trip point settings and response time of the power-to­

flow equipment. 

The proper operation and response time of the reactor protection system circuitry was tested by 

the application of simulated input signals. Response times were obtained by evaluating high-speed 

recorder tracings obtained from specific stages of the circuitry tested. A comparison of the test 

data with the previously obtained results and the design values provided assurance that the system 

would operate satisfactorily during power conditions. 
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CHAPTER 2 

NUCLEAR POWER STATION TRAINING PROGRAM 

Introduction 

In orde;r to provide personnel from interested organizations with an opportunity to acquire a 

thorough practical background in nu.clear power station operation and maintenance, a Nuclear Power 

Station Training Program complete with. facilities and staH was established at the Shippingport 

Atomic Power Station. This program was designed tO give supervisory persuruH:!l a !Jl'cLI.:l.il..d.l L<~.~..k­

ground in the particular fields of science and engineering not ~ormally associated with conventional 

fossil fuel. power stations, but which are essential to safe and efficient operation ui a uudt:c~.l· puwe1· 

station. The course also provides an opportunity for actual experience in operation, maintenance, 

h~alth physics, chemistry, and associated fields. 

The program, facilities, and staff were established originally to provide college graduates with 

all the· necessary qualifications and experience required for supervisory positions in nuclear plant 

·operation and maintenance. Due to subsequent limitations, however, the degree of operational 

training initially planned could not be provided. The amount of practical operations training is 

limited by the Shippingport Test Program and its demand for continued reactor full power operation~ 

Prerequisites and Application 

For admission to the course, students must be able to comprehend and speak the English 

ianguage fluently, and must have graduated from an accredited high school. They should have the 

following academic material well in mind by virtue of recent academic courses, review, or self 

study prior to entering the Program: 

1. Good basic understanding of electrical fundamentals. 

2. Basic understanding of electronics. 

3. Principles of high school physics. (Some knowledge of nuclear physics desirable) 

4. High school algebra and trigonometry. (Calculus desirable) 

5. High school or college chemistry. 

6. Ability to rea,d drawings, schematics, curves, and graphs. 

In addition, domestic students will normally be expected to have had approximately six months of 

reactor or critical facility operating experience. When exceptions are to be made, each case will 

pe judged on its individual merits. 
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Additional information on the Program may be obtained from the U. S. Atomic Energy Com­

mission, Division of Reactor Development, Education and Training Branch, Washington 25, D. C. 

Curriculum 

Each four-month tra~ning period is divided into three phases-general classroom training, 

specialized classroom training, and practical training: 

1. General Classroom Training - Four weeks of classroom time is devoted to general training 

in Systems, Components, and Operation; Chemistry, Radiochemistry, and Radiation Safety; 

Elements of PWR Physics and Control; and, Reactor Plant Instrumentation and Control. 

Each student, regardless of his specific interest, is required to take this training. Details 

in classroom training can be found in Reference 1. 

2. Specialized Classroom Training - During this phase of training, the class is divided into 

groups according to specific interest (i.e. Operations, Chemistry and Health Physics, In­

strumentation and Maintenance, or Test and Analysis). Each group meets separately with 

an instructor for a period of three weeks to cover specific details in their respective areas 

in preparation for the third phase of training. 

In the case of operational students, this period is primarily devoted to a detailed study of those 

systems involving reactor operation and control. Typical subject material is as follows: 

Lesson No. 

1-2 

3-4 

5-6-7 

8-9-10 

11-12-13 

14 

Subject 

Power Distribution 

Primary Plant Instrumentation 

"Nuclear Instrumentation System 

Rod Control System 

Reactor Protection System 

Plant Start- Up and Shutdown 

3. Practical Training - The third phase of training consists of approximately eight weeks of 

practical experience "in that phase of station operation in which each student is interested. 

Students interested in Maintenance, Instrumentation, and Test and Analysis work are 

assigned to the Shippingport Station ma.lntenance, instrument, and testdepartments, respec-· 

tively, to follow the work being done in these departments at the time. The daily curriculum 

for operating students is largely governed by plant operatlons and testing. The basic purpose 

is to give each student as much operating experience as possible while operating the plant 

at power. In general terms, the daily schedule includes: 

a. Two hours of classroom instruction in one of the following subjects: 

. (1) Primary Plant Fluid Systems 

(2) Pri;mary Plant Instrumentation Sys tern 
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(3) Primary Control System 

(4) Primary Plant Systems Operating Procedures 

(5) Casualty and Emergency Operation 

(6) l\Tuclear Instrumentation System Alignment and Test Set Operation 

(7) Pre-critical Check-off List (walk through check-off list) 

(8) Review of those subjects covered during previous academic and p1·actical training 

sessluw:.. 

b. One-hour station tour to supplement the lecture. 

c. One hour at the reactu1· console for each student. 

d. Four ho11rs for study, individual discussions with instructor, or participation in any 

plant operation as directed by the Station Op~::rating Engineer. 

Two days ~::ach are sp~nt in Chemistry, Radioactive Waste Disposal, and Health Physics to 

allow the operating students time to observe the operations of these departments. 

In this third phase, the station is made available specifically for training. Each student will 

act :l.S the reactor operator and perform all reactor and reactor console operations associated 

with the hot start-up and shutdown procedures during a full shift. At the beginning of each 

shift the station will be in a hot shutdown condition. The students will perform Part Z of 

Pre-critical Check List S-R3 {lastest issue). and align two NIS channels. Prior to criticality, 

the students who are not operating the reactor will determine reactor xenon conditions and 

maximum permissibie power levels, and perform those Steps o! the Pre"'cl"itical Clu~ck List 

which are necessary for safe station operations. 

The student will then start-up the reactor and station. The station will then be loaded to 

approximately 35 MW gross electrical, held at load for 1/2 hour or more, and then shut 

down prior to the end of the shift to establish hot shutdown conditions for the next shift. If 

time permits, additional training in the form of co:Q.trol rod transfers and criticality attain­

ment should be carried out. during the shift. 

Upon completion of these three phases of training, all students return for a one-week review 

prior to final written and oral examinations and graduation. 

Training During Seed 2 

Three groups of students, designated as Classes 3, 4 and 5, completed this training program 

during the period of Seed 2 operations. A summary of these classes in terms of areas of interest, 

sponsoring organizations, and dates is presented in Tables I-B, I-C, and I-D. The fact that certain 

sponsoring groups repeatedly send students to this program attests to its success. 
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Class 6 

Inasmuch as the Seed 2 - Seed 3 refueling program was scheduled for the summer and fall of 

1961, and the period belween the end of the refueling program and the holiday season would not per­

mit the completion of a class, Class No. 6 is planned for January 8, 1962. Thirteen students re­

presenting the Philadelphia Electric Company and the governments of the United Kingdom and Japan 

have been accepted for attendance. Present planning indicates that this class will be in session until 

May, 1962, and will be conductec:i in the same manner as Class Nos. 4 and 5. 

Summary 

Nine domestic organizations and eight fqreign governments have thus far been represented, in 

the five Nuclear Power Station Training Program classes held during the period February 9, 1959, 

to May 17, 1961. Sixty-seven operations students, 11 chemistry and health physics students, and 

2 maintenance students have completed the program, 
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TABLE I-B 

COMPOSITION OF FIRST FIVE NUCLEAR POWER STATION TRAINING PROGRAM CLASSES 

No. 1 No.2 No. 3 No. 4 No.5 

Starting date Feb. 9, 1959 July 13, 1959 April4, 1960 Aug. 8, 1960 Jan. 16, 1961 

Ending date July 2, 1959 Oct. 30, 1959 July 28, 1960 Nov.23,1960 Mayl7, 1961 

Operations students 17 8 15 15 12 

Chemistry students z 1 

Health Physics students 1 2 1 

Maint.enance students. 1 

Totals 20 12 18 16 14 

TABLE I-C 

DOMESTIC ORGANIZATIONS REPRESENTED IN THE NUCLEAR POWER 

STATION TRAINING PROGRAM 

No. 1 No. ·2 No. 3 No. 4 No. 5 

American Electric Power Service Corporation 1 

Consolidated Edison Company of New York, Inc. 5 2 11· 11 

Northern States Power Company 1 

Philadelphia Electric Company 2 1 

Power Reactor Development Company 2 2 

Rural Cooperative Power Association 

Saxton Nuclear Experimental Corporation 1 

Wentworth Institute -

Yankee Atomic Electric Company 3 1 

Totals 16 7 12 11 

I - 14 
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2 

80 

To Date 
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29 

2 
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1 

1 

1 
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TABLE I-D 

FOREIGN GOVERNMENTS AND ORGANIZATIONS REPRESENTED IN THE 

NUCLEAR POWER STATION TRAINING PROGRAM 

No. 1 No. 2 No. 3 No. 4 No. 5 

Belgium 

Centre d 1Etude de 1 1 Energie Nucleaire 2 

Formosa 

Taiwan Power Company 

India 

Atomic Energy Establishment 1 

Italy 

Centro Autonomo Militare Energia Nucleare 1 

Societa Elettronucleare Nazionale 1 

Japan 

Chubu Electric Power Company 1 

Chugoku Electric Power Company 1 

'Karrsai Electric Power Compa11y 1 .:. 

Kyushu Electric Power Company 1 1 

Tokyo Electric Power Company 1 

Sweden 

Swedish State Power Board 

Switzerland 

Atomelectra, Ltd. 1 

United Kingdom 

Rolls-Royc:e and Associates, Ltd. 3 4 6 

Vickers-Armstrongs, Ltd. 5 

Totals 4 5 6 5 14 

REFERENCES 

To Date 

2 

1 

1 

1 

1 

2 

2 

1 

1 

1 

13 

6 

34 

1. J. E. Gray, W. H. Hamilton, and W. E. Wynne, eds., "Shippingport Operations; From 

Start-up to First Refueling December 1957 to October 1959, 11 DLCS-364. 
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CHAPTER 3 

CHRONOLOG'f 

Introduction 

The operation of the stat~on during PWR Core I Seed 2 life is described in the day-by-day 

chronology which follows. All information has been taken from the station records and is presenled 

in abbreviated form. Outstanding daily operation, maintenance, and testing activities are listed, 

along with the time and cause of every safety shutdown. Figure I-2 shows net generated output and 

reactor plant temperature for each month, the equivalent full power hours at'key points, and the 

time and date of every safety shutdown (scram). 

In this summary station output is often expressed in gross electrical megawatts as well as per­

cent of reactor power. Since the gross electrical output is influenced by-eonditions such as boiler 

feedwater heater outages, diinatic river temperature changes, and the number o± reactor coolant 

loops in service, the term percent reactor power is more meaningful in describing reactor opera­

tion. In general, station output was varied to maintain the reactor at 100 percent power during 

Core I Seed 2 lifetime. Operating the reactor at 100 percent power ·is equivalent to 231 megawatts 

thermal output; normally this corresponds to 67 MW gross elEictrical at 60 MW net electrical output. 

The term equivalent full power hour (EFPH) is also used and is defined as operation of the reactor 

at 100 percent power for one hour or the equivalent thereof. 

The period covered in this chronology is from reactor pre-critical preparations on April 12, 

1960 to the plant cooldown for the start of Core I Seed 3 refueling operations on August 16, 1961. 

APRIL, i960 

. Apr. 12 

Apr. 13-18 

Apr. 19 

Performeu initial approach to criticality test with the plant at 135°F . 

Reactor critical for first time on Core I Seed 2 at 8:06 P.M. 

Station remained shut down for testing. lA, 1 C, and 1 D loops were in 

service at 135°F and 450 psig with modified core removal cooling in service 

to maintain plant temperature for testing. LB loop remained isolated for 

heat exchanger repairs. The following tests were performed during this 

period: 

a) Calibration and intercomparison of control rods. 

b) Operational investigation of nuclear instrumentation. 

c) Control rod positions for criticality. 

d) R'eactor protection system operation. 

Increased plant temperature lu 2000F. with lA, lC, and lD reactor coolant 

pumps in slow speed for determination of coefficients of reactivity toest. 
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Apr. 20-21 

Apr. 22 

Apr. 23-24 

Apr. 25 

Apr. 26 

Apr. 27-30 

Apr. 29 

MAY, 1960 

May 1 

May 2 

May 3 

Performed reactor protection system response test and periodic calibration 

of pressure instrumentation test. 

During a hydrostatic test of lB loop at 2750 psig following repairs to lB heat 

exchanger, a small leak was detected at the reactor coolant pump gasket. 

The loop was isolated to inspect the pump gasket. 

Vented reactor vessel d/p cells; performed reactor plant container integrity 

test and lD reactor coolant pump operational test. 

Reactor taken critical for plant heat-up to 450°F. The 1 A, 1 C, and 1 D 

reactor coolant pumps were then placed in fast speed to heat up plant to 5200F 

for determination of coefficients of reactivity test. 

At 9:30 P.M. four "'c~.feLy insertions occurred due to a faulty log microam­

meter in the nuclear instrumentation system. It was necessary to replace 

the log microammeter to correct the condition. 

Plant at 500°F and 1800 psig. Performed the following tests: 

a) Control rod positions for criticality. 

b) Operational investigation of nuclear instrumentation. 

c) Periodic calibration of pressure instrumentation. 

d) Intercalibration of temperature sensing elements. 

e) Periodic reactor plant leak rate. 

f) Control rod mechanisms precritical check. 

g) Reactor protection system. 

h) Reactor pressure drop and coolant flow characteristics. 

lD loop was isolated and cooled down for steam valve repairs. 

Plant at 5000F with lA and 1 C loops in service. Performed successful 

hydrostatic tests on the lB loop at 2750 psig after replacing the coolant pump 

gasket and on the lD steam drum and header at 1155 psig following repairs 

to steam valves. 

Using the turbine as a heat sink, lA and 1 C loops were cooled to 235°F to 

match 1 B and 1 D loop temperatures. lB and 1 D loops were then retur1;ed to 

service. 

Reactor taken critical to heat-up plant from 235 to 500°F with lA, lB, lC, 

and lD loops in service. 
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May4 

May 5 

May 6 

May 7 

May 8-11 

May 12 

May 13-14 

May 15 

·Performed the following tests: 

a) Determination of reactor coolant system pressure drop. 

b) Reactor protection system. 

c) Flow distribution across the core. 

d) Failed element detection and location system check-out. 

e) lD reactor coolant pump operational check . 

. R.P.a.ctor critical at 9:02 A.M.; turbine brought .to synchronous speed for 

annual overspeed trip insurance inspection. After several adjustments tu 

the overspeed trip mechanism the turbine tripped at 1950 rpm. 

Powt:r operation for PWR Core I Seed 2 started when the main generator 

breaker was closed at 2:55 A.M. The station operated with all four reactor 

coolant loops in servi~e. 

At 10:51 P.M., the first safety shutdown occurred while the shift reactor 

engineer was adjusting. nuclear instrumentation power amplifier gain settings 

to equate the reactor power level indicated by the nuclear instrumentation to 

the measured thermal output of the reactor. The test current signal on 

Channel D was inadvertently increased beyond 118% which was sufficient to 

energize the safety shutdown relays. A review of the adjustment procedure 

was discussed with all operating personnel to avoid a similar incirlent in the 

future. 

Reactor taken critical; generator synchronized. at 1 :51 A.M.; station load 

increased to 100 percent re·actor power for a 150-hour period of steady-state 

operation tests. 

Station operated at 100 percent reactor power and the .following tests were 

performed: 

a) Reactivity lifetime. 

b) Reactor pressure dJ::op and coolant flow characteristics. 

c) FEDAL system. 

d) Periodic reactor plant leak rate. 

Perforrn.ed rapid station shutdown at 9:45 P.M. in preparation for oOahour 

xenon transient test. lD reactor coolant pump was shut down for testing; 

lD lo,op stop valves remained open. 

. Performed xenon transient test. 

Generator was synchronized at 5:13 P.M. and station load was varied for 

reactor coolant fission product activity test and reactor pressure drop 

coolant flow characteristics test. Reactor coolant loops lA, lB, and 1 C 

were in service. with 1 D loop stop valves open and 1 D pump shut down for 

testing. 
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May 16 

May 17-21 

May 22 

May 23-31 

JUNE, 1960 

June 1··9 

June 10 

June 11-12 

June 13 

June 14 

Station load was increased to 100 percent reactor power using only one boiler 

feed pump to carry full load for an operational·test of the pump. After 

.establishing that one boiler feed pump could carry full load without difficUlty. 

the second boiler feed pump was placed in service in accordaO'ce with ap­

proved operating procedure·s·. 

Station operated at full load for reactivity lifetime test. 

At 8:41 A.M. , completed successful weekly test of turbine solenoid. and 

simulated over speed throttle trips. At 8:42 A.M.,· turbine throttles closed 

due to failure of the manual latch to engage at completion of testing. Reactor 

coolant system temperature and pressure were maintained within operating 

limits by inserting control rods and by operation of the decay heat relief 

valve. When the ma~n generator :breaker was manually opened, the auto­

ma.tic 2400 v bu.:; lrcui~:~.fer resulted ln. momentary loss of power to the lA 

and 1 C reactor coolant pumps causing a normal loop status safety shutdown. 

Reactor taken critical; generator synchronized· at 12:58 P.M.; station load 

increased to 100 percent reactor pc;>wer. 

Station operated at 100 percent reactor power for reactivity lifetime test. 

Station operated at 100 percent reactor power with lA, lB, and lC reactor 

coolant loops in service. lD loop stop valves were open to the reactor and 

the 1 D reactor coolant pump was shut down for testing. 

Performed a rapid station shutdown at 6:15 P.M. in preparation· for xenon 

transient test. 

Performed'xenon transient test .. 

Completed xenon transient test and reduced plant pressure to 1200 psig for 

radiation survey of reactor vessel head. 

Reactor taken critical. As a prerequisite for load drop tests the main unit 

turbine overspeed trip setting was checked twice .at 1990 rpm. 

Generator synchronized at 7:10 A.M.; station load varied to meet Duquesne 

Light Company System demand, 

Load drop tests started at 7:25 p; M. For this test, reaCtor power levels of 

25, 50, 75, and 95 percent were established, After a short stabilization 

period, the main generator breaker was tripped to reduce gene·rator output 

'to zero. Data was obtained on the resulting transient on reactor and turbine 

plant systems. All systems responded smoothly and. within operating 

limitations. 
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June 15-19 

June 15 

June 19 

June 20 

June 22 

June 23 

After completing load drop tests at 9:20 P.M. the reactor was shut down 

for periodic control rod drive mechanism test .. 

Station shut down for the following tests: 

a) Flow distribution ac:ross the core. 

b) Valve operating system performance. 

c) Intercalibration of temperature sensing elements. 

d) FEDAL s ys tern. 

e) Primary self-actuated relief valve operation. 

At 10:44 A.M., lD reactor coolant pump was returnP.rl to service. 

At 11:00 A.M., lD rea<.:lur coolant pump was tripped by the overcurrent 

relay during pump start-up for the performance of a flow coastdown test. 

The pump was satisfactorily started several times and operated until 8:00 

P.M. when the pump was again tripped by the overcurrent relay. lD pump 

was removed from service penr.ling further investigation of pump trips. 

Using the main turbine as a heat sink, the r·eacto1· plant temperature and 

pressure were reduced to 200°F and 500 psig in preparation for control rod 

drive mechanism No. 12 stator water jacket assembly replacement. (On 

May 4, 1960·, during the performance of the control rod latching procedure, 

an electrical ground was detected on rod drive mechanism No. 12. Because 

of the ground, periodic resistance measurements were taken Lu gr·ow1d. On 

June 20, 1960, because of ve.ry low resistance to ground from its stator 

windings a decision was made to replace the stator-water jacket assembly 

of rod drive mechanism No. 12.) 

At 8:22 P.M., lD reactor coolant pump was started to obtain dala un lls 

characteristics. During the test lD pump was tripped by a phase over­

current relay on five successive attempts to restart the pump in acco:rr.lanr.e 

with the test procedure. 

At 10:54 P.M., lD loop was isolated to investigate cause of pump failure 

to start. 

Reactor critical at 3:00A.M. to increase plant temperature from 200 to 

500°F. 

At 3:32A.M., a safety shutdown occurred due to low coolant pressure 

which resulted from overcorrection of a high-pressure condition caused by 

a rapi!i plant heat-up. Reactor critical at 5:00A.M. to continue plant 

heat-up. 
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June 24 

June 25 

June 26-30 

JULY, 1960 · 

July 1 

July 2-8 

July 7-8 

At 5:55 P.M., another safety shutdown occurred when an instrument techni­

cian inadvertently removed a lead from 1 C Th receiver indicator sensing 

element during resistance-readings of a spare transducer. Reactor critical 

at 7:40 P.M.; generator synchronized at 8:45 P.M. and load increased for 

testing. 

At 6:20 P.M. , while increasing load to 100 percent power, a safety insertion 

signal was received, followed at 6:24 P.M. by a safety shutdown during the 

investigation of the insertion. Both insertion and shutdown were caused by 

possible drift and changes in the settings of reactor protection system mag­

amps. For more information, refer to the discussion of mag-amps given in 

Part IV, Chapter 1 of this report. 

Reactor taken critical; generator synchronized at 5:58 P.M. and load in­

creased to 100 pP.rr.P.nt. pnwPr. 

Station load varied due to network current limitations resulting from con­

struction work being performed on the Duquesne Light Company 138 KV 

(Z-28) transmission system. 

Station operated at 100 percent reactOr power with lA, lB, and lC reactor 

coolant loops in service. lD loop remained isolated for investigation of ID 

pump trip5. · 

At 6:38 P.M. , following the successful weekly performance of the weekly 

main turbine simulated overspeed trip test, the throttle valves tripped with­

out apparent cause. Control rods were inserted and the decay heat relief 

valve was opened to compensate for ·the sudden load drop. A safety shut­

down did not occur because all station electrical power was 'transferred frQm 

station service to the Duquesne Light System prior to performing the simu­

lated ov~rspeed trip test. 

After four unsuccessful attempts the throttle valves were finally latched with­

out corrective maintenance and the turbine brought to synchronous speed. 

Simulated overspeed trip test was again performed successfully but this time 

the latch mechanism held; generator synchronized at 7:14 P.M. and load in­

creased to 100 percent reactor power. 

Station operated at full reactor power for testing. 

Load varied because generator power factor and voltage were approaching 

high limits due to a 138 KV transmission line being out of service for con­

struction 'work. 
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July 9 

July I 0 

/ 

JulY' 11-1·6 

July 17 

July 18 

July 19-31 

July 23 

July 24 

July 28 

AUGUST, 1960 

Aug. 1-5 

Aug. 3 

Aug. 5 

Reduced load to 15 percent and performed successful weekly main turbine 

trip test; however, at 4:45P.M. the throttle valves tripped when the latch 

mechanism failed to engage. 

Plant temperature was reduced to 200°F using the main turbine as a heat 

sink for maintenance work on steam valves, . 

R~actor taken critical; plant temperature increased to 500°F and st~ti~n 
operated from 12:29 P.M. to 6:11P.M. at 100 percent reactor power for 

D~quesne Light Company System demand. 

:plant used to train the students in the Nuclear Power Station Training Pro­

gram in !"l;!i!,c;:tQr start-up and power operation. 

Plant temperature reduced to 200°F to permit returning 1 D reactor coolant 

'loop to service. 

Reactor criticaJ to increase lA, lB, lC, and lD loop temperatures to 500°1'". 

·lB coolant pump was then shut down with lB loop stop valves open to permit 

3-loop·power operation as re::quired for steam generator performance test. 

Generator synchroni:t.t:u at 9:20A.M.: and load increased for testing. Be,. 

cause of excessive tube leakage, lA feedwater heater was removed from 

service for inspection and tube replacement. 

Station load va:dedfor steam generator performance test. 

lB and lC feedwater heaters isolated due to excessive tube leakage in lB 

heater. 

lB and 1 C feedwater heaters returned to service after plugging l.B hea.te1' 

leaking tubes. 

At 11:17 P.M. , a safety shutdown. occurred during adjustment of the nuclear 

instrumentation power amplifier gain s'ettings. 

Station operated with lA, lB, and lD loops in service with lB loop stop 

valves open and lB p:Ump shut down. lA feedwater heater remained h;olated 

for tube replacement. Station load was varied for steam g.enerator tests. 

Completed steam generator performance test. 

Station shut down at 12:33 A.M. in preparation for :returning I B coolant 

pump to service. lB pump was placed in service and reactor taken· critical; 

generator synchronized at 4:36A.M. and reactor load increased to 100 

percent. 
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Aug. 6-12 

Aug. 1.3 

Aug. 14 

Aug, 15 

Aug. 16-17 

Aug. 18 

Aug. 19 

Aug. 2.0-31 

SEPTEMBER, 1960 

Sept. 1-12 

Sept. 6 

Sept. 7 

Sept. 9 

Sept. 12 

Sept. 13-17 

Station load varied for determination of temperature coefficient· test; varia­

tion limited by construction work on 138 KV transmission line (Z-28). Con­

struction work on the line was completed August 11. 

Performed rapid station shutdown at 8:24A.M. in preparation for xenon 

transient test. 

At 10:15 A.M.,. lB loop was removed from service to repair a leak in the 

valve operating system 3-way selector valve for the lB loop main hydraulic 

valves. 

Performed xenon transient test. 

lB loop returned· to service at 12:47 A.M.; reactor taken critical; gene·rator 

synchronized at 7:02A.M. and load increased to 100 percent reactor power. 

Station operated at full load for reactivity lifetime test. 

Performed rapid station shutdown at 4:02 P.M. in preparation for xenon 

transient test. 

Generator syn~hronized at 12:39 A.M. and station load increased to 100 

percent reactor power. 

Station operated at full load for reactivity lifetime. FEDAL system, and 

reactor pressure drop and coolant flow characteristics tests. 

Station operated at 100 percent reactor power with lA, lB, 1 C, and ·10 lool?.s 

in. service. lA feedwater heater remained isolated for tUbe replacement. 

lB and 1 C feedwater heaters isolated because of badly leaking chemical 

cleaning connection valve on lB heater. 

lB and 1 C feedwater heaters returned to service after replacing chemical , ., 

cleaning 'connection vaive on lB heater. 

R·eached-design lifetime blanket at 8000 EFPH., 

Perform'ed rapid station shutdown at 12:30 A.M. in preparation for xenon 
;/ . 

transient test. lA loop was isolated at 1:15 A.M .. and cooled to 200°F to 

per~it:,maintenance on steam valves . 

. Station shut down for maintenance and testing. 
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Sept. 13 

Sept. 14 

Sept. 15 

Sept. 16 

Sept. 17 

Sept. 18-30 

Sept. 18 

Sept. 22 

Sept. 23-24 

Sept. 25 

Sept. 27 

At 10:03 A.M., a safety shutdown occurred when an instrument man acci­

dentally disconnected the lead of a Th_ receiver indicator. 

Plant temperature reduced to 200°F to permit maintenance on steam valves. 

lA boiler was drained and steam drum opened for vender's inspection. 

lA loop retur·ned to service and boiler successfully leak tested. 

Reactor critical for plant heat-up to 500°F. 

With the reactor critical and lA, lB, lC, and lD loops in service at 500°F, 

a controlled safety test was performed. The purpose of the test was to ob­

tain data on the dynamic response of the reactor plant to various control 

rod withdrawal transients. The. plant and all safety devices operated 

properly. 

Station load varied for testing. 

At 3:48A.M., with all control rods at a height of onP. inch for connection 

and calibration of special test instrumentation, a safety shutdown occurrP.r:l. 

A technician working on the 1 C loop Th receiver erroneously disconnected 

the wires for the lB loop Th receiver; hence, when the 1 C loop Th instru­

ment was calibrated, a scram ensued .. The reactor was taken critical and 

the generator synchroniz_ed at 11:49 A.M. for another controlled safety test. 

Station shutdown at 8:03 P.M. for calibration of temperature sensing ele­

ments test. 

Performed reacto_r protec;:tiOJ?- systen1 titue response test tu mea~;ure delay 

time from loss of coolant pump power to opening of safety shutdown breaker. 

Reactor taken critical, generator synchronized at 3:31 P.M. , . and load 

varied for testing. 

At 3:45 P.M., a safety shutdown, due to a faulty microswitch on the Tavg 

receiver indicator, ?ccr.ur~d when reactor power reached 50 percent. The 

micr.oswitch, part of rod drop circuitry, was set for 490°F; however, it 

was faulty a.tld was maldng contact with th~ average temperature at 500°F .. 

Thus the shutdown occurred when reactor power reached 50 percent power. 

~he s_witc.h, was r~pair,ed, re':l-ctor taken critical, generator synchronized . 

at 6:53 P.M., and load varied for testing. 

At 4:32P.M. with the station operating at approximately 100 percent power, 

the 1 A loop was remo_ved from servic~ and cooled down in preparation for 

insta.Ua.tion of special boiler instrumentation. 
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OCTOBER, 1960 

Oct. 1-13 

Oct. 13 

Oct; 14-15 

Oct. 16-24 

Oct. 17 

Oct. 24 

/ 

Oct. 25 

Oct. 26 

Oct. 27 

Oct. 28-31 

At this time the steaming level of 1 D boiler during three-loop operation was 

established at +3. 5 inches to minimize circulation difficulties believed to be 

existing in this type boiler. 

Station operated at 100 percent reactor power with lB, lC, and lD loops in 

service. lA loop was isolated for calibration of d/p cells and steam drum 

modifications for steam generator performance tests. lA feedwater heater 

remained isolated for tube replacement. 

Station was shutdown at 12:34 A.M. to return 1A loop to service. After re­

turning 1A loop to service at 1:56 A.M., the 1B coolant pump was shut down. 

Steaming levels of 1 A and 1 D boilers were maintained at +3. 5 inches for 

steam generator performance test. 

Station load varied for steam generator performance test. 

Station load maintained at 100 percent power for testing. 

lB loop isolated and cooled down for calibration of d/p cells. 

Station shut down at 12:16 A.M. and lB loop returned to service. 

1B and 1 C feedwater heaters isolated because of excessive tube leakage in 

lB heater. 

Generator synchronized at 9:39P.M. with 1A, lB, lC, and 1D loops in 

service; load varied for testing. 

With the station operating at approximately 20 percent power, 1 B main 

steam stop valve was closed at 7:22 P.M. and 1 C main steam stop valve 

closed at 11:23 P.M. for core power distribution tests. 

Station shut down at 7:56 P.M. in preparation for training. lA loop was 

isolated and cooled down for additional steam drum modifications and d/p 

cell repairs. 

lB and lC feedwater heaters returned to service after plugging leaking 

tubes in lB heater. 

Plant used to train the students in the Nuclear .Power Station Training Pro­

gram in reactor start-up and power operation. 
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NOVEMBER, 1960 

Nov. 1-2· 

Nov. 2 

Nov. 3-25 

Nov. 6 

Nov. 8 

Nov. 10 

·Nov. 23 

Nov. 25 

Nov. 26-30 

Nov. 26 

Nov. 28 

Nov. 29 

Nov. 30 

Station operated With lB, 1 G, and lD loops in service for reactor start-up 

and power operation training required of students in the Nuclear Power Sta­

tion Training Program. lA loop was, isolated for additional steam drum 

modifications and d/p cell repairs. lA feedwater heater remained isolated 

for tube replac.ement. 

Generator synchronized at 12:57 P.M. and load increased for te·sting. 

Station operated at 100 perc~nt power for reactivity lifetime test. 

Station shut down at 12:45 A.M. to return lA loop to service. Generator 

synchronized at 6:15 A.M. and load increased for testing. 

lD coolat~t pump was shut down at 1:48 A.M. for testing. 

lD loop was isolated at 4:00 P.M. and cooled down for steam drum modi­

fications and calibration of d/ p cells.' 

·Performed successful leak test on lD si:earn drurri at 1150 psig. 

Performed rapid station shut down in preparation for xenon transient test. 

Station shut down for maint~nance and tes,ting. 

lB and 1 C feedwater heaters again isolated due to excessive tube leakage 

in 1 B heater. 

Performed control rod positions fu~· o·iticality teat, 

Plant temperature reduced to 135°F for maintenance and inspec~on of all 

steam drums and flash, blow-off, and gravity drain tanks. 

lB and 1 C feedwater heate'rs returned to service after plugging leaking 

tubes in lB heater. 

lB boiler feed pump (rated at 2300 volts)·was satisfactorily operated with. 

power supplied from the 23 KV em~rgency power transformer as a: test of 

this method of .operating the pump for safety injection purposes during a 

loss of normal station AC power. 
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DECEMBER, 1960 

Dec. 1-5 

Dec .. 1 

Dec. 2 

Dec. 3 

Dec. 4 

Dec. 5 

Dec. 6 

Dec. 7 

DE'lc. 8-31 

Dec. 25-26 

Dec. 31 

Station remained shut down for maintenance and .testing. lA feedwater 

heater remained isolated .for tube replacement. 

Plant at 1 700F and 400 psig. · lD loop returned to service following com­

pletion of steam drum modifications and calibration of d/p cells. 

Leak tested all steam drums satisfactorily at 1150 psig, Performed control 

rod positions for criticality test and reactor plant container air cooling sys­

tem 48-inch butterfly valve leak test. 

Plant pressure varied between 250 psig and 2000 psig for periodic calibra­

tion of pressure instrumentation test. The reactor plant cooldown and 

temperature control system was placed in service to maintain temperature 

at 200°F, 

Started plant heat-up with reactor critical for temperature coefficient of 

reactivity tests. 

Plant temperature 500°F; temperature coefficients of reactivity test com­

pleted. 

Reactor taken critical; generator synchronized at 2:12 A.M. with all four 

loops ~n service: loan inrro:-ased for t~sting, 

Because of suspected leakage in lA loop heat exchanger ·the lA loop was 

isolated and cooled down in preparation for heat exchanger tube sheet in­

spection and leak testing. 

At 11 :4 7 A.M. , safety shutdown occurred when a faulty amplifier on 1 D 

loop hydraulic valve position indicator initiated a "valve drift" signal caus­

ing a loop status safety shutdown. 

After repairing the valve position indicator amplifier the reactor was taken 

critical, generato.r synchronized at 5:26 P.M., and load increased for testing. 

Station operated at 100 percent reactor power with lB, lC, and lD loops in.· 

service for power operation and reactivity lifetime test. 

Station load reduced to 30 MW (net) to meet requirements of Duquesne Light 

System load schedule. 

At 9:42 A.M. , a safety insertion occurred during operation of the reactor 

protection system test set when the' test selector switch was accidently 

moved from the "test" to "operate" position while Channel D of the nuClear 

instrumentation system was set at 114 percent by the test signal circuit. 
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JANUARY, 1961 

Jan. 1-27 

Jan. 6 

Jan. 22 

Jan, 24 

Jan. 28 

Jan. 29-31 

Jan, 29 

Jan. 30 

Jan. 31 

Generator load was reduced to approximately 80 percent reactor power to 

maintain average coolant temperature at 500°F. After conditions stabilized, 

station was returned to 100 percent reactor power to continue testing. 

Station operated at 100 percent reactor power with lB, lC, and lD loops in 

service for· power operation reactivity lifetime test. lA loop was isolated 

to investigate primary-to-secondary leakage in the lA heat exchanger. 

Load reduced to 90 percent reactor power during cleaning of main unit tur­

binP. c:ondenser tubes. 

Load reduced to isolate lB and 1 C feedwater heater due to excessive tube 

leakage. Following the removal o{the heaters, load was increased to 100 

percent reactor power. 

lB and 1 C feedwater heaters returned to service after plugging leaking tube~; 

in lB heater and load increased to 100 percent reactor power. 

Performed rapid station shutdown at 5:06 P.M. <~.s per test procedure; how­

ever, during the shutdown, average coolant temperature continued to in­

crease although the decay heat relief valve had been opened and control rods 

were being manually inserted. A safety shutdown·occurred when Th reached 

522°F. The cause of the scram was due tu a combination of low rod worth 

in the area of the controlling group and the diminished effect of the negative 

temperature coefficient. 

Station shut down for maintenance and testing. 

Performed xenon transient test. 

Reduced plant pressure to 1200 psig fur a radiation survey of the reactor 

vessel head. At 5:22 P.M., a fire was reported on the reactor vessel head. 

The cause of this fire was smoldering anti-contamination clothing which had 

been used by radiation survey personnel for insulation on two refueling po.rts. 

During the fire No. 53 rod drive mechanism temperature increased to 2000F, 

but decreased to normal (90°F) after the fire was extinguished at 5:45 P.M. 

An extensive investigation for· Uu~ extent of dan"lage to power and control 

cables in the vicinity of the fire was conducted. 

Replaced thermocouple on rod drive mechanism No. 53 because a resistance 

check of the old thermocouple showed erratic readings. Performed periodic 

control rod drive mechanism test. 
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FEBRUARY, 1961 

Feb. 1 

Feb. 2 

Feb. 3 

Feb. 4-18 

Feb. 17 

Feb. 19 

Feb. 20-28 

Feb. 21 
I 

Feb. 23 

MARCH, 1961 

Mar. 1-29 

Station remained shut down for maintenance and testing. lB, lC, and lD 

loops were in service with lA loop isolated for heat exchanger leak test. 

lA feedwater heater was made available for service after replacing all tubes. 

Main turbine trip mechanism was inspected to determine the cause of un­

reliability of the relatch mechanism under load. The 1 B loop was isolated 

and cooled down for steam valve maintenance. 

CompletP.cl pedodic control rod drive mechanism test. 

lB loop returned to service, reactor taken critical, and main turbine over­

speed trip checked at 1940 RPM for annual insurance inspection. Generator 

synchronized at 11 ;12 P.M. and load increased for testing. 

Station operated at 100 percent reactor power with 1 B, 1 C, and 1 D loops and 

lA, lB, and 1 C feedwater heaters in service for reactivity lifetime test. 

Station load reduced to 90 percent reactor power to isolate lB and 1 C feed­

water heaters because of leakage around 1 Cheater head gasket. 

The head gasket was replaced, both heaters returned to service, and load 

increased to 100 percent power. 

Station shut down at 12:38 A.M. to return lA loop to service after heat ex­

changer repairs and leak testing were completed. lD coolant pump thermo-. 

couple was also replaced because of improper indic,ation. Generator syn­

chronized at 2:47 P.M. and load increased for testing. 

Station operated at 100 percent power for power production and reactivity 

lifetime test except during the time it was necessary to reduce load to isolate 

lB and 1 C feedwater heaters. 

Load was reduced to 90 percent to again isolate lB and lC feedwater heaters 

to repair leaking 1 Cheater head gasket. 

Leakage in 1 B feedwater heater was 1 7. 5 gpm as determined during the leak 

test of the heaters following 1 Cheater repairs. lB and 1 C feedwater heaters 

were returned to se:rvi.ce and load increased to 100 percent power. 

Station operated at 100 percent power for power production and reactivity 

lifetime test. All four reactor coolant loops including 1 AC and 1 BD purifica­

tion loops were in service. Because of coolant leakage through air operated 

charging valves, first detected by a pressu;re build-up equal to plant 
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Mar. 30 

Mar. 31 

APRIL, 1961 

Apr. 1 

Apr. 2 

Apr. 3 

Apr. 4-5 

Apr. 6 

operating pressure on the charging pump discharge piping, reactor plant 

charging was limited through on·e purification loop during .the month. until 

repairs could be made to both charging valves, one at a tiine. By the .end 

of the month both lAC and lBD charging system air operated globe valves 

were repaired; special leak tests performed on the valves indicated that the 

repairs were satisfactory. 

Performed rapid station shutdown at 4:03 P.M. in preparation for xenon 

transient test. At 7:32 P.M., all control rods were fully withdrawn, unable 

to override xenon. 

At 10:00 A.M. with all control rods fully withdrawn the reactor was again 

critical for xenon tranl::iitmt test. 

Station remained shut down for testing. · lA, 1 B, and 1 D loops were in serv'­

ice with 1 C loop stop valves and 1 C pump shut down. 1 B and 1 C feedwater 

heaters were isolated due to 45 gpm leakage in lB heater. The xenon 

transient test was· completed and 1 C coolant pump returned to servi~~. 

Performed radiation survey of reactor vessel head and calibration of 

temperature sensing elements tests. 

A test of the reactor plant cooldown and temperature control system was 

performed; however, l:he system. did not operate as. designed. 

Started plant cooldown using main turbine as heat s·ink in P':"epaT.ation for 

maintenance and operational training. 

Plant at 180°F and 400 psig. Performed radiation survey 100 hours after 

station shutdown. 

With the plant. at 180°F and 400 psig and the reactor shut down, the following 

emergency drills were perfc;>rmed by each shift: 

a) Loss of normal and all AC power. 

b) Loss of all AC power. 

c) Simulated safety injection. 

d) Loss of component cooling water. 

e) Malfunction of control rods. 

The condensate storage was removed from service after it was discovered 

that approximately one-third of the dome top of the condensate storage tank 

collapsed due to failure of the vacuum b:r~<~.k~r to operate correctly when 

the storage tank was subjected to a negative pressure. 
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Apr. 7 

Apr. 8 

Apr. 9 

Apr. 10-13 

Apr. 14 

Apr. 15-30 

Apr. 19 

Apr. 20 

Apr. 26 

Apr. 27 

"\ 

Reactor taken critical for plant heat-up, control rod positions for criticality 

test, and temperature coefficients of reactivity test. lB and 1 C feedwater 

heaters were· made available for service. 

At ?:46 P.M., ~safety shutdown occurred at a flux level of 5 x Io-7 amps 

(recorder scram set point for low-power. testing) caused by misalignment 

of Channel B nuclear instrumentation system recorder. 

Reactor taken critical and. plant temperature increased to 500°F. 

Another test of the reactor plant cooldown and temperature control system 

was performed; however, the system did not operate properly. It was 

decided not to operate the system above 250°F unt~l further evaluation was 

conducted. 

Performed initial starting current and operating tests on 1 D coolant pump. 

lD coolant pump returned to service. 

\ 

Plant used to train students in the Nuclear Power Station Training Program 

in reactor start-up and power operation. 

Reactor taken critical; generator synchronized at 1 :Sl A.M. with all four 

loops in service; load increased to 100 percent ·power· for testing. 

Station operated at 100 percent power for power production and reactivity 

lifetime test. · 

At 11:13 P.M., a safety insertion occurred due to a bistable.mag-amp drift. 

The mag-amp was readjusted to the normal firing point. Refer.to Part IV, 

Chapter 1 of this report for further details of mag-amp drift problems. 

At 4:20 A.M. , another safety insertion occurred due to mag-amp drift. As 

a result of the safety insertions, reactor power was ·reduced 3 percent to 

permit mag-amp drift tests. 

~tarted calibration of individual fee.dwater flow integrators to verify the 

validity of calorimetries based on total feedwater flow. 

Because of the individual feedwater flow integrators were being calibrated, 

and since the total feedwater flow integrator is physically located on the 

inlet to the lB and 1 C feedwater heaters which were known to be leaking 

thus indicating. a greater total feedwater flow, it was decided ·to use primary 

calorimetries to calibrate the nuclear instrumentation system. 

Load .redl.iced to isolil.ted 1B and 1 C feedwater heaters due to excessive tube 

leakage. No leaks in 1 Cheater; however, 1B heater· leakage was 145 gpm. 
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Apr. 28-30 

MAY, 1961 

May 1-31 

May 1 

May 3 

May 4 

May 12 

May 17 

May 22 

May 23 

May 25 

May 26 

Station operated at 100 percent reactor power (54 MW net) due to 1 B and 1 C 

feedwater heaters being isolated. 

Station operated at 100 percent react,or power with lA, lB, IC, and 1D loops 

in service for power production and reactivity lifetime test. IB and 1 C 

feedwater heaters were isolated because of lB heater tube leakage. 

Completed boiler feedwater integrator calibration and again started to use 

secondary calorimetries to adjust nuclear instrumentation. 

lB and 1 C feedwater heaters returned to service after plugging leaking tubes 

in 1 B heater and load increased to 100 percent reactor power. 

Total feedwater integrator calibrated. 

Isolated the component cooling water cooler because of dirty tubes and placed 

the canal water cooler in service on the component cooling water system. 

The component cooling water and canal water coolers are interc.onn ec.ten so 

that either cooler can be used in either system. 

At 1:12 P.M., a safety insertion occurred while an instrument technician 

was investigating "spikes" on a nuclear instrumentation recorder. An in­

vestigation revealed that the insertion was caused by interaction between 

linear power amplifiers due to aging of the auctioneering diodes. This con­

dition was corrected by replacing all the diodes in the nuclear instrumenta­

tion system auctioneering circuitry. ·The reactor was returned to full power. 

Because of a bad feedwater leak at the 1 A boiler feedwater regulating valve 

flange, lA reactor coolant pump was shut down at 3:0') P.M. and the lA 

main steam M. 0. stop valve was closed. lA loop stop valves remained open. 

Reduced load to 90 percent reactor power at 8:48 P.M. for axial flux per­

turbation test. The purpose of the test was to measure the reactivity 

fluctuation resulting from a non-equilibrium axial xenon distribution induced 

by altering the control rod configuration while at 90 percent power. 

Condensate storage tank made available for service following completion of 

repairs. At 11:03 P.M., 138 KV transmission line Z28 oil circuit breaker 

tripped due to pilot wire relay operation. Z28 oil circuit breaker was again 

closed at 11:04 P.M. at Duquesne Light System Operator's request. The 

loss of the 138 KV transmission had no effect on the reactor. 

Completed repairs on lA boiler feedwater regulating valve. 
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May 27 

JUNE, 1961 

June 1-10 

June 5 

June 7 

June 10 

Junell-19 

June 11 

June 12 

June 13 

Immediately after completing the axial flux perturbation test the control rods 

were r·eturned to their normal programming sequence and station load was 

increased to 100 percent reactor power. 

Discovered main unit air ejector tube leakage a~ indicated by increased 

drainage (approx. 300 gal/hr) from air ejector after condenser drain line. 

The air ejector tube leakage had no effect on condenser vacuum. 

Station operated at 100 percent reactor power with lB, lC, and lD loops in 

service for power production and reactivity lifetime test. lA reactor coolant 

pump was shut down with lA loop ~top valves open. Main unit air ejector 

tube leakage remained at approximately 300 gal/hr. 

Because of an increase in main unit air ejector tube leakage to approximately 

850 gal/hr the air. ejector drain line was cut to allow for the added drainage 

and thus prevent a reduction in condenser vacuum. 

·At 1:13 P.M., all control rods were withdrawn to the upper programming 

limit (69 inches). To obtain an additional 100 EFPH from Core I Seed 2 rod 

sub-groups. 1 through 7 were withdrawn to the ful~ travel limit and. sub-group 

8 was inse.rted to 64. 75 inches to maintain S00°F average coolant tempera­

ture. 

The end of full power operation of PWR Core I S'eed 2, 7528. 3 equivalent 

full power hours, was reached at 11:02 A.M. after allowing plant tempera­

ture to decre.ase to. 497°F with all control rods. completely withdrawn. The 

station was shut down. This station shutdown also ended a continuous full 

power run of 57 days for 1357 EFPH. 

The reactor was shut down and lA reactor coolant pump was returned to 

service at 1:52 P.M. 

Station shut down for maintenance and testing. 

At 10:05 P.M. with all control rods withdrawn to their full travel limit the 

reactor was again· critical for xenon transient test. 

Shut down reactor after completing xenon transient test and at 4:05 A.M. 

started plant cooldown by venting steam from main steam leads in prepara­

tion for steam. valve maintenance and cold plant testing. 

With plant at 2S0°F placed reactor plant cooldown and temperature control 

system in service to reduce plant temperature to approximately 120°F. 
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June 14 

June 15-17 

June 15 

June 16 

June 18-

June 19 

June 20 

June 20-27 

At 9:54A.M. with the plant at 450 psig and 148°F the Shift Reactor Engineer, 

while checking the pressurizer pressure indicator, accidently moved the dial 

indicator to the pilot operated J:"elief valve setting causing the relief valve to 

open and a drop in plant pressure to 100 psig. All reactor coolant pumps 

·were immediately shut down. All pumps were meggered, vented, and found 

·satis-factory. ·lA, "lB, and 1 C pumps were returned to service to continue 

plant cooldown. 

At 6:37 P.M. lA reactor coolant pump was shut down to maintain plant at 

130°F. 

Four· tubes in the main unit air ejector were found to be leaking. All four 

tubes were replaced·: 

Performed control rod positions for criticality test. lD loop was isolated 

at 8:50 A.M. in preparation for coolant pur:np and volute removal. 

Performed calibration and inter comparison of control rods test. 

At 9:40 A.M., while performing calibration and intcrcomparison of control 

rods test, a safety insertion occurred as a result of a high start-up rate 

signal on Channel D nuclear instrumentation system intermediate range. 

The trouble was traced to a ·defective compensated ion chamber cable con­

nection. 

lD coolant pump was removed from the boiler chamber to the canal area. 

·started plant heat-up to 235°F with iA, IB, and I C coolant pumps for 

coefficients of reactivity test: 

Plant solid at 2350F and 500 psig. Established pressurizer bubble and 

brought reactor critical to heat up plant to 4SOOF. From 450°F the reactor 

coolant pumps were used to increase plant temperature for coefficient~:; u! 

reactivity test. 

Changed reactor instrumentation and reactor protection system set points to 

agree with a new plant ·operating temperature of 475°Fas required for re­

duced power operation at the end of Seed 2 life. 

lB and 1 C feedwater heaters were isolated to repair IB heater tube leakage. 

The reactor was started up, the main generator synchronized, and loaded to 

about 25 percent power 58 times for FEDAL system tr.ansient testing during 

plant start-up .. · 
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June 21 

June 22 

June 28 

June 29-30 

JULY, 1961 

Julyl-3 

July 4 

July 5-6 

July 7-15 

July 16 

July 17-23 _ 

July 17 

At 8:55 P.M., a safety shutdown occurred at 22 percent power during a 

station start-up. The shutdown was caused by the source range selector 

switch being positioned· between the "in" and "pull-out" position. Investiga­

tion.- revealed that with this condition cold plant protection (24 percent) re­

mained in service. 

At 3:34 A.M., another safety shutdown occurred at 22 percent power while 

increasing load rapidly for testing. The operator did not have sufficient 

time to pull out the source range ·selector switch to remove cold plant pro­

tection before reaching 24 percent power. The test procedure was changed 

to allow for this condition. 

Performed station on-site emergency drill for minor accidental release of 

radioactivity to the atmosphere. The drill was satisfactory. 

Plant temperature was varied between 400 and 5300F for periodic calibra­

tion of temperature sensing elements tests. 

Station was shut down for testing. lA, lB, and 1 C loops were in service. 

lD loop remained out of service for pump volute removal. lB and 1 C 

feedwater heaters were out of service to repair lB heater tube leaks. Plant 

at 475°F and 1800 psig. 

The following tests were performed: 

a) Control rod drive mechanism periodic test. 

b) Steam generator blowdown rate. 

c) Radiation survey of reactor vessel head. 

Reactor brought critical; main generator synchronized at 9:25 P.M. and 

load increas_ed to 75 percent reactor power for an extended end of seed 

life power run. 

Load maintained at 75 percent power for testing. 

Performed a radial flux tilt test to- determine the variation of certain plant­

parameters when a radial power tilt is introduced across the core by 

deliberately misaligning diametrically opposed control rods. 

Performed rapid station shutdown at 5:32 A.M. after all control rods were 

completely withdrawn and plant temperature decreased to "4.-izo.F: 

Station shut down for 250-hour samarium transient test. 

Reactor critical at 12:23 P.M. 
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July 19 

July 22 

July 23 

July 24-29 

July 27 

July 36 

July 31 

AUGUST, 1961 

Aug. ·1-12 

Aug. 12-13 

At 8:20 A.M., a low pressure safety shutdown occurred when an instru­

mentation technician, troubleshooting the pressurizer recorder differential 

transformer by manually moving the core of the transformer, transmitted 

a signal back to the wide range pressurizer instrument causing its indicator 

to deflect downward past the low pressure scram contact setting. 

At 3:12 A.M., a safety shutdown occurred when the recorder scram set 

point of 5 x 1 o-7 amps for non-power testing was exceeded due to a spurious 

full scale deflection of channel B nuclear instrumentation system recorder. 

No other nuclear instrumentation recorder ~;how~d a similar spike. The 

recorder was cleaned and repaired and returned to service. 

Reactor taken critical to continue testing. 

Xenon transient test completed and reactor shut down with all rods on the 

bottom at 6:25 A.M. 

Performed reactor start-ups and power operation on each .shift for Duquesne 

Light Company operational training.· 

At 4:13P.M., a safety insertion occurred while· increasing station load for 

training purpos·es. Inspection of the reactor protection system indicated a 

condition of high power for existing flow (less than three pumps in fast 

speed). However, since the three reactor coolant pumps were actually in 

fast speed as indicated by their pump speed ~;elet:tor switches, loop flows, 

pump currents, and pressure drops the signal to the reactor protection 

~;yst~nt was false. The trouble was traced to poor contact on the speed 

changer auxiliary switch. 

Reactor taken critical; main generator'synchronized at ll:Ol P.M. and 

load increased to approximately 50 percent reactor power and held constant 

for another extended end of seed life power run and testing. 

Maintained load at 50 percent power. 

The final extended power run of Core I Seed 2, which began July 30, ended 

August 12, 1961 at 12:06 A.M. with 7900.6 equivalent full power hours of 

operations. The station was shut down and preparations started for the 

refueling operation. 

Maintained plant at 500°F to perform primary plant self-actuated relief 

valve operation test and periodic reactor plant leak rate test. 
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Aug. 14 

Aug. 15 

Aug. 16 

Reactor taken critical; main generator synchronized at 11:36 A.M . .and 

.loaded to 30 percent reactor power for Duquesne Light Company operational 

training. The station was shut down at 12:05 P.M. with a final total of 

7900·. 7 EFPH of operations on Seed 2 and 13, 707. 0 EFPH on the blanket. 

Periodic reactor plant leak rate test and control rod drive mechanism 

exercise tests were performed. 

Started plant cooldown using the turbine as a heat sink. Performed flow 

distribution across the core tests at plant temperatures of 200 and 300°F. 

Placed lAC and lBD core removal cooling systems in service to reduce 

plant temperature to 1 OOOF; posted refueling clearances; layed-up turbine 

plant systems under a nitrogen blanket and started reactor refueling . 
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CHAPTER 4 

OPERATING INCIDENTS 

Prior to the operation of the Shippingport Atomic Powe:r Stati<:Jl;l,_ a system was instituted for re­

porting .the details and corrective action taken to cope with emergency or unusual conditions, The 

primary purpose of this reporting system was to disseminate information on each incident as rapidly 

as possible to persons assoCiated with the Shippingport Atomic Power Station in order to prevent the 

occurrenc.e of similar incidents, It is to be noted that this reporting sy:;tem places .major emphasis 

on dir·ect reactor plant incidents or Turbine-Generator inCidenu; whh.:lJ.di~.:.t the onti;~~o pli\nt, 

Incide.nts in the following categories are reported: 

1. Reactor Plant Primary and Auxiliary Systems and Equipment. 

a. Subjection of equipment or systems to conditions which exceed specified operating or 

design limitations, 

b . .Safety shutdowns or safety inser.tions excluding those deliberately initiated for training 

or testing. 

c. ·Operational errors which could datnage equipment or systems. 

d, Significant malfunctions of components, piping systems, or electrical systems. 

e. Incidents considered to be of interest to other facilities. 

2, Turbine-Generator Plant Systems and Equipment. 

a. Direct effect on ·over-all plant control. 

b. Direct effect on reactor plant control or operation. 

c. Damage to or effect on the integrity·of reactor plant systems or equipment. 

Each incident report is, therefore, assigned a general designation of apparent cause to one., or a 

combination, of the following categories: Design, material, personnel, or procedure, Of the 43 

incidents which occurred during Core I Seed 2 operation, the general designation of apparent cause 

was as follows: 
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Single Ca us e 

Design 2 Material 15 Personnel 12 

Procedure·2 Unknown 2 

More Than One Cause 

Design and Material 3 Design and Procedure 1 

Personnel and Procedure Material and Personnel 2 

Procedure, Material; and-Personnel D'esign, Personnel, and Procedure 2 

Thirty-iix of the 43 incidcnto involved systcnH. C:u1u t:Y.ui~nutmt associated with the reactor plant. 

Six incidents were associated with the systems and equipment of the turbine generator portion of 

the station. The remai"ning incident was the result of a ·fire on the reactor vessel head. Fourteen 

incidents occurred while the station was at power and resulted in either complete loss or reduction 

of station capacity. 6£ these 14 incidents, seven resulted from safety shutdowns, five were safety 

insertions, and two were the result of main unit turbine trips. 

Discussion_ 

A few of those incidents which were unusual or uniquely informative are described below in 

::mmmary foun. A l.:umplete tabulation of all incidents with a brief-description and the cie.signated 

caus·e is given in the following pages. 

Electrical Ground on Control Rod Mechanism 

On May 2,"1960, during the performance· of the ·reactor control and instrumentation prec"ritical 

check, an electrical ground was detected on the 230-volt-rod drive -power- supply when the rod drive 

mechanisms were engaged.- By1solating segments of the· rod control -system, it was determined 

that the f'ault .existed in the circuitry associated with control rod no. -12.- The reactor rod control 

system was de-energized and tl;le resistanc·e between' the rod no. 12 power cables and ground was 

found to be 2400 ohms. By measurement directly into the Amphenol connector on the starter 

housing', it was ascertained that the ground existed within the housing .. _ Rod no. 12 was. then 

energized by 140 volts from the alternate power supply for'two hours in an attempt to "dry out" the 

ground. After this period, the resistance to ground 'inc.reased to 35,000 ohms. A minimum value 

of one megohm is considered satisfactory ~!though lower values can be tolerated. 

Subsequent to reactor shutdown on June 13, 1960, resistance measurements to ground taken 

on rod drive mechanism rio.-l2·showed that the power winding insulation:sfr'eftgth had deteriorated 

with respect to the length of time de-energized. 
':."'-· . ··' 

Because-..:of this'·apparent groU:rtd-; it was decided to replacEi'"rod-dri've mechanism stator no. 12. 

The defective stator was replaced with a spare on June 21, 1960. The defective stator assembly 

was returned to Bettis where both hydrostatic and helium leak tests were performed on the water 
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jacket; no leaks were discovered. The stator was then dried but still showed a solid ground of less 

than 0. 1 ohm resistance, indicating that the problem was not one of moisture alone. 

The failure of the mechai:J.ism stator winding could have been caused by a spray of cooling water 

in the area of this mechanism while the wafertight caps were not on the Amphenol connectors during 

refueling. The wet condition may have led to the deterioration and failure of the insulation. 

Since a spray incident similar to the one causing this failure could not occur during normal 

operation, no design changes were made. 

Reactor Coolant Pump Gasket Leakage 

On two occasions leakage was detected around the·periphery of the gasketed £lange between the 

reactor coolant pump stator assembly and the volute. In both cases, the loop and pump were being 

hydrostatically tested at 2750 psig. 

In April, 1960, following refueling, leakage occurred in the lB reactor coolant purnp. Sub-· 

sequently, the lengths of four holddown bolts (approximately 90 degrees apart) were measured while 

the bolts were installed,·· and again after they were removed and coolt:!u lo uele1·1nine whether the 

bolts were properly torqued. These measurt:!tnents disclosed that the existing elongation was 5 to 

7 mils under the prescrib.ed amount. The bolts were then reinstalled and torqued enough to stretch 

them to a length 5 to 7 mils greater than the "as found" length. The remaining 20. bolts were also 

heated and stretched· an additional 5 to 7 mils to return all bolts to thei.r proper settings. 

A re-evaluation of the maximum stress that could be exerted on the pump flange at this stage 

dictated that the bolt torques ·be decreased. Since it was possible that the gasket would then leak, 

all bolts were removed, a new gasket installed, and the bolts retorqued. After a successful hydro­

static test at 2750 psig, the lB loop was returned to service. 

The copper gasket removed from the.lB reactor coolant pump was re·turned to the Bettis Atomic 

Power Laboratory for destructive testing and evaluation. The evaluation disclosed that no discernible 

. creep_ was present in the material. rrowever, a sl~ght degree of workhardening due to compression 

bolt loading was evident.. The evaluation also indicated that the gasket could have lasted for an in­

definite number of bolt tightenings had it been left in place. 

The pump manufacturer stated that the bolt relaxation was caused by a r~adjustment of stresses 

with associated yielding in the bolt and flange threads of the pump. Fqrthermore, the copper gasket 

material did not contribute to the bolt relaxation. 

A revised procedure based upon these evaluations was subsequently developed. 

1. The· flange bolts should not be torqued unless an actual leak occurs. 
r 

2. If a leak occurs during a hydrostatic test, .the test should be terminated and the boltl> re­

stretched to 0. 014 + 0. 001 inch (provided they aTe less than this amount) and the hydrostatic 

test repeated. 
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3. If restretching the bolts does not stop the flange leak, the gasket should be replaced. 

The procedure of bolt tightening stated in step 2 can be repeated an indefinite number of times inso­

far as the copper gasket material is concerned since the gasket material retains a relatively soft 

core, the degree of workhardening on the gasket being very slight. 

In January of 1961 when the lA reactor coolant pump gasket leakage was observed, the pump 

holddown bolts were removed, heated, reinstalled, and stretched in groups of four to obtain a 

satisfactory flange seal. 

Turbine Throttle Trips 

In May, 1960, following the successful weekly test of the main turbine solenoid arid simulated 

overspeed trip, the auto-stop-reset lever was returned to the normal operating position. When the 

reset lever was released, the overspeed trip latch failed to engage the overspeed trip valve stem 

sleeve resulting in the tripping of the main turbine throttle valves, thus shutting down the turbine. 

Again on July 1, 1960, a turbine t:i-ip occurred after the successful weekly test of the simulated 

over speed trips and main turbine solenoid .. A study of ·the problem resulted in a thorough check of 

the throttle trip mechanism. Measurements were taken which indicated that the clearance between 

the over speed trip body and the trip trigger, with the turbine throttle trip mechanism latched, was 

less than the required minimum of 0. 062 inches. The trip trigger was ·removed and the face of the 

tripper was ground to increase the clearanc.e between the trip trigger and the overspeed trip body 

to 0. 085 inches. The mechanism was reassembled, a simulated overspeed trip test was performed, 

and the .latch successfully reset at 1800 rpm with no generator lo.a.d. The :same test was performed 

with the station operating ·at 60 MW n:et electrical output and the latch was again successfully reset. 

At this time, the turbine solenoid trip, initiated from the turbine console, was also actuated and 

the trip· mechanism was successful~y relatched. 

Weekly tests ~f the main turbine simulated overspeed trip, which were postponed due to the 

turbine throttle trip difficulties, were resumed. Subsequent ope ration proved the repairs to be 

. satisfactory. 
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Date 

April 2, 1960 

April 4, 1960 

April 15, 1960 

April20, 1960 

April22, 1960 

Basic 

Cause 

Design 

Procedure 

Procedure 

Material 

Material 

Design 

Duquesne Light Company 

Shippingport Atomic Power Station 

Incidents 

April 2, 1960- August 15, 1961 

Plant Operating Conditions 

Station shut down - Reactor 

Protection System test 

Station shut down - physics 

test 

Station shut down - physics 

test 

Station shut down - physifS 

test 

Station shut down - main-

tenance 
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Remarks 

A time dP.lay in excess of the 

specified limits was revealed 

by measurilig the time reo. 

sponse between introduction 

of the initiating signal and 

the safety shutdown relay 

operation. The apparent 

_ excessive tl_rne delay wn.R 

caused by the test method 

being improperly specified. 

A s3.fety shutdown was ini­

tiated through NIS Channel C 

recorder· contact. A dis­

crepancy of one decade 

· existed between the NIS re­

corder and the console meter. 

During the performance of a 

physics test,· control rod 12 

was droppc::d from 69 in. 

while transferring it from 

inverter no. 9 to inverter 

nu. 1. 

Operational checl~ of the no. 

2 spare inverter; hold re­

sistance switch (S-1 06) was 

smoking, the contacts 

severely charred and par­

tially melted. 

·Hydrostatic testing on the 

lB loop at 2750 psi revealed 

leakage at the gasketed joint 

of the l B reactor coolant 

pump. 



Date 

April 2 7, 1 960 

May 2, 1960 

May 4, 1960, 

June 13, 1960 

May 5, 19.60 

May 6, 1969 

. ·:. 

May 7, 1960 

=·--

May 22, 1960 

May 27, 1960 

Basic 

Cause 

Material 

Unknown 

Material 

Material 

~ersonz;cl 

Material 

... __ .. 7"-'· 

-Material· 

Design 

Materi_al 

Plant Operating Conditions 

Station shut down -·physics 

test 

Station start-up 

Station start-up 

Station start-up 

Station uperating - 60 MW 

Station operating - 60 MW 

Station operating - 60 MW 

Station operating - 60 MW 
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Remarks 

Steam leak in one of the 1 D 

main steam lead fillet welds 

at operating temperature and 

pressure. 

Electrical ground was de­

tected on the 230-volt rod 

drive power supply when the 

rod drive me_chanisms were 

engaged. 

Electrical ground wal::i de­

tected on the 230-volt rod 

drive power supply when rod 

drive mechanism no. 12 was 

energized. 

Galled valve steam threads 

on FED A L Sys tern sample 

interconnection valve~ 

Safety shutdown resulted 

when the NIS Channel D linear 

amplifier test signal was in­

creased beyond 118% during 

NIS gain setting adjustment . 

Two safety insertions re­

sulted from rod withdrawal 

at 103% power while attempt­

ing to maintain operating 

reactor coolant temperature. 

Main turbine throttle valves 

tripped when the overspeed 

latch failed to engage follow­

ing simulated ov~rl::ipeed. 

The river water booster 

purpp discharg-e strain~r in-

. let valve became jammed 

when the valve seating gasket 

dislodged, thus preventing 

strainer isolation. 



Date 

June 19, 1960 

JuAe23, 1960 

June 23, 1960 

June 24, 1960 

.July 1, 1960 

Basic 

Cause 

Personnel 

Material 

Personnel 

Personnel 

Material 

Personnel 

Material 

Plant Operating ·conditions 

Station shut down - flow 

test 

Station start-up 

Station shut down - main-

tenance 

Station operating - 60 MW 

Station operating - 60 MW 
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Remarks 

lD reactor coolant pump 

A. C. B. tripped open sec­

onds after closure. Several 

pump A. C. B. trips had beim 

experienced due to faults in 

the special pump tripping 

circuits installed for the 

flow coastdqwn test. The 

cause of the trip was later 

reve;~.led to );>~ the A and C 

phase overcurrent relays. 

Low coolant pressure 

actuated safety shutdown 

subsequent to rednc::ing from 

high-pres sure condition. by 

operating pressurizer spray 

·and inserting control rods. 

High Th safety shutdown 

initiated subsequent to the 

exchange of spare and nor­

mal 1 C loop Th thermometer 

signal leads between the 

Norwood and Bristol Re­

corders, wheu lhc :>pAre Th 

leads were also disconnected. 

A ·1 05% power level safety 

insertion occurred. While 

attempting to ascertain the 

·cause of the safety insertion, 

a maximum neutron flux 

level safety ohutdown r~~ 

sulted at 112%. These in­

cidents were partially the 

result of bistable magnetic 

amplifier drift. 

Main turbine throttle valves 

tripped following solenoid 

a.nd.overspeed trips prior t~ 

releasing reset lever with­

out apparent cause. 



Date 

July 28, 1960 

July 28, 1960 

Sept. 13, 1960 

Sept. 28, 1960 

Sept. 22, 1960 

Basic 

Cause 

Personnel 

Personnel 

Personnel 

Design 

Personnel 

Procedure 

Personnel 

Plant Operating Conditions 

Station start.:.up 

Station operating - 23 MW 

· Station shut down - physics 

test 

Station shut down - safety 

test 

Station operating - 56 MW 
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Remarks 

A t6 in. discrepancy on rods 

62 and 63 from the indicated 

Group II bank height was 

noted on the rod position 

dial indicators. This height 

difference was attributed to 

failure to rezero dial indica­

tors during latching opera­

tions. 

NIS coincidence safety shut-' 

down occurred during NIS 

drift check when the test 

signal for Channel D was 

not reduced below.the drop 

out point and Channel ·C was 

subsequently drift checked 

initiating the shutdown. 

Safety shutdown resulted 

when the 1 C loop Th resist­

ance thermometer leads 

were accidently removed 

during maintenance work, 

driving the Norwood re­

ceiver-indicat9r up-scale. 

Safety shutdown resulted 

when the 1 G loop Th re­

ceiver -indicator· was calibra­

ted above the 522°;F shut­

down setting. 

During preparations to 

charge resin into the 1 BD 

purification loop deminer­

alizer, a pocket watch from 

a technician 1 s breast pocket 

fell into the demineralizer. 

The object was subsequently 

removed from the deminer­

alizer. 



Date 

Sept. 25, 1960 

Dec. 7, 1960 

Jan. 27,1961 

Jan. 28, 1961 

Jan. 30, 1961 

Basic 

Cause 

Material 

Material 

Design 

Material 

Procec:lnre 

Personnel 

Plant Operating Conditions 

Station start-up 

Station op~::1·ating - 58 MW 

Station operating - 58 MW 

Station shut down - shut­

down test 

Station shut down -

radiation survey 
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Remarks 

Rod drop protection safety 

shutdown resulted at 51% 

power due to a loose Nor­

wood Tavg 490°F micro-. 

switch contact, which was 

closed at an average tem­

perature of 4970F in lieu of 

being open above 4900F. 

Loop status s~.fety shutdown 

resulted with three loops in 

service, when the lD loop 

hydraulic valve. relay 

(20LIOX-4) was energized 

by magnetic amplifier drift. 

Hy!frostatic test of the lA 

reactor coolant pump at 

2 7 50 psi revealed leakage 

around the periphery of the 

gasketed .O;:~.nge. 

Safety shutdown during a 

special shutdown test due to 

high Th following rapid load 

rerluction (0. 7 MW/o,;ec.) 

was actuated in spite of rod 

i.n"'."'rtinn. initiated at average 

temperature of 507°F and 

lifting of decay heat removal 

relief valve. 

. During performance of 

r·eactor head radiation surv·ey 

three pairs of anti-c cover­

alls, which were placed on 

reactor vessel head fuel 

ports to protect the feet of 

survey personnel from high 

metal temperature, ignited 

causing damage to rod drive 

mechanio,;m stator no. 53 

tht:r ruocouple. 



Date 

April 3, 1961 

to 

AprilS, 1961 

April 4, 1961 

AprilS, 1961 

April 6, 1961 

April 12, 1961 

Basic 

Cause 

Material 

Personnel 

:Personnel 

Personnel 

Procedure 

·Design 

Material 

Plant Operating Conditions 

Station shut down - physics 

test 

Station shut down_- training 

Station shut down - training 

Station shut down - physics 

test 

Station operating - training 
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Remarks 

Approximately one-third of 

the condensate storage tank 

dome top collapsed when the 

vacuum breaker failed to 

operate when the tank was 

subjected to an unknown 

negative internal pressure. 

Approximately 1/2 of the 

diesel generators air intake 

louvers were damaged when 

a canvas cover was blown 

over the air intake while the 

diesel was operating. 

The lA reactor coolant pump 

was operated in slow speed 

approximately 12 hours, 

without first venting, as re­

quired when the reactor 

coolant system.pre~sure has 

been reduced below 200 psi. 

Misalignment of NIS recorder 

and intermediate range log 

level cause a recorder con­

tact safety shutdown when 

the flux level was increased 

to S x lo-7 amps. 

During the operation of the · 

R WD incinerator abnormal 

amounts of smoke were ob­

served issuing from the ex­

haust stack and loading 

hatch exhibiting a pressure 

build-up in the shell and hot 

spots on the wet gas scrub­

ber. 



Date 

April 19, 1961 

to 

April 20, 1961 

May 2, 1961 

May 17, 1961 

June 13, 19&1 

Basic 

Cause 

Material 

Design 

Unknown 

Personnel 

Plant Operating· Conditions 

Station operating - 60 MW 

Station operating - 60 MW 

Station operating - 60 MW 

Station shut down a.nd 

cooldown 

I - 50 

Remarks 

Safety insertions were ini­

tiated by the 4N series 

bistable mag-amps at ap­

proximate power levels of 

106% and 104% respectively. 

Cause was drift in magamp 

set points. 

Following repairs to the 

two air-operated charging 

valves, excessive vibration 

of the charging system 

piping accompanied opening 

of one charging ·valve. The 

cause of the vibration was 

determined to be leakage 

through the two check valves 

downstream of the charging 

valves. 

A safety insertion occurred 

when the reactor po~er 

level was approximately 

1 1)3, !;\0/8, Jnvestig:itinn nf 

the magnetic amplifier 

s<~tnratinn points show~d 

them to be in the 109.5-

111. 5% range. 

Dnring the performance of 

the shutdown check list, the 

·pressurizer pressure in­

dicator-receiver was man-

ually driven up-scale to de-. 

termine the low-pressure 

protection set point. The 

pilot-operated relief valve 

opened at 2175 psi and the 

solid primary system pres­

sure dropped to approxi­

mately 100 psi with the 

reactor coolant pumps in 

slow speed. 



Date 

/ 

June 15, 1961 

June 21, 1961 

June 22, 1961 

July 19, 1961 

Basic 

Cause 

Material 

Design 

Procedure 

Personnel 

Material 

Personnel 

Procedure 

Personnel 

Plant Operating Conditions 

Station shut down - physics 

test 

Station start-up -

FEDAL test 

Station start-up -

FEDAL test 

Station shut down - physics 

test 
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Remarks 

A defective CIC cable con­

nection resulted in a high 

start-up rate safety inser­

tion during a physics tes·t 

when the reactor was sub­

critical and the control 

rods were being manually 

inserted. 

A safety shutdown resulted 

at 22o/o power and was ini­

tiated by the SN series 

magnetic amplifiers re­

maining in the 24o/o biased 

start-up protection position 

when the source range 

selector switch was not 

placed completely in the 

pullout position to remove 

the 24o/o protection. 

A. safety shutdown resulted 

at 22o/o power and was ini­

tiated by the 5N series 

magnetic amplifiers re­

mainin·g in the 24o/o. biased 

start-up protection position 

when the source range 

selector switch was not 

placed in the pullout posi­

tion. 

A safety shutdown was 

actuated by the low-pressure 

protection contact scram. 

The cause was determined 

as a feedback signal from 

the wide range pressurize:.; 

recorder, which was being 

repaired, to the wide range 

Norwood pressurizer pres­

sure receiver indicator. 

·,,· 



Date 

July 22, 1961 

July 27, 1961 

Basic 

Cause 

Material 

Material 

Plant Operating Conditions 

Station shut down - physics 

test 

Station operating - 20 MW 
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Remarks 

A safety shutdown resulted 

from a spurious full-scale 

deflection signal to the NIS 

Channel B recorder result­

ing in a shutdown at 5 X 1 o-7 

amps. 

A safety insertion occurred 

due to a loose contact in the 

pump ip'ilid r.:irr.uit u:sult­

ing in false flow information 

to the reactor protection 

system. 



CHAPTER 5 

RADIATION EXPOSURE AND CONTAMINATION CONTROL 

Introduction 

As a result of strict adherence to health physics procedures, the station had a very satisfactory 

radiation safety record during Seed 2 lifetime. Radiation dosages fluctuated with the maintenance 

work·load in radiation areas, but were generally much lower than those allowed by applicable regula..: 

tions. As was expected, refueling operations proved to be the largest single contributor to personnel 

exposure. 

The numbP.r nf npt:"ningli o£ the prima.ry aysteiu awl il~ auxiliary systems tor maintenance in­

creased over those experienced in Core I Seed 1, thus creating more sources of contamination and, 

subsequently, more problems of contamination control. No incidents occurred that could be classi­

fied as major, i.e., an incident requiring immediate extensive decontamination of a working area. 

There were several minor incidents which involved the spread of contamination from contaminated 

areas to controlled areas. These controlled areas are designated as boundaries to the contaminated 

areas, and consequently are surveyed frequently to assure positive control of contamination. 

Radiation Intensities 

Whil~ gradual increases in radiation levels were being measured in the reactor coolant system, 

no increase in the normal background radiation occurred in the office spaces and occupied areas of 

the plant. Radiation levels in the access areas of the reactor plant have remained essentially the 

same as those measured during Core I Seed 1. Figure I-3 shows these levels measured on July 21, 

1961, near the end of Seed 2life. 

Radiation levels measured on the operating loops at 100 percent power are' shown in Figure I-4. 

There was no significant change in these intensities from Core I Seed 1, although a point of higher 

intensity (40 R/hr) was found near the coolant line on the inlet side of the B heat exchanger. This 

is the maximum intensity ever measured in the c·ompartments. In order to minimize personnel ex­

posure surveys at power are necessarily cursory. 

Average radiation intensities in the reactor head area have remained nearly the same, with 

only slight increases being detected. The highest radiation level detected in conjunction with main­

tenance work was 1.6 R/hr on contact with the reactor head. More data are presented in Part V, 

Chapter 3, Radiation Level Build-up Experience on Cornponent~ and Piping. 

Radiation Intensities Measured Dnri.ng Full~Power Operation with Reacto:r Pit Drained 

On April 15, 1961, the reactor was operated at 95 percent power with the reactor pit drained. 

This is not a normal station operating condition, but repair to the reactor pit protective coating had 

been made and the coating was being cured. Small increases in background radiation were measured 

in various sections of the reactor service building. In the alleyway between the radiochemistry 
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laboratory and the lB-auxiliary equipment room, the average increase in radiation level was 0. 05 

mr/hr above background. In .the test and training building, average increases were found to be 

0. 03· mr/hr above background. No neutron radiation was detected in any of the areas surveyed out­

side of the fuel handling building. In the fuel handling building, significant increases in the radia­

tion levels, both neutron and gamma, were confined to the reactor pit and those areas adjacent to 

it, the canal walkways, and the east and west balconies. On the canal walkways next to the pit, the 

radiation level averaged 2 mr/hr; normal for this area, with water in the reactor pit, is 0. 04 mr/hr. 

Above the reactor pit and parallel with the walkways the average radiation level was 9 mr/hr and 

the average neutron radiation was 1400 thermal neutrons per second per square centimeter. Figure 

I-5 shows gamma radiation and neutron radiation measured at various depths in the reactor pit. 

Radiation Exposure Control 

The "exclusion area'' procedure, whereby personnel are admitted to potentially high :radia.Lhnl 

il:re;~s nnly nnder strict <;Qntrol, has been continued with the same favorable results in preventing 

accidental high exposure during power operation. This control requires only a few rigidly eu!un .. ed 

rules. Most radiation exposures are receiveu in doing maintenance and testing on shut down com­

ponents. Consequently, most of the radiation safety eHu1·t tuust be dirccteu toward reducine ex­

posures from this sourt:e. 

The most significant expansion of the radiation safety program has been in the areas of training 

and distribution of printed material. Several hours of training have been provided each individual 

in the form of lectures and safety meetings. In addition to the lectures, the Duquesne Light Company 

has published and distributed to personnel throughout the organization a booklet on radiation safety 

at Shippingport. A basic explanation is provided of the types of radiation to be found at the station 

and some of the properties associated with them. A second pamphlet has been purchased and dis­

tributed to all station personnel describing, in general, the various properties of radiation and as­

sociated problems. It is still necessary, at times, t6 provide conti.nuou:!l :radiation oo.toty ~ulda.I•.•.· ~ 

during certain maintenance operations. Usually this guidance is provided when penetration of any 

portion of the primary system or work in the area of the reactor head is involved. The radiation 

technician assigned to cover such work provides information as to radiation levels, personnel pro­
tective equipment required, estimates of time allowed in the work area, need for temporary shield­

ing, and general radiation safety rules that shoulu be followed. 

Contamination Control 

The problem of contamination control at Shippingport has evolved into a very definite pattern. 

First, those areas of the plant where contamination is most likely to occur are plainly marked with 

contamination warning signs at all entrances and exists. Rules concerning protective clothing and 

tool and equipment control are explained to all persons who might have access to the area. Frequent 

surveys of the area are made to determine if excessive contamination is building up or if contamina­

tion that is present is becoming an airborne hazard; decontamination is initiated if contamination is 

excessive or an airborne hazard develops. 

Areas of controlled access border the contaminated areas and include the reactor plant con­

taminated locke:r room. The:;e areas are surveyed frequently and generally remain free of con­

tamination. Several times contamination has spread to these areas but has been detected and 
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quickly removed to prevent spread to the remaining areas of the plant which are designated as clean 

areas; These areas are surveyed periodically to assure that clean limits are observed. 

To prevent the spread of contamination from.one area to another, ~:>peci!ic 1·ules have been 

established regarding the flow of men and materials in and out of a contaminated work area. All 

work in contaminated areas is closely observed by Health Physics and anti-C clothing is provided 

for those persons doing the work. All tools and other items being removed fruu1 the work area arc 

treated as contaminated until proved otherwise. If contamination is present, the item is cleaned in 

the decontamination room before re-issue. Personnel leaving the area proceed directly to the con­

taminated locker room where monitoring facilities are available in the £oi·tn of· "friokcrG;" Other 

monitoring stations are located between the clean and contaminated locker rooms, and if contamina­

tion is detected, a shower is mandatory. After removing all anti-C clothing, the person goes to the 

clean locker room. After the person is dressed, he then must pass a hand and foot monitor and a 

portal monitor before he can leave the building. All additional portal monitor is provided at the exit 

from the site. Figure I-6 shows a floor plan of the Reactor Service Building with significant moni­

toring stations and control points pointed out. 

All additional room acquired by the Health Physics Group since Core I Seed 2 refueling has 

proved to be an e:><cellent control point for preventing the spread of contaminaliu11 ~nd codtaminated 

Hems. This room, called the Health Physics Field Office, is located conveniently to th~ clean and 

contaminated ·locker rooms, the laundry, the. canal area, and the decontamination rooml Personnel 

entering the reactor plant containers must check with the field office before going to their work area. 

This provides Health Physic~:> with a record of all jobs in progr·ess and allows the radiation technician 

to provide instructions to maintenance and construction personnel concerning radiation and contamina­

tion control. All additional automatic smear counlt::r has been located in this office to expedite con­

tamination checks. One radiation technician is assigned to this area to provide a cuntl11uous·.control 

of all Health Physics regulations. 

:: ~~K:~D S~~~~~ONITORS 1----
C. PORTAL MONITORS 

HEALTH PHYSICS 
FIELD OFFICE 

CLEAN LOCKER ROOM 

y 
TO CANAL 

AND ENCLOSURES 

SHOWER ROOM 

Figure I-6. Floor Plan of Reactor. Service Building. 
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MAINTENANCE: MAINTENANCE PERSONNEL,. HEALTH PHYSICS. PERSONNEL 

OPERATIONS: OPERATORS, TEST PERSONNEL, CHEMISTS 

CONSTRUCTION: CONSTRUCTION PERSONNEL 

OTHERS: OFFICE PERSONNEL, GUARDS, STUDENTS, "MANAGEMENT, VISITORS, 
NO, OF PERSONS AND OTHERS NOT NORMALLY EXPOSED TO RADIATION 

~ I I I I I I I I I I I I I I I I I I I I I I I 1 ~ 1 • 1 
177 :;:;:;:;:;:;:::;:;:;:;:;}:;:;}:;:;:;:;:;:;}:;::;:;:;:;:::;:;:::;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;::\\\\}\:;:;:;:;:MAINTENANCE: MAX. 2205 mrem, AVG. 740 mrem ~ 
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1959 92 :;:;:;:;:;:;:;:;:;:;:;:;~CONSTRUCTION: MAX. 530 mrem, AVG. 51 mrem 

1ST 
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1960 

2ND 
QUARTER 

1960 

3 RD 
QUARTER 

1960 

4TH. 
QUAATER 

1960 

1ST 
QUARTER 

1961 

2ND 
QUARTER 

1961 

2473 :;:;:;:;:;~:;:;:;:;:;:;:;:;:;:;:;:;::;:;:;:;}:] OTHERS: MAX. 630 mrem, AVG, 4.2 mrem 

186.7 
210 

115 

134 :;:;:;:::::;:;:;:;:;:;:;:;:;:::::::::::;:::::::;:::::;:::::;:;:;:;:;:;:;::;;::;:;:::;::}:::::::;}:;:;:;:;:;:;:;:;:;::::}:;:;:;:::;:::;: CONSTRUCT ION: MAX. 30 8 5 m rem, AVG. 634 m rem ~ 

1818 
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96 
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;:;:;:;:;:;:;:;:;:;:;:;:;:J OPERA.TION$ :. MAX. 505 m rem, AVO. 47 mrem 

;:;:;:;:;:;:::::::J CONSTRUCTION: MAX. 585 mrem, AVG. 43 mrem 

3324 :;:;:::::::::::::) OTHERS: MAX. 335 mr8m, AVO. 1.1 mrem 

87 :;:;::o;:;:::;\:;:;:::;:::;:;;:;:;:::::;:;:::::;:;::::;:J MAINTENANCE: MAX. 1140 mrem, AVO. 135 mrem 
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1661 ::::::::::::::::::::::::;:;:;::j OTHERS: MAX. 345 mrem, AVO. 3.9 mrem 

82 ;:::;:;:;:;:;:::::::;:;:;:;:;:;:;:;:::::~;:;:/:;:;:;:;:;:;:;:;;;;:;::;:;;:;::;:;::}:;:;:;:;:;:::~;:;:;::;:q MAINTENANCE: MU:. 1096 mrom, AVO. 271 mrem 
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.1761 a OTHERS:. MAX. 470 mrem, AVO. 1.0 mrem 
. / 
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110 :::::::::::::::::::::] CONSTRUCTION·: MAX. 385·mrem, AVG, 43 mrem 
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Fi_gure I-7. Shippingport Atomic Power Station Radiation Dosage Summary." 
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Contamination of Refueling Building 

In June, 1961, the canal area was surveyed to ascertain the cause of frequent contamination 

occurrences on the canal walkways. The survey revealed that contarnination levels, which averaged 

1500 dpm/ft2 (680 wc/ft2) existed on piping, conduit, and flat surface ledges high on the canal walls. 

The contamjnation was in the form of a fine dust and was easily transferred. It is felt that much of 

the walkway contamination resulted from this dust, but it is not known how the original contamination 

build-up occurred. The area was vacuum cleaned and the contamination level was reduced to an 

average of 400 dpm/£t2 (180 wc/ft2). 

Radiation Dosage Experiezice 

Figure I-7 shows the total dosage received by personnel in different work groups. Maintenance 

persop.nel received the most radiation dosages aml rnost of their dosage wa.!il received during th~ re­

fueling period. The average dose to ma:lulena.t'I.CC porson.11el for the entb:e period w?J.s about 12 per­

centof the 3000 mrem allowed under the National Comn1ittee on Radiation Pl7otecti.on :recommenda­

tions. Most of the exposure received during non-refueling periods was received in 5·20 mr/hr 

radiation fields. 

Emergency Planning 

The Duquesne Light Company has organized and initiated an emergency plan with the Aliquippa 

Hospital to provide care for persons who rnay be injured while working in contaminated areas. Ap­

proximately twenty hours of instruction and demonstration have been given to the staff at the hospital 

and a test drill was performed as a check on the effel:tiveness of the plan. Briefly, the plan outlines 

the steps to be taken by the hospital, when notified a potentially contaminated person is being brought 

to the hospital, and the steps to be taken by Duquesne Light Company to prevent the spread of con­

tamination from the pre-arranged control areas of the hospital and to assure that all contamination 

is r etuo v· ,;d. 

Other emergency procedures have been formulated defining emergency conditions that could 

occur at the station. These are broken down into minor release to the atmosphere, major release 

to the atmosphere, and uncontrolled release to the river. A test drill was performed'of the minor 

release to the atmosphere; future drills are planned to simulate each of the emergency conditions. 

Summary 

Radiation intensities measured in the primary plant have shown gradual but definite increases 

throughout the life of Seed 2. The maximum measured radiation intensity (40 r/hr) was measured 

on an operating loop which is not a normal access area while the station is at power. The average 

radiation level in the compartments after shutdown was approximately 15-20 mr /hr. No informa­

tion is available concerning radiation intensities in the reactor chambe.r while at power .. However, 

radiation intensities, both neutron and gamma, we:re measured in the reactor pit and surrounding 

areas while the reactor was at power and the water shield removed. While the radiation in these 

areas was measurable, it did not prohibit access. 
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Contamination· control in the primary plant has become more of a problem due to the- increase 

in maintenance on the primary system. Several changes, including .building modifi~ations, have 

been made to assure positive control of personnel working in contaminated areas. A health physics 

work center is located at the entrance to the reactor plant to facilitate giving radiation safety in­

formation and monitoring tools and equipment leaving the area. 

Per·sonnel radiation exposures were generally low, except during the refueling period. In all 

cases exposures have been in compliance with Federal and State regulations. 

Emergency plans have been prepared to cover all emergency conditions that could occur at the 

station. Some test drills have been performed and future tests are planned to simulate each of the 

emergency plans. 
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CHAPTER 6 

MAINTENANCE 

Introduction 

A more effective maintenance program was conducted. during Core I Seed 2 operation due to 

experience gained in the technology associated with maiiitainiug c1. nuelcar powe:r st.r~.tion. Main­

tenance work wa::; performcdon practically all types of reactor and turbine-generator plant equip­

n1ent, from inst:rnmenl calibration and feerlwater heater repairs to the removal and installation· of 

a hermetically sealed main coolant pump and volute and the replacement 'of a n1o::chu.niam position 

indicator coil housing ass ert1bly and s tatoi' -we~.i:t!l' jad~~ t QIJO ombly. 

The effectiveness of t.he maintenance program contributed to the station capability of maintain­

ing a very high availability !or testing, power production, and training throughout the entire Seed 2 

operation. 

~npower Requirements 

Figure I-8 presents data showing the total manhours per month worked by the maintenance 

group. During operation of Core I Seed 2 the number of "in-station" maintenance personnel re­

mained the same (approximately 60) as it was at the end of Core I Seed 1 life. When the work load 

became too great for the "in-station' 1 maintenance pe!·sonnel to handle, particularly during the two 

months preceding Seed 2 - Seed 3 refueling, maintenance personnel !rom other power st.;~.tions of 

the Duquesne Light Company were brought in to alleviate the work load. The increase in manhours 

seveTal months prior to Seed 2 - .~eed 3 refuellug wl!.! duo primiil:d.ly to the preliminary preparations 

u.nd personnel training required for the subsequent refueling operation. 

Follow- Up of Major Maintenance Jobs During Seed I Operation 

During Core I Seed 1 operation, compoueilts in tho ro:actnr and c:enerator plants presented 

several major·maintenance problema, which were successfully resolved and c:r.eated no further 

problem for Seed 2 operation. Problems were encountered in the rod drive inverters, moisture 

separator, the turbine, RWD hydrogen burner, and the acid system. 

1. Rod Drive Inverters 

The rod drive mechanisms receive power from low-frequency.-mechanical inverters. Dur­

ing Seed 1 life, the inverter faceplates were replaced with a type constructed of glass 

melamine phenolic sheets to overcome a creep problem caused by the origina.l paper base 

phenolic plates. The new plates were trouble-free rluring Seeq 2 life. The original brushes 

for these inverters were made of 62 percent copper, 27 percent graphite, and 11 percent 

molybdenum disulfide; they were replaced during Seed 1 operation with brushes niade of 75 

percent c..:upper, 25 percent graphite. This change was made to correct the problem of 

brush material plating out on the commutator segments. However, these replacement 
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brushes were subjected to oxidation and were, therefore, unsatisfactory. A third brush 

material containing 75 percent silver was tried during Seed 2 operation and proved to be 

successful. These changes reduced maintenance on the rod drive inverters to two cleanings 

in 10,000 hours of operation during Seed 2 life, a reduction of 80 percent in maintenance 

time. 

2. Moisture Separator 

The moisture separator, which had completely failed during Seed 1 operation, was operated 

throughout Core I S,eed 2 life without incident or failure indication. The design defects pre­

sent in the original model of the tuyere were eliminated. The moisture sep<~.rator was in­

spected on June 15, July 17, and November 29, 1960 and April 3, 1961; all internals were 

found in good condition. The new tuyere de::;ign consisted of changing blading from a flat to 

a curved blade, from type 304 stainless steel to 12 percent chrome steel, and from 1/8 inch 

to 3/16 and 1/4 inch thickness. The tuyere, originally a single unit,, was redesigned and 

now consists of four flanged sections which are bolted together. The blades were welded in 

place by establishing a preheat of 300°F. Upon completion of welding each section was then 

stress relieved at 1175°F for 12 hours and furnace cooled. 

3. Turbine 

The turbine operated during Core I Seed 2 life without incident or failure indication. The 

last row of blading was inspected on December 2, 1960 and found in reasonably good condi­

tion. 

4. R WD Hydrogen Burner 

In May, 1960 a new design hydrogen burner was installed iii parallel wlth tho o~diitil'lg hyrlro­

gen burner in the radioactive·wa:ole Ji.;;poonl pbnt fQr trirt.l ope!·o;~,tion. Following success­

ful tria) operations, the new burner was placed in service and has since ope :rated trouble­

free. The old burner was placed in a standby condition. The new type burner is superior 

because the catalyst can be rejuvenated in plac,c by purging with nitrogen to remove the 

mois Lure from the catalyst. With the old hydrogen burner, the burner had to be isolated, 

the catalyst removed, and rejuvenated by acid cleaning. Even after rejuvenation, the old 

catalyst would operate satisfactorily for only about one hour before failing. 

5. Acid Handling 

Prior to start-up of Core I Seed 2, the ball-check piston-type acid pump was replaced with 

a diaphragm-type acid pump. This pump is used to regenerate the demineralizers in the 

Turbine Generator Plant, Considerable maintenance was necessary on the piston-type 

pump during Core I Seed 1 operations. The diaphragm-type acid pump has operated satis­

factorily during Core I Seed 2 life. The demineralizer stainles::;-steel acid inlet line spool­

piece to the acid eductor was :r:-eplaced with a polyvinyl plastic pipe to eliminate acid leakage 

and to improve the acid mixture concentration for the demineralizer regenerations. 
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Major Maintenance Items During Seed 2 Life 

1. Mechanism Stator Replacement 

Shortly after Core I Seed 2 was placed in operation, the E-12 rod drive mechanism stator 

winding indicated a very low value of resistance to ground. During a shutdown all rods were 

de:...energized except E-12, which was energized through the rod test circuit in an attempt to 

bake the winding and remove the suspected moisture. The baking operation successfully 

increased the insulation resistance for a short period of time, but did not provide a perma­

nent solution to the problem. It was, therefore, necessary to replace the defective stator 

with a spare unit. The reactor pit was drained. The reactor chamber dome, ventilation 

ducts, ladders over the rod drive mechanism, and control rod holddown structure were re­

moved. The E-12 position indicator coil housing assembly and the mechanism stator as­

sembly were removed from the reactor vessel head as a unit, and a spare stator and position 

indicator coil housing assembly were installed as a unit. No penetration into the reactor 

coolant system was required for this operation. All electrical checks were performed suc­

cessfully on the replacement stator and position indicator coils. The holddown structure, 

ladders, ventilating ducts, and the reactor chamber dome were re-installed to complete the 

operation. Total elapsed time for this operation was approximately 40 hours. 

2. Radioactive Waste Disposal System Incinerator 

The RWD incinerator and gas scrubber unit has operated unsatisfactorily during the life of 

Seed 2. Its operation was uncontrollable and caused minor furnace explosions, overheating, 

and release of a great deal of smoke to the atmosphere. The first cnaintenance work on this 

unit was devoted to improving the filter. The original filter design was modified to permit a 

more efficient exchange of the filter elements. Angle supports were welded in the bottom of 

the filter section to support the modified filter, and a plate was bolted to seal the opening 

where the filter. is installed. The modified filter could.then be replaced by removing the 

plate, sliding out the filter assembly, replacing the filters in the filter assembly, reinstalling 

the filter assembly, and resealing the opening with the plate. 

In June of 1961, the gas sc-rubber wa~ removed from service, dismantled, and inspected. 

The internals were coated with approximately 1/4 inch of carbon and, upon cleaning, were 

found badly corroded. Due to overheating, one portion of the sidewall had pulled away from 

the baffle plates. A piece of angle iron was then installed and the baffle and sidewall were 

rewelded. In the blower assembly, as much as to 2 inches of carbon sludge was found coat­

ing the impeller and housing. In the filter shell and inlet piping, numerous holes were found 

and welded closed. Carbon sludge deposits of 1/2 inch were also cleaned out from both inlet 

and outlet sides of the filter. All sludge and carbon was tested and found to be contaminated. 

A draft gage and dan"lper are to be installed on the discharge side of the blower unit in order 

to obtain better control of the burning. It is believed .that this modification and the scrubber 

repairs will impro"ve ope:ration and decrease maintenance. 
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3. lA Feedwater Heater \Tube Replacement 

Leak testing of the s·econdary fluid sy!!lerns in April, 1960 revealed that .52· additional tubes 

had failed in the first pass and 5 in the second pass of the lA feedwater heater since the 

previous test in January, 1960. This represented a total of 78 tube failures in the first 

pass and 5 tube failures in the second pass. All tubes of the first pass were plugged, a 

hole was cut in the division plate between the first and second passes and the heater was 

operated as a single pass unit. The heater was then placed.in service May 6, 1 <;160. Leak 

tests performed in the early part of July, 1960 revealed that the lA feedw<'~.t.er heater was 

again leaking severely. On July 18, it"was removed from service, isolated, and inspected. 

Several ruptured tubes were remove.d and sent to the heater manufacturer, Duquesne Light 

Company Chemical Lab, and a government laboratory for further analysis. The re!lults of 

these investigations revealed that (1) stress corrosion was the cause of the tube failures 

and that (2) the original manufactured tubes were not stress relieved at the bends. Based 

on these findings, it was recommended that the heater be completely i·etubed. 

The shell internals of the 1 A heater were inspected in August,, 1960; some pitting was found. 

The inside surface of the shell was wire brushed and coated with Apexior to prevent furlhel" 

pitting. Removal of the old tubes began in October, 1960, and was completed by November 

17, 1960. The tube sheet was sent out to the manufacturer for removal of the tube stubs; 

it was returned on December 14 and tube installation was star.ted. 

Retubing was completed on January 17, 1961, and the heater was returned to service on 

February 1, 1961. Due to the work load in other areas of the plant, this work was per­

formed on a. part-time basis. The original tubes were Admirality metal type B; the newly 

instaJlec:l tubes were Arsenical-Admirality, metal heat-trealed for stress relief. Siru;e the 

installation of the new tubes, the lA feedwater heater has performed satisfactorily. 

4. lA Heat Exchanger Leak Testing 

The lA reactor coolant loop was removed from se.rvice in December, 1960, drained, and 

flu!>hP.rt in preparation for leak testing the lA heat exchanger. The test method required 

pressurization of the secondary side of the heat exchanger to 75 psig with control air, filling 

the primary side with water up to the elevation of the top handholes, and observation of the 

tube sheet for bubbles. When no leaks were found at 75 psig, the pressure was increased 

to 150 psig using bottled Nz gas. In order to observe the top five rows of tubes, a periscope 

was constructed and installed in one of the handholes. The top handhole openings were then 

sealed so that the water level could be raised to cover the top five rows of tubes. No leak­

ing tubes were found.· Following this testing, the handhole covers were welded in place and 

the loop was hydro!ltatlcally tested at 2750 psig and returned to service. 

5. 12-Inch Main Steam Stop Valve Disc and Seat Failures 

The lA motor-operated (40-H2-l). lA manual (40-H6-l), lC manual (40-H6-3), and the lD 

manual (40-H6-4) main steam stop valves were dism.antled for inspection and replacement 

of the bonnet seal rings between April 2, 1960 and April 7, 1960. The lD motor-operated 
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steam stop valve (40-H2-4) was taken out of service on November 21, 1960 and disassembled 

for repair of a leaking bonnet seal ring. Each valve has a nominal pipe size of 12 inches 

and is rated at 1050 psig maximum pressure and 600 psig nominal rating. 

The condition found in each valve during inspections was as follows: 

The lA Motor-operated (40-HZ.-1) valve had a steam cut approximately 3/4 inch long in the 

body of the valve next to the seal ring. A quarter-inch spacer was machined and installed 

above the new seal ring. This spacer repositioned the seal ring below the cut in the body 

and allowed the ring to seal on the machined surface that had not been damaged. The wedge 

and valve body seats were in good condition. The seat rings (downstream) on the lA manual 

(40-H6-l) valve were found to be flat on the top portion. Approximately four inches of the 

top section of this ring was separated 3/8 inch from the body and prevented the downstream 

side of the wedge from sealing. Inspection of this valve by the valve manufacturing repre­

sentative failed to determine the exact cause of the seat ring deformation. A new pressure 

seal ring was installed and the valve was reassembled. 

A similar condition of the seat rings was found on the lC Manual (40-H6-3) valve but not as 

severe as in the lA. Measurements were taken to determine the exact amount of deforma­

tion of the seat rings. The amount of deformation on the upstream side of the valve was 

0, 091 inches and on the downstream side of the valve it was 0. 075 inches. A new pressure 

seal ring was installed in the bonnet and the valve was reassembled. 

The seat rings on the lD Manual (40-H6-4) valve were in the same condition as those on the 

lA and 1 C valves. Mer~.su"C'ements showed that de!ul'luatlon on the upstream side was 0. 150 

inch and on the downstream side it was 0.197 inch. A new pressure seal ring was installed 

in the bonnet and the valve was reassembled. Just prior to reassembly of this valve, a 

goug·e was discovered on the bonnet seating surface, apparently caused by a punch when the 

split rings were being removed. The bonnet was sent 'to the machine shop and approximately 

0. 015 inch was machined from this surface. 

In September, 1960 the 1 D motor-operated steam stop valve (40-H2-4) started to leak 

severely at both the bonnet and packing in the closed position. In November, 1960 the valve 

was removed from service during stati'on cooldown and disassembled for repair of the leak­

ing bonnet seal ring and the packing. Hairline cracks were found on both faces of the stellite~ 

valve disc. These faces were cleaned and the disc was reinstalled in the valve. The valve 

pressure seal ring was cut in some areas of its knife edge seating surface. A new pressure 

seal ring was installed in the valve. Numerous axial grooves were scored on the side of the 

valve stem at the packing gland area. These were approxi~ately 0. 1 inch deep and 0. 2 inch 

wide in the worst case. Inspection of seat rings indicated that they were in good condition. 

It was noted at this tinH: that the rings were not seal welded to the body as suspected by the 

manufacturer. The internal surfaces of the valve were in good condition, except for one 

hairline cut in the body at the seating surface of the pressure seal ring. This cut was re­

moved by feathering the metal on both sides of the cut. All surfaces of the valve were 

cleaned, reassembled, and fitted with new packing. The valve was then returned to service. 
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It is planned to remove the lA manual (40-H6-l), lC manual (40-H6-3), and lD manual 

(40-H6-4) main steam stop valves from the steam system during Seed 2 - Seed 3 refueling. 

These three valves are to be retu·rned to vendor for reconditioning. The lA, lB, lC, and 

lD (40-H2-l, -2, -3, and -4) motor-operated and the lB manual (40-H6-l) main steam sto: 

valves are to be dismantled, inspected, and repaired in place, if necessary, during Core I 

Seed 2 - Seed 3 refueling. 

6. Reactor Coolant Pump Flange Gasket Leakage 

During the leak test of the IB heat exchanger in April, 1960 leakage was detected at the 

volute gasket on the lB reactor coolant pump. A.fL~r isolation and draining of the loop, four 

flange bolts, 90 degress apart, were measured for installed stretch condition. These bolt$ 

were heated, removed, and measur~tl after they had been cooled to ambient temperature. 

Measurements indicated that these bolts ranged from 5 to 7 mils under the prescribed 

elongation. The bolts were reinstalled and stretched to the proper torque. The remaining 

20 bolts were then heated ami stretched the additional 5 to 7 mils for proper torque. The 

pump was then successfully leak tested, but at this point an invef:;tigation was made to de­

termine what the maximum bolt loading ua the pump flange would be if one or more of the 

20 bolts, which were assumed to be 5 t6 7 mils uude1· the prcocribed elongii!.tion, wPre less_ 

than this amount pri~r to reheating. Calculations indicated the possibility·of flange distor­

tion and bolt damage under the worst conditions. It was then decided to remove all bolts, 

install a new gasket, and restretch all bolts to the proper torque. The flange gasket was 

then leak tested at 2750 psig and no leakage was found. 

During the leak test of the IA heat exchanger in February, 1961 leakage was detected at the 

I A reactor coolant pump flange gasket. All the bolts around the flange were measured as 

found. Then four bolts at a time were heated, removed, alluwed to cool, and measured. 

After the bolts were :r.einstalled in the flange, they were heated and stretched to the desired 

0. 014 + 0. 001 inch. All bolts were again measured and found within permissible stretch 

Hrnits, The pump was then leak tested succ~ssfully. 

7. Reconditio~in_g autl Modification of the lD Reactor Coolant Pump Volute 

Prior to decontaminating the reactor coolan't pump volute in pr~pa1·ation for reconditioning 

and modification in conjunction with pump replacement, contact radiation readings were 

taken. After several scrubbings of the volute with a solution of EDTA and alconox, the 

radiation levels were reduced approximately 50 percent. Additional decontamination was 

performed by soaking ¢e pump volute in a steam heated solution of alconox and EDTA. 

After three soak and rinse operations, it was evident that further decontamination was not 

practical. Listed below are the radiation readings before and after ~ach phase of the 

operation. 

Volute top flange 

Volute outlet 

Volute inlet· 

Prior to 

Decontamination 

I 75 mr/hr 

70 mr/hr 

35 mr/hr 
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After Scrubbing 

Operations 

80 mr/hr 

50 mr/hr 

30 mr/hr 

After Soaking 

Operations 

50 mr/hr 

50 mr/hr 

25 mr/hr 



• 
The inlet and outlet nozzles of the pump volute were then machined in preparation for weld­

ing the volute into the lD loop. The inlet end (suction) was machined using a special portable 

18-inch pipe beveling machine, but the outlet end (discharge) had to be machined on a hori­

zontal boring mill since it was impossible to install the portable beveling machine at this 

location . 

The second phase of the volute reconditioning involved machining the internal bore of the 

volute at the thermal barrier area and cutting back the water tip vanes to permit future in­

stallation of a larger pump and impeller for Core II operation. This was accomplished by 

means of a special portable boring machine which was designed and built for this operation. 

Figure I-9 shows the portable boring machine mounted on the pump volute. 

At the completion of the boring operation, a dye check of the volute casting was performed . 

Numerous indications of flaws appeared in both the inside and outside of the volute. One 

crack in the shroud ring was ground to a depth of 1-1/8 inches before the crack disappeared. 

The ground area of the shroud ring was filled with weld material to the contour of the shroud 

ring and successfully dye checked. Most of the flaws were removed by grinding the surface 

area. Two areas inside the volute were filled with weld material, ground, and dye checked. 

These two areas were ground out to a depth of 1 /2 inch to remove the flaws . 

Figure I-9. Portable Boring Machine Mounted on the Pump Volute. 
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There were approximately twenty areas on the inside of the volute where flaws were re­

moved by grinding to a depth of 1 I 8 to 1 I 4 inch. These areas did not require addition of 

weld metal; however, the sharp edges of the grooves wert: smoothed out to blend in with the 

contour of the volute. There were two areas on the outside surface of the volute where 

deep grooves were made from 3116 to 1 I 2 inch deep to remove the flaws. The sharp edges 

of the groove were smoothed out to blend in with the contour of the out~:;ide of the volute. 

8. Removal of Resin Sample from AC Purification Loop Demineralizer 

During June, 1960 the lAC demineralizer was removed from service to extract a resin 

sample so that a detailed analysis could be performed to obtain the following information: 

a. Total long-lived activity removed by the resin. 

b. Distribution of the activities on the resin between crud and absorbed ions. 

c. Distribution of activities and chemical elements on the length of the bed. 

d. Effect of resin in reducing plant contamination. 

e. Radiation damage to the resin. 

To obtain this sample, it was first necessary to remove the metal cover and concrete cover 

sections from atop the AC purification loop access chamber port. The bolts were then re­

moved from the AC purification loop access port and the dome was removed. The concrete 

plug in the demincralizer shield cubicle was removed to provide access to the demineralizers. 

The top of the demineralizer was shielded with lead and a work platform was installed. The 

three-inch resin fill line was cut (using a standard pipe cutter modified to hold oversize 

cutting wheels) just above the demineralizer inlet fill nozzle. A special lecLk. shielding cask 

was placed over the inlet fill nozzle and a probe was inserted through the cask. The probe 

was driven down into the resin bed until it contacted the top of the demineralizer outlet 

filter. The sample was then withdrawn into the cask. The concrete plug, chamber dorne, 

and concrete hatches were reinstalled after welding the three-inch pipe and remov1ng the 

platiorm and shielding. Upon curupleliuu uf the installation of the chamber dome, thP Ar. 

purification loop was returned to service. 

9. Collapse of Condensate Storage Tank Top Section 

In April, 1961 it was discovered that approximately 1 I 3 of the top of the condensate storage 

tank was "dished-in", apparently because of a vacuum being placed on the tank due to failure 

of the vacuum breaker. An inspection for failure of the tank was made wilh uye pe:netrant; 

no crar.ks were found and the top was assumed to be sound. Pieces of angle iron were 

welded to the dished-in portion of the top and, with the use of the crane boom and 2 chain 

falls, the top was successfully pulled out. The overflow pipe hanger which had buckled was 

replaced. 

The level indicator was found to have a ruptured diaphragm. The diaphragm was sub­

sequently replaced and the instrument calibrated . The vacuum ureaker on the tank was 

removed and inspected. It was found that the vacuum breaker shaft could stick and re!Iiain 

closed. The shaft was cleaned, reset, and reinstalled. A periodic check uf the vacuurn 

breaker has been initiated to insure proper operation. 
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The inside of the tank was inspected and found to have a slight pitting in the surface. The. 

inside of the tank was then wire brushed and painted with Apexior No. 1 to prevent further 

corrosion. The tank was successfully leak tested and retu.rned to ser·vice. 

10. Primary System Valves 

Minimum maintenance problems were experienced on the reactor plant stainless-·steel 

valves, with most of the valves operating trouble-free during Core I Seed 2 operation. The 

few exceptions are discussed in the following paragraphs. 

From December, 1960 to August, 1961 leak rate tests performed on the two pressurizer 

steam relief valves (06-HlS-1 and 1 0) indicated an average leakage of 31. 6 gal/hr from 

06-HlS-1 and 25.3 gal/hr from 06-HlS-10. 

During the same period the leak rate.for the four reactor water relief valves (06-HlS-2, 

3, 8 and 9) averaged 4.0 gal/hr, 1.2 gal/hr, 8.4 gal/hr, and 0. 7 gal/hr, respectively. 

It is planned to dismantle the numbers 1, 2, 8, and 10 valves for inspection and repair 

during Seed 2 - Seed 3 refueling. 

In May, 1960 in preparation for initial start-up of Core I Seed .2 operation, the FEDAL 

crossover isolation valve stem was reported to be galled in approximately the three-quarter 

open position and could not be operated in either direction. The valve was removed fr.om 

the system to permit dismantling, inspection, and repair. Since there are 22 such valves 

presently installed in the reactor plant, it was decided to investigate thoroughly this par­

ticular valve for thP. cause of gaJ.li.ng. 

Upon dismantling and inspection, it was found that the lower threaded portion of the valve 

stem had been galled to the disc threads. All· clearance and internal mating parts were 

checked for any discrepancy from the specified dimension which might have contributed to 

the failure. From the measurements taken, the_re appeared to be sufficient clearance be­

tween mating parts for normal operation of the valve. Unfortunately, no accurate measure­

ment of the threaded parts could be taken because of the nature of the faiiure. The remain­

ing threads on the bottom portion of the stem wert: noLin good enough conditi.on to be mea­

sured accurately with a thread micrometer for comparison to the new stem threads. 

One item, which may be of significance in connection with the threaded parts in question, 

is a revision noted on the supplier's drawing. This revision notes that th.e.lower threaded 

portion of the valve stem had been modified from a Class 2 to a Class 1 fit. This change 

raises the question that there may have been sorrie· difficulty of a similar nature during 

initial manufacturing 'and testing. Since it is possible that there are 9ther valves of this 

type in operation in the plant, which may have been installed before the modification was 

made, a further investigation of this problem was warranted. 

On the basis of this possibility, a test was initiated both to operate all ins~alled l-inch 

3000-pound globe valves through' a complete travel using a torque wrench, and to record 

the torque readings. No notable deviations from .the expected· normal running torques 

were found in any of the valves. Therefore, it was concluded that this was an isolated 

case and that similar ·failure was not likely to occur in the near future. 
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The failed valve was replaced with a spare valve in sto.ck. ·The stem, disc, and keys of 

the original valve have been replaced. The replacement valve was hydrostatically tested 

at 3750 psi with the disc seated at the.prescribed torque. 

In August, 1960 the lB loop 3-way selector valve (15-Hl2-2) was isolated from the valve 

operation system due to internal leakage and was disassembled for inspection and repairs. 

This 1-1/2-inch selector valve is designed for water use, rated for 3000 psig at U.ouF, 

and constructed of 304 stainless steel with stellite wearing surfaces. Inspection of the 

valve immediately after disassembly indicated that all its internal surfaces were free of 

foreign materials. The water inlet seal located in the ·upper portion of the valve was badly 

eroded over an area of approximately 150 degrees of its seating surface, indicating a large 

leakage area. A new seal and teflon back·-up rings were installed. The seals for the water 

outlet sides of the valve, which direct water to the opening and closing ports of the pilot 

valve (15-Hl4-.2), were found to be damaged and were replaced along with the teflon back­

up rings. The top surface of the valve disc was found to ·be damaged and was replaced 

along with the teflon back-up rings. All internal surfaces of the valve were cleaned. The 

valve was reassembled and returned to service. 

In September, 1960 the flash tank inlet 3-way selector valve (15-Hl2-8) was isolated from 

thE> valve operating system due to internal leakage and was disassembled for inspection 

and repair. This l-inch selector valve is designed for wate1· use, rated for 3000 psig at 

2200F, and constructed of 304 stainless steel with stellite wearing surfaces. 

All valve seals showed signs of wear and were replaced. The valve disc was severely 

worn and was replaced with a spare disc .. The 0-rings appeared to be in good· condition, 

but were 'replaced as a preventative measure. The seal springs were badly deformed and 

all six were removed and.replaced with new springs. The valve stem was in good condi­

tion and free from bletnishe!!. L1opection of the valve immediately aftilr dil!10\.fi~""mbly in­

dicated that all internal surfaces were free of foreign material. There was some very 

slight pitting present, but this pitting was scattered and therefore not considered serious. 

All internal surfaces of the valve were cleaned and the valve was reassembled and returned 

to service. 

In November, 1960 the lA loop flow d/p cell bypass valve (05-Hl6-24) was removed from 

service to be disassembled for inspection and repair. The l-inch capped manual globe 

valve is rated for 3000 psig at 600°F and constructed of 304 stainless steel with stellite 

seating surfaces. It was suspected that the stem had broken and the disc had fallen un Uu:: 
\ . 

seat, because the lA loop flow d/p cell bellows would rupture each time the cell was hydro-

statically tested. Disassembly and inspection of ·the valve 'r:lisc.losed that neither the seat 

nor the disc had any appreciable wear on its surface. However, the seat and disc did not 

have a smooth seating area. 

Only about 30 percent of the surfaces were mating instead of the full surfaces for which 

the valve was designed. The valve was repaired by lapping-in the disc and seat with a 

special lapping tool, reassembled, and returned to stock. The original valve was re­

placed in the system with a spare valve. No further :rupture of the cell bellows has 

occurred. 
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11: Turbine Trip Latch Problem 

When the simulated weekly operational check of the overspeed trip was performed, the trip 

latch lP.ver failed to reset with subsequent shutdown of the turbine on numerous occasions. 

In the performance of this weekly operational check, the auto-stop reset lever was held in 

the latched position to prevent the loss of the unit. The purpose of latching the auto-stop 

reset lever was to override the trip weight, which is thrown out from the shaft by centri­

fugal force, striking the overspeed trip trigger and causing the unit to actually trip due to 

overspeed of the turbine. 

During a shutdown period in June, 1960 the overspeed trip mechanism was disassembled, 

inspected, and repaired. The overspeed trip valve reset and release cam was found to be 

worn and was replaced. Upon reassembly of the trip mechanism, it was also discovered 

that·there was not sufficient clearance between the overspeed trip trigger and overspeed 

trip body. The overspeed trip trigger was removed and metal was removed from the trip 

trigger in the area that contacts the trip. body. 

The trip mechanism was then reassembled a~d the desired clearance obtained. Since then, 

the overspeed trip mechanism has worked satisfactorily when performing the simulated 

weekly operational check. 

12. Differential Cell Calibration 

A periodic. calibration program for the 52 primary plant d/p cells was undertaken during 

S·eed 2 life to determine the amount of d:r:ift that had taken place in the cells. The test in­

volved the use of calibrating rigs to assure accuracies of 0.1 inch HzO between the high 

and low legs. At times the isolation, or bypass, valves for the cells leaked through and 

liquid nitrogen freeze plugs had to be maintained on the lines to permit calibration. Very 

slight leakage of the bypass valve is tolerated during operation when there is sufficient 

flow of water to maintain the head across the cell, but during static calibration no leakage 

at all can be tolerated. In the case of the d/p cells used on core instrumentation, no 

isolation valves are provided; therefore, freeze plugs had to be maintained at all times 

during calibration. Maintenance of the freeze plug~ required an extra man on the calibra­

ting teams. Venting the cells was sometimes difficult because of gas being liberated from 

the primary water. During Seed 2 operation, the internal relief valves in the d/p cells 

sometimes failed to reseat. The cells would indicate reasonably well in operation, but 

were impossible to calibrate because a static head could not be maintained across the cell. 

The relief valve required removal of the cell from the system, cutting the seal welds on 

both the top and bottom caps of the cell body, and rebuilding the cell. Then the cell was 

welded shut, with c:a.li.bration before and after welding and rewelded into the primary system. 

13. Reactor Plant Instrumentation 

This section includes all instruments associated with the reactor and react.or plant auxiliary 

fluid systems. Due to failure of many of the indicator-receivers during Seed 1 life as a 

result of inadequate lubrication and heat, all 57 units were torn down, cleaned, and rebuilt 

. during Seed 1 - Seed 2 refueling. During Seed 2 lifetime 12 units failed because of parts 
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freezing due to inadequate lubrication and two units failed when the magamp power supplies 

failed. This type of power supply failure had not been experienced during Seed 1 operation. 

One final problem is associated with the oscillation dampers which are provided on flow 

instruments to prevent them from oscillating in one spot and causing excessive wear on 

parts. These units frequently failed during Seed 1 life and into Seed 2 operation.· The 

trouble was remedied by using higher rated diodes in the bridge rectifier circuit. These 

diodes had not been commercially available until that time. 

During Seed 1 - Seed 2 refueling, the temperature monitors were replaced with monitors 

of a newer design, mainly due to the high cost of repairs to the stepping switches. New 

stepping switch~::s for the new units were obtained at approximately 10 percent of the cost 

of reconditioning U1e switches for the old monito:rs and lasted 6 to 9 months; however, the 

switches had to be soldered in (180 connections) instead of plugged in as in the original 

monitors. The monitor design was modiii~::u to slow dowii the scauuiug li_,, .. .., to one point 

every 1-1/2 seconds, U1us e:na.~Hl\g the uwlL~.;h Lv lr.,;;t ~,:. t.i'l .'i'l mon~h'! "'·;,, .. ,..,.dt,·.h lifo io 

directly proportional to operations. 

The valve position indicatiug system usco E-co1·e diffe:rcntial transformers to detect sealed 

hydraulic valve movements. Tl).e output is fed to magamp receivers which amplify and in­

terpret the signal to indicate whether the valve is open or closed. During Seed 1 - Seed 2 

refueling the detectors were reconditioned to correct for damaged insulation ;:tnd contact 

corrosion caused by high ambient temperature (130-150°F) in the vicinity of the detector 

and by heat conduction from the valve. Duriug Seed 2 operation, the detectors gave no 

trouble, but the magamp receivers drifted and, in one case, caused a safety shutdown. 

Better ventilation ha;s been i"nstalled in the receiver racks, and the receivers arc being 

modified to permit checking for receiver drift during operation. 

14. Radioactive Waste Disposal System Level Instrumentation 

.In the waste disposal plant there are 27 strain gage type d/p cells feeding into one read-out 

instrument of the capacitive balance type installed in the waste disposal building. The 

seasonal rebalandng of cells is still required as during Seed 1 operation but, in addition, 

it has been noted that temperature changes cause :i.el'o drift of the cellii. The 21 cells in­

stalled in instrument cabinets outside the building have a high rate of failure, with repairs 

costing approximately 70 percent of the price of a new cell. Of the 21 outside cells, 8 

had to be returned to the manufacturer for repairs during Seed 2 operation. Because of 

·troubles, the strain gage type d/p cells will be replaced by E,.core differential transformer 

type cells for tank level indication and by le·vel switches for sump levels. 

15. Operational and Safety Radiation Monitorin-g Systems 

The operational radiation monitoring s ys tern monitors various critical ar~::as within the 

reactor plant and has read-out instruments in the main cont:rol room. Channels 9 through 

12, air particle detectors, were modified at the beginning of Seed 2 operation. The filter 

paper drive and filter paper were changed. This modification resulted in a substantial 

reduction in equipment failures. 
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Equipment, Personnel, and Procedure Improvements 

Tool and equipment cleaning for transfer from a controlled or contaminated area to a clean area 

was time consuming in the m.aintenance program. Initially, tools were categorized either as clean 

tools or as contaminated tools and kept in separate areas of the reactor plant. This arrangement 

worked satisfactorily for a short period of time, but inevitably an interchanging of tools was en­

countered. To overcome this difficulty, the two tool storage and issuing ·areas were combined into 

one; thus, all reactor plant tools were treated as contaminated. 

Transfer of a tool or piece of equipment from the reactor plant required that it be cleaned until 

the contamination level was less than 100 dpm/ft2 beta gamma regardless of destination or use. In 

some cases, the item was merely to be inspected or dismantled and then returned to a contaminated 

area. Removal of the equipment to the decontamination room and assignment of men to clean the 

item, if routine decontamination was not being performed at the time, was often necessary. Many 

times a job was delayed for several days while some tool or piece of equipment was being decon­

taminated. The subsequent purchase of an ultrasonic decontaminating bath considerably reduced 

the time necessary for tool and component decontamination during Seed 2 operation. Fast and ef­

fective decontamination of even the most intricate parts was achieved with relative ease in a short 

time. A further improvement was made by the installation of a second contaminated tool room in 

the reactor plant container. This facility reduced the manhours necessary to obtain the proper 

tools when work was being performed in the plant containers. These tools are periodically checked 

for high contamination levels and are decontaminated only when required. Previously, the men had 

to obtain the tools from the tool room located in the fuel handling building and return them to the 

tool room after they were decontaminated. 

The purchase and installation of additional machinery, such as a horizontal boring mill (replaced 

outdated boring mill), punch and shear, shaper, and milling machine, enabled more machine work 

to be done at the site rather than at a distant machine shop. Also, certain items that were difficult 

to decontaminate were machined under health physics supervision in the contaminated machinery 

area. 

Previous work on equipment at a conventional power station did not normally involve the use of 

procedures, because experienced pF-rsonnel who had n"lainlained the equipment over a period of 

years were able to perform the work unaided and to train newer men. Since the maintenance men 

were unfamiliar with much of the reactor plant equipment, use of detailed procedures became 

mandatory for disassembly, repair, or assembly of equipment. At first this slowed down their 

pace as did the donning of the correct anti-contamination clothing. During Seed 2 operation, how­

ever, the men have become more proficient in the use of detailed procedures to perform maintenance 

work in the reactor plant section and have made use of experience gained in Seed 1 operation. Main­

tenance time was reduced on individual instrument::; since the instrument personnel had become 

familiar with use of test equipment and with the normal troubles to be expected from equipment. 

They were also more familiar with the individual instruments and their circuitry; therefo:re, 

troubleshooting was much easier. 

The turnover of maintenance personnel has been practically nil for this station during Seed 2 

operation. The addition of two maintenance foremen during the latter half of .Seed 1 operation has 

improved the working efficiency of all personnel. With three foremen now assigned to maintenance, 
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one foreman handles the mechanical maintenance in the tuz:bine-generator plant, and the other me­

chanical maintenance foreman handles work in the reactor plant. Their maintenance men are subject 

to change in working areas, dependent upon the work load, if an ~mergency arises in the reactor 

plant or turbine-generator plant. The third foreman is assigned to handle all electrical maintenance 

problems in both plants. 

Experienced personnel turnover in the instrument group was limited to one mechanical instru­

ment man. Thus, all personnel were trained and familiar with the plant and ils instruments and 

couid work at top efficiency. 

During Seed 1 operation considerable time was lost when spare material and equipr:nent were not 

available. This condition was due to the unexpected frequency of repairs to various equipment. Also, 

vn.Hnus mat~ria.l substitutes were tried to see if they would have a longer life. From the expe:riP.nce 

gained during Seed 1 ,operation, adequate spare material aml t:L[uiptuei<t wcro l~opt ifi rhP ~lnr·r:r'lllri'l'l 

stock for Seed 2 operation. The minimum stock level specified for various items was based on the 

actual frequency of repairs for various plant equipment. As a result, the loss of time was reduced 

on various maintenance jobs becaus·e of the availability of material. 

Additional equipment for ha~dling material was procured durlug Seed 2 life. An additional mobile 

crane was purchased to facilitate the handling of heavy equipment. Two additional fork lift trucks 

were purchased and greatly reduced the time lost in handling bulky material on certain maintenance 

jobs. 

During the latter portion of Seed 2 operation, a central shipping and receiving station was estab­

lished. This station reduced the loss time on maintenance jobs, especially when equipment was re­

moved and sent out for modification or when new· equipment was received for installation. Previously, 

the equipment was usually prepared for shipment at the point of rernoval and men were moved fron'l 

other jobs to load the equipment if it was not shipped immediately. 

Since the plant operated at full power during most of Seed 1 - Seed t. hie, With only ~ 111uii;num 

number of shutdowns of short durations for testing, the repair or overhauling of nonessential items 

within the plant had to be postponed. Maintenance of this equipment will therefore be pe:rformed dur­

ing the forthcoming r.efueling operation. 
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CHAPTER 1 

COMPARISON OF SEED 1 AND SEED 2 NUCLEAR BEHAVIOR 

Introduction 

The nuclear behavior of PWR Core I Seed 2, as determined in periodic physics test restJ.lts 

performed through Seed 2 lifetime, has provided information confirming behavior observed during 
\ 

Seed 1 operation. Significant f~atures observed during Seed 2 lifetime included a pronounced increase 

in the blanket reactivity. Higher blanket power fraction, caused by the enhanced reactivity of the 

natural uranium dioxide blanket with continued irradiation, resulted in a substantially longer Seed 2 

lifetime than expected. Furthermore, spontaneous xenon oscillations during full power operation of 

Seed 2 were not observed, in contrast to Seed 1 experience. Unusual phenomena occurring during 

Seed 2 operation were the variation of the full power temperature coefficient with core age and the 

transient rod motion associated with initial withdrawal of control rod groups while at power. 

The physical characteristics which distinguished the nuclear behavior of PWR Core I Seed 2 

from PWR Core I Seed 1 included (1) an increased seed fuel loading, (2) use of two fuel zones 

in each Seed 2 subassembly to decrease local power peaking, (3) inclusion in one of the fuel 

zones of small amounts of distributed boron to act as a burnable poison, and (4) differences 

in water-to-nonwater volume ratio due to slightly different mechanical designs. The objective of the 

higher Seed 2 fuel loading was to obtain a longer seed operating lifetime; the natural boron was in­

cluded to help control the reactivity of the core during the first several thousaml hours of operation 

and to help suppress power peaking. All other components of the core remained the same for Seed 2 

as in Seed 1, except for the replacement of several blanket fuel assemblies and a control rod, which 

were removed for destructive analysis during refueling operations. In order to acquire operating 

experience with lesser artificial neutron source strength during start-up, only two polonium-beryllium 

neutron sources were installed for Seed 2 operation as contrasted with four neutron sources used 

with Seed 1. 

The reactivity contribution of the irradiated natural uranium dioxide blanket material was different 

from that during Seed 1 by virtue of the formation of plutonium and fission products in the blanket 

during Seed 1 operation. At the conclusion of Seed 2 operation, the blanket fuel region is calculated 

to have experienced an average burnup of approximately 4500 megawatt-days per ton of natural ura­

nium dioxide (MWD/T) and a peak burnup of about 20, 000 MWD/T, whereas, following Seed 1 opera­

tion, the comparable values are approximately 2000 MWD/T average and about 9000 MWD/T peak 

burnup. Operation of the core with Seed 2 installed has indicated the important contribution of the 

blanket reactivity lifetime characteristics to the over-all behavior uf.the seed-blanket core, as 

indicated helow. 

The reactivity lifetime of PWR Core I with successive seeds installed depends on the relative 

depletion of the seed and irradiated blanket. Thus, the power sharing between the enriched seed and 

natural uranium blanket of PWR Core I is a parameter of considerable significance. Although there 

was considerable scatter in the data, the blanket power fraction, as inferred from exit water thermo­

couple data, appeared slightly higher during Seed 2 operation than predicted on the basis of one and 

three-dimensional fuel depletion calculations. 
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This power sharing behavior is consistent with the substantially longer Seed 2 lifetime than pre­

dicted, which tends to su.ggest a reactivity behavior, with extended irradiation, of the natural uranium 

blanket fuel that is more favorable than caiculations indicated. The full power equilibrium xenon 

lifetime of Seed 2 was anticipated to be longer- than for Seed 1 because of the increased seed fuel load 

ing over Seed 1, but the 7900 equivalent full power hours lifetime actually attained for Seed 2 exceede 

expectations based on fuel depletion calculations by about 1000 equivalent full power hours. In con­

trast, the same type of calculations gave a slight overestimate of the Seed 1 lifetime. 

It is of interest to compare physics test results from Seeds 1 and 2 in order to understand and 

evaluate the differ.ences and similarities observed. Since the seed region primarily determines the 

reactivity characteristics of a seed-blanket reactor, most of the Seed 1 am:l Seed 2 physics test results 

can be expected to be similar becau~e the physical differences between the seeds have a small over-all 

effeCt on core reactivity. The effect of increasing the seed loading from 75 to 90 kilograms is nearly 

compensated for by the inclusion of 170 grams of natural boron. Although lhe Llct.ukct pow.or sharing 

and reactivity lifetime are the quantities principally affected by" the blanket I.Jehav1u1, the a.ccompu.uy­

ing influences from seed differences preclude complete separation of seed and blanket effects. How­

ever, the comparisons presented below do permit some qualitative observations to be made. 

Comparison of the periodic zero power physics test r·eeUlts for Seed 1 and Slied ?. ha~:< n.ot shown 

any substantial differences. The tl·end towards less negative temperature coefficients at zero power 

with increasing core age fur Seed 2 is similar to the behavior observed during Seed 1 operation. Due 

to the increased fuel loading of Seed 2, the average seed thermal neutron flux levels as inferred from 

the xenon transient tests have been generally lower, as expected, than comparable Seed 1 flux levels. 

Measured Seed 2 control rod reactivity worths. were similar to those measured on Seed 1, so that no 

pronounced loss in rod, worth is evident from the depletion uf the neutron absorbing isotopes of the 

hafnium control rods. 

A phenomenon not observed during Seed 1 life was the variation of the full power temperature 

coefficient with core age. Seed 2 did not exhibit any tendency toward ~pontaneous xenon oscillations 

during power operation as in Seed 1, Reference (Z). 

An unusual phe1;1omenon occurring iu Seed 2, and not in Seed 1, was the o~cillatory r.od motion 

associated with the initial withdrawal of the Group III and Group IV control rods while at power. 

These topics are discussed more fully in later sections. 

Extensive programs are in progress to evaluate further the reactivity behavior and depletion 

effects of the. irradiated blanket, depleted seed, and hafnium c.ontrol rods. Following Seed 2 opera­

tion, several blanket fuel assemblies were removed from the core for evaluation. Selected blanket 

bundles will be placed successively in a test reactor to detennlne the relative reactivity behavi.o,. of 

these bundles for comparison with calculated bundle-wise reachv1ty vai'iations iu lhe PWR Core I 

blanket. Certai.n blanket fuel rods from these bundles, selected depleted seed fuel plates, and control 

rod samples will be destructively analyzed to determine isotopic compositions, which will then be 

compared with calculated values. A similar destructive analysis program was conducted on blanket 

fuel rods removed following Seed 1 operation (Reference 1). Thus, a.n extensive physics program, 

including experimentation with the Shippingport reactor and subsequent destructive analysis of some 

of its components, is being carried out for PWR Core I Seed 2 in orde·r to promote understa.nding of 

the lifetime nuclear characteristics of a seed-blanket reactor with successive seeds installed. 
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CHAPTER 2 

PHYSICS TEST PROGRAM 

Introduction 

With the completion of the first refueling, the physics testing program initiated for Core I Seed 1 

was continued for the lifetime of Seed 2. The objective of this program was to obtain measures of 

the reactivity and power distribution ch_aracteristics of the reactor as a function of core lifetime 

associated with extended power operation. The results were used to provide indications of the seed 

lifetime to be realized and to predict future core performance. Experimental information derived 

from physics testing also can be compared with analytical results to determine·the validity of calcula­

tional design models. In areas where significant differences between the results obtained by experi­

ment and by calcula.tiou d.re observed, modifications to the calculational technique can be attempted 

to improve the design model. 

Physics Testing Conditions 

Associated with reactor physics testing are several standard plant conditions for full power, 

reduced power, and zero power tests. Full (100 percent) power operation for Seed 2 was defined as 

an output of 231 core thermal megawatts at an average cool~nt temper~ture of 500°F; with .the primary 

coolant pressure maintained at 1800 psi. For reduced power operation at the end of seed life, the 

average coolant temperature was reduced to 475°F, and extended runs we::re madP. r~t P?wer 16lvele: of 

75 and ~U percent of full power capability. The "zero power" condition for physics testing is at 

specified te~peratures and at power levels of up to 50 thermal kilowatts. 

Reactor Instrumentation and Control 

Precise reactor instrumentation and control of core and plant conditions during physics testing 

is necessary for the performance of the test and acquisition of accurate experimental measurements. 

The circumstances urider which the physics tests are performed involve numP.rous interactions between 

the reactor proper and the ·plant. Two predominant effects, temperature and pressure variations, 

which directly influence nuclear behavior are accounted for through the use of temperature and pres­

sure corrections. 

Due to the large temperature coefficient of reactivity of PWR, the variation of coolant (moderator) 

temperature must be measured to at least"±_ 0. 1 °F to insure precise reactivity measurements. For 

this purpose platinum resistance thermometers are installed in each of the coolant loops. Readings 

from these resie:tance thennorneters are displayed on precision self-balancing Mueller bridge re­

corders. With these instruments_, absolute core inlet temperature indication within:!:_ 0. 1 °F is obtained, 

and differential changes of .±0. 01 °F are ob::;ervable. Maintaining constant reactor coolant temperature 

for certain physics tests is difficult because the primary coolant pumps are operable at only two speeds 

to provide heat input. However, average core temperature is maintained to within approximately 

~0.5°F during physics testing. 
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Additional detectors located in the pressurizer and in each coolant loop measure the primary 

coolant pressure. The smallest scale division on the narrow range indicator is 10 psi. In practice, 

p:ressure control is maintained at ~20 psi for zero power testing and ~30 psi for power operations. 

The location of each of the four primary coolant loops is indicated in Figure II-1. 
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Figure II-1. PWR Rod Groups and Instrumentation. 

Special fission counters which operat~ independently of the plant nuclear instruments are inserted 

into two of the detector wells in the neutron shield tank for zero power physics testing. The placement 

of the fission counters is such that the reactor period !YH~asurernents at minimum powe:r level are not 

influenced by the installed neutron sources and the reactor heating of the moderator. These special 

fission counters are used since normal nuclear instrumentation may provide less precise reactor 

peri~d data. Output signals from the fission counters are fed into non-overload amplifiers connected 

to high-speed scalers. The interval during which counts from the scalers are accumulated is selected 

and controlled with another preset digital counter. · 

In order to prevent damage and induced radioactivity during power operation, the special fission 

counters must be inserted before and removed after each series of zero powe1: physics tests. How­

ever, the procedure for the xenon transient test does not allow sufficient time after shutdown to insert 

the special fission counters, and the regular nuclear instrumentation is then used to obtain reactor 

pe:riod measurements. During xenon transients, period measurements are made by amplifying the 

compensated ion chamber current from one of the instrument channels and measuring the time inlerval 

r,equired fo:r an e-fold change in the power level as displayed on a chart recorder. Figure II-1 shows 

the location of the nuclear instrumentatiori channels which monitor symmetrical quandrants of the core. 

rr - 4 



The accumulated number o£ equivalent full power hours (EFPH) of operation is read from a re­

corder which displays the integral of the indicated percent core power level as a function of time. 

The indicated power is taken from the output of one of the linear amplifiers associated with the nuclear 

lnstrumentation channels. All instrumentation channels are calibrated periodically so that 100 per­

:ent power corresponds to 231 core thermal megawatts during normal operation at 500°F average 

coolant temperature and 1800 psia. Because of this calibration, the recorded number of EFPH is 

estimated to be uncertain by no more than .:!:.3 percent due to instrument drifts between calibrations 

and due to changes in the neutron flux level as registered by the neutron detectors. 

Core I contains 32 hafnium control rods which are divided into eight symmetrical subgroups of 

four rods each., These eight subgroups of rods are arranged into four normal rod programming 

groups which are withdrawn in sequence as required for criticality control. The identification by 

number of the individual control rods and the rod groups is shown in Figure II-1. The normal se­

quence of controlling rod group withdrawal during power operation is .listed in Table II-A. 

Each control rod is moved by means of a lead screw attached to a variable reluctance motor 

powered by an inverter which converts 235 volt direct current into variable frequency 3-phase alter­

nating current. Approximate control rod positions are obtained from the normal rod position indi­

cators and differential rod motions are measured by observing the rotation of the inverter faceplates. 

Scales attached to each of the eight normal and two spare inverter faceplates calibrated in 0. 01 inch 

divisions provide an accurate means of positioning the control rods. 

During normal control rod operation, the rods can be withdrawn to an upper programmed limit 

of 69 inches above the bottom of the core. With manual control, the rods can be withdrawn to approxi­

mately the full core height of 7 2 inches .. The terminology fully inserted indicates that the rods are at 

or near the bottom of the core; fully withdrawn indicates that the rods are at the upper program limit 

(approximately 69 inches), unless otherwise indicated. 

Prior to the performance of zero power physics tests, the control rods are calibrated by insert­

ing the control rods in each subgroup to their lower limit and re-zeroing the individual rod position 

indicators. This procedure locates the position of all control rod tips to within.:!:. 0. 25 inch of each 

other. Since the inverter speeds within a rod group vary from subgroup to subgroup, the relative 

alignment of the control rods may change during the performance of a test. The average rod height 

is defined as the average of the individual rod position indicator readings· of the controlling rods. 

Various control rod patterns can be establi~hed by means of two spare inverters, to which 

individual rods or a subgroup may be transferred for other than normal rod programming configura­

tions. This added flexibility of the rod control system has been used during Seed 2 in the performance 

of special tests. 
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TABLE II-A 

NORMAL SEQUENCE OF ROD WITHDRAWAL 

Rod Group Total Rods Per Group Subgroups* 

I 16 1' 3, 5, 7 

II 8 2, h 

III 4 4 

N 4 8 

* Each subgroup is controlled by a s1ngl8 mverter. 

Tests Conducted 

The physics testing program provides for periodic and continuous performance 0f tests at zero 

and operating power to deterrnine critical control rod positions and reactivity worlhs, excess re­

activity, temperature coefficients of i't::activity, xenon transient effer.ts, and reactivity lifetime be­

havior. Listed in Table II-B are test specification numbers, performance dates, type of tests, and 

purpose of each test as performed throughout Seed 2 lifetime. The combined results of these physics 

tests provide experimental information to permit analysis and evaluation of over-all core nuclear 

behavior throughout lifetime. 

Prior to initial power operations, a series of zero power physics tests was conducted on Seed 2 

to examine the initial nuclear characteristics of the core. Quantities measured in the start-up tests 

were the temperature defect in reactivity between ambient and operating conditions, reactivity sym­

metry of the core, excess reactivity both hot and cold, antl the clustcl'wisc vo.ria.tion o£ th& on.~.=l'od­

withdrawn shutdown reactivity at ambient temperature. 

Following the initial reactivity testing, the core was operated continuously throughout seed life 

except for periodic shutdowns for zero power testing. The periodic zero power group of tests included 

measurements of critical control rod positions and reactivity worths at ambient aud opc1·ating condi · 

tions, temperature coefficients of reactivity, and xenon tJ.-ansient effects. In addition to the periodic 

zero power tests, the rod withdrawal rate, temperature effects on core performance, reactivity life­

time, and seed-blanket power distributions were obtained during periods of power operation. Prior 

to the end of Seed 2 life, a special axial flux perturbation test was conducted to determine lf an ~xial 

power oscillation could be induced in the core. 

At the end of full power capability, a series of zero power tests were performed to examine the 

:reactivity symmetry and the remaining excess reactivity, and to del.::nnine fuel depletion and fission 

product poisoning effects. 

By reducing the moderator temperature and 0perating at reduced power levels, the energy utiliza­

tion of the core was extended beyond the equilibrium xenon and samarium condition full power operating 

capability. During this period of reduced power operation, an intentional xenon radial oscillation te1 

was performed to observe possible power distribution fluctuations. At the conclusion of a 75 perc en 
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DLCS 

Number 

14901 

14902 

15001 

15003 

15101 

15102 

15601 

15604 

16001 

Title 

Control Rod Position 

for Criticality 

Control Rod Position 

for Criticality 

Calibration and 

Intercomparison of 

Control Rods 

Calibration and 

Intercomparison of 

Control R nn"' 

Determination of 

Coefficients of 

Reactivity 

Determination of 

Coefficient of 

Reactivity 

Xenon Transient Test 

Samarium Transient 

Test. 

Initial Approach to 

Criticality 

TABLE li-B 

SEED 2 PHYSICS TESTS 

EFPH on Seed 2 

Prior to Test 

Performance 

0, 3560, 

6145, 7528 

0, 3560 

6145, 7528 

0 

7528 

0, 3560 

6145, 7528 

150, 750 

1117' 1688 

2210, 3065 

3515, 4810 

6115, 7415 

150, 750 

1560, 2240 

3560, 4830 

6145, 7528 

7762 

0 

n- 7 

Power· 

Level 

During 

Test 

Zero 

Zero 

Zero 

Zero 

Zero 

Opera­

tional 

Zero 

Zero 

Zero 

Purpose 

To determine critical bank heights 

and bank worths for various rod con­

figurations at ambient temperature. 

To determine critical bank heights 

;:~_rv:l bank worths for va.rioua rod con­

figurations at normal plant operating 

temperature and pressure. 

To determine reactivity symmetry of 

the core and rod worths. 

To determine the relative fuel deple­

tion of symmetrical sections of the 

core. 

To determine the temperature and 

pressure coefficients of reactivity. 

To determine the temperature co­

efficient of reactivity in the power 

range. 

To determine the reactivity of the 

reactor during transient xenon 

conditions throughout core life. 

To "determine the reactivity effect of 

peak samarium conditions. 

To bring the cold, clean reactor core 

safely to criticality. 



DLCS 

Number 

36201 

38801 

38802 

Title 

Reactivity Lifetime 

Axial Flux Perturba­

tion Test 

Radial Flux Perturba­

tion Test · 

TABLE li-B (Cont'd) 

SEED 2 PHYSICS TESTS 

EFPH on Seed 2 

Prior to Test 

Perforn1ance 

Continuous 

7160 

7600 

Power 

Level 

During 

Test 

Opera­

tional 

Opera­

tional 

Opera­

tional · 

Purpose 

To obtain instrument readings from 

which total core power output, core 

power distribution, core stability, 

reactivity lifetime, a.nd gross elec­

trical output may be determined. 

To determine the reactivity fluctua­

tion re::;ulting from a non-equilibrium 

axj::ll xenon distribution induced by 

altering the control rnn rnnfignration 

while at power .. 

To determine the variation of plant 

parameters when a radial power tilt 

is introduced across the core and to 

observe any power oscillation induced 

by a varying radial xenon concentra­

tion. 

power run. the reactivity variation due to transient xenon antl sa1narium poison was observed for 

about 240 hours. 

Analytical Methods Used in Data Evaluation 

All reactiyity values determined from the various tests were inferred from measurements of 

positive reactor periods. The reactivity values inferred from period measurements are calculated 

using a fractional delayed ne.utron yield of {325 0. 0064, and appropriate delayed emitter yield and 

decay constants. The {31{3 25 correction factor for the relative importance of delayed and prompt 

neutrons was evaluated using standard calculational techniques in a three-dimensional diffusion 

theory calculation in four energy groups. As discussed in H.eierence 2., the resull u.C lhis L.d.lcula.tiorl 

indicated a small variation in the value of /31{325 over core lifetime. However, no f3/B25 correction 

was applied to the experimental data as the maximum value of the {31{325 correction is of the same 

order of magnitude as the experimental uncertainty of the measurements. 

The inferred reactivity values obtained from measurements of reactor period are corrected for 

slight variations in reactor temperature and pressure by appropriate correction factors. These cor­

rection factors are used to adjust the inferred reactivity values to uniform reactor operating conditior._ 
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of temperature and pressure. The experimental values of reactivity as corrected for small varia­

tions in temperature and pressure are correlated by the method of least squares in order to minimize 

the effect of scatter in the data. 

Xenon and Samarium Corrections 

Measurements reported herein have not been adjusted for the effects of xenon and samarium 

poisoning variation which occurred during the tests since the rr1agnitudes of such corrections are 

dependent upon the calculational mod.el used in the evaluation. Measurements other than xenon 

transient tests, in which xenon and samarium would have an influence, are performed after a 

sufficient interval of time has elapsed since the previous power operation, such that the Xenon 135 

concentration is negligible and the concentration of stable Samarium 149 has reached a maximum. 

Nuclear Design Calculations 

Calculations were performed to predict the nuclear behavior of Seed 2 using several physical 

models with the CANDLE, TURBO, and DRACO criticality and fuel depletion codes, References 3 

and 4. Reference 5 contains a description of the PWR three-dimensional calculations which have 

been performed using the DRACO code., and Reference 6 and 7 contain description of the two­

dimensional TURBO code and the CANDLE code calculations. 

Comparisons are made, where applicable, in following sections between the calculated results 

using the above codes and the experimental results in an effort to assess the validity of the physical 

models employed. Some of the factors which influence the calculated results are: number of dimen­

sions, number of energy groups, size of mesh divisions, diffusion theory paramP.te:J:"s representing 

homogenized regions, and the value used for the fission product absorption cross-section per fission. 

As new theoretical developments occur, they are incorporated into nuclear design calculations, so 

that revisions in calculated results occur frequently. A comprehensive report of the calculations 

applied and results obtained for Seed 1 is contained in Reference 8. 
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CHAPTER 3 

PRESENTATION AND INTERPRETATION OF PERIODIC TEST RESULTS 

Startup Testing 

Initial Approach to Criticality 

The initial approach to criticality of Core I Seed l was performed on April 6, 1960, and criticality 

was achieved with the number 1 and 7 control rod subgroups positioned at 24.7 inches. The reactor 

moderator temperature was 140°F, and primary pressure was n1.aintained at approximately 380 psig. 

During the approach to criticality, the control rod bank was withdrawn in one-inch increments until 

significant neutron multiplication was observed on the source range nuclear instruments. The rod 

withdrawal increment was reduced as the observed count rates inc rcased due to increased neutron 

multiplication. Inverse count rates of the four instrument channels were plotted as a funclion of rod 

position to predict by extrapolation a critical height prior to the next incremental rod withdrawal. 

Individual control rod locations, nuclear instrumentation channels, and installed neut:ron source 

locations are shown in Figure Il-l. The presence of only two neutron sources created no instrumenta­

tion or monitoring problems during the initial approach to criticality. 

The neutron multiplication observed while approaching criticality during these initial reactivity 

measurements was adequately indicated by the nuclear instruments, although the two detectors 

farthest from the neutron sources gave count rates approximately one-tenth that from detectors near 

a source. 

One-Rod-Removed Reactivity Measurements 

Measurements of the one-rod-removed reactivity were made for each individual seed cluster 

location. Except for the number 8 inset corner locations, the measurements. were made for each 

cluster with its control rod fully withdrawn and the adjoining rod in the clockwise direction with­

drawn to the critical height. The integral reactivity. worth of the adjoining control rod from the fully 

inserted position to the measured critical height was interpreted as the one-rod-removed reactivity 

of the cluster. 

For the inset corner cluster measurements, the adjoining rod located clockwise was positioned 

at nine inches and the inset corner rod withdrawn to the critical height. The integral worth of the 

adjoining rod from zero to nine inches, minus the excess reactivity remaining in the inset rod, was 

interpreted to be the one-rod-removed reactivity of the inset cluster. Integral reactivities of the 

control rods were inferred from a reactivity worth curve determined in a Seed 2 mock-up at the Bettis 

PWR Critical Facility. The results measured at 135°F for the one-rod-removed reactivity for each 

cluster are given in Table Il-C. Although a systematic reactivity variation is apparent among the 

numbered cluster locations in each core quadrant due to the inherent reactivity properlies of the core 

geometry, no appreciable reactivity variation is evident between clusters in corresponding positions 

in each of -the four· quadrants. 
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Reactivity Symmetry Measurements 

Reactivity sytnmetry measurements of the corner regions of the seed were made by measuring 

the critical rod bank height and reactivity worth with the inset corner rod and the two adjoining con­

trol rods banked. The relative reactivities of each of the four corner seed regions were determined 

by adjusting each measurement with reference to the southeast quadrant. Each difference in rod 

height times the measured reactivity worth of the corresponding quadrant yielded a relative reactivity 

comparison of each core quadrant. Shown in Table ll-D are results of core quadrant relative re­

activity symmetry measurements at zero EFPH. 

Full core two-dimensional (radial) calculations were performed which represented the varia­

tions in water-to-non-water volume, fuel concentration, and boron concentration for each individual 

Seed 2 cluster as manufactured and selectively placed in the core. These calculations indicated a 

power asymmetry across the core of less than one percent. This result is compatible with the 

above .measurements, which indicate no appreciable reactivity asymmetry. 

TABLE II-C 

SEED 2 INITIAL ONE-ROD-REMOVED REACTIVITY AT 135°F 

Cluster SW Quadrant SE Quadrant NE Quadrant NW Quadrant 

Number (% 6p) (% 6p) (o/o 6p) (% 6p) 

1 -0.68 * -0.80 * -0.74 * -0.87 * 

2 -0.74 -0.80 -0.83 -0.83 

3 -1.32 -1.32 -1.35 -1.29 

4 -.1. 35 -1.45 -1.27 -1.51 

5 -1. 16 -1.11 -1. 16 -1. 1 ~ 

6 -0.80 -0.98 -0.53 -0.78 

7 -0.71 -0.65 -0.51 -0.68 

8 -0.20 -0.00 -0.00 -0.03 

* The uncertainty associated with each value is estimated to be less than+ 5% of the individual value. 
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TABLE II-D 

SEED 2 INITIAL COMPARISON OF RELATIVE 

QUADRANT REACTIVITIES 

Quadrant 

sw 
SE 

NE 

NW 

Critical Height 

of Rods 1, 7, 8 

(in.) 

16.0 * 

15.7 

15.5 

15.6 

Rod Bank Worth 

( l:lpll:lh) 

(lOA/in.) 

70.6 

58.1 

56.1 

62.8 

Relative 

Reactivity 

(o/o l:lp) 

-0.21 

0 

0.11 

0.06 

*The uncertainty of absolute rod heights is estimated to be +0. 25 inch. 

Pressure Coefficient of Reactivity Measurement 

The pressure coefficient of reactivity as measured at the beginning of life between 1220 and 1170 

psig was 1. 80.!. 0. 04 x 10-6 l:lp/psi. Using a constant rod bank height, changes in reactivity were 

determined from reactor period measurements as the moderator pressure was incrementally in­

creased over the range of measurements. 

Additional results from tests performed not only at the beginning of life but also throughout Seed 

2 life are presented in the following section. 

Lifetime Testing 

Critical Rod Position and Reactivity Worth Measurements 

At. various times during core life, measurements were made of critical rod positions and re­

activity worths for various control rod configurations. The results for tht:se n~easurel'l'lents arc 

.summarized in Table 11-E for ambient and 500°F temperature conditions. Individual rod locations 

and groupings for the control rod configurations listed in Table n-E are illustrated in Figure n-2. 

Fewer measurements of critical bank heights and reactivity worths were made on Seed 2 than on 

Seed 1 because the lifetime variation in reactivity was expected to be similar to that found in Seed 1. 

The values for the critical rod bank height anci .reactivity worth are obtained by the method of 

least square fitting of the pressure and temperature corrected experimental data. These measure­

~ents of rod worth are required for the determination of the excess reactivity of the core at ambient 

and operating temperature. No reactivity adjustment for samarium effects has been applied to the 

rod position and reactivity worth measurements. All o! these measurements were made at or near 

peak samarium conditions by virtue of a time interval between shutdown and the measurements of at 

least 100 hours. 
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The reactivity worth measurements made throughout Seed 2 lifetime are plotted as a function of 

critical rod bank height in Figures II-3 and ll-4 for the ambient temperature test and 500°F test, 

respectively. For the ambient test, measurements were made at te~peratures between 130°F and 

190°F. In each figure, a separate curve is drawn for each set of measurements throughout seed life. 

The differences between curves at successive measurements for 500°F and ambient temperature are 

TABLE II-E 

SEED 2 CONTROL ROD CRITICAL POSITIONS AND REACTIVITY 

Rods in Bank 

All rods 

Groups I, II 

Rods #3, 4, 

Group I 

Groups I, n, 

Groups I, n, 

Normal rod 

program 

Group ll 

Group ll 

5 

Group IV 

III 

IV 

WORTHS XENON-FREE AND APPROXIMATELY 

PEAK SAMARIUM CONDITIONS* 

Ambient Condition 

Critical Rod Bank 

Temperr~,tnre Height Worth 

EFPH (OF) (in.) (l0-4/in.) 

0 135 . 8. 99 ** 136.6+3.2 

3560 140 13.48 95.2+6.1 

6145 190 18.70 43.6 + 0. 9 

7528 130 28.22 13.3+0.3 

0 135 11. 33 91.6+1.8 

3560 140 20.51 39.5+1.0 

0 135 16.09 55.2+1.1 -
3560 140 32.89 17.6+0.4 

0 

6145 190 27.47 18.3 + 0.6 

7528 130 60. 13 18.2+0.6 

6145 190 22.62 28.0+0.6 -
7528 130 49.43 6.6+0.1 

3560 

6!45 

7528 

* Except for measurements at 0 EFPH. 

**The uncertainty of absolute rod heights is estimated to be+0.25 inch. 
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Hot Condition, 500°F 

Critical Rod Bank 

Height Worth 

(in.) (lo-4/in.) 

12.17 ** 106.0+3.9 

18.12 55.6 + 3. 5 

26.49 26.9 + 1. 1 

47.71 8.3 + 0.2 

16.41 67. 5 + 1. 3 

31.54 25. 5 + 2. 7 

25.99 28.6 + 0. 6 

57.57 10.7 + 0. 2 

29.61 19.9+1.3 

44.14 12.7+0.4 

Reactor Subcritical 

36.29 13.8 + 0.3 

64.87 19.4 + 0.4 

21.15 13.7+0.4 

63.60 7.1+0.3 

16.95 3.4+0.1 
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Figure II-2. PWR Core !Rod Groups and Instrumentation-Control Rod Numbers and Cluster Coordinates. 
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Figure 11-4. Seed 2 Rod Bank Worth vs Critical Height at 500°F. 

apparently the effects of changing fuel compositions between successive measurements. The increased 

rod bank worths measured at rod heights above 40 inches are a consequence of axial neutron flux peak­

ing in the top of the core late in seed life, due to the relatively sq1all depletion there, compared with 

that in the lower portion of the seed. 

Xenon-Free, Maximum Samarium Excess Reactivity 

A measure of the excess reactivity of PWR can be obtained by integrating to the full core height 

the rod reactivity worth measurements made at various control rod bank heights. As discus sed in 

Reference 2, the reactivity worth is a unique function of the inverse cube of the core height and is 

independent of the effective multiplication factor of the core if certain· parameters describing the 

neutron behavior (migration area, infinite multiplication factor, and reflector savings) are not 

spatially varying. Thus it is possible to plot the reciprocal cube root of the rod worth as a linear 

function of the core height. This linear relationship is illustrated in a typical plot of measurements 

·made on Core I Seed 2, Figure ll-5. By analytical integration of this relationship, the excess re­

activity corresponding to a partic.ular condition of temperature and EFPH may be calculated. 

A correction to this calculated excess reactivity must be applied since partial moderator height 

measurements, as are usually performed with critical mock-up assemblies to determine an effective 

core height, are not possible in Core I. In place of water height measurements, the variation of the 

height' of a bank of control rods must be used. The magnitude of the adjustment for the excess re­

activity difference between integrals of moderator worth and rod worth is a function of the all rods 

banked critical height. As discus sed in Reference 2, this correction is derived from measurements 

On the Core I mock-up assembly by comparing integrals of mode~at'or ~orth and rod worth. 
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Figure II-5. Seed 2 Rod Ba.:nk Worth at Zero EFPH. 

The method outlined above for calculating the excess reactivity using the inverse cube relation-· 

ship has been verifl.ed by applying it to many types o± core mock-ups studi~d in the PWR critil:al 

facility. However, in all of these cores, there existed uniform axial and azim.uthal distribution of 

fuel and poison, a condition which-does not exist in PWR during tests performed after power operation. 

Departures from the linear relationship of the inverse cube root of rod worth as a function of rod 

height, which are observed for Core I. are attributed to non-uniform axial and azimuthal distributions 

of fuel and fission product poisons. The effects of these non-uniformities on rod worth values intro­

duce uncertainties into the analytical calculation of the excess reactivity. The analytical method of 

determining the excess reactivity is useful only as long as the inverse cube relationship between rod 

worth and rod height remains linear. The measurements on Seed 1 after 2790 EFPH gave an indica­

tion of a departure from a linear relationship for the inverse cube root of rod worth. Since a similar 

behavior should also occur for Seed 2, the non-linearity of the inverse cube relationship of rod worth 

which was observed after 3560 EFPH on Seed 2 is evidence of non-uniform axial fuel depletion in the 

seed. The fact that this characteristic has not been so pronounced on Seed 2 as on Seed 1 may be 

associated with compensating non-uniform axial effects in the more highly irradiated blanket region 

for Seed 2. 

When the inverse cubic relationship of the data is not valid, then the inverse cube method is no 

longer applicable and the excess reactivity must be determined graphically by numerical integration 

of the c,urves shown in Figure II- 3 and II-4. from the all rods banked position to the fuel core height. 

Since experimental bank worth data are not available for critical rod heights high in the core until 

late in seed life, the curves in Figures II-3 and II-4 must be extrapolated to the full core height. 

Consequently, excess reactivity values determined by numerical integration of these rod worth curves 

are subject to considerable uncertainty. 

The excess reactivity and temperature defect measurements obtained for the ambient and 500°F 

temperature conditions are shown in Table II-F. All excess reactivity values have been adjusted for 

the reactivity difference between integrals of moderator worth and rod worth as discussed in a prior 

paragraph. The temperature defect of reactivity is the difference between excess reactivity at 
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ambient temperature and operating temperature. The decrease of the excess reactivity at 500°F 

with core age is shown in Figure II- 6. 

EFPH 

0 

3560 

6145 

7528 

TABLE Il-F 

PWR-1 SEED 2 EXCESS REACTIVITY AND TEMPERATURE DEFECT 

MEASUREMENTS XENON-FREE AND APPROXIMATELY 

PEAK SAMARIUM CONDITIONS 

Ambient Condition 

Excess 

Temperature Reactivity 

Method (OF) (o/n /3. p) 

Analytical * 135 16.00 + 0.40 

Graphical t 140 11.8 + 0.3 

Graphical 190 6.2 + 0.9 

Graphical 130 4.6 + 0.5 

Hot Condition 

500°F 

Excess 

Reactivity 

(o/o ~p) 

13.90+0.10 

11.3 + 0.4 

5.5 + 0.7 

3.2 +0.5 

Temperature Defect 

of Reactivity 

(% L\p) 

2.10+0.40 

0. 5 .+ 0. 5 

0.7 + 1.0 

1.4 +0.7 

* Uncertainties are based on least square fitting of the data. 

t Uncertainties are estimated on basis of extrapolation of rod worth curves. 

Observation of excess reactivity and temperature defect values in Table II-F indicates irregu­

larities in the results obtained at various times in seed life. The large uncertainties in results, 

particularly for the temperature defect,· are indicative of the difficulty of measuring excess re­

activities accurately on depleted cores having pronouced axial non-uniformities. The graphical 

method could be used with more confidence if additional rod configurations had been used for criti­

cality at higher rod bank heights so that less extrapolation of the data would be required. No re­

activity adjustment for the reactivity effect fron.1 samarium has been incorporated into the above 

results. The magnitude of the samarium reactivity effect is discussed subsequently in connection 

with a special test of samarium effects conducted near the end of Seed 2 life. 

Temperature Coefficient of Reactivity Measurements 

Temperature coefficients of ~eactivity are used (1) in the evaluation of reactor plant response 

and stability; (2) as corrections to results obtained during physics· testing, and (3) as a quantity 

which may be compared with calculations to test the validity of calculational models. 

Values of the temperature coefficient of reactivity at zero power are measured by the drlft 

method during which the reactor moderator temperature is continuously increased over the range 

of temperature measurement. During this temperature drift, reactor periods are observed as a 

function of temperature for a given control rod bank height until criticality can no longer be main­

tained. The control rod bank is then repositioned to a new height which will re-establish a positive 

reactor period and the measurements are repeated. 
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Figure II-6. Seed 2 Percent Excess Reactivity at 500°F vs Core Age. 

For a major portion of Seed 2 life, the measurement~; of the zero power temperature coefficient 

were made with a rod configuration using the Group I and IT rods banked, with the remaining rods 

fully inserted. This control rod pattern was selected because it was possibl<?. to achieve criticality 

with this rod configuration in the hot, xenon.:.free condition for the greater paL't of seed life. Late in 

seed J.ifP. when criticality could not be achieved with this particular rod configuration, temperature 

coefficient measurements were made using an all rods banked configuration. The chang"' in the rod 

bank configuration used may have affected the measured temperature coefficient values because of 

the influence of the changed rod configuration on the neutron leakage characte:r:istics of the seed. 

Since the maximum increment of reactivity change il1 an hour is approximatf:.'ly 40 x lo-4 l!J.p at 

each rod bank height, it is po!=!sible lu uLLaln se-veral poriod measn1rP.mP.nts befo;r~ the reactor be­

comes subcritical. From these period measurements, values of reactivity arc inferred which give 

data for the variation of reactivity with temperature at each constant rod bank height. The experi­

mental data are then fitted to linear relationships as a function of temperature by the method of least 

squares for each bank height. A slope determined in this manner by least square analysis is inter­

preted as the temperature coefficient at the average temperature of the data points. 

In the temperature range from 235°F to 450°F, reactor heat is used to raise the moderator 

temperature such that temperature coefficient measurements at zero power cannot be obtained in 

this range. The need for using reactor heat arises from Lem.perature limitations necessary on the 

running speeds of the primary coolant pumps. During heatup, reactor power is maintained at less 

than 1 percent of full power to eliminate the subsequent effects of transient xenon poisoning. Through­

out the test, as the temperature is increased, coolant pressure is maintained constant with +20 psi 

by bleeding water from the system and by using the pressurizer heaters. 
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Figure II-7 illustrates the temperature coefficient measurements as a function of temperature 

throughout Seed 2 life. It is observed from Figure II-7 that the temperature coefficient of reactivity 

at zero power shows a considerable decrease in absolute magnitude with core age. This decrease 

in the temperature coefficient with core age is similar to the behavior observed during Seed 1 operation. 
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Figure ll-7. Seed 2 Temperature Coefficient of Reactivity vs Temperature. 

The temperature coefficient of reactivity was also measured period_ically" throughout Seed 2 life 

at full power under equilibrium xenon conditions. ·Table II-G contains a tabulation of all measurements 

of the temperature coefficient at full power during Seed 2 operating lifetime. The temperature coeffi­

cient at full power is inferred by determining the product of the controlling group rod worth (~p/ ~h) 

and the incremental change of rod height with temperature (~h/°F). Values of ~h/°F are detern.1.ined 

fron1. average readings of the Mueller Bridge inlet coolant temperature recorders for two different 

control rod bank heights sufficient to cause a temperature differential of several degrees at full 

power operation. 

For each measurement of the full power temperature coefficient, the reactivity worth of the con­

trolling rod group at a particular height must be known. Control rod reactivity worths cannot be 

measured at power; hence, the controlling group rod worth is measured only at zero power during a 

xenon transient. However, the rod worth at full power equilibrium xenon conditions can be approxi­

mated by the rod worth at the same height during xenon transient conditions. A condition of approxi-

. mately similar axial distribution of xenon is expected at that time during a xenon transient at which 

the controlling rod group height is the same as the mean rod height .measured at power for the ~h/°F 

measurement. Thus Tod worth a £r01n xeuun transiemts should be applicable except for minor differ­

ences due to coolant· and fuel temperature distribution at pow!'!r, and poisoning effects due to fission 

products. 
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It is not possible, however, to perform measurements of both the rod worth and !:ili/°F .at the 

same core age, and thus rod worth values are used for xenon transient measurements which most 

closely correspond in EFPH to the 6.h/°F measurement. Some additional uncertainty is contained in 

the temperature coefficient at power measurements for those instances where considerable time has 

elapsed between the 6.h/°F and 6.p/6.h measurements. 

The temperature coefficient measurements at full power in Table II-G are plotted as a function 

of core age in Figure II-8. Also included in Figure II-8 ar~ three values for the temperature co­

efficient at zero power, 500°F. As observed jn Seed 1 operation, the temperature coefficient at full 

power is less negative than the zero power temperature coefficient. It is believed that this effect is 

attributable to the different leakage characteristics of the seed caused by the difference in total absorp­

tion at equilibrium xenon as compared with xenon free conditions, and to the different rod configura­

tions used. d1.1ring the two types of measurements. 

TADLE II-G 

SEED 2 TEMPERATURE COEFFICl!<..:l\J'l' OF REACTIVITY AT FULL POWF.R 

Rod Worth 

from Xenon Inf~n·ed 

Time of Transient Time of 6.h/°F Temperature 

Rod 6.p/6.h Measurements 6.h/°F Mueller Co~Hicient 

Controlling Height M'easurement ( tlp/ 6.h ) Measurement Bridge ( tlp/OF ) 

Rod Group (in.) (EFPH) (l0-4/in.) (EFPH) (in. /°F) (10-4 fOF) 

II 9.5 150 9. 2 + 0. 5* 14Z -0.219 + 0. 010* -2. 01 + 0. 14* 

II. 14.:; 7!!0 11.-1 -i• 0,5 717 -0, 118.:!:. 0. 010 -1.34 + 0.13 

II 16.3 750 13.0+0.5 1120 -0.096 + 0. 005 -L l~ + 0. 08 

II 18.8 1560 13.8 + 0.5 1750 -0.098 + o. 005 -1.35 + 0.08 

II 24.3 2240 16.0+0.5 2210 -0.095 + 0. 003 -1.52+0.07 

II 33.0 2240 1h.0+0.5 3065 -0. 106 + 0. 004 -1.70+0.08 

II 40.6 3560 16.0 + 0.5 3520 -0, 108 •I 0.007 -1.72+0.12 

II 65.3 4830 6.0+0.5 4810 -0.283 + o. 010 -1.70+0.15 

III 60.2 6145 5.3 + 0.5 6115 -0.231+ 0.010 -1.22+0.13 

IV 64. 1 7528 4.2+0.5 7514 -0. 195 + 0. 008 -0.82+0.10 

* Uncertaintjes are estimated. 
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A pronounced variation of the full power temperature coefficient for Seed 2 as a function of core 

age is indicated in Figure II-8. This behavior was not observed during Seed 1 operation because 

temperature coefficient measurements at full power were not begun until late in Seed 1 life. Specific 

reasons for the full power temperature coefficient variation remain unidentified beyond the observa­

tion that some variation with rod position can be anticipated because the temperature coefficient of 

reactivity is known to be sensitive to the neutron leakage properties of the core. 

Xenon Transient Measurements 

The xenon transient test following shutdown from full power equilibrium xenon conditions provides 

data for the determination of controlling group rod worths, control rod return time, peak xenon over­

ride time, and equilibrium and peak xenon critical rod positions. From these measurements, the 

equilibrium-to-peak xenon reactivity and average seed thermal flux level can be inferred. Each of 

the xenon transients was followed for approximately 40 hours after shutdown to provide data past the 

control rod return time. No data are obtained on the xenon-free condition of the reactor as a part o.f 

the test, but the xenon-free rod position and reactivity worth of the normal programming control rod 

configuration at operati11g.temperature were presented in a previous section. 

The performance of the xenon transient test provides a demonstration of the ability of the core 

to override transient xenon conditions at various times during lifetime. Although the maximum xenon 

lifetime was not measured directly, maximum xenon o;verr.ide capability is estimated to have existed 

up to approximately 5800 EFPH. 

After shutdown from full power, the resulting :rt:activity transient caused by the buildup and decay 

of xenon is indicated by the critical positions of the controlling rod group as a function of time. Re-. 

actor period measurements which provide data for the deterrnination of the critical rod height, return 

time, and controlling group rod worths are taken during the xenon transient. These quantities are 

obtained by the method of le·ast sqnilrP fitti"ng o£ tho e'tp..:.l"inu::ulcLl tlata o! interred reactivity values 

as a function of time. 
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Results derived from each of the xenon transient tests performed during seed lifetime are pre­

sented in Table II-H. The control rod return time is designated as that time after shutdown when the 

controlling rod group reaches the equilibrium xenon rod position and temperature recorded immediately 

before shutdown. From plots of the controlling group rod worth, the reactivity involved in going frc 

equilibrium to peak xenon concentrations is determined by numerical integration of the appropriate 

controlling group rod worth cu·rves from the equilibrium xenon to peak xenon critical rod heights. 

Figures II-9 through II-15 show typical plots of critical controlling group rod position a.s a func­

tion of time during a xenuu li·ansi~nt for diff!irent timP.s in seed lifetime. Controlling group rod 

worths measured during the xenon transient are shown in Figur~s II~ 16. through II-21. Figure II-16 

is a composite plot of all Group II rod worth measurements. It is noted that each measurement in 

Figure II-16 tends to reach maximum worth values at successively higher axial locations in the core. 

Thi R phenomenon, which is associated with changes in axial flux shape due to fuel deple.tion, is con­

nected with the observed behavior of the temperature cue!!i ... ~el>t o.t pov,.or •.•.rh1,.h iH ll~fn':ndent on 

measured rod worth values. The measured values of Seed 2 rod worth are similar to those measured 

during corresponding Seed 1 tests so that no pronuunc ed loss in rod worth is evident due to depletion 

of the neutron absorbing isotopes of the hafnium control rods. 

TABLE II-H 

SEED 2 XENON TRANSIENT MEASUREMENTS 

Average Seed 

Equilibrium Pea.~ Xenon Thermal Neutron 

Control Peak Xenon Critical Critical Flux Level 

'R nil Xenon Rod Position Rod Po~;ition Equilibrium to Inferred from 
---·· 

Return Override Rod Rod Peak Xenon E.x.!J<:a .ill'l.O:.l'ltll1 

Time Time Rod Height Itod Height Reactivity Return Time 

EFPH (hrs) (hro) Group (in.) . Group (in.) ('?'o Ll p) (1013 n/orn2 ~c,;>,.) 

150 26.8 8.7 II 9.7 II 28.0 2.9 4.2* 

750 28.2 8.8 II 14.8 II 37.3 3.5 4.7 

1560 29.6 8.8 II 19.3 II 44.8 4.0 5.3 

2240 31.7 9.3 II 24.9 II 51.0 4.2 6. 1 

3560 32.3 9.2 II 41.4 III 31.3 4. 1 6.4 

4830 31.9 8.7 II 67.4 TV 29.9 4.5 6.2 

6145 32.8 III 62.3 Reactor Subcritical 6.7 

7528 34.4 IV 71.1 Reactor Subcritical 7,5 

* Assumes a 1nicroscopic thermal absorption cross section of 1.938 x 1o-l8 cm2 for Xenon-135 

Results obtained from inferred reactivity values corrected to 500°F, 1800 psia. 
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Average Seed Th_~rmal Flux Level 

The average seed thermal flux level is calculated using Lhe experimentally deterrnjnerl control 

rod return time. Solution of the time dependent xenon concentration equations for a point reactor 

yj.«?.lds an expression for the average thermal neutron flux given by: 

-AxT 
(vr + vxHAx -ArHl - e ) 

<I> = ------------:---
ax 

where 

"'!• vx =iodine and xenon fission yield fractions, 

A I' Ax·= iodine and :~eeno!l decay constants, 

a X =xenon microscopic cross section. and 

(1) 

T = time after shutdown required for the control rods to retu:r.n to their equilibrium xenon 

position. 
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Each of the above quantities is constant except the return time, T, and the xenon cross section 

ax, which .change with core age. 

Values for the average seed flux calculated from equation (1) using the experimentally determined 

control rod return time are given in Table Il-H for various times in seed life. A plot of the inferred 

seed .flux levels during Seed 2 life is shown in Figure II-22. Average seed thermal flux levels inferred 

in this manner for Seed 2 have been generally lower than the corresponding Seed 1 flux values. The 

reduction in average flux levels for Seed 2 is expected because of the higher fuel loading of Seed 2. 

over Seed 1 such that the same power level can be maintained with a lower flux level. 
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Reactivity Lifetime Measurements 

A plot of the position of the controlling rod group height at equilibrium xenon as a function of 

Seed 2 lifetime is shown in Figure II-23. The end of Seed 2 full power equilibrium xenon lifetime 

occurred in mid June 1961 when all control rods were withdrawn to 71 inches and the average moder­

ator temperature reached 497°F. A total of 7528 EFPH was accumulated on Seed 2 at rated full 

power equilibrium xenon conditions. 

The energy utilization of the core was extended beyond the full power lifetime by operation at 

reduced power levels and with an average moderator temperature of 475°F. The reactivity gained 

from the temperature defect between 4'75°F and 500°F and the smalle:r" xenon concentration at reduced 

power levels were sufficient to extend the life of the seed an additional 372 EFPH. Thus a total oper­

ating lifetime of 7900 EFPH was accumulated on Seed 2. 

An indication of the transient samarium effect on controlling rod height was seen after resuming 

power operation at the 50 percent power level. The Group IV rod height increased to 65.7 inches 58 

hours after start-up then gradually decreased to 64.9 inches about 112 hours after startup, and in­

creased thereafter. Also dur1ng the 50 J:Jel'(..eiit power :run, ::. SlJJ~tll ri:QIJCtion in power lev<:!l was 

attempted in an effort to extend reactivity· ll.felin1~. Hov.'ever. "'· xP.non t1:;1nsient was introduced which 

required the rods to be moved toward the upper limit at an accelerated rate. The power level was 

then increased to avoid further rod withdrawal to thP. full out position which would have caused pre­

mature subcriticality. It was found that changes in power level had considerable effect on the re­

activity behavior of the core during reduced power operation. 

Fluctuations in the controlling rod group position as a function of core age were observed for 

intervals during full power operation following shutdown for physics testing at 4800 and 6100 EFPH 

on Seed 2. These fluctuations occurred first when the Group III, and also when the Group IV rods 

were controlling low in the core. Examination of the data recorded from the seed metal thermo­

couples during the pP.riods of unusual rod motion suggested the presence of a small axial power fluc­

tuation. In an effort to determine whether this phenomenon is related to a tendency fur fluctuations 

of the Xenon 135 spatial distribution, axial and radial flux perturbation tests were performed. The 

above control rod ancl Xenon 135 spatial distribution variat:ions are discussed subsequently in Chapter 

4. Special Seed 2 Physics Tests. 

Another core parameter which is measured during full power operation by means of flow rate 

and thermocouple data is the seed-blanket power sharing f:raction. This parameter is of interest 

because of the direct relationship it has to cor_e lifetime, since the larger the share of power from 

the blanket the longer the seed lifetime will be. Measured and calculated seed power fraction values 

obtained for various times in Seed 2 life are shown in Figure II- 24. ThP. measured values, which 

have an uncertainty estimated at one percent in core power, exhibit a scattor whirh may be. in part, 

associated with the fact that three or four coolant loops were operative during the measurements as 

indicated in Figure II-24. No reason for the apparent effect of the number of loops on seed power 

fraction has been identified since the measurements take into account the different flow patterns with 

three or four loops operating. 

Using two different calculational models, the curves shown in Figure II-24 were obtained for the 

power sharing behavior during Seed 2 life. A one-dimensional depletion calculation (CANDLE) appeal o 
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to overestimate the seed power fraction relative to the measured data. Conversely, the three­

dimensional (DRACO) analysis gives seed power fractions smaller than the measurements indicate. 

In contrast to both calculations, the n:teasurements provide no indication of an increase in the 

average seed power fraction for Seed 2 over that for Seed 1 (Reference 2). This difference favors a 

longer Seed 2 reactivity lifetime and a lesser actual reactivity loss rate with EFPH, relative to Seed 1, 

than calculations had predicted. The 7900 EFPH lifetime actually attained for Seed 2 exceeded ex­

pectations based on the above calculations by some 1000 EFPH. This phenomenon may be associated 

with a reactivity behavior of the natural uranium blanket fuel which is more favorable than calculations 

indicated. 
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Figure II-24. Seed 2 Power Sharing vs EFPH. 

Following the end of full power capability, critical rod bank height and worth measurements 

were made to examine the reactivity effects of the relative fuel depletion and fission product poison­

ing in symmetrical sections of the core. Using symmetrical patterns of adjacent rods a minimum 

number of adjacent control rods in a section of the core were withdrawn to achieve a critical rod 

bank height. Critical bank height and reactivity worth measurements were made for control rod 

configurations symmetric about each of the number 8 inset corner rods and the number 4 center flat 

control rods. The corner measurements were performed using a five r'od bank while face measure­

ments used a nine rod bank. The results of the core reactivity symmetry measurements at the end 

of Seed 2 full power lifetime are given in Table II-1. Figure II-2 illustrates the location and identifi­

cation of individual control rods used for th~ core symmetry measurements. 

Comparison of the relative corner reactivities obtained at end of Seed 2 life with those obtained 

at the start of life (Table II-D) indicates that the four corners are not in the same relative order as· 

in the beginning of life. However, no particular significance is attributed to this apparent shift in 

the asymmetry because of the small reactivity values involved at the beginning of life and particularly 

at the. end of life. Such small differences may arise from uncertainties in measuring absolute control 
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rod positions. At the beginning of Seed 2 life, addition of a new blanket assembly in core location F-2, 

and new blanket bundles in E-6 and H-3 apparently did not alter the relative reactivity asymmetry of 

the core as measured al the end of Seed 1. No notic:eable increase in rod worth can be attributed to 

the insertion of a new hafnium control rod in location 82. Therefo1·e, it is concluded that no appreci­

able power asymmetry occurred during Seed 2 operation which would have been evidenced as a re­

activity asymmetry at end of life. 

TABLE Il-l 

SEED 2 END OF LIFE REACTIVITY SYMMETRY MEASUREMENTS 

Symmetrical Critical Rod Rod Dank Worth Relative 

Control Rods about Rod Bank Height ( t:..plt:..h ) Reactivity 

Location in Bank Number He (in.) (lo-4 /in.) (o/o 6.p) 

Northwest 64, 74, 81, 11' 81 66.56 * 26.03+0.52 0 

corner 21 

Northeast 61, 71, 82, 12, 82 66.7R 24.59 + 0.49 -0.054 

corner 22 

Southeast 62, 72, 83, 13, 83 66.40 25.38+0.77 0.041 

corner 23 

Southwest 63, 73, 84, 14, 84 66.85 24.21 + 0.48 -0.070 

corner 24 

Nnrth face 81, 11, 21' 31, 41' 41 63. 15 24.10 + 0.48 0 

51, 61, 71' 82 

East face 82, 12, 22, 32, 42 42 63.00 21.88 + 0.61 0.033 

52, 62, 72, 83 

South face 83, 13, 23, 33, 43 43 63.22 24.24+1.95 -0.017 

53, 63, 73, 81 

West face 84, 14, 24, 34, 44, 44 63. 16 22.88 + 0.46 -0.002 

54, 64, 74, 81 

* The uncertainty of absolute rot.l heights is estimated to be + 0. 25 inch. 
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CHAPTER 4 

SPECIAL SEED 2 PHYSICS TESTS 

During the course of Seed 2 life, three special purpose physics tests were performed to investi­

gate certain nuclear characteristics of Core I which are not readily observable from the normal 

periodic tests. Two of these tests were intended to explore the susceptibility of the core for fluctua­

tions in the spatial power distribution which resUlt from flux and xenon perturbations induced by 

prescribed abnormal control rod movements. The Axial Flux Perturbation test (DLCS 38801) and 

the Radial Flux Perturbation Test (DLCS 38802) were conducted after periodic fluctuations were 

observed in the controlling rod group height as a function of time at full power. The Samarium 

Transient Test (DLCS 15604) was conducted to observe the time dependent reactivity effect from 

buildup of pcalt 3nrnal"iUln cow..:t::ulraliun following shutdown. 

Rod Position Fluctuation During Normal Operation 

Following resumption of full power operation after shutdown for zero power physics testing at 

4830 and 6145 EFPH, periodic fluctuations were observed in the height of the Group ill and N control 

rods, respectively, as a function of time. The data from the various core instruments during these 

periods of control rod fluctuations were examined for indications of the source of the disturbance. 

·The behavior of various reactor plant parameters is illustrated as a function of time in Figure II-25 

and Figure II-26 for the two intervals of interest following the reactor shutdowns mentioned above. 

On both occasions, departures of several inches from the expected control rod positions are 

evident from the figures. In both instances, the contr.olling rod positions stabilized after the rod 

group had been substantially withdrawn. Each of these occurrences lasted several days; the first 

began with the Group ill rods controlling on February 6, 1961, and the second with the Group IV rods· 

controlling on April 19, 1961. 

Reactor plant parameters displayed in Figures II-25 and II-26 include the inlet coolant tempera­

ture, Tc, outlet coolant temperature, Th, and the average of the inlet and outlet temperature, Tavg· 

Individual nuclear instrumentation channel readings calibrated in terms of percent of full power are 

also indicated. Locations of the nuclear instruments are shown in Figure ll-2. 

Data from the seed fuel thermocouples are shown in Figures ll-25 and II-26 fo~ selected seed 

duster locations. Individual core cluster locations are shown in Figure II-2 and are identified by 

alphabetical (vertical) and numerical (horizontal) coordinates. These selected seed clusters are 

each equipped with four thermocouples posiliuned in the center of a fuel plate at 5, 75, 19. 5, 34. 5, 

and 51. 0 inches from the bottom of the cluster. These thermocouples thus measure the axial varia­

tion of the centerline temperature of the fuel plate. Expe:r.iem::t: indicates that for a valid indication 

of a temperature rise or fall, the thermocouple readings should vary by more than several degrees 

from a nominal value. Slight variations of only a degree or two are not necessarily indicative of a 

temperature change but result from drift and error of the recording instrument. 
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Figures II-25 and II-26 reveal that, while the control rods underwent unusual fluctuations, none 

of the nuclear instruments indicated any variations which suggest that operation of the reactor was 

abnormal. However, examination of the data from the seed fuel thermocouples gives some indication 

of a disturbance in the power distribution. Axial power distribution changes could be ::;hown by the 

opposing behavior of two thermocouple positions. For example, if the top termocouple position tern-. 

perature decreased while a lower position temperature increased concurrently, a shift in the power 

distribution towards the bottom of the core would be indicated .. Thermal analysis shows that for 

Cqre I the avial fuel plate temperature is a combined function of the integrated temperature rise in 

the water channel and of the temperature gradient across a fuel plate. The water channel tempera­

ture rise is related to the integrated power of the fuel plate from the bottom of the plate to the point 

in question; the fuel plate temperature gradient is related to the pointwise power in the £uel plate. 

The centerline fuel plate temperature is thus luflueucccl by oovor:i>.l. p;ar.am.P.ters; radial and axial 

pnsition in t.he core, EFPH, rod position, coolant fl.ow, and nurnber of coolant loops. However, a 

dominating factor determining the centerline temperature is the axial nux 1511ap.::. Tho :;>.Yi;al flux 

shape is most sensitive to change when the control rods are controlling in the lower portion of the 

core. Thus a perturbation of the axial power distribution low in the core would be reflected in a 

compensating change in the upper portion of the core in order to maintr~.in the integral of total power 

constant. 

Such a change in the axial flux distribution would occur when criticality control of the reactor is 

transferred from a rod g1·oup that is fully withdrawn to one that is fully inserted. When the axial 

power distribution changes rapidly during power operation, a delayed but significant change would 

occur in the distribution of neutron-absorbing Xenon 135. Thi::; tlelayed effect of the :Xenon 135 is a 

result of its formation from the decay of Iodine 135, which is a principal fission fragment. Thus the 

equilibrium between the axial power tl!stribution and the Xenon 135 poison distribution is disrupted by 

the initial withdrawal of a fully inserted rod group, thereby causing a period of readjustment between 

the. axial distribution of power and Xenon 135. This phenomenon results in fluctuation in the con­

trolling rod height requiJ:ed to maintain criticality while the Xenon 135 pvi:son shifts around in the core. 

Axial Flux Perturbation Test 

After observing the two occasions of control rod fluctuations, further investigation was conducted 

to examine the core conditions which could lead to unbalanced puwe1· and xenon diiitr.ibuti.ons, Efforts 

were directed towards determining reactor behavior when the Xenon 13.'1 fission product poison distribu­

tion is altered. The axial flux perturbation test was therefore conducted in an attempt to force control 

rod fluctuations by rapidly changing the axial power and xenon distributions. 

The basic test method was to produce an axial non-equilibrium xenon distribution by rapidly 

altering the position of control rods. Since this test was performed late in Seed 2 life with the con­

trolling Group IV rods withdrawn to above 50 inches, little latitude was availahle for selection of the 

rod groups to he repositioned. This test was performed at a 90 percent powe:r level. commencing at 

approximately 7160 EFPH. The reactor overall power level was reduced to 90 percent to provide a 

margin of safety for reactor protection in the event that ::;ubstantial power redistribution should 

develop from the res positioning of the control rods. 

Prior to changing the position of the control rods, reactor power was kept constant at 90 pe1·cent 

for approximately 40 hours to establish an equilibrium distribution of xenon in the core. A non­

equilibrium xenon distribution was sought by partial insertion of all rods at the upper programmed 
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I 
limit and withdrawal of the controlling Group IV rods to maintain power level. The amount of inser-

tion of the previously fully withdrawn Group I, II, and m rods was such that the Group rV control rods 

were withdrawn 4. 9 inches. Further repositioning was not undertaken in order to avoid exceeding 

~ limitation placed on the exit water temperatures from the seed clusters. This limitation was 

~stablished on the basis of readings obtained prior to ~he test so that a known safe thermal condition 

would not be exceeded. After establishing equilibrium xenon conditions at 90 percent power, the re­

positioned rod groups were: Group I at 64 inches, Groups II and m at 66 inches, and Group IV at 

57.3 inches. Before the repositioning of control rods, rod Groups I, II, and Ill were at 69 inches and 

the Group IV rod height was 52.4 inches. 

The resulting perturbation in. the axial flux and power distribution was apparently small, such 

that no detectable power oscillation as monitored by the core instruments was observed. The test 

was terminated after about 35 hours when the Group ·IV rods reached 58. 9 inches. 

The positions of the Group IV rods during the test are shown in Figure II-27. Data recorded by 

the seed fuel thermocouples for selected seed clusters are also illustrated in Figure ll-27; seed 

cluster locations by coordinates are indicated in Figure ll-Z. During the period of instrument observa­

tion, no significant variation of the seed fuel temperatures was evident to indicate that an axial power 

oscillation developed, and no resulting rod position fluctuation similar to that observed on previous 

occasions was observable. Thus .this test, which was performed when the control rods were control­

ling in the upper portion of the core, was inconclusive with regard to verifying an oscillatory xenon 

distribution as the cause of the control rod fluctuations. 

Radial Flux Perturbation Test 

A radial flux tilt test was performed during the reduced power and temperature operation of 

Seed Z after the end of full power lifetime. In this test an asymmetric power distribution was caused 

by deliberate misalignment of selected rods in the controlling rod group, and the nuclear instruments 

and seed thermocouples were observed as an indication of the resulting power oscillation. The rods 

were subsequently re.aligned while observation of instrumentation continued. 

In order to achieve a uniform xenon distribution prior to misalignment of control rods, the reactor 

was maintained at a constant 75 percent power level with an average coolant temperature of 475°F 

until equilibrium xenon was attained. During this power run, rod Groups I through lli were positioned 

at approximately 71 inches and control of the reactor was by means of the Group IV (subgroup 8) rods. 

Each of the four numbe~ 8 rods is identified with respect to rod number and core location in Figure 

II-Z. In order to have the first increase in local power occur in the most fully instrumented core 

quadrant the number 81 and 83 Northwest - Southeast diagonal rods were selected to be misaligned 

equally above and below the average rod bank height of the two remaining aligned rods. 

The radial flux tilt was initiated by misalignment of the number 81 rod Z. 5 inches below and the 

number 83 rod Z. 5 inches above the average rod bank height of the aligned number 82 and 84 rods. 

Followi11g the initial rod misalignment, which was accomplished by temporarily transferring the 

individual rods 81 and 83 to a spare inverter, control of the reactor was maintained for the next 82 

hours by moving the number 8 rods as an asymmetrical bank on a single inverter. The positions of 

he subgroup 8 rods are shown in Figure II-28, and the nuclear instrument channel and seed exit water 

.hermocouple power ratios which correspond in time to the rod motions are shown. 
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The data from the nucle.ar instruments were processed to remove the effect of changing power 

levels and to remoye the effect of different characteristic outputs from the four detectors. Each 

individual quadrant power ratio represents the relative amount of power fluctuation occurring in that 

quadrant from a nominally unperturbed power condition. As indicated by the nuclear instruments 

after the initial misalignment of the number 81 and 83 rods (Figure II-28 Part 2), a maximum power 

tilt of approximately 2:._ 20 percent occurred in the B and C quadrants; after the realignment of rods 

{Figure ll-28 Part 3), a maximum tilt of approximately .:!:_15 percent occurred .. This difference in the 

magnitudes of the ~nitial peak oscillations reflects the power asymmetry of 2:._5 percent imposed by 

the asymmetric control rod configuration. 

Seed exit water thermocouple data were utilized to provide a measure of the degree of power tilt 

to compare with the nuclear instruments. The thermocouple power ratio quantity denoted as power 

tilt by corners is defined as the numerical average of individual power tilts for the numbers 2, 6, and 

8 seed cluster locations in each core quadrant, and the individual power tilts are defined as the ratio 

of the individual cluster coolant temperature rise, ~T. to the average of the 6T's for all symmetrically 

similar clusters. Thus., power tilt by corner shoUld be a measure of the actual power tilt as indicated 

by coolant temperature rises in the various clusters. 

During the first portion of the test when the controlling rods were misaligned {Figure II-28 Part 2), 

power tilts of up to nearly 30 percent are indicated by the thermocouples, in contrast to the 20 percent 

tilt indicated by the nuclear instruments (NIS). Several factors tend to indicate that the thermocouple 

tilt analysis is the more realistic measure of local power asymmetries during rod misalignment. 

Since the seed exit water temperatures in certain clusters of the core quadrant, where power was 

greater than average, approached the limitations imposed on the basis of 100 percent .power opera­

tion, the power in the high quadrant approached 100/75 times that in the average quadrant, corre­

sponding to a maximum local power asymmetry of 33 percent. Comparison of the oscillatory behavior 

following the misalignment of the rods with that experienced upon re-aligning the rods indicates that 

a permanent local asymmetry component was introduced when the rods were misaligned, according 

to thermocouple data, whereas ·a less distinct tilt component is evident from the nuclear instrument 

data. A definite local component is expected on physical grounds (rod misalignment), and the thermo­

couples so indicate. The less pronounced indication of permanent asymmetry from the nuclear in­

struments can thus be interpreted as experimental evidence that these. instruments portray a smeared 

image of the core quadrant, which does not reflect local power perturbations caused by rod mis­

'alignment to their full extent. 

During the later portion of the test, when the rods were repositioned in normal, symmetrical 

alignment {Figure II-28 Part 3), power asymmetric~ indicated by the nuclear instruments were 

comparable in magnitude to those determined by means of the core thermocouples. This agreement 

between thermocouple and NIS indications during oscillation is consistent with seed 1 experience, 

which showed the same agreement among instrument during both spontaneous and experimentally 

induced oscillations. The present test thus provides additional assurance for the criteria utilized on 

Core I in establishing procedures to deal with spontaneous oscillations. 

Power asymmetries as indicated by the nuclear instruments for the port.ion when the control rods 

·were realigned (Part 3 of Figure ll-28) are shown to be damped and to have a periodic behavior. The 

observed period for these oscillations is approximately 25.2 hours. In order to descr_ibe the damped 

behavior of the oscillations, the experimental data were fitted to the form: 
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y = ekt cos wt 

From tht>. data in this form, the damping factor k was found to be approximately -0.037 hr-1. This 

corresponds to a reduction in the amplitude of the oscillations by a factor of two in 18.7 hours. 

From Figure II- 28 Part 3, it is noted that the oscillations in the radial flux perturbation test 

were strongly convergent. By comparision, slightly c:livergent oscillations were observed during an 

intentional xenon oscillation test performed at about 500 EFPH on Seed 1 with the Group II rods con­

trolling, Reference 2. The convergent behavior of the Seed 2 radial oscillations indicates that the 

development of a spontaneous radial oscillation could not occur in Seed 2 unless an external perturba­

tion (e.g. asymmetric rod motion) was to be applied at successive cycles in such a manner as to 

oppose natural damping of the oscillations. This fact is consistent with the observation that no 

detectable spontaneous oscillations developed in Seed 2 operation. The spontaneous oscillations 

which were encountered during Seed 1 operation are described in Reference 2. 

Samarium Transient Measur~u·n::uts 

At the conclusion of 75 percent reduced power operation·, a samarium transient test was per­

-formed to determine the time dependent reactivity effect on the core from buildup of peak samarium 

concentration. The samarium transient test was conducted in a fashion similar to the xenon transient 

test (DLCS 15601) but with data collection in somewhat longer intervals. Before the performance of 

DLCS 15601 little experimental information on the samarium behavior of Core I was available. Data 

on the reactivity contribution from samarium as it affects "the results of measurements of excess 

reactivity and temperature defect values have heretofore been obtained indirectly from other meas­

urements or from calculations. The attendant uncertainties associated with samarium reactivity 

effects in turn affect the uncertainty in reactivity measurements obtained from other physics tests. 

After shutdown from 75 percent power, the reactivity transient caused by the buildup and decay 

of xenon, and the buildup of samarium, was monitored by observing the critical positions of the con­

trolling rod group and measuring reactor-periods. The recorded time after shutdown and the re­

activity values inferred froin period measurements after analysis by the least squares technique 

yield the results given in Table II-J 

Critical positions of the controlling Group IV rods, with all other rod groups withdrawn to. 

approximately 71 inches, are .shown as a function of time after .shutdown in Figure ll-29. The critical 

position of the Group IV rods ·was followed periodically for approximately 240 hours after shutdown 

to observe peak samarium conditions. The reactivity effect of xenon on the critical rod position is 

insignificant after approximately 100 hours after shutdown. 

Group IV rod worths measured between 68 and 16 inches are illustrated in Figure II-30 as a 

function of rod height. By numerical integration under successive portions of the rod worth curve. 

in Figure II-30, it was possible to construct the variation of the core reactivity with time after shut­

down. .Using the equilibrium xenon and samarium condition prior to shutdown as the reference point 

of reactivity change, the combined reactivity curve of xenon and samarium is shown in Figure Il-31. 

The reversal of the trend of the reactivity curve in Figure II-31, at around 100 hours after shutdown, 

results from the decrease of the xenon reactivity effect followed by the increasing samarium _effect 

after approximately 70 hours. 
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The elapsed time between shutdown and regaining of criticality was experimentally determined 

to be 30.9 hours. However, reactor moderator temperature at shutdown was 472°F while at the re­

gaining of criticality it was 475°F. Adjusting the return time for the reactivity increase due to the 

negative temper~ture coefficient resulting from a 3°F temperature differential, the adjusted return 

time was 30.7 hours. Using this value for the return time in equation (1), the calculated average 

seed thermal flux level is given in Table II-J. 

During Seed 1 operation, no samarium transient test was p.erformed, although xenon transient 

tests were monitored for approximately 60 hours 'after shutdown. This interv<1.l is not adequate to 

observe the samarium poison effect. Results of the present samarium transient test show a meas­

urable reactivity effect caused by the buildup of samarium, which previously had not been experi­

mentally demonstrated for Core I. 
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TABLE Il-J 

SEED 2 XENON AND SAMARIUM TRANSIENT MEASUREMENTS 

Control Rod Group N 

Critical Height inches 

Time after shutdown 

(h:rs) 

Reactivity change 

following shutdown 

(% 6p) 

A.verage seed thermal 

flux level, equation (1) 

10 
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CHAPTER 1 

COMPARISON OF SEED 2 WITH SEED 1 

Comparison of Fuel Elements 

Seed 2, like Seed l, consists of 32 clusters, each containing highly enriched uranium-zirconium 

alloy fuel in rectangular plates. For Seed 2 the total fuel loading was increased from 75 to 90 kg of 

u235 to provide increased seed lifetime. To compensate for the reactivity of the additional fuel, 170 

grams of boron were added as a burnable poison. The number of fuel plates and coolant channels in 

each seed subassembly was increased from 15 and· 16 in Seed 1 to 17 and 18, respectively, in Seed 2, 

thereby increasing the total heat transfer surface in the seed by about 15 percent. Seed 2 fuel plate 

and channel thicknesses were 0. 066 inch in contrast to 0. 069 inch in Seed 1. Of the 17 fuel plates in 

each Seed 2 subassembly, the three plates adjacent to each end contain the boron poison uniformly 

d1:Hi'1buted m the alloy fuel, with the other 11 plates containing no boron. This arrangement of burn­

able poison was selected to reduce the peaking of the thermal neutron flux. 

Except for 3 of the 113 blanket fuel assemblies, the blanket remained unchanged for Seed 2 opera­

tion. One blanket fuel assembly, F-2 (consisting of 7 bundles of fuel rods) was replaced by a new 

blanket fuel assembly because of an apparent fuel rod defect. Single rod bundles (consisting of 120 

fuel rods) were removed from two other assemblies, E-6 and H-5, for detailed analysis of the irra­

diated fuel; these two bundles were replaced by new r<;>d bundles. 

Of the 32 hafnium control rods used in Seed l, 31 were reused in Seed 2. One control rod was 

removed for evaluation and was replaced by a new, unirradiated control rod of the same design. 

Table Ill-A compares the significant parameters for Seed 2 and Seed 1. 

All fuel an? control rods performed satisfactorily during Seed 2 lifetime. The additional 15 kg 

of u2 35 in combination with changes in blanket reactivity provides more than 2000 EFPH additional 

lifetime. The thermal and hydraulic performance of the core during Seed 2 operation is discussed 

further in Chapter III-2 and III-3. 

A Comparison of the Instrumentation Designs of ~ore I Seed 1 and Seed 2 

Core I instrumentation may be categorized as follow:s: 

1. Seed metal and inlP-t. water temperature instrumentation 

2. Seed exit water temperature in:;lrumentation 

3. Blanket exit water temperature instrumentation 

4. Auxiliary seed exit water temperature instrumentation 

5. Flow measurement instrumentation 

6. Failed element detection and location instrumentation 

7. Blanket inlet water temperature instrumentation 

ill- 1 



TABLE III-A 

NUCLEAR, THERMAL AND HYDRAULIC PARAMETERS 

Property 

Fuel plate thickness 

Fuel alloy 

Fuel plate loading, per plate 
u235 

Boron 

Number of fuel plates 

Total seedloading 
u235 

Boron (natural) 

Actual core lifetime 

Heat transfer area 

Total cross section for flow 

Coolant velocity (3-loop) 

Nominal thermal power output 

(including blanket) 

Design thermal power output 

(3 -loop) 

Primary coolant flow rate 

(3-loop operation) 

Average primary coolant temperatur.e 

Average primary coolant pressure 

Core I Seed 1 

0. 069 in. 

U- Zircaloy-2 

39.2 g 

None 

1914 (total) 

75 kg 

None 

5806 EFPH 

3855 n2 

2.20 ft2 

19.8 ft/sec 

231 Mw 

242.7 Mw 

23 ~ 06 x 106 lb/hr 

i800 psia 

Core I Seed 2 

0.066 in. 

U-Boron Zircaloy-2 

and U- Zircaloy-2 

43.33 g std 

37. 89 g (with boron) 

o. 22 g 

1408-2,1 in. fuel-width 

768-~.o in, fuel-width* 

90 kg 

170 g 

7900 EFPH 

4415 n2 

Z.379 ft2 

lH .l ft/sec 

231 Mw 

242.7 Mw 

23.4 x 106 lb/hr 

1800 psia 

* Reduced fuel width is required for the three fuel plates at each end of each subas·sembly to permit 

thicker side plates near the subassembly corners where the highest mechanical stresses occur. 
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Alterations in all but the last three instrument systems listed above were effected in conjunction 

with Seed 1 - Seed 2 refueling. Improvement in reliability resulted, as discussed later in this chapter. 

Locations of these instruments are shown in Figures ni-l and lll-2. 

Seed Metal and Inlet Water Temperature I~strumentation 

Because of the numerous thermocouple sheathing failures experienced by the seed metal.and inlet 

water thermocouples of the Seed 1 design, the sheath material of the Seed 2 thermocouples was AISI 

347 stainless steel rather than the AISI 304 type. AISI 347 stainless steel is stabilized by the addition 

of columbium to prevent chromium carbide precipitation and resultant intergranular embrittlement, 

which is believed to have been a contributing factor in the development of cracks in the Seed 1 thermo­

couple sheaths. In addition, it was possible to increase the sheath thickness slightly by utilizing a 

0.053 inch OD sheath rather than the previously used 0.040 inch size. 

The major design change, however, was the provision for replacing ~ndividual thermocouples. 

In the Seed 1 design, the seed metal thermocouples were inserted into short horizontal wells between 

the two meat thicknesses of the instrumented fuel plate, led from there to the upper portion of the 

seed cluster where they were coiled o~ a drum which remained in the cluster as it was lowered into 

the reactor. Thereafter, the drum was lifted to the reactor head and the thermocouple leads were 

connected to the terminal posts of a terminal box mount·ed on the head. The instrumentation could be · 

replaced only by installation of a complete spare seed cluster. 

The Seed 2 design allowed each thermocouple to be individually positioned in the instrumented 

fuel plate. by providing guide tubes leading from the terminal box on the vessel head to vertical thermo­

couple wells in the fuel plate. ln order to eifec.t. thermocouple replacement, it was necessary only to 

cut the thermocouple closure weld on the reactor vessel head, withdraw the faulty lead, insert the 

replacement, and remake the weld. However, while the Seed 1 clusters contained seven thermo­

couple leads, the Seed 2 design permitted the installation of only five le<j-dS, one being the inlet water 

temperature thermocouple. 

The intermediate thermocouple junction in the Seed 1 thermocouple terminal box was eliminated. 

The Seed 2 terminal box employed only one junction, that to the plug type connector. Furthermore, 

the junction was made and tested entirely in the shop, providing a more reliable initial installation 

which required less working time on the reactor head. Although the thermocouple wires were of very 

small diameter, as in the Seed ,1 design, the junction was made mechanically rugged by potting it with 

a thermosetting resin. 

The terminal box height above the reactor vessel head was increased to place the connector junc­

tion at a lower ambient temperature as compared to the Seed 1 installation, and·, as a result, both 

t.he magnitude and dispersion of the calibration correction factors were reduced. 

In addition, provision was made to subtract the voltage outputs of the Seed 2 inlet water thermo­

couples and exit water thermocouples to obtain a direct reading core temperature difference. How­

ever, a combination of equipment problems, unsatisfactory calibration, and failure of two inlet 

thermocouples prevented core temperature difference from being satisfactorily measured in this 

manner. 
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Seed Exit Water Temperature Instrumentation 

The same improvements in the thermocouple sheathing material and terminal box designs de­

scribed above were incorporated in the Seed 2 exit water instrumentation design. The number of 

leads, their diameter, their core location, and the manner in which they are installed remained the 

same as in Seed 1. However, all the thermocouples had non-grounded junctions to allow the sub­

tracting of inlet and exit water thermocouple outputs as previously described. 

Blanket and A~xiliary ::ieed .t..:xit Water Temperature Instrumentation 

One blanket exit water instrumentation {BEWI) assembly (H-9) and both auxiliary seed exit water 

inst:r::umentation (ASEWI) assemblies· in Seed 2 incorporated the replaceable thermocouples previously 

described. These three assemblies are also equipped with the improved thermocouple sheathing 

material and terminal box designs of the seed metal system. The number of leads, their diameter, 

and their core locations remained the same as in Seed 1. However, two leads in each of the ASEWI 

assemblies contained non-grounded thermal junctions (I-12, K-12, L-11, L-9) to permit subtr.acting 

their outputs from those of the seed inlet water temperature thermocouples at core location J -12. 

Performance of Core Thermocouples During Seed 2 Operation 

The replacement instrumentation of new design installed for Seed 2 operation proved v.ery suc­

cessful and represented a large improvement ove.r the earlier design used for Seed I. Of the 77 

thermocouples installed during Seed 1 - Seed 2 refueling, 75 were operating at Seed 2 start-up and 

71 were still giving useful information at the end of Seed 2 life. The calibration of these new thermo­

couples was more stable. and the corrections were smaller than those of the earlier design, probably 

because of improvements in the junction box location and design. The replacement features of these 

thermocouples were not utilized during Seed 2 operation because.failures were relatively few and 

occurred for the most .part after sufficient information had been obtained to provide assurance that 

the temperatures at the locations of the failed thermocouples could be inferred from symmetrically 

located instruments which were still functioning. Discussion of the information obtained from the 

core thermocouples during Seed 2 operation is contained in Chapters 111-2 and Ill-3. 
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CHAPTER 2 

HYDRAULIC PERFORMANCE 

Introduction 

Testing performed during Seed 2 operations has essentially substantiated the major phases of 

reactor hydraulic design: 

1. Predicted core flow distribution to fuel assemblies in the five core flow regions (Figure III-1) 

was confirmed prior to power opP.rrttions. 

~. A continning t.;-st of reactor prcosure droiJ vcid<:~.liuns with time has established that there are 

no consistent trends in this parameter and only small variations with time. 

3. Test data were obtained 'Yifhich validate the design data based on airflow studies of mixing in 

the lower plenum chamber. 

4. Finally, characteristic reactor flow coastdown curves have been determined over a five­

second interval after initiation of the loss of flow. 

Ea<;:h of the above phases is discussed more fully below with particular attention to the agreement 

of deoign a.nd measui·ed values. 

Core !.is a single-pass core. Coolant enters the lower plenum chamber through four inlet 

nozzles at the bottom of the reactor vessel, as shown in Figure III-2. After.mixing in the lower 

plenum chamber, flow is apportioned along parallel paths to the core inlet through either the flow 

baffle (85 percent) or the thermal shields (15 percent). The coolant then moves upward through the 

core and empties into the upper.plenum chamber where it mixes. The main portion of the flow is 

then directed upward inside the holddown bar'rel and then downward between the barrel and the reactor 

vessel wall to the four outlet nozzles. 

Core Flow Distribution 

The design distribution of coolant in the core is listed below. 

Seed (32 assemblies) 

Fuel region 

Control rod channels 

34.9% 

2.3% 

Blanket region 1 (21 assemblies) 

Blanket region 2 (24 assemblies) 

Blanket region 3 (40 assemblies) 

Blanket·region 4 (28 assemblies) 

Labyrinth seal leakage 

Bottom 'plate flow meter adapters 

Instrument tubing 

37.2% 

7.4% 

17.5% 

27.1% 

7.3% 

2.0% 

1. Oo/o 

0.5% 

100.0% 
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The ·total reactor coolant flow rate is determined by intersection of the reactor pressure drop 

characteristic curve with the available reactor pressure head curve, which is constructed by sub­

tracting t:oolant loop pressure losses from the main coolant pump head at several different loop flow 

rates. 

Figure ill-3 shows the int~rst!Ction of the available reactor pressure head curve and the reactor 

pressure drop characteristic curve. At this point both flows and pressure drops are balanced and 

the reactor flow is therefore determined. 

To make the maximum use of coolant, it was necessary that flow be distributed among the seed 

and four blanket regions in proportion to the region heat generation rate~, maintaining approximately 

equal outlet temperatures for all fuel assemblies. To accomplish this, inlet orificing was required 

in three of the four blanket regions. The blanket orificing arrangement selectt!ll for Seed 1 opera­

tion was also satisfactory for Seed 2 performance and, therefore, was not altered. Table ni-B 

summarizes some pertinent core flow para1nefers for three-loop flow coJ,ditiono, 

0 
(I) 

~ 40 r-------+-------+-~----~------~------~ 
.J 
(.) 
z .... 
a: .... t 30 r-------+-------+-------~------~------~ 

c 
.... 
a: 
::;) 
(I) 

~ 20 r-----~r-----~~----~----~r+-------4 
a: 
~ 

21 22 23 24 

TOTAL REACTOR FLOW X 10- 6 LB/HR 

25 

Figure ill-3. Hydraulic Balance Point for Three Loop Operation. 

One of the first tests (DLCS 18201) performed subsequent to Seed 2 installation was the determi­

nation of flow distribution within the core. A comparison of predicted and measured flow rates is 

presented in Table ni-C. Predicted nominal· readings were 100 percent on four loops and 79 percent 

on three loops. However, the values in Table In-C were adjusted to· account for variable pump ±lows 

since A,' B, and C coolant loops contained similiar pumps while D loop contained a pump which has 

a different head-flow characteristic. 
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Parameter 

Three-loop flow rates, 

lblhr-assembly 

Subassembly 6P, psi 

Flowmeter 6P, psi 

Orifice t\P, p~i 

Orifice plates, no. I 
assembly 

Orifice coolant 

velocity, ft Is ec 

TABLE lll-B 

CORE FLOW PARAMETERS 

I n 

8.27xl04 17.07 X 104 

5.8 24.8 

3.3 0.5 

16.8 *'' 

3 0 

24.6 

Blanket Region 

m 

15.86xl04 

21.4 

0.4 

4.1· 

1 

35.6 

IV Seed 

6. 09 X 104 25.47 X 104 

3.2 24.9 

1.8 1.0 

20.9 -- ., 

3 

27.4 

* No orifice plate was required in Region IT since only 0. 6 psi difference existed between Region IT 

and the seed. 

Core Region 

Seed 

Blanket I 

Blanket n 
Blanket III 

Blanket IV 

TABLE III-C 

COMPARISON OF PREDICTED AND MEASURED FLOW FOR 

THREE AND FOUR..: LOOP OPERATION 

Loops in Operation and Average Flowmeter Readings 

(% of design value) · 

Flowmeter ABCD ABD BCD ABC 

Type Pred. Meas. Pred. Meas. Pred. Meas. Pred. Meas. 

Venturi 98.2 100.2 76.7 76.6 76.7 76.1 79 78.5 

Nozzle 98~2 87.6 76.7 69.8 76. i'' 6?.2 79 71.7 

Venturi 98.2 98.9 76.7 77.5 76,7 75.5 79 79.9 

Venturi 98.2 95.5 76.7 76.4 7_6.7 74.8 79 76.5 

Nozzle 98.2 98.6 76.7 77.8 76.7 77.0 79 79.1 

m- 9 

Prediction 

Minus 

Measure-

ments 

Average· 

(%) 

+0. 2 

-8.1 

+0.3 

-1.8 

0.5 

•""'. •r- · • ~ • • •-c ~· ~ " 



The seed and blanket regions 2 and 4 show very good agreement (within 1 percent) between aver­

age. predicted and measured flowrates. Blanket region 3 apparently has a small flow deficiency 

( -1.8 percent) but this is within the accuracy of the instrumentation (~2 percent). Blanket region 

1 has a measured flow 8. 1 percent less than prediCted on the average, but this is based on data from 

assemblies with nozzle-type flowmeters which have had a history of erratic operation. The two 

venturi-type flowmeters in this region are inoperable. During Seed 1 operation thP. blanket region 1 

venturis indicated approximately design flow, while the nozzles indicated flowrates 6 to 10 percent 

below design. During Seed 2, blanket region 4 assembly J-2 nozzle flowmeter has consistently indi­

cated flows about 5. 5 percent above design. Because of this conflictin~ informati.on and the history 

of erratic operation, no conclusions can be made based on the indications of the flow nozzles. 

It is therefore concluded that Seed 2 core region flowrates are essentially as designed within 

flowmeter instrumentation· accuracies. This is necessarily based on Seed 1 as well as Seed 2 results 

because of the erratic operation of the nozzle type ±lowmeter::; !n ulc~.uk.eL ~ .::gio1u1 1 o.nd 1, 

Distribution of flow among fuel clusters in a quarter-scale ±low model of the PWR reactor has 

been studied using airflow to simulate coolant flow (Reference 1). The maximum variation in flow to 

any core. assembly was ~2. 1 percent of predicted assembly flow for three-loop flow and +1. 5 percent 

for four-loop flow, based on the airflow data. 

Reactor Pressure Drop 

Predictions of reactor pressure drop were made utilizing seed and blanket assembly pressure 

drop characteristics, in conjunction with assumptions regarding other reactor· pres sure los!! es. 

Inlet nozzle losses were assumed to be one velocity head, and outlet nozzle losses weJ:e assumed to 

be half a velocity head. Hold down barrel losses were treated in a manner similar to the nozzles, 

and the flow .baffle losses were determined from Battelle airflow model testing. The predicted J:e­

actor pressure drops for three and four-loop flow are: 

3 Loop.: 4 T,oops 

Reactor flow 
6 . 

x 10- · lb/hr 23.4 29.5 

Inlet nozzles ~. psi 8.4 7.5 

Baffle 6P, psi 2.0 2.0 

Core~. psi 25.9 40.9 

Holdown barrel 6P, psi 0.8 1.3 

Outlet-nozzles 6P, psi 3.4 3.0 

Total reactor 6P, psi 40.5 54.7 

Measured pre-operational data (DLCS 1470105) indicate that the reactor pressure drops. are 

36.9 and 49.0 psi for three and four loops, respectively. These values are about 10 percent below 

predictions and are more than likelythe result of minor conservatism!'! in the assumptions concern­

ing inlet and outlet nozzle and holddown barrel losses, since reactor coolant flows are very close to 

design values. 

Co.ntinuing investigation of reactor pressure drop with time (DLCS 35801) has indica.tP.d there 

are no detectable trends within the accuracies of the test instrumentation. As-read rP.actor pressure 

drop and flow variations with time are ])resented in Figure III-4. It can be seen that the majority of 
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the pressure drop variations are accompanied by similar flow variations. In addition, a 1500-hour 

test with.out purification flow from June 23 to September 13, 1960 also showed no detectable change in 

reactor pressure drop characteristics. These results are apparently caused by the inherently low 

crud levels during steady state operations, usually !rom 1 to 4 ppb. 

Inlet Plenum Mixing 

The· question of coolant mixing in the lower plenum of the reactor vessel arises when the inlet 

temperature to one of the non-instrumented clusters is required and only coolant temperatures at the 

inlet nozzles to the reactor are available. Quantitative information is necessary in order to evaluate 

the procedure by which a non-operating cold loop is returned to service in order to avoid cold water 

accidents. The calculations to determine the fraction of total core power generated in various core 

assemblies also depend on this information. 

Mixipg in the lower plenum of a quarter- scale airflow model of PWR was studiP.rl using S02 a.s a 

gaseous tracer in air as reported in BMI 1172 (Reference 2). Actual plant data were obtaineg c;hu:-ini 

the performanc-e of DLCS 1820201 in January 1958, during Seed 1 operation. The general spread in 

the data, however, ·was too great to either substantiate or invalidate the results of BMI-1172. At 

be'st, both the calculated and predicted values showed the same general trend in mixing in the few 

.assemblies for which data were available. The test was performed again during Seed 2 lifetime. 

Typical results of the second performance of this test are shown in Figure III-5. 
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Close agreement was found between measured and predicted data, thereby substantiating the 

extent of mixing across the core as predicted by the Batelle Memorial Institute tests. For the 
. . .. 
majority of assemblies analyzed, the data were reproducible and within 5 percent of .one another. 

0 ~~--~--~~~~--~--L-~--~--~~--~--~~ 
K-5 L-8 L-9 L-10 K-11 L-11 F-4 K-12 J~2 H-12 0-8 F-12 D-10 E-ll 

CORE LOCATION 

Figure ill-5. Inlet Plenum Mixing Data-Measured and Predicted. 

·Another operational verification of tht:: a.i.rflow model inlet plenum mbcine was obtamed during 

the test to determine the effect of steam generator performance on core power distribution (DLCS 

3770101) .. For a portion of this test the inlet water .temperatures for two of the coolant loops were 

22. 5°F higher than that of the other two loops. At this time inlet water therlT).ocouples checked the 

airflow mixing temperatures within an average of 0. 8°F. 

Loss of Coolant Flow 

In the sh11'ly of core capability for Seed 2, it was found that ne;:~.r the end of Seed 2 lifetime, core 

capability was established by the blanket minimum departure from nucleate boiling (DNB) ratio at 

· about 3 to 5 seconds after the start of a complete loss of flow accident (CLOF A). Data obtained dur­

ing the loss of flow testing with See'd 1 were "ina.dequai:'e' beyond approximately Z seconds after'."the 

·start of the transient. In Seed 2 tests, therefore, most emphasis was placed on better accuracy of 

flow coastdown measurements several seconds after pump shutdown. 

Comparisons of design and measured Seed 2 curves are presented in Figures III-6 and III-7 

CLOFA's with initial flow provided by four loops ·{4-0 CLOFA) and three loops (3-0 CLOFA), respec­

tively. The CLOFA design flow cCiastdown <;urves for Core I have been. revised to b.e c~nsistept with 

results of Seed 2 testing. These are unchanged from: the former design curves {determined from 

analysis and Seed 1 test results) in the first 2 or 3 seconds of coastdown, but bey~nd that time the 

CLOFA 4-0 curve is lower {by as much as 45 percent) than formerly, and the CLOFA 3-0 curve is 
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higher (by as much as 20 percent) than formerly. The average Seed 2 corrected data are approxi­

mately to 10 to 20 percent above the revised design curves. Measured flow rates during the first 

second are considerably higher than design, but will not be used without a more detailed investiga­

tion to resolve such differences. 
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CHAPTER 3 

THERMAL PERFORMANCE 

Introduction 

During Seed 2 operation the thermal performance of the r.eactor was monitored with the aid of 

instrumentation in the core, the primary loop, and the secondary loop. Core thermal instrumenta­

tion was used primarily for two purposes: (1} to check the adequacy of the theoretical model used 

for the calculation of reactor power capability, and {Z) to provide a mean!! u! uu::,u.u~ir,g phenornon:1. 

snr.h rt.A power tilt and oscillations which, at the present state of the art, do not lend themselves· 

readily to theoretical evaluation. Only during special testing was core thermal instrumentation Ul:it:H.l 

as an operational guide. The thermal and hydraulic instrumentation in the primary and secondary 

loops was used to furnish suppleinentary thermal performance inform;:~.tion in addition to its main 

function of plant control. Measurements obtained from the core instrumentation during Seed 2 opera­

tion indicated that core thermal performance was satisfactory. 

Core Thermocouple Predicted and Measured Temperatures at the Beginning of Seed 2 Life 

At the beginning of Seed ·2 life a comparison was made of core thermocouple data with calculated 

temperatures. The thermocouple data were selected from power operations at equilibritim xenon 

where the controlling rod group height was within..:!: ·1 inch of the height for which the nuclear design 

Q~.ta were available. Thus a comparison was possible in which a major parameter, rod height, was 

matched well with the rod height assumed in the calculations 61 pl'edicted leUljJt:!L"a.lu~ e. 

A conclus~on which can be made on the basis of th~ com.parison is that calculated temperatures 

and measured temperatures agree s'atisfactorily. Table III-D shows the degree of agreement 

obtained. 

TABLE Ill-D 

AGREEMENT BET WEEN MEASURED AND 

CALCULATED TEMPERATURE VALUES 

Number of Readings Within 

X% of Calculated Values 

T.emperature 

Seed Assembly Coolant ~T 

Blan.ket Assembly Coolant ~T 

26 out of 33 

11 out of 18 
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Operating Conditions When Data Were Taken 

On August 21, 1960, at 0330 hours the conditions were: 

Group ll at 20.03 inches, gross output - 66 Mw, nuclear instruments - 105% {242. 6 Mw thermal), 

4 loops (fast speed), total flow- 29.2 x 106 lb/hr, Seed 2 EFPH- 1700, inlet temperature - 488°F. 

On August 28, 1960, at 2300 hours the conditions were as above except for: 

Group ll at 21.76 inches,. Seed 2 EFPH - 1880. 

Assumed Operating Conditions for Calculated Temperatures 

Group nat 21 inches, reactor power-231Mw, inlet temperature - 488°F, design assembly flow­

rates, complete assembly coolant mixing, DRACO local power generation, 95% ;reactor power gen­

erated in cure. 

Fuel plate centerline temperatures were calculated for nominal and certain hot channel condi­

tions. In computations for nominal fuel plate temperatures the following conditions were assumed: 

Group nat 21 inches, 4 loop~; {fast speed), total flow- 29.52 X 106 lb/hr, reactor power- 231 

Mw, reactor average temperature - 500°F, inlet temperature - 488°F, 95o/o reactor power generated 

in core, 2% core power generated in water, no lateral mixing of coolant, design region flowrates, 

average region pressure drop - channel pressure drop, DRACO local power generation with DRACO 

error correction factor and local to average correction factor. m~c:h•mi<:-al hot channel facto~·~; -

1. 0, no controi band or instrument uncertainties. 

In the calculations of the upper limit temperature conventional mechanical hot channel factors· 

were applied and the nuclear factors (relative power generations) were increased by 10 percent in all 

clusters except those with control rods fully inserted. 

Coolant Temperature Rise Through Core Assemblies 

Both the measured and calculated values of coolant temperature rise were obtained for a nominal 

power level of 105 percent of 231 Mw core thermal putput. The measured temperature rises were 

corrected using thermocouple calibration factors obtained July 31, 1960. 

Seed Assemblies 

A comparison of measured and calculated values indicated that the measured temperature rises 

were less than the calculated values for every assembly in which lhe instrumentation was operative. 

In fact only 7 of 33 temperature ·rises were within 10 percent of the calculated values. Those differ­

ences illustrated some problt:ms associated with the prediction of local power distributions. As a 

result of power gradients within an assembly, coolant streams leaving the passages between fuel 

elements may have significantly differing temperatures. Mixing of these different streams of coolant 

occurs to some undetermined extent in the two feet of flow path in the upper extension bracket before 

the coolant reaches the single thermocouple by which the assembly exit water temperature is read. 
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While the hydraulic and thermal mixing cannot be analytically determined, estimates of the mixing 

effect have been made. They are based on temperature readings of an assembly instrumented specif­

ically with three exit water thermocouples, on nuclear design cell calculations, and on the actual 

location of the exit water thermocouple with respect to .the assembly. When these estimates of the 

mixing effect (mixing factors) were applied to the measured-calculated ratios, it was found that 

agreement of r:r:u~asured and calculated temperatures was quite good, with 26 out of 33 of the ratios 

falling within-~10 percent of 100 percent and 30 of the ratios lying within ~15 percent of 100 percent. 

Such agreement is considered to be quite adequate in the light of the uncertainties connected with the 

measurement of reactor power,. temperature and flow, the coolant mixing, and thermocouple calibra­

tion, as well as uncertainties in nuclear design predictions of core power dist1·ibution. An example 

of the latter is the omission from the predicted values of a bias in the nuclear design calculations 

thereby causing power predlc.tions to be high in aBsembli~li '=r.mta.in..ing control rods and low in assem­

hl.i.P.s withc;mt rods. The maximum value of this bias is 2°F in the temperature rise across an as­

sembly at full power. Although no allowant:e was n'l.ade lo'ii thi!i r·lJ f:[.,•·imce in pl"<idi.~t.en temperature 

rises, it was considered in establishing core capability. Table ill-E lists the measured and cal­

culated temperature rises in the seed and the measured-calculated ratios. 

Blanket Assemblies 

Measured and calculated coolant temperature rises and measured-calculated ratios are listed in. 

Table III-F. Thermocouple· calibration corrections were applied to the measured temperature rises. 

A comparison of the blanket measured-calculated ratios indicates that in 11 out of 18 assemblies· the 

ratios are within ..::_10 percent of 100 percent and 15 out of 18 are within ~12 percent of 100 percent. 

Since there are no control rods in the blanket, the power gradient across blanket assemblies is less 

severe than across seed assemblies. For this reason, and because blanket cluster tube sheets tend 

to enhance turbulent flow, no mixing factors were applied in the blanket. Thermal and hydraulic 

mixing in the bla.nket assembly in and above the fuel will nevertheless affect thermocouple readings. 

It is felt that the agreement of measured with calculated t.T 1 s in the blanket is quite satisfactory when 

the possible uncertainties enumerated above are considered. 

T ABI.E !li-E 

SEED ASSEMBLY COOLANT TEMPERATURE RISE 

Measured t.T Measured t.T 

Calculated t.T Calculated 6T 

Measured Calculated Without Mixing With Mixing 

Locations t. T {°F) t.T {°F) Fa.ctor (o/o) Factor (o/o) 

J-4 27.5 31.22 88.0 106.0 

H-4 19.9 26.37 75.5 90.9 

D-8 In.l 26.37 61.0 73.4 

D-10 28.6 31.22 91.6 110.3 

E-ll 26.0 30.26 85.9 103.4 
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TABLE III-E (Cont'd) 

SEED ASSEMBLY COOLANT T-EMPERATURE RISE 

Measured ll T Measured llT 

Calculated ll T Calculated llT 

Measured Calculated Without Mixing With Mixing 

Locations ll T (°F) ll T (°F) Factor (%) Factor (%) 

F-12 25.8 31.22 82.6 99.5 

H-12 20.1 26.37 76.2 91.7 

J-12 26. 1 31.22 83.6 100.7 

K-11 25.1 30.26 82.9 99.8 

L-10 25.8 31.22 82;6 99,5 

L..:o 1~.9 z6."37 60.3 72.6 

F-4 26.2 31.22 83.9 101.0 

E-5 25.6 30.26 84.6 101.9 

D-6 28.6 31.22 91.6 110.3 

L-6 27.2 31.22 87.1 104.9 

K-5 25.8 30.26 85.3 102.7 

D-10 29.1 31.22 93.2 112.2 

E-ll 26.0 30.26 85.9 103.4 

F-12 26.6 31.22 85.2 102.6 

H-12 19.7 26.37 74.7 89.9 

J-12 26.2 31.22 83.9 101.0 

K-12 30.8 31.88 96.6 103.4 

K-11 25.1 30.26 . 82.9 99.8 

L-11 31.0 31.88 97;2 104,0 

L-10 25.5 3l,22 8L7 98.0 

L-9 30.7 30.53 10p.6 104.0 

L-8 16.1 26.37 .61.1 . ;73.;6 : ~. ' .. •.' 

L-6 26.5 31.22 84.9 102.6 

K-5 25.5 30.26 84.3 101.5 

J-4 27.3 31.22 87.4 105.2 

F-4 25.8 31.22 82.6 99.5 

E-5 26.3 30.26 86.9 104.6 

D-6 28·. 3 31.22 90.6 109.1 

Note: Inoperative recorder points have been ommitted. 

ill- 1,7 



TABLE III-F 

J3J_,ANKET ASSEMBLY COOLANT TEMPERATURE RISE 

Measured l:lT 

M<>.:=~.sured Calculated Calculated l:lT 

Location l:lT (°F) l:lT (°F) (o/o) 

J -13 19.5 i8.64 104.6 

M-10 22.4 18.64 120.2 

J-3 21.7 18.64 116.4 

K-3 19.0 17.63 107.8 

J-2 23.8 24.02 99.1 

I-7 23.5 24.66 95.3 

H-7 20.0 22,73 88.0 

I-6 28.7 31.07 92.4 

I-5 21.7 20.84 104. 1 

G-11 20.4 20.84 97.9 

H-9 17.4 22.73 76.6 

H-ll 17;7 18.96 93.4 

H-10 27.2 29.02 93.7 

H-8 19.4 20.81 93.2 

H-5 20.9 18.96 110.2 

D-10 20.0 18.64 107.3 

E-13 18.7 17.63 106.1 

Not.e: Inoperative recorder points have been uunnitted 

Seed Fuel Plate Temperatures 

Perhaps the most interesting instrumentation in Core I during Seed 2 life was the seed fuel 

pl:=~.te temperature instrumentation. 

Prior to Seed 2 startup, calculations were made for each of the seed fuel plate thermocouples. 

These calculations d-iffered from the coolant temperature rise calculations previously described in 

that an attempt was made to describe, as closely as possible the power densit"y at the termocouple 

location. Calculatio:p.s were based on nominal channel dimensions to provide a lower limit for the 

prediction, and also on hot channel dimensions to provide an upper limit case. In these studies the 

effect of differences in flow from channel to channel was included by assuming that the design flow­

rate applies to the average channel in the seed assembly containing the instrumented plate. The 

pressure drop across this average channel was then imposed across the instrumented plate channel 

using the local fluid properties to obtain flow past the instrumented plate. 

In Figures"III-8 and III-9 are plotted the predictions for four-loop operation at 104 percent power 

with the Group II control rods at 21 inches. Also indicated are the meas·urements from the two sets 

of data under the operating conditions described above. In all cases the measured values lie between 
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the upper and lower limit curves. In all cases the shape of the axial power distribution as indicated 

by the measurements agrees well with the predicted shapes. 

The difference between nominal channel predictions and actual measurements may in part be 

attributed to: (1) the actual channel dimensions being slightly less, as fo\Jnd to be the case in an as· 

built core survey, than the noruinal values used in the predictions; (2) the uncertainty in the measured 

reactor power level; (3) the uncertainty in thermocouple_ correction factors; and (4) the actual nuclear 

peaking factors being different from the values used in the predictions. The nuclear design data used 

represented pre-operational nuclear design predictions, indicating that the Group II control rods 

would be withdrawn to 21 inches at 50 equivalent full power hours (EFPH). Actually, the Group ll 

control rod height of 21 inches was reached at appro;a_mately 1800. EFPH. The effect of his difference 

in reactivity cnange was not factored .into the comparison because it is estimated to be negligible. 

The agreement between the measured fuel plate temperatures and .the predicted values, both in 

·magnitude ·and ·axial distribution, -is ·considered "fci be· good. ·. 

Subsequent to the comparison of measured and pre_dicted fuel plate temperatures described 

above, an analysis was made in which measured seed coolant channel dimensions applicable . .to the 

instrumented plates were used (rather than nominal values) in conjunction with a more sophisticated 

choice of nuclear factors.. It was thus possible to increase the lower limit. curve to a best estimate . 

level representative of the actual data as shown in Figures 1II-8 and Ill-9. This modification was 

then considered applicable to all future predictions of instrumented plate thermocouple readings. 

\ 
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CHAPTER 4 

CONTROL ROD DRNE MECHANISM PERFORMANCE 

Int reduction 

The control rod drive mechanisms position the control rods in the reactor. Each of the 32 

mechanisms is completely independent mechanically; however, they are normally operated electri­

cally, in synchronized groups of four, to maintain symmetrical flux distribution. These electrically 

powered mechanisms employ the principle of the jackscrew to move the control rods. The mecha­

nisms completely release the control rod shafting, permitting a scram whenever power to the mech­

anism is interrupted. 

The only mechanism component failure during Seed 2 operation was a defective stator in posi­

tion E-12 in June, 1960. This stator was replaced with a spare, and the mechanisms operated during 

the remainder of Seed 2 life with_out incident. The operating experience, together with the periodic 

test data, indicates that the mechanisms performed their functions adequately and satisfactorily for 

the Seed 2 period. 

Seed 2 Operating Experience 

Stator Failure 

The mechanism stator in position .E-12 showed low insulation resistance to ground during a 

routine check on May·2, 1960, and again on May 4 and June 13. In each of the three cases, there­

sistance was increased sufficiently to permit mechanism opere~;tion by energizing the stator for a 

period of time to dry the winding. This indicated that the low insulation resistance was caused by 

the presence of moisture in the stator and stator cavity. The recurrence of the low resistance on 

June 13 indicated that the intervening period of operation had not removed the moisture and it was 

concluded that the stator cavity contained a quantity of water. or that water was entering the cavity 

by leakage. On June 18, 1960, during a plant shutdown period, the stator winding showed a solid 

ground (less than 0.5 ohms) and further efforts to dry it out were considered futile. During this 

entire period, the .mechanism had performed its function normally; however, it was decided to re­

place the stator assembly with a spare to prevent possible failure during operation. 

The defective stator was replaced with a spare on June 21, 1960. During this installation, the 

motor tube was inspected carefully (visually) for leaks. No leaks were detected and the spare stator 

assembly was. installed, electrical operation was checked, and the mechanism was released for 

operation. Insulatiot1 resistance checks made as a parf of start-up procedures and periodic testing 

show that the m.echanism .operated normally following this stator replacement. 

The defective stator was returned to BAPL and both helium and hydrostatic leak tests were 

performed on the water jacket. No leaks were detected but the stator showed a winding-to-core 

ground. The stator was then sectioned and the defect was found to be a break in the slot insulation. 

There was no evidence that faulty construction, defective materials, damage, or a condi~ion other 

than the presence of moisture caused this failure. 
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The stator failure is believed to have resulted from an incident during refueling which caused a 

spray of cooling water in the vicinity of this mechanism while the watertight caps were off the elec­

trical receptacles. The prolonged exposure to moisture apparently led to the deterioration and failure 

of the insulation. 

The incident causing the wet stator during refueling could not occur during normal operation 

when plugs are installed in the receptacles; therefore, no design changes were made on the Core I 

mech<!-nism. Additional care will be taken during fulur·e refueling operations to prevent a recurrence 

of the failure. 

The Core II mechanism design will use sealed stator and sealed position indjr.ator coil·compo­

nents, which will prevent insulation damage by water during any phase of refueling or condition of 

operation. 

P1·ecritical and Initial TP.sts (DLCS 1580202 and DLCS 1580302) 

Precritical and initial tests we.re performed after the installation of Seed 2 to assure that the 
I ' 

mechanisms and their associated instrumentation were functioning satisfa~.:torily after refu·eling ann 

prior to reactor start-up. 

The initial operation test (DLCS 1580202) was completed on April 11, 1960. During this test the 

rod bottom indicator for mechanism position 81 was found to be inoperable because of interchanged 

connections. The connections were corrected and the indicator was retested with ::;atisfactory results. 

Five mechanisms were found to have reversed rotation. These were reconnected for correct rota­

tion and retested. After correction of these wiring ~rro1·s, the position indication system, the power 

supply, and the control rod drive mechanisms were found to be satisfactory for operation. 

The precritical operational tests (DLCS 1580302), consisting of insulation resistance test, latch­

ing and staHonary scram test, rotational test, and scram time test, were completed on April 29, 1960. 

The mechanisms operated satisfactorily. 

Periodic Tests (DLCS 1480113 through DLCS 1480116) 

The mechanism periodic tests were performed four tlmes during Seed 2 operation. ThP.se tests 

consist of insulation resistance test, latching and stationary scram test, rotational test, and scram 

time test, and are designed to furnish information permitting the evaluation of mechanism perform­

ance and condition. The test also reports ·the rod travel in feet and the ilumber of scram operations, 

which provide an indication of the amount of service each mechanism has experienced. The data 

confirmed that the mechanisms were functioning satisfactorily and that there we:r.e ao tendencies 

toward a significant increase in mechanism and control rod friction or deterioration of mechanism 

performance. 

The total rod motion was reported as a part of this data and furnishes a m.easure of the mecha..: 

nism and rod wear. The total travel is approximate, but is believed to be accurate to plus or minus 

ten percent. The total rod travel is shown in Table III-G for the Seed 2 operating period, as well as 

the total accumulated travel since the original ::;tart-up of the reactor. 
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The design.-requirements and engineering proof test acceptance limits were based on 10,730 feet 

of rod travel. Table III-G shows that the design requirements were conservative and that a third 

seed of operation is well within the design life capability of these mechanisms.· 

The total number of scram operations are also reported (Table ill-H).as a part of this periodic 

test data. Scrams listed in Table ill-H are control rod insertions from a height greater than lS 

inches. The data presented in Table III-H show the number of scram operations and the number of 

times de-energized for Seed 2. The Seed 1 data and the accumulated totals are also shown for com­

parison purposes. The total scram operations experienced.by these mechanisms to the end of Seed 2 

life are approximately one-fourth the functional requirement, which is 201 scrams during the oper­

ating life of the mechanism. 

Radiation Survey of the Reactor Vessel Head (DLCS 30S0104 through DLCS 30S0107) 

The periodic ~ul'v~::y· is .made of radiation levels on the mechanisms and other equipment on the 

vessel head. This is done to detect buildup of radioactivity in these components by accumulation of 

crud. The effect of rod exercise on radiation levels measured at the mechanisms was investigated 

·during Seed 2 operation. Although a specific relationship between rod (mechanism) exercise and 

radiation level could not be obtained from these· tests, the data indicate that operating a mechanism 

tends to reduce the radiation levels along the mechanism .. 

TABLE III-G 

TOTAL ROD TRAVEL DURING SEED 1 - SEED 2 OPERATION 

Seed 2 Seed 1 Accumulated 

Subgroup Total Feet Total Feet Total Feet 

lO's 2SS9 1S80 4139 

20's 2289 1466 37SS 

. 30's 2S47 1600 4147 

40's 14S9 1072 2S31* 

SO's 2S41 1914 41SS* 

60's 21SS 2092 4247 

70's 2S42 1S60 4102t 

80's 1089 667 17S6 

I 
* Mechan,ism serial nos. 822 and 827 were interchanged during refueling. Mechanism no, 822 oper-

ated in 40's subgroup (position L-8) during Seed 1 and in SO's subgroup (position L-7) during Seed 2. 

Mechanism no. 827 operated in SO's subgroup (position L-7) during Seed 1 and 40's subgroup (posi­

tion L-8) during Seed 2. The totals are no. 822 - .3613· ft., and no. 827 - 3073 ft. 

t Mechanism serial no. 837 in this subgroup (position E-4 was replaced by spare mechanism no. 814 

during Seed 1 - Seed 2 refueling so each has accumulated. only one seed period of use as shown in 

this tabulation. 
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TABLE III-H 

TOTAL NUMBER OF SCRAMS DURING SEED 1 - SEED 2 OPERATION 

Seed 2 Seed 1 Accumulated Total 

No. of Scram No. of Times No. of Scram No. of Times Nu. of Scram No. of Times 

Subgroup Operations De-energized Operations De-energized Operations. De-energized 

lO's 18 69 29 139 47 208 

2D's 11 70 30 115 41 185 

30's 19 69 29 139 48 208 

40's 7 70 10 111 17 181* 

SO's 19 69 31 139 50 208~· 

60's 11 69 27 113 38 180 

70's 19 69 30 138 49 207t 

80's 6 69 9 111 15 180 

* Mechanism serial nos. 822 and 827 were interchanged during Seed 1 - Seed 2 refueling. Mech­

anism no. 822 operated in 40's subgroup (position L-8) during Seed 1 and in the ~O's subgroup 

(position L-7) during Seed 2. Mechanism no. 827 operated in SO's subgroup (position L-7) during 

Seed 1 and in 40's subgroup (position L-8) during Seed 2. Accumulated totals are: no. 822 29 

scrams, 180 total number of times de-energized; no. 827 40 scrams, 209 total number of times 

de-energized. 

t Mechanism serial no. 837 in 70's subgroup (position E-4) was replaced with spare mechanism no. 

811 during Seed 1 - Seed 2 refueling so that each has accumulated only one seed period of usc as 

shown in tabulated columns. 

Conclusions 

The control rod drive mechanisms have functioned satisfactorily and reliably duri.ng Seed 2 

operation. Periodic test data show that the accumulated rod travel during Seed 1 and Seed 2 opera­

tion is equal to approximately 40 percent of the design life value. The exercising of mechanisms 

appears to be a practical method of reducing the quantity of loose crud in the me.chanism and, thereby, 

effects a reduction in radioactivity level in the reactor vessel head area. 
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CHAPTER 1 

OPERATION AT STEADY-STATE LOADS 

Introduction 

Approximately 7350 EFPH of the 7900 EFPH lifetime of Core I Seed 2 were obtained during full 

power steady-state operation with an average primary coolant temperature of SOOOF and a coolant 

pressure of 1800 psia. In addition, there was limited testing at load levels other than full power and 

at average coolant temperatures other than 500°F. Some of the significant results of these steady 

state operations are §>ummarized below. 

Operation at Full Power and 500°F T avg 

One hundred percent full power reactor thermal output is nominally defined as 231 megawatts. 

That value has been established as a power level sufficient to produce a 11et generated electrical out­

put of 60 megawq.tts with three primary coolant loops in service during normal conditi~ns of plant 

operation. During operation with four coolant loops in service, the required reactor thermal output 

is approximately four percent higher to account for the power requirements of the fourth main coolant 

pump. The actual reactor thermal output required to generate 60 megawatts net will, of course, vary 

as the parameters that affect station efficiency change. Similarly, when equipment is in other than 

the· normal configuration, such as when one or more feedwater heaters ~ave been removed from 

service, the required reactor thermal output wiH usuaHy be greater. 

Figure IV -1 presents a comparison of the reactor thermal outputs required during Seed 2 full 

power operation. Since the gross generated output at full power varied somewhat with the demands 

of the system and the station, the values of reactor thermal output have ?ee~ normalized by dividing 

reactor thermal output by gross generated output. The resulting values of megawatts thermal pe"r 

megawatt gross electrical are plotted in Figure IV -1 for vario~s times during Seed 2 depletion. The 

primary coolant loops in service and the feedwater heaters out of service a.re designated on the illus­

tration. As .is evident, the reactor thermal output .per generated megawatt was approximately 7 to 10 

percent higher with one or m-ore of the feedwater heaters removed from service. The variation of 

values for a given.condition is attributed in part to the effect of river water temperature on turbine 

condenser vacuum, which, in turn, affects the efficiency of the turbine. In the case of the readings 

taken during April of 1961, ~he. apparently 4igh value·s are .due to a combination of overconservatism 

in the method of calorimetric determination, and to the removal of two of the feedwater heaters from 

service. 

The reactor thermal output is normally·determined from measurements taken of feedwater flow-. 

rate and temperature and steam temperature. The enthalpy gain from feedwater to steam is multiplied 

by the feedwater flowrate to each heat exchanger to determine the power output of each coolant loop 

(a secondary calorimetric). During the full power run beginning April 14, the feedwater flowrate 

instrumentation on the lines to the individual heat exchangers required recalibration, thereby re­

quiring the use of the readings of total feedwat"er flowrate, plus a three percent adjustment, in order 

to account, conservatively, for the previous~y obse·rved differences .between the two methods of 
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determination. This method was used until a jump in the total feedwater flowrate readings, later 

attributed to leakage in the lB feedwater heater, resulted in uncertainty in this second method of 

determination. Beginning April 17, the reactor thermal output was determined from readings of 

primary coolant temperature entering and leaving the reactor and from primary coolant loop flowrate 

(a primary calorimetric). The resulting values were conservatively increased by a nominal 8 per­

cent to account for uncertainty in the method and to account for previously observed differences be­

tween primary and secondary calorimetries. Since the 1 B and lC feedwater heaters were removed 

from service during this same period in order to repair the leaking B heater, the combination ·of 

reduced efficiency and ·conservation in calculation resulted in the high values of reactor thermal out­

put evident in Figure IV -1. The leakage in the 1 B feedwater heater was corrected and the individual 

line feedwater flow rate instrumentation was calibrated and back in service by May 3. 

Operations at Various Power. Levels and Various Tavg 

Limited testing was performed during Seed 2 depletion at steady- state power levels other than 

full power and at average coolant temperatures other than 500°F. Some of the results of this testing 

are presented 11'1 :Figures IV-~ through IV-4. 

Figure IV -2 shows the reactor thermal output required to generate various values of gross elec­

trical output at an average coolant temperature of 500°F. The results plotted were obtained during 

two different performances of test DLCS 34901 at different conditions of turbine-generator efficiency. 

In the second test the lA feedwater heater was out of service and high river water temperature re­

sulted in reduced efficiency. In the first performance, the efficiency was more typical of normal 

operation. Although the two plots in Figure IV -2 form a band typical of most of Seed 2 operation, 

there were some periods of operation outside the band, l;>oth above and below. 

Figure IV -3 shows plots of coolant temperature entering and leaving the reactor at various power 

levels during operation at average coolant temperatures of 480, 490, 500, 510, and 520°F. Since a 

primary calorimetric consists of the product of specific heat, coolant flowrate, and the difference 

between the coolant temperature entering and leaving the reactor, and since the first two parameter£> 

are nearly constant, the temperature difference between the coolant entering (Tc) and leaving (Th) 

the reactor may be utilized as a relative indication of reactor thermal output of the various test condi­

tions. Examination of the differences (Th - Tc) at the various Tavg for a given gross generated out­

put indicates that a larger reactor thermal output was required at the lower values of coolant tem­

perature. This is as predicted because of the reduced efficiency at the lower .steam pressures re­

sulting from lower T avg. Some of the data plotted in Figure IV -3 were obtained with all of the feed­

water heaters out of service, while the remaining points were obtained with all of the heaters in 

service. As would be expected, the reactor thermal output required was greater with the feedwater 

heaters out of service. The throttle steam pressures observed during the operations at various 

power levels and various coolant temperatures are plotted in Figure IV -4. 

Heat exchanger thermal conductance, U, was investigated during the performances of test DLCS 

34901 by calculation of the term UA (A= heat transfer surface area of heat exchanger). The average 

values of UA for the four heat exchangers varied from approximately 7. 9 x 106 BTU /hr - °F at a 

19 Mw power level to approximately 9.0 x 106 BTU/hr- °F at full power. The general upward trend 

with increasing power level was as would be expected. The UA's at full power were within the band 

of predicted full power UA nominal values of from 9. 6 x 1 o6 BTU /hr - °F for clean conditions to 

·7.5 x 106 BTU/hr- °F for fouled conditions (0.0003 hr-ft2- °F I BTU fouling resistance). 
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Conclusion 

Jn summary. steady- state operation during Seed 2 depletion demonstrated the ability of the reactor 

plant to produce sufficient power to generate 60 megawatts of net electrical output, even during condi­

tions of high river water temperature, with all of the feedwater heaters in service. Because one or 

more feedwater heaters were removed from service during much of Seed 2 operation, the average net 

generated output was slightly less than 60 megawatts. During conditions of operation at load levels 

other than full power and at average coolant temperatures other than 500°F, the reactor plant and 

steam plant parameters varied as would be expected. 
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CHAPTER 2 

OPERATION DURING TRANSIENT CONDITIONS 

Introduction 

The two types of transient conditions that·the Shippingport reactor plant may be expected to under­

go are generator load transients and control rod reactivity transients. These transient conditions 

cause excursions in reactor power level, coolant temperature, and coolant pressure. Tests were 

performed during Seed 2 operation to confirm the adequacy of the plant during generator load and 

control rod reactivity transients. The test results indicate that the plant responds smoothly and is 

similar for both Seed 1 and Seed 2. 

Generator Load Swing Transients 

Generator load transients cause temperature and pressure excursions in the reactor coolant. 

During load swing transients the reactor plant ~s controlled inherently by the negative temperature 

coefficient of reactivity. Manual insertion or withdrawal of control rods is employed to supplement 

the temperature coefficient. Reactor coolant pressure is controlled by the pressurizer, pressurizer 

pressure regulating heaters, and the pressurizer spray. 

During normal operation, the generator load does not change rapidly. The most severe load 

transients the Shippingpg;rt Atomic PowP.r Str~tinn wR~ ex:p<icted to ;1ooommodate are: 

1. Plus 15 or minus 12 Mw at a step change rate. 

2. Plus or minus 15 Mw at a rate of 3 Mw per second. 

3. Plus or minus 20 Mw at a rate of 25 Mw per minute. 

These load swings are applicable within the full power range and are based on the system capac­

ity and loading rates. Generator load swing tests were performed to provide data on the reactor 

plant transient response. The adequacy of plant response is illustrated in Figures IV -5 and IV -6 for 

a load decrease and a load increase, ref?pectively. These figures illustrate, as a function of time, 

the variation of load, nuclear level, average coolant temperature, and coolant pressure. In each 

figure a.comparison is made between a ramp change in load and a step change in load. (The step 

change in load was effected by opening steam relief valves.) The transients in Figures IV -5 and 

IV -6 are for load changes of approximately 20 to 25 Mw. The average coolant temperature and pres­

sure excursions were controlled by the negative temperature coefficient and pressurizer; no external 

control (rod motion or pressurizer spray) was employed. 

Though the step and ramp load changes are not directly comparable, they do serve to illustrate 

that ·the step load change does not necessarily cause transient excursions more severe than the fast 

ramp change. This differs frorri Seed 1 data which indicated that the more rapid rate of load change 

caused greater excursions. However, it was noted in the Seed 1 operations report that the reverse 

could be true at other rates and magnitudes of load change. Inspection of Figures IV- 5 and IV- 6 

reveals that the front edge of the average coolant temperature excursion is steeper for the step load 
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change than for the ramp load change. Hence, temperature coefficient reactivity in initially larger 

for the step change and the nuclear level change is more rapid. This results in a faster transient 

and smaller excursions for the step change of load than for the ram_p change of load. 

The effect of automatic operation of the pressurizer spray on the pressure and temperature ex­

cursion for a step load reduction is illustrated in Figure IV -7. The pressurizer spray valve is pres­

sure actuated and opens at about 1870 psia (70 psi above operating pressure) and closes at abo~t 1800 

psia. Figure IV -7 illustrates a reduction in the peak pressure surge from 170 psi with no 'S-pray to 

90 psi with automatic spray for a 35 Mw step load reduction. However, with pre_ssurizer spray oper­

ation there is a subsequent negative pressure surge. This result is due to the pressurizer spray 

condensing part of the steam bubble in the pressurizer. After the average coolant temperature peaks 

and then decreases to steady state, the volume available for the steam bubble increases and allows 

the steam bubble to expand. Since the mass of the steam bubble has been reduced, a negative pres­

sure surge results. 
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Figure IV -7. Effect of Pressurizer Spray on Plant Transients. 

A second salient feature illustrated in Figure IV -7 is the reduction in the peak average coolant 

temperature excursion with operation of the pressurizer spray. This is due to reduction in the pres­

sure coefficient reactivity. The pressure coefficient of reactivity is positive and, hence, subtracts 

from temperature coefficient reactivity. Reducing Lhe pressure increases the effectiveness of tem­

perature coefficient reactivity and the nuclear level adjusts more rapidly to the load demand. This 

reduces the integrated net diffl!!rence between the load and riuclear level, and consequent smaller 

temperature excursions occur. 

During the depletion of Seed 2, Shippingport was operated. at full power for extended periods up 

to 1300 hours. Each of these extended power runs was terminated with a rapid station shutdown which 

provided operational data on generator load transients. The t.ransient consisted of reducing the gen­

erator load from about 68 Mw to zero Mw as rapidly as possible, ·utili"zing the main governor control 

{approximately 1·. 5 minutes}. The generator output, coolant temperature excursions, il.nd coolant 

pressure excursions for rapid station shutdowns, performed at two times in Seed 2 life, are presented 

in Figures IV -8 .and IV -9. Both manual control rod motion and manual operation of pressurizer 

spray were utilized in controlling the. reactor coolant temperature and pressure transients. There 

transients serve to illustrate the maneuverability of the reactor plant, with the application of external 

control features. 
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Control Rod Reactivity Transients 

Rod reactivity transients result when control rods are continuously withdrawn and the reactor 

is made supercritical. Rud reactivity transients may be categorized into two groups, according to 

the power level of the reactor at the initiation of rod withdrawal. Start-up transients occur when 

the reactor is made supercritical while in the subpower range and the power level is allowed to in­

crease and enter the power range. Power range rod withdrawal transients occur when rods are with­

drawn continuously with the reactor plant operating at some steady-state power level. In both types of 

rod withdrawal transients, the result is a nuclear power excursion with attendant average coolant tern-· 

perature and pressure excursion. Such transients are not allowed to continue or the thermal margin 

of the reactor core may be exceeded. Automatic shutdown of the reactor core on high power level 

or high reactor coolant temperature protect the core and limit the extent of rod withdrawal transients. 

Typical response of the reactor plant to a start-up transient is illustrated in Figure IV -10 which 

presents the variation with time of nuclear level, hot leg temperature, average coolant temperature, 
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coolant volume, and coolant pressure for a start-up transient of 0. 94 decades per minute. It is 

noted that after having withdrawn control rods to initiate the transient, no external control was em­

ployed. The transient is the result of the initial rod motion and the temperature coefficient acting 

to restore steady-state. The transient· is a mild transient, the nuclear level peaking at about 7 per­

cent, and is typical of transients occur1ng when the reactor is utilized to warm up the reactor plant. 

The transient results in about a 10°F rise in average coolant temperature. This rise in temperature 

increases the coolant volume about 30 cubic feet and causes a pressure surge of about 160 psi. Of 

course, if the reactor was being used to warm up the reactor plant, approximately 30 cubic feet of 

reactor coolant wot!.ld be discharged to the flash tank and the pressure surge would be greatly reduced. 

The response of .the reactor plant to. a rod withdrawal transient· while operating at a steady-state 

power level of 60 percent is illustrated in Figure rv -11. In thi~:> transient the control rods were con­

tin~,tously withdrawn about 0. 75 inch,_ i~serting. about 1.2 x lo- 4 reactivity. The figure illustrates that 

the nuclear level rises rapidly from the steady- state power level of 60 percent to a peak power level 

of 85 percent in about 20 ·seconds. The exces·s heat increases the reaC?tor coolant temperature and 

produces a peak rise of 10°F in average coolant temperature~ The increased temperature expands 

the_ reactor coolant and a consequent pre&.sure surge of 180 psi .re~;ults. 

In actual practice, control rods are not withdrawn continuously when the reactor is critical, but 

·rather in small increments. This transient, performed as part of testing on Seed 2, serves to' illus­

trate the results of a continuous rod withdrawal transient. 

Summary 

Operations and test data from Shippingport during Seed 2 depletion have indicated transient 

response similar to that observe during Seed 1 operation. The effectiveness of the negative tempera­

tine coefficient in adjusting the reactor power level to load demands wa~; adequate. as was illustrated. 

The maneuverability of the reactor plant was demonstrated by the rapid station shutdown transients. 

External control of the reactor plant has proved very effective. The pressurizer spray has the 

capacity to reduce by one-half the pressure excursion resulting from large load reductions. The 
I 

effect of control rod motion varies, depending on the rod worth and the time in the transient at which 

it is employed. The external controls available to the reactor operator arc adequate. 
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CHAPTER 3 

SYSTEMS AND STRUCTURAL EXPERIENCE AND MODIFICATIONS 

Introduction 

The reactor plant during operation of Core I Seed 2 operated at a nominal coolant pressure of 

1800 psia and an average coolant temperature of 500°F. The plant operated on four main coolant 

loops (when available) although only three loops are required to produce the design generated output 

of 60 megawatt net electrical. When operating on only three loops, the fourth loop was out of service 

for the following reasons: 

1. Repair and leak testing of the 1 A Steam Generator. 

2. Main coolant pump testing and gasket repair. 

The reactor plant hydraulic systems operated satisfactorily with the exception of the limitations 

on the operation of the Reactor Plant Cooldown and Temperature Control System and a short period 

during the summer of 1960 when the cooling capacity of the reactor plant component cooling system 

was marginal. The former system could not be placed in high-temperature se·rvice because of a 

plant limitation restricting the temperature differential in the steam generator blowdown lines. 

During operation of Seed 2, no electrical problems developed which resulted in prolonged station 

shutdown or which caused serious operating difficulties. The improvt::d performance of electrical 

systems and components over that experienced during Seed 1 operation is primarily attributed to the. 

fact that the major problem areas were identified and corrected prior to initial operation of the second 

seed. There were, however, a number of minor problems, both chronic and unique. In addition, a 

number of modifications were made to the various systems in order to improve their performance. 

Modifications, alterations, and additions to the plant have continued throughout the Seed 2 life 

operating period. 

Mechanical and Structural Changes 

Several changes contributing to the improvement of the reactor plant operation and maintenance 

were made during this period of plant operation. These changes were: 

Pressurizer Vessel Surge Line Temperature Differential Limitation 

The allowable temperature differential across the pressurizer surge line was increased from 

200°F to 400°F during a plant warmup only. This change permits drawing a steam bubble in the 

pressurizer vessel with the reactor coolant temperature as low as 50°F and the primary pressure 

high enough (300 psig) to permit operation of the main coolant pumps. Reactor heat may now be 

utilized for plant warmup over a wider temperature range (SOOF to SOOOF, where formerly it had 

been 223°F to 500°F) which p'ermits a shorter plant warmup time. 
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Chemical Addition Poison 

The use .of boric acid in the coolant chemical addition system for chemical shutdown has been 

replaced with potassium tetrabor~te (PTB). The PTB will not form a hard cake during storage; it 

more soluble than boric acid; and it will not affect Malcomized 17-4 PH and s·tressed 44CC material 

(if injected as solution into the plant). whereas these metals are severely attacked by boric acid. 

Reactor Plant Cooldown arid Temperature Control System 

Installation of the· cooldown system was completed during this period. The system has been 

operated satisfactorily as follows: 

1. Boiler water in laid-up cold steam generators is recircul;;~.ted to provide. representative 

boiler water samples. 

2. The reactor plant· can be cooled down from 250°:F.' to ambient temperatures (solid water 

system). 

3, The reactor plant temperaturt: can be controlled below 250°F within .:!:_1°F (solid water system). 

Reactor Plant Canal Water System 

1. Demineralizer backflushing. 

As a result of experience with the canal water system, it was found fe;=tsible to backflush high 

activity insolubles from the dirty resin bed to the radioactive waste disposal system resin 

storage tanks (instead of replacing the resin with fresh resin) using temporary hose and a.n 

improvised p:rocedure. The backflushing procedure was suLsequehtly i11eorpol':J.tocl int•.• Uio;: 

plant operating procedures. A permanent piping and valve chang~ was mad~ replacing the 

temporary arrangement. 

2, Sample Station 

During refueiing of Core 1 with Seed l the canal water syslern den~inera.lizers ·became con­

taminated and required the use of temporary shielding around these vessels. New sample 

lines added to the system permitted sampling of the inlet and outlet water to the demineral­

izf;'l'A at. a. sample st<~,tion in a low radioactivity location. 

Lithium Hydroxide Charging 

A :nP.w lithium hydroxide line was added to the chemical addition system. This line permits in­

jection of the lithium hydroxide solution into the coolant charging system without resulting in a coolant 

charging system conductivity alarm or contaminating the demineralized walt:r supply to the chemistry 

labora~ory. 
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Reactor Plant Component Cooling Water System 

1. T emperat'ure control. 

A small bypass line containing a throttle valve was added to the reactor plant component cool­

ing water system on the river water side of the system's component cooler. The new bypass 

will permit fine adjustment of the component cooling water temperature by regulating the rate 

of river ·water through the cooler. 

2. Flow measurement. 

Permanently installec) flow measuring instruments were added to the reactor plant component 

cooling water system in normally accessible low radiation areas. These flowrates formerly 

were metered with a portable instrument and required personnel to enter restricted radia­

tion areas. 

3. Temperature alarm. 

A thermocouple for high temperature alarm (90°F) and indication of component cooling water 

heat· exchanger outlet temperature was connected to the temperature monitor in the control 

room to.permit better control of the component cooling water temperature. 

4. Low-pressure alarm. 

A low-prP.ssu:r.e alarm waa added that signct.ls, in the COfitrol room, a loss of system circulat­

ing pump discharge pressure. 

Coolant Charging System 

1. Fill pump recirculation. 

A small flow recirculation line was added to the coolant charging system fill pump to permit 

the fill pump to operate at high discharge heads without overheating and damaging the pump. 

2. Temperature indicators. 

Local temperature indicators were added to the fill lines to each main coolant loop to aid the 

operators in maintaining temperature limitations during loop filling. 

3. Charging pump relief·valves, 

A minor change was made ·to the location of th~ coolant charging system charging_ pump relief 

valve discharge piping, which permits the relief valves to be isolated from the reactor plant 

water storage tank without isolating the tank from the reactor plant. This change will permit 

maintenance of either .relief valve during plant operation. 
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Main Coolant Loop Drain Seals 

The tell-tale drains located between the main coolant loop hydraulically and manually operated 

main stop valves were provided with loop seal piping. The loop seals are connected to the tell-tale 

d-rain valves with temporary piping. The loop seals prevent drainage of the main coolant loop pipe 

sections located between the hydraulic and main stop valves when a loop is isolated and the tell-tale 

valves are open. The loop seals prevent air from entering the main coolant loop, but allows any 

leakage from the high-pressure side of the hydraulically operated main stop valves to drain to the 

reactor plant container drainage system. 

Reactor Plant Air Cooling System 

The primary function of the reactor plant air cooling system is to provide forced ventilation to 

the container in order to maintain ambient air temperature of. approximaldy 1ZZ 0 P. The oyotcm had 

an original design capability to remove 886, 000 BTU/hr from the container with all four fans operat­

ing and an average reactor coolant temperature of 523°F. Subsequent experience indicated that the 

net amount of heat added to the container air was in the order of 1, 473,500 BTU/hr with an average 
. . I 

reactor coolant temperature of 523°F. Design data for Core 2 requires a heat removal: rate of 

l, 688,000. BTU/hr with average reactor coolant temperature of 536°F, four loops in service and an 

average container. air temperature of 122°F. Therefore, the system was redesigned for capability 

of 2, 113,200 BTU/hr, which is approximately 25 percent over the expected net heat. During the 

Seed 2 - Seed 3 refueling period, actual modifications to the air cooling system will be completed and 

include the following changes: 

1. Higher horsepower rated motors are to be installed; the existing fan sizes will be retained, 

but fan speeds will be increased. 

2. Six air cooling units will be installed in the reactor plant container chambers to cool re­

circulated air. 

3. Well water will be supplied Lo the cooling units. 

The butterfly-type shut-off valves installed in the supply and exhaust portion of the air cooling system 

have not provided optimum leak tightness over extended periods, and, therefore, during the Seed Z-3 

refueling period, the valves were returned to the manufacturer for rebuilding and modification of the 

gasketed seat design. 

Reactor Plant Container 

Access to the reactor plant container is through air lock type doors. The original door seals 

requl.red excessive maintenance to maintain reasonable leak tightness. In an effort to maintain a 

more satisfactory seal at the edge of the airlock doors, the following changes have been made: 

1. An air supply has been provided to pressurize the door gaskets automatically to force them 

into their seated position when the door is closed. 
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2. The shaft penetrations of all airlock operating mechanisms have been repacked with a chevron­

type packingto reduce leakage at these joints. 

3. Periodic door gasket lubricalion has been incorporated into the maintenance schedule. 

A circular window has been installed in the escape hatch of each reactor plant container door to per­

mit visual observation into the air locks. Emergency lighting has been provided within the air locks 

for illumination in case of power failure. The existing electrical interlock system installed on the 

doors of airlocks no. 1 and 6, to prevent the operation of these doors if its companion door is not 

secured, has been modified to provide an audible alarm. This alarm signals that an improper air­

lock access operating procedur~ l,r;! being \HIP.rl. 

Reactor Service Building Modifications 

Experience during Seed 1 - Seed 2 refueling indicated the need for expanded fac:ilities in the re­

actor service building. The three-shift per day operation carri~d out by over one hundred mainte­

nance personnel illustrated the need for a larger locker room and associated clothing storage facilities. 

In order to provide for the increased activities a·ssociated with health physics, a field office, larger 

counting room, film calibration area, and administrative office were also required. An assembly 

room which could be used for instruction and as a lunch room was also desired. These additional 

facilities have been provided by internal modification of the original building and the construction of 

an extension on the southern end with a floor area of 1978 square feet. 

Contaminated Equipment Room 

Preparations for refueling of the reactor require an assembly inspection and packaging of all 

r·equired tools and equipment prior to the start of the operation. All required items must be cleaned, 

identified, and placed in specific packages· in order to carry out the sequential operations without 

delay. A temporary building placed on top of the lBD boiler chamber concrete enclosure was used 

during Seed 1 - Seed 2 refueling. However, cleaning facilities were not available in this building. 

Therefore, this operation had to be performed in a converted warehouse located outside the plant 

boundary. This remote location was inconvenient and resulted in inefficiencies and delays. In addi­

tion, it is considered necessary to remove the temporary building lo permit access to the boiler 

chamber during Core l - Core 2 modifications. In order to consolidate refueling preparation activ­

ities and provide additional laydown and assembly area, a building was erected adjoining the south.a 

west corner of the fuel handling building. This building of 6000 square feet floor arep. contains a 

cleaning room, contaminated tool room, and laydown area; it is connected by a rolling steel door to 

the fuel handling building canal. Facilities are provided for direct receiving of truck deliveries of 

material for use in the reactor plant. 

Constructio:n PersOftnel Locker and Change Room Facilities 

Preliminary. estimates of manpower requirements for Core 2 plant modification activities indi­

cate that as many as 80 men will be working within the reactor plant containers per shift on a three­

shift per day basis. These major modifications within the containers are associated with the re­

moval of the four existing boilers and reactor coolant pumps and installation of larger units. In 

parallel with this work, Core 1 will be removed and Core 2 installed. In order to maintain the 
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necessary degree of ·control of personnel, tools, cleanliness, security, and to minimize interference, 

it is necessary to provide additional locker and change room faCilities. 

The existing reactor service building locker room will be occupied by the personnel associated 

·with removal of Core ·1 and installation of C~;:ire 2. No outside ground area of sufficient !)ize to ac­

commodate the proposed change room was available in a location convenient ·to the reactor plant 

container access openings. Therefore, the change room facilities were installed prior to Seed 2 -

Seed 3 refueling on the floor of the concrete enclosure surrounding the auxiliary chamber. These 

facilities were. used !o complete ·certain portions of Core 2 m()difications performed during Seed 2 -

Seed 3 refueling. With this arrangement, it was possible for personnel to change clothing, smoke, 

and eat, all within this enclosure. ·The need to pass between this area and out-of-doors was neces­

sary only at the start and end of each work day. 

Nuclear Instrument Repair Shop 

The size of the original instrument repair sl:10p located in the basement of the turbine plant has 

proven inadequate in terms of size, proximity to work areas, and facilities. To overcome these 

deficiencies, an area was established ina former classroom located nea:r the entran~e to the turbine 

plant. This area is convenient to the "normal" work area, :1.. e., the control room, data acquisHiun 

equipment, the chemistry and physics counting room, and the entrance to the reactor chambers. 

This area was air conditioned to eliminate problems associated with maintenance of electronic 

equipment. 

Mechanical and structural changes have also been made in anticipation of complete modification 

of the plant for future increased power generation capacity . 

. Heat Dissipation System 

:Core 2 :will hav~ a gross out);lut eqtrlva:lent to 150M~ electrical. The nominal capability of the 

existing turbine-generator is 100 Mw. In order to dissipate the energy.frqm the steam generated by 

the boilers, which is above this rating, it will be necessary to· provide a condensing system. There­

fore·, a heat dissipation system is presently being installed which will receive ~:~team from the four 

boiler drums at a "T" connection to the supply.line to the existing tu~bine throttle valves. This 

steam will be condensed in two "U" tube type vertical condensers·. The condensate is passed through 
. . 

a deaerator and returned to· the boilers by means of two boiler feed pumps which will operate in 

parallel with the ~xist:ing turbine boiler feed ·pumps. Cooling water for the condensers is to be sup­

plied by two circulating water pumps, which take suction from a sump. that is to be interconnected 

with the existing turbine condenser river water discharge tunnel. The circulating water from the 

heat dissipation system condensers will be returned to the river through discharge piping that ties 

into the existing discharge tunnel before the waste disposal effluent-circulating water mixing weir. 

In this manner, no new screenhouse intake structure is needed at the river. The heat dissipation 

system is of outdoor construction with only the steam driven circulating and feed pumps and control 

panels enclosed. The design capacity.of the system is a normal 169 Mw (thermal) with a ~aximum 

capability of 245 Mw (thermal), which are equal to 50 and 72.5 Mw electrical, respectively. Con­

struction of the heat sink has started .and is scheduled for completion in the fall of 1962 in order tha.t · 

this equipment may be operated for test purposes using steam from Cor.e: 1 Seed. 3 operation. 
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This schedule was made in order to reduce the total number of construction activities associated 

with Core 2 modifications. 

Reconditioning and Modification of the Reactor Coolant Pump Volute 

-A reactor coolant volute and pump were modified in anticipation of the installation of a larger 

capacity pump which would be necessary for increased main coolant requirements for Core 2. 

Modification to the volute required internal boring; it was considered highly desirable to perform 

this work using a portable machine with the volutes in place. Prior to the reinstallation of this 

volute, a portable rig was used for the machining operation and yielded valuable experience for 

future in-place machining of the remaining three main coolant pump volutes, which subsequently 

will require similar modifications. Replacement of the modified volute during Seed 2 - Seed 3 re­

fueling together with the portable boring rig experience is expected to facilitate the modification 

schedule _for Core 2. The spare pump was modified for operation during Seed 3 to achieve com­

patibility with the Core 1 capacity pump installatio~~· 

Modifications to the volute and pump were as follows: 

1. The internal bore of the volute was machined to a larger internal diameter to accommodate 

the larger impellers of new pumps which will subsequently be installed for Core 2. 

2. The spare original Core 1 capacity type pump was provided with a spacer ring attached to 

the outer circumference of the thermal barrier to compensate for the enlarged internal bore 

diameter of the volute. 

Additional System Experience 

More exi>erience (in addition to Core t Seed 1 experience) has been obtained for various reactor 

plant systems during operation with Seed 2. In general, these systems have proven satisfactory. 

Some of the problems associated with these systems during the period of Seed 1 operation have not 

re-occurred, indicating that the remedial action taken to solve them has been successful. Other 

difficulties have persisted, such as the boiler leak and pump problems. In a few instances, new 

problems have arisen and solutions are being sought. The discussion that follows will cover the 

major areas in which system experience has been gained during Seed 2 operation. 

Water Hammer 

1. Main coolant loop drains. 

Loop drainage to the coolant discharge and vent system flash tank caused severe physical 

pipe movement during· early Seed r operations: Attempts' to eliminate the movement by in­

creased anchored support were successful, but calculations performed to determine the 

severity of the surges indicated the surges to be high for theoretical conditions .. Installation 

of flow restriction orifices and throttling of the drain line stop check valves were not con­

sidered a satisfactory remedy. The surges have been minimized during Seed 2 operations by 

slowly pressurizing the drain line between the flash tank inlet valve and the loop hydraulically 

operated drain valve with system pressure by siowly opening the pressurizer manual drain 
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valve. This drain line is common to all the loop drain lines. The loop hydraulic valve, 

which is opened next, has a zero pressure differential across it instead of full system pres­

sure as was formerly the case. The flash tank inlet valve is then opened until the necessary 

drainage is completed. Below 500 psig plant pressure, the loop surges are small and a 

different procedure is used. In this procedure (below 500 psig) the drain line is pressurize 

by opening a hydraulic loop drain valve and kept pressurized in this manner until all sched­

uled draining is completed. 

2. Main coolant loops 

A series of dynamic pressure tests were performed on the reactor plant during the latter 

part of 1957. Pressure transients experienced during various pump switching operations 

were recorded. The reactor plant was operating at approximately 1840 psig and 180°F, 

with a nitrogen bubble in the pressurizer. The test evaluation indicated that the hydraulic 

surges resulting from pump switching operations were not serious in the reactor plant. No 

additional test for surges has been performed since that time. There has been no difficulty 

in plant operation to date that could be at~ributed' to this type of surge. 

Plant Warmup Rate 

The allowable warmup rate for the reactor vessel above 180°F was increased from 70°F /hr to 

Z00°F /hr for Seed 2 operation. Warmup rates approaching 200°F /hr have been used successfully, 

utilizing reactor heat at average coolant temperatures above 223°F. The increased allowable tem­

perature differential of 400°F across the pressurizer surge line will permit plant heatup utilizing 

reactor heat from an average coolant temperature as low as 50°F during Seed 3 operation. In this 

way the overall plant warmup time is substantially reduced. 

Cooldown and Temperature Control 

I. Design basis. 

Following a plant shutdown, the design of the reactor plant is such that plant cooldown can be 

accomplished by use of the turbine condenser unit. This procedure involves extracting heat 

with the condenser by slow rolling the turbine. Cooling to the lower temperature is attained 

by maintaining a vacuum in the condenser. The difficulties which have been experienced 

with this method of cooldown are: (I) the maintaining of a vacuum is troublesome because 

of leakage past the labyrinth seals, and (2) the cooldown is dependent on the availability of 

the .site boilez: for a steam supply to maintain a vacuum. 

A design study was made to determine if a more satisfactory means of cooldown could be 

used. Two other significant problems existed at about the same time the turbine condenser 

cooldown method was questioned. These problems were: (1) the inability to obtain rt!prt!­

sentative boiler water samples for chemical analysis during a cold wet layup of a boiler or 

group of boilers, and (2) the desire for a more satisfactory method of controlling reactor 

plant temperature during physics tests without requiring cycling of main coolant pumps or 

yenting to the atmosphere. 
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A completely independent steam side cooling and recirculation system was provided. The 

system consists of a high pressure shell and tube 'heat exchanger, two circulating water 

pumps, and the necessary interconnecting piping, valving, and instrumentation. The heat 

exchanger is cooled by river water. It is designed to operate as a condenser at any operating 

pressure. The .turbine-condenser unit is designed to condense while operating unde-r vacuum 

only. Below 250°F the heat exchanger is operated as a water-to-water cooler since the use 

of vacuum is not required with this type of cooling. 

2. Representative boiler water samples. 

For obtaining boiler water samples in a cold laid-up boiler a flow path is set-up from the 

boiler steam drum through the heat exchanger to the pumps and returns it through the boiler 

blowdown lines. There is no cooling done by the heat exchanger in this operation. This 

portion of the system has operated ~:~atisfactorily and representative boiler water samples 

have been obtained. 

3. Cooldown and temperCt.tun~ c.nntrol bolow 2.5 0°F. 

The temperature control and cooldown portion of the system below 250°F is set up in the 

same arrangement as in the setup for obtaining boiler water samples in a cold laid-up boiler 

except that heat is removed by the cooler operating as a water-to-water heat exchanger. 

Heat removal is controlled by throttling the flow of river water which is the cooling m·edium. 

This portion of the cooldown system has been operated satisfactorily. 

4. Cooldown and temperature control above 250°F. 

The temperature control and cooldown portion of the system above 250°F is designed to per­

mit the heat exchanger to act as a condenser. The condensate is permitted to seek its own 

level (without instrumented water level controls).in the heat exchanger. The higher the level 

rises the less is the condensing tube surface exposed to the steam vented from the boiler 

steam drums. This reduces the cooling rate of the heat exchanger. The river water flow 

is not throttled. Heat removal is controlled by throttling the steam vented from the boiler 

steam drums. The condensate leaving the heat exchanger is subcoolcd by the cooling surface 

covered by the condensated water. The circulating water pumps return the condensated water 

through the boiler blowdown lines. 

In order to avoid the possibility of thermally shocking the blowdown nozzles a temperature 

limitation (50°F between the water temperature in the boiler and the returned condensate) 

was imposed on the operation of the system. This limitation required throttling of the river 

water flow i.n order to control subcooling of the condensed water. Several informal at­

tempts were made during Seed 2 operation for cooldown and temperature control above 250°.F 

using the heat exchanger as a condenser. The heat exchanger operated satisfactorily but the 

returned condensate temperature could not be maintained within 50°F of the boiler water 

temperature. Present plans are to add new piping to route the condensate into the boiler 

steam drums to minimize thermal shock. This work will be accomplished prior to Core 2 

installation. 
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Valve Drifts 

During the early part of plant o~eration, considerable difficulty was experienced with valve drifts­

Some hydraulically operated valves '(receiving their hydraulic actuation from the valve operating sys­

tem) would drift from their operating position. Often, one or more of these valves drifted (or bounceL. 

from their positions during operation of similar valves. At other times, valves would drift from their 

positions without any operator action which affected the system. Also, valves would sometimes refuse 

to remain in the position to which they had ju::;t been moved and would drift from that position shortly 

after the operation was completed. These spurious motions were undesirable since they caused 

numerous alarms and even. scrammed the reactor. The remedial action taken was to revise the 

operating procedure for hydraulically pres suriziug ·valves about to be moved to a new position. The 

former procedure lined up the valve hydraulic cylinders in such a way that it received full hydraulic 

shock from the valve operating system ai1· loading water flask. The new procedure first loads the 

water flask ann then supplies the resultant pressure to the hydraulic valves. No actual valve drifts 

have occurred since the new procedure has been in effect. 

The coolant purification system deii"linerali!l.t::rs ocrve to m<l.intain the purity of the reactor cool­

ant that is ci:rculated through the reactor core. The :rP.sin in these demineralizers is discharged to 

the resin storage tanks in the radioactive waste disposal system when the dccontamini!.tion value is 

reduced too low to be considered effective. The resin discharge path is a torturous run of 3.,-inch 

piping which rises some 30 feet and has many bends. Some concern was felt that the resin might 

not be fluidized enough during discharge to enable the demineralizers to be emptied. A successful 

test was performed during precritical checkout of the system to confirm that resin could be dis­

charged. This resin, however, had not seen radioactive service and the effect of radiation on resin 

transportation :rem(!.ined to be determineu. During Seed 2 operation radioactive resin was success­

fully discharged from boti1 demineralizers. 

Reactor Plant Component Cooling Water Systen1 

1. Cooling capacity. 

During the last three years of operation of the reactor plant component cooling water system, 

certain system deficiencies were discov~red and corrected by modification of the system 

component!! or by revision of the operating procedures. In addition, the lowering of the re­

actor plant operating temperature and pressure in the summer of 1958 from 2000 psia and 

523°F to 1800 psia and 500°F increased the cooling requirements of the system. The in­

creased cooling became necessary because the main coolant pump power requirements in­

creased due to the greater density of the reactor coolant being pumped at the lower temper­

ature. Experience has shown that it has been necessary to reduce the station generated load 

during periods of high river water tempe rat:ure. Reduction of station load inc1·eases the tern­

perature (T c) of the coolant at the main coolant pumps, thus reducing the pump power require­

ments anti the component cooling systems heat removal load. The high river water temper­

ature reduces the cooling capacity of the component cooling system because the river water 

is that system's heat sink. Station generated load is :rP.duced until pumping temperature (Td 
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versus inlet ·component cooling water temperature.is within the limitations specified by the 

main coolant pump manufacturers to prevent electrical insulation and bearing damage. 

Marginal operation of the component cooling ::;ystem requ1rmg station load reduction would 

usually occur in early September and persist for approximately 10 days to 2 weeks. S~veral 

possible solutions were considered, namely: 

a. Incre.ase the component cooler heat transfer surface; 

b. Increase the river water flow rate;. 

c. Install an auxiliary means of cooling; 

d. Modify the main coolant pumps to increase their heat dissipation ability; 

e. Replace the main coolant pumps with less restrictive ·ones. 

No action was taken to implement any of the above possible solutions due to the scheduled 

replacement of the lD main coolant pump during the Seed 2 - Seed 3 -refueling period. 

Fgr 11 plru1t ave1·age coolant temperature of 500°F (486°F Tc, 3-loop operation) the p:ump 

installed in lD loop is more restrictive than the pumps of different manufacture installed in 

lA, lB, and lC loops. Replacement of the lD main coolant pump with a pump of the same 

design as the pumps in the other loops would permit the plant to operate at full station load 

during periods of high river water temperature. For reasons other than the necessity to 

reduce station load as discussed above, the lD main coolant pump is to be replaced during 

Seed 2 - Seed 3 refueling, thus eliminating the difficulty of station operation during periods 

of high river water temperature. 

2. Temperature control. 

In addition to the component cooling water system difficulty discussed above, it became ap­

parent during Seed 1 operation that certain components could become damaged by condensa­

tion. Condensation could occur if these components become too cool with respect to the rela­

tive humidity in the plant containers. The component cooling water system is capable of 

cooling these .components enough to cause condensation. Consequently, a limitation of 90°F 

minimum temperature lias been standa.r.dized for all compor-u:mts. In certain cases this stand­

ard temperature could be reduced. The reduction would be small; however, if more than one 

minimum temperature were used, the _station operating procedures would be more complicated 

than necessary.for the slight benefit to be gained. To simplify control of the component cool­

ing water system temperature a smci.ll bypass line containing a throttle valve was added to 

the reactor plant component cooling water system on the river water side of the system 1s 

component cooler. 

Relief Valve Loop Seals 

Loop seals to condense and trap pressurizer steam upstream of the pressurizer self-actuated 

and pilot-operated valves, and thus provide a water seal at the valve inlets, were added during the 

Seed 1 ·-Seed 2 refueling period to reduce the loss of hydrogen gas through these relief valves. The 

original.designwas based on a relief valve leak rat.e of 1 gph. Actual leak rates for the self-actuated 

valves have varied between 10 and 20 gph. Further work at increasing the effectiveness of water 
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sealing for a leak rate of more than 2 gph would be too costly. The effectiveness will be increased 

to 2 gph by removal of the relief valve piping insulation. The water seal is expected to be effective 

following the next maintenance of these relief valves. The water seal for the pressurizer pilot oper­

ated relief valve is effective. 

Boiler Blowdown 

Experience has shown that the design rate originally established for sludge control (5000 -lb/hr) 

is not effective. Test results show that the maximum blowdown rate obtainable at 500°F Tavg is 

29,500 lb/hr. The 5000 lb/hr rate was not increased to a high blowdown 1·ate during Core 1 Seed 2 

operation because a higher blowdown rate during the short operating time left on Seed 2 would not be 

significantly beneficial. The boiler internals a.:re scheduled to be inspected during the Seed 2 - Seed 3 

refueling to observe the extent of the boiler water sludge deposits. A recommendation as to the blow­

down rate for Seed 3 operation will be made aitel' the l.JUlle~ illspeetinn. T.hli.! 'iOOO lb/hr orifices were 

tPmpn:rarily qypassed t-o determine the maximum blowdown rate obtainable. 

Component Experience 

In addition to normal maintenance of components common to all reactor plant experience therl;'. 

were several areas of special interest, which are covered in the following paragraphs. 

Main Coolant Pumps 

1. Pump failure. 

The lD main coolant pump failed to start on fast speed in the lD loop on July 19, 1960, dur­

ing a test of the read or plant flow coastdown characteristics. During the l:~st the reactor 

main coolant pumps were stopped and started in different sequences and various loop com­

binations. Subsequent attempts to operate the pump were met with erratic success in both 

hot and cold plant conditions. Investigation of the pump and controls indicated that the pum.p, 

wiring, controls, and relays were in acceptable open1.liug .:.o11dition. Th"' pnmp was :returned 

to operation. Additional testing of pump current and voltage characteristics during starting 

periods wa~; conducted to determine the adequat:y ui Lhe power oour-:9. A Fmhsequent evalua­

tion indicated that the power supply was satisfactory and that the starting difficulties were 

associated with pump design. This pump has subsequently been replaced with a pump similar 

to t}}e pumps in the lA, lB, and lC loops. 

Steam Generators 

1. Leakage. 

The calculated heat exchanger leak rate~;, as indicated by 1133 concentration in the second­

ary coolant, (Table IV -A) for the Core 1 Seed 2 period of operation have remained fairly 

constant throughout the period. One exception, however, was the lA heat exchanger unit 

which developed its initial leakage in November 1960. Since its initial development, how­

ever, the leakage has remained fairly constant until Mct.y 1961; a.t \Vhich time the leakage 

increased by a factor of six for no apparent reason. Air pressure tests and a probolog-
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survey were conducted on the lA "linit immediately following the initial detection of the leakage 

(during the period December 1960 thr·ough January 1961) in an effort to determine the cause 

and location of the leakage. The results of the air pressurization tests indicated that no 

visible or measurable leakage existed in the unit. Results of the probolog test indicated that 

of the 203 tubes surveyed, no tube was found to be cracked to a depth of 100 percent of the 

tube wall thickness. 

Based on the results obtained from the above tests, the leak rates calculated prior to the 

performance of these tests, and the fact that the calculated leak rates of all four units have 

not increased progressively during the Core 1 Seed 2 period of operation, air testing of the 

four heat exchanger units will not be undertaken during the forthcoming Seed 2 - Seed 3 re­

fueling. Consideration was given to the performance of a probolog survey and unultrasonic 

test on the lA heat exchanger unit on the basis that this undertaking would provide repetitive 

data over an extended period of time, and that this data would be useful in connection with 

making a decision concerning the replacement of the lA and lD heat exchangers.· However, 

since the data gained as a result of this test could not be obtained and evaluated in sufficient 

time to be of use, the probolog and ultrasonic tests were not undertaken. 

TABLE N-A 

PRIMARY TO SECONDARYHEAT EXCHANGER LEAK RATES* 

(ml /min) 

Month lA lB lC lD 

May 1960 1. 20 0.47 t 
June 0.64 0.24 t 
July 0.64:j: 0.24:j: t 
August 0.69 0.27 t 
September 0.69 0.41 t 
October 0.69 0.41 t 
November 0.61 0.82 0.52 t 
December 0.20** 0,50 0.40t t 
January 1961 O.SO:j: 0.40:j: t 
February 0.40:j: 0.60:j: o. sot t 
March 0.30:1: 0.40:j: 0.40:j: t 
April 0.80 0.39 0.28 t 
May 2. 5 tt 0.35 

June 2. 7 tt 0,20 

July 2.6 

*Leak rates are based on rl33 activity in the primary and secondary systems. 

t Not detectable. 

:j: Leak rate based on gross iodine (actual calculation not performed). 

** Leakage. just prior to conductance of an air leak test. 

tt lA boiler in hot layup condition. 
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2. lA and lD steam generators. 

Performance tests on the lA steam generator indicated that a low flow condition existed in 

the first downcomer at the heat exchanger inlet. A test was run with vary~ng water levels, 

with the station operating at full power (on 3 loops) in order to determine the relationship 

between drum water level and the low flow condition·. The tests showed that flow reduction 

occurred at drum levels above 3-1/2 inches over normal drum level. 

Two steam probes were installed on the steam generator to check for steam blanketing of 

the heat exchanger tubes due to the low flow condition .. Conductivity samples were obtained 

with the probes. It was concluded that steam blanketing did not exist. In conjunction with 

this test, a partial performance test was made to provide a correlation between conductivity 

and performance. It was concluded, also, that chemical hideuul was not occurring. 

The low flow condition in the iA and lD boilers was corrected by seal welding between the 

downcomers and the steam drum wrapper sheet aiul installing vortex breakers at the down­

comers inlets. 

Valve Operating System 

1. Failure of 3-way valves. 

Several 3-way valves in this system have had their. wave spring and seals fail. The failure 

permitted valve leakage. The springs serve initially to hold shear type seals against a flat 

highly polished stellite surface on a cylindrical valve disc. Unbalanced pressure forl:es 

across the seals press the seals and discs together to effect a tight seal. Parts of the springs 

have entered the primary system piping and present the possibility of interfering with other 

valve operations. A new spring design using stainless steel rather than· beryllium copper 

springs material has been installed in these valves~ A cover skirt design will be incorpor­

ated in thP. design to prevent broken spring parts from entering the primary system piping. 

2. Modification. 

The air filter and moisture separator of both the. normal in-service air compressor and its 

spare unit are to be replaced in order to improve ·the safety of the units against oil vapor 

hazards. In addition, an investigation concluded that it would. be too costly to modify the 

spare unit as an automatic control operating in parallel with the normal in- service unit. 

Pressurizer Vessel Heater Wells 

Six pressurizer vessel heater wells were removed during Seed 1 - Seed 2 refueling. An evalua­

tion of these heater wells indicated that, after 10,500 hours of plant operation, boiling of coolant in 

the crevice areas had resulted in no evidence of stress corrosion. 
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Reactor Plant Equipment Layup 

New iayup techniques are being incorporated into the layup procedures in order to provide better 

protection .for operating equipment that is temporarily not in use. $pecial attention has been given to 

layup of main coolant ,pumps to avoid their contact with oxygen by use of· a nitrogen blanket during and 

after pump draining. 

Strainer Replacement 

The basket type strainers in the reactor plant are being replaced with knife-edge strainers to 

reduce the possibility of strainer rupture, allowing failed parts to enter the primary system. 

Flash Tank 

The coolant discharge and vent system flash tank is a carbon steel vessel. Internal tank corro­

sion ·resulted in a program to find a.suitable surface coating material. Testing of several possible 

coatings resulted in a negative evaluation. The investigation is being continued by Bettis plant modifi­

cation for· Core 2. 

Relief Valves 

The pressurizer vessel self-actuated steam relief valves and the reactor vess'el self-actuated 

water relief valves have developed excessive leakage during Seed 2 operation. The ·leak rate has 

increased with in-service time. The valves will be repaired during Seed 2 - Seed 3 refueling. 

In an effort to provide a means of determining relief valve leakage, a collection system was in-· 

stalled. This' arrangement consisted of a sample cooler and collection vessel with a sightglass for 

visual level indication. 

Electrical System Experience and Modifications 

·Nuclear Instrumentation System 

The principal problems experienced with the nuclear instrumentation system ·Centered about the 

coaxial cable conne.ctions at the neutron detectors in the neutron shield tank. The connector problems 

were as follows: 

1. Irradiation damage to the insulating inserts in the connectors, first experienced during 

Seed 1 operation. This problem has been minimized during operation of Seed 2 by replacing 

all teflon inserts, which are highly susceptible to irradiation damage, with inserts of rexo­

lite, a cross-linked polystyrene. 

2. Irradiation and consequent activation of the tinned brass connector bodies, als'o experienced 

s_ince initial station operation. While this problem has not impaired the performance of the 

system, it has resulted in an undesirable amount of radiation exposure to maintenance per­

sonnel handling detectors. All connectors near the reactor are to be replaced with units 

having aluminum bodies at the conclusion of Seed 2 operation. 
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3. Mechanical damage to cables at the detector wells. The flexing and handling of cables when 

removing and inserting detectors in the detector wells has resulted in substantial physical 

deterioration of the cable sections at the detector ends. In addition, many cases of insula­

tion failure at the end connector have resulted from cable movement. It is intended to re­

place all cable sections adjacent to the detectors during the Seed 2 - Seed 3 refueling period. 

Since the existing cables are continuous frotn the detector connections to the reactor plant 

container electrical penetrations, it will be necessary to install junction boxes on the reactor 

walkway in order to effect the replacement. The installation of the junction boxes will per­

mit periodic replacement of the cable sections subject to handling in the future. 

Performance of the neutron detectors themselves has been satisfactory during Seed 2 operation. 

No replacement of any of the four compensated ion chambers used for intermediate and power range 

instrumentation has been necessary. One source range BF3 element was replaced during Seed 2 

operation due to a failed connector. The large number of BF3 failures experienced durmg ::>eeci 1 

operation prompted the tube manufacturer to institute production changes which rcsult!:!d in nu BF'3 

failures during Seed 2 operation. 

The most significant modification to the nuclear instrumentation system made since initial station 

operation was carried out during the Seed 1 - Seed 2 refueling period. This modificatl.on encom­

passed the permanent installation of a fourth channel of source, intermediate, and power range equip­

ment. The original installation consisted of three channels of such equipment; the need for a fourth 

channel became apparent early in Seed 1 operation when it was discovered that the core was subject 

to spatial power oscillations, and that, as a result, all four core quadrants required monitoring and 

protection. A fourth channel was added on a temporary basis to provide four-corner protection dur­

ing the latter part of Seed 1 operation, and the permanent installation was delayed until Seed 1 was 

depleted. The permanent incorporation of the fourth channel included modification of the readout on 

the reactor control console. The relatively small instruments on the console, which presented the 

readouts of all channels simultaneously, were replaced with larger, n1ore readable switchboard-type 

instruments and associated seiector switches to permit selective re.,;_dout of the individual channels. 

To compensate for the loss of simultaneous indication to the operator, auctioneering circuitry was 

added for source range log level and start-up rate, iutennediate range log level and start-up rate, 

and power range linear level. The selector switches associated with the new meters contain auc­

tioneer position, in which the highest of the four channel outputs is presented to the operator. The 

auctioneering mode of operation is normally used. 

It was noted late in Seed 2 life that there was interaction between the four power range channels. 

An investigation disclosed that the cause was a decrease in the back resistance of the diodes in the 

auctioneering circuitry. Replacement of the diodes corrected the situation. 

Other minor modifications to the nuclear instrumentation system included: 

1. Installation of knobs on alignment potentiometers in the nuclear equipment to eliminate the 

use of screwdrivers. 

2. Installation of glass panels in the doors of the nuclear l:!quiptnent panels so that meter indica­

tions and switch positions could be readily observed. 
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3 .. Modification of the compensated ion chamber microammeter shunt arrangement to eliminate 

small errors introduced when changing power range amplifier input taps. 

4. Addition of terminal blocks on the power range amplifiers to facilitate changing of input taps. 

This operation previously required resoldering of magnetic amplifier connections. 

Remote Viewing System 

The performance of the closed circuit television systems used for remote monitoring of the 

steam drum sightglasses and for general area viewing within the reactor plant container has not been 

satisfactory. Even after earlier equipment modifications by the manufacturer, an excessive amount 

of maintenance effort has been required. All cameras and monitors are to be returned to the manu­

facturer during the Seed 2 - Seed 3 refueling period for additional reworking. It is believed that this 

action will result in improved stability of internal circuitry, which in turn will rriake selection of 

P.lP.c.trnni r. tnhP.I'l 1 P~;u:: '=':dti'=' al and increase the time interval between alignments. 

Reactor Rod Control System 

The only modifications made to the rod control system consisted of extending the safety shutdown 

tripping function to include the variable voltage power supplies to the spare inverters, and electrically 

interlocking all in-hold-out control switches so that only one switch could produce rod motion at a 

given time. 

Reactor Power and Temperature Control System 

The reactor power and temperature control system remained out of. service throughout Seed 2 

operatiort. The installation of a low Tavg safety shutdown setpoint in 1958 to protect against rod drop 

accidents has prevented the use of the automatic control system, because the system would tend to. 

cancel out the reduction in average coolant temperature accompanying a dropped rod. The system 

outputs to. the rod control system were physically disabled to eliminate th·e possibility of the reactor 

being accidently placed in automatic control. No difficulty was experienced in controlling the re­

actor manually. 

Failed Element Detection and Location System 

While the station was operating with Seed 1 in service, the FEDAL system indicated a failed fuel 

element at blanket position F- 2. This blanket element was replaced during the Seed 1 - Seed 2 re­

fueling period. However, the FEDAL system continued to indicate a failed blanket element at position 

F-2 when the station was returned to power.' In attempting to determine whether this condition was 

indicative of a defective replacement fuel element or an erroneous indication from .the FEDAL system, 

it was postulated that the multiport valve might be rotating in the wrong direction, thereby causing 

the presumed sampling sequence to be incorrect. The direction of rotation of the multiport valve, a 

hermetically sealed unit, was shown to be incorrect by suspending a small bar magnet adjacent to 

the stator winding and observing the rotation direction of the magnet as the multi port valve revolved. 

The sampling sequence was then redesignated to agree with the actual movement of the valve. 
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It was noted that the sampling cycles frequently contained one less sampling position than the 

physical number of such positions .in the multi port valve, indicating that port skipping was occurring. 

The cause of the skipping was found to be faulty resetting of the valve, whereby the valve was occa­

sionally starting the sampling sequence at port 2 instead of at port 1. It is intended to correct this 

condition by a modification to the electrical control circuitry. 

Difficulties were also encountered with the high-voltage power supply in one of the two sample 

activity monitors, as evidenced by repeated failures of the high-voltage transformer. The other 

monitor, which is of identical design, was not subject to such failures. The power supply of the 

defective monitor has been completely rebuilt in an effort to eliminate the difficulty. Consideration 

is also being given to redesigning the high-voltage power supplies in order Lo ellrninate the special 

components utilized in the present design. 

The original" readout instrumentation utilized separate flow and activity recorders for each of the 

two monitoring trains. These recorders have been replaced with a single two-pen recorder for each 

train. The presentation of both sample flow and activity on a single chart permits easier correlation 

of individual activities with the sampling positions. 

Pnmary Plant Control System 

The following modifications to the primary plant control system were made OJ: will be made as a 

result of Seed 2 operating experience: 

1. Improvement of ventilation in the panel housing the hydraulic valve position indicator receivers 

to eliminate overheating of components and minimize uri!tiug of setpoints. 

2. Modification of hydraulic valve position indicator receiver test circuitry to permit calibration 

of receivers whlle the station is operating. 

3. Addition of a position to the pressurizer heaters master control switch un Lhe control console 

to permit the' reactor operator to energize all heaters from the console under abnormal low­

pressure conditions. 

4. Addition of audible alarms to reactor plant container airlock doors to alert a person attempt­

ing to enter an airlock if the companion door is not secured. Electrical interlock? prevent 

the actual opening of a door under this condition. 

Primary Plant Instrumentation System 

The following modifications were made to the primary plant instrumentation during Seed 2 

operation: 

1. The temperature interlock which permitted placing an isolated loop in service with the reactor 

. critical was removed. In its place was substituted interlocki.ng whic.h prevented returning a 

loop to service unless all control rods were bottomed. The reasons for revising the inter­

.locking were, first, the permissible temperature difference between the incoming loop and 

the remainder of the system, at which a loop could be cut in, had narrowed with increased 
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core life to a value which the original interlock could not disting":ish, and second, the oper­

ating advantage of the interlock was outweighed by the maintenance attention which it required. 

Since the loading on a utility system follows a predictable cycle, it is not an undue inconven­

ience to schP.dule a station shutdown during a light load period for the purpose of bringing in 

a down loop. 

2. The scanning rate of the automatic temperature scanners was reduced from four points per 

second to forty points per minute. The purpose of the decrease in scanning rate was to pro­

long the life of the scanning switches used in the equipment. In addition, there appeared to 

be some lack of correlation between the temperature indications obtained from similar points. 

Therefore, all thermocouple circuits are to be "padded" in such a fashion that equal resist­

ances will be obtained and all indications can be adjusted from a standard base. 

The electrical null-balance instrumentation used in measuring reactor pl~nt flows, pressures, 

temperatures, and levels has performed satisfactorily. The amount of drift ex;perienc:P.rl hetween 

calibrations has been small. The instrumentation is calibrated every six months in order to main­

lain a high degree ot accuracy in test data taken from the station. 

Several failures of differential pressure cells have occurred, primarily bellows ruptur.es due to 

overpressure or failure of th.e internal relief valves to reset. Precautions have been taken to insure 

that the correct valving sequence is followed when removing or returning a cell to service, as cell 

failures were generally the result of incorrect valving sequence. 

After the end of full power capability of Seed 2, the reactor was operated at an average coolant 

temperature of 475°F to accumulate additional opP.:rating time on the core. The average temperature 

instrument was re-ranged to satisfy these operating conditions. 

Radiation Monitoring Equipment 

Data evaluated from Seed 1 - Seed 2 operation has resulted in the deletion of the following items 

as unnecessary: 

1. The valve operating cubicle monitors 

2. Resin discharge monitors on main discharge line 

3. Resin storage and surge tank monitors 

The following items have been repositioned or rearranged either to obtain better operation or to 

be in line with the service building modifications: 

1. Boiler compartment monitors 

Z. "Friskers" 

3·. Hand and feet counters 

4. Exit monitors 

The following items were added as a result of actions recommended by the emergency plan 

committee: 
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1 . Two rooftop monitors on the fuel handling building 

2. A high level effluent water monitor in waste disposal 

Equipment difficulties have been experienced as follows: 

1. It was found that all channels which are recorded required potentiometer adjustments to cause 

the channel i:neters and recorders to agree. 

2, The air pa.,.tir.le detectors have indicated a high failure rate. A new spare detector was 

installed in channel 12 of ORMS. The replaced unit will be reworked as a spare. 

3. The stack gas monitor in waste disposal was tound tu ue le:5:5' ;;,.::n11itivc thon ~txp'it:-t'-'rl. A new 

unit is being installed with a sensitivity of 10-6 uc/cc. 

4. The effluent water monitor has been removed from service and is being tested in the Bettis 

laboratory as a result of the calibration difficulties experienced during Seed 2 operation. 

Data Acquisition System 

Electronic equipment has been installed which will provide a printout of some 145 selected 

signals related to plant operating conditions. This system will be used to obtain test data and is not 

required for ordinary reactor operation. The equipment is located in an area separated from the 

control room. A digital computer continuously scans the various reactor and turbine plant parameters, 

such as pressure, temperature, flow, flux level, control rod positions, etc. The information is 

stored in memory until the program demands that the data be logged out by automatic typewriters. 

This information may also be put on punched cards by use of the equipment memory circuits that feed 

information to a punch machine. The punch cards will be made available for usc in the Bettis com­

puters where further evaluation of test data can· be made. In auulliuu, a. physie.!l ecnuulu h.Ai 1: .... ~., ;..,, 

stalled in this same area. This console contains the scalers and associated printers whkh receive 

signals from the detectors used for core physics testing. This relocation of instruments relieves 

the congestion in the control room area. 
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CHAPTER 4 

REACTOR PROTECTION SYSTEM PERFORMANCE 

Introduction 

PWR Core 1 Seed 2 has provided a year and a half of additional operating experience with the 

Shippingport Reactor Protection System. Whereas Seed 1 operation provided information of a general 

nature, Seed 2 operation has provided.additional detailed data for evaluating a protection system which 

consists primarily of magnetic amplifiers. Experiences encountered in time response measurements, 

set point drift characteristics, and system interaction are detailed. The following presents a detailed 

review of the experience gained with the reactor protection system during Seed 2. 

General 

Following Seed 1 a review was made of the operational history of the reactor protection system 

to determine whether system simplifications were possible which could result in greater system re­

liability. The review was made by reexamining the present system, considering changes to the sys­

tem and studying ~he 'Seed 1 incident reports and the component failure records. The following points 

were determined: 

1. The system provided dependable protection during Seed 1. 

2. Maintenance or component failure was not excessive. 

3. The component problems which took place were confined to the bistable magnetic amplifiers 

(BMA's). 

4. The installed system was complex and provided flexibility which was not used during Seed 1 

operation. 

5. Precritical adjustment and alignment required considerable operator action. 

In evaluating the points listed above versus system changes which could be effected by Seed 2 

operation, ·it was concluded that any design changes considered would have to be limited to a rear-

. rangement of the present components. Available time precluded the procurement of major compo­

nents. It was concluded that there was not sufficient justification to change the present system for 

Seed Z and that more benefit could be gained by investigating the combined systP.rns, nuclear instru­

mentation, and reactor protection to determine what design changes should be made for future seeds 

or cores. 

Seed 2 Reactor Protection System Set Points 

From Reference 1, it can be seen that the power limits of Core 1 Seed 1 were determined at vari­

ous times during Seed 1 operation. The redetermination of the power limits was done to take into 

account: 
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1. The. improved nuclear design data 

2. The results of experimental work in heat transfer 

3. Design parameters as measured from the operating core 

4. Performance of instrumentation and controls in maintaining power limits. 

Set points were determined for the following times during Seed 1 life: 

1. 0 to 3000 EFPH 

2. 3000 to 5000 EFPH 

3. 5000 EFPH to the end of Seed 1 life. 

The determination of Seed 2 set points followed a similar pattern to tna.t established clu:rlng 

Seed 1. '!'he criteria used in determining lhe set points were: 

1. Departure from nucleate boiling ratio (DNB) in the seed or blanket should be equal to or greater 

than 1. 5 unde:r equilibrium conditions. 

2. A surface heat flux of 500, 000 BTU/hr-ft2 in the blanket material should not be exceeded. 

3. No bulk boiling in steady-state operation. 

Table IV -B presents the Seed 2 power versus flow settings. 

TABLE !V-B 

POWER VS FLOW PROTECTION SET POINTS 

Flow Conditions 

4 or 3 loops, fast speed 

4 or 3 loops, slow speed 

2 loops either speed 

Less than 2 loops, either speed 

All start-up a~d cold plant con-

ditions, either speed, 2 or more 

loops 

Power Versus Flow 

Settings Until Group 

III Control Rods 

Reach 27 Inches 

Seed 2 

JnsP.rtion Scram 

114 118 

24 36 

24 

0 

24 

Note: 100% power - nominal 231 Mw(t) 
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Power Versus Flow . Power Versus Flow 

Settings When Group Settings After the 

III Control Rods End of Full Power 

Exceed 27 Inches Capability 

Seed 2 Seed 2 
c---

Insertion Scram Insertion Scram 

111 114 90 95 

24 36 24 36 

24 24 

0 0 

24 4 



Seed 2 Operating Difficulties 

Seed 2 operation disclosed several areas of apparent protection system difficulties. These areas 

wert:: 

1. Excessively long response time of excess neutron level signal. 

2. Drift in set points. 

3. Firing of memory magnetic amplifiers without the actuation of the corresponding protection 

circuitry. 

4. Interaction between bistable magnetic amplifiers (BMA's). 

5. Difference in set point of the BMA's when using the normal system relays versus the test 

set relays. 

6. Difficulty in aligning and checking the 3N and 4N series BMA' s. 

The succeeding paragraphs discuss the above considerations in more detail. 

Excessively Long Response Time of Excess Neutron Level Signal 

When the results of the second performance of test procedure DLCS 12901, reactor protection 

system, were reviewed in April 1960, the scram response times of the excess neutron level signal 

were found to be as high as 2. 2 seconds whereas the results of the first performance in November 

1957 indicated 0.4 seconds. This indicated a gross change in system time response. 

It was determined by laboratory tests that the method of testing the response time of the circuitry 

was in error. DLCS 12901 specified the use of a neutron level step input signal of 1 percentage point 

over the trip point (1 percent overshoot). The system was checked with a neutron level signal which 

exceeds the trip point by 10 percent and proper response times were obtained. Laboratory investiga­

tion determined that a 10 percent overshoot of the neutron level set point produced time responses 

that were conservatively equivalent to approaching the trip point at the worse case linear rate of 

nuclear level change of 100 percent/sec. A review of the fast-speed recorder charts obtained during 

the first performance of DLCS 12901 in November 1957 revealed that the specified method of'apply- ·· 

ing a step input signal of 1 percent over shoot was not followed. 

It was determined that step inputs considerably greater than 1 per·cent were applied to obtain the 

time responses tabulated in the test results. Therefore, it was concluded that the long time responses 

were always present for 1 percent overshoot signals and that no gross change had takel;l place since 

November 1957. 
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Drift in Set Points 

Shippingport operating experience has indicated that the bistable magnetic amplifiers (BMA's) 

appear to have an undesirable drift characteristic, particularly when the temperature of the relay 

room in which the BMA' s are located varies. This drift results in a corresponding drift of the set 

point of the bistable. 

Four spare bistables were tested in the electrical laboratory at Bettis .. The circuit configuration 

used approached the actual circuit as installed at the site. The control winding of the four bistables 

and a 819-ohm resistor (to simulate the control winding impendance of a fifth unit) were wired in series 

and connected to the output of the nuclear 'instrument system (NIS) power range amplifier. In actual 

system operation the·control windings of five bistables are wired in series. The output of each of 

the bistables was wired to a control winding of a linear magnetic amplifier. 

The bistables were aligned to pick up in sequence with approximately 0. 2 milliamperes (MA) 

difference between pickup points of successive bistables. This was necessary to minimize interaction 

·between units. The input to the NIS power range amplifier was varied sul:h Lhat the output of the NIS 

amplifier would increase in a ramp from about 5. 2 MA to 6. Z MA at a rate of 0. 016 MA per second. 

This ramp increase was continuously repeated and automatically controlled. The bistables were 

placed in a thermostatically controlled oven and the cycling input to the bistables performed at various 

temperature levels from 90°F (ambient) to 145°F for from 4 to ·12 hours at each temperatu,re level. 

The input current to the bistables and the output voltage of each bistable was continuously recorded. 

Samplings of the data are presented in Figure N-12. The data indicated variation in trip point with 

femperature ranging from 0. 1 MA to 0. 15 MA, which corresponds to 2 to 3 percent of full power (FP). 

It was noted that the trip point of BMA's No. 1 and 2 decreased with increasing temperature, whereas 

the trip point of BMA No. 3 increased with temperature. The feedback of unit No .. 3 was modified 

prior to the test in an attempt to obtain better bistable response. The increase of set point with tem­

perature is not desirable since reactor protection 1s reduced. 'fhe data also indicated that the re­

peatability of the trip point at a given constant temperature ranges from 0. 025 MA to 0. 09 MA, cor­

responding to 0. 5 to 1. 8 percent FP (Figure N -12). This is comparable to the 2 percent variation of 

trip point with temperature over the expected temperature range of the relay room (85°F to 105°.F'). 

It was concluded from this test that the trip point of the BMA1s may vary by as much as 2 to 3 

percent FP when subjected to temperature variations of 90°F to 145°F, and by as mul:h as 2 percent 

FP over the expected temperature range of the relay room. The repeatability of checking the BMA 

trip points by manually adjusting the test current was demonstrated in the Laboratory and is illustrated 

in Table N-C. If care is not exercised in setting or checking the trip point of the BMA's, the repeat­

ability of the trip point may exceed 2 percent FP, which is comparable to the temperature drift. 

Changes to the operating procedures were recommended and specified, that as the test current ap­

proaches the anticipated trip point, the test current should be increased in small increments (about 1 

percent) and held for 10 seconds before increasing the test current further. Experience has shown 

that this has improved the repeatibility of the trip point. 
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TABLE IV-C 

VARIATION OF BMA TRIP POINTS 

Trip ~oint Drop Out 

BMA (MA) (MA) 

#l 5.44 5.02 

5.42 5.0 

5,40 4.97 

#2 5.64 5.32 

5.47 5. 07 

5.47 5. 07 

#3 . 5. 72 5.32 

5.82 5.27 

5.7 ~.27 

#4 5.67 5.13 

5.67 5.13 

5.65 5.12 
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Firing of Memory Magnetic Amplifiers Without the Actuation of the Corresponding 

Protection Circuitry 

An incident occurred during Seed 2 in which a memory magnetic amplifier (MA 25) fired without 
I 

the actuation of the corresponding protection circuitry. MA 25 is the memory unit for the safety 

insertion circuitry, and, as such, it should not be energized unless an insertion has taken place. 

The input to the safety insertion circuitry is provided by the 4N series BMA's. Tests at Shipping­

port indicated that while the 4N serie13 BMA's exhibited satisfactory bistable action, the 4N2 unit 

required readjustment. The initial testing of this unit revealed a slight oscillation in the BMA out­

put voltage when the input was within 1 percent of the trip point. This oscillation caused the memory 

magamp to fire without actuating the safely insertion amplifier. The load r.esistance of the 4N2 unit 

was inc ~eased slightly to improve the b1stable ac.:liuu cutu tuiuiu'1i".:. the oooillation in th P nntpnt. 

Satisfactory ope ration was obtained. 

Interaction Between Bistable Magnetic Amplifiers (BMA's) 

As a part of the test described above, the bistables were further tested to determine their inter­

action effects. It was desired to determine the effect ·on the trip puiut of connecting BMA's in series 

and varying the setpoint of one of lhe BMA's and observing the change in setpoints of the other BMA 1s. 

The effect of connecting BMA's in series was accomplished by aligning the BMA'~; aud then re­

placing three units, one at a time, with a 819-ohm resistor. The results clearly indicated that the 

pickup _point is affected by the number of BMA's connected in series. The interaction o! set points 

which results from varying the set point of one of the BMA's and observing the change in set points 

of the other units was clearly demonstrated. 

From this test it was concluded that the BMA's should Le aligned in order, low trip point set 

first to minimize interaction effects. If the set poinl u! a BMA is lube adjusted a significant amount, 

the set point of all BMA's must be checked to en~;u:re that the desired alignment i~; ach)eved. Con­

necting from 1 to 4 BMA's in series may cause the trip point to vary as much as 0. 9 MA. This effect 

must be considered when testing the BMA's out of their normal circuit arrangernent. 

Different in Firing Point of the BistaLl,e Magnetic Amplifiers (BMA's) When Using the 

Normal System Relays versus the Test Relays 

Seed 2 checks of the reactor protection system-indicated that the trip point of the 4N series 

BMA's varied by as much as 5 percent depending on whether the normally installed or test relays 

were connected to the safety insertion amplifiers. It was believed that this discrepancy results 

from the BMA's behaving linearly rather Lh<Lll as bistables. It was subsequently determined by test­

ing that the variation of the trip point was not dependent of the relays but un lhe status of the 5N 

series BMA's (i.e., trip point set for cold plant protection or higher power lo flow scram). Table 

N-D illustrates the 4N series BMA trip point dependency on the status of the 5N series units. A 

change in alignment and checking procedure of the BMA's was provided to Lhe site and specified that 

the BMA's he aligned in sequence, lowest trip point first, with the 5N series BMA's biased for ex­

cessive nuclear level and not for cold plant protection. 
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TABLE IV-D 

EFFECT OF RELAY AND STATUS OF 5N BMA's ON 4N BMA's 

BMA Relay BMA Trip BMA Output 

#1 (S.I. or Test) 5N Set Point (%) (%) (volts) 

4Nl Test 24 83 3.82 

s. I. ~<24 83 3.82 

Test 95 91 4. 1 

s. I. t 95 q?. 4.08 

4N2 Test 24 85 5.4 

s. I. 24 86 5.5 

Test 95 90 5.8 

s. I. 95 89 5.8 

4N3 Test 24 86 4.2 

s. I. 24 86 4.35 

Test 95 91 5.4 

s. I. 95 91 5.4 

4N4 Test 24 86 4.8 

s. I. 24 87 5.0 

Test q!'j 89 ':i.J 

s. I. 95 89 5.3 

~" Cold·plant protection in 

t Cold plant protection out 

Difficulties in Alignment and Checking the 3N and 4N Series BMA's 

Seed 2 operation indicated continuous operator difficulty" in aligning and checking the 3N and 4N 

·series BMA'.s as the two sets of units were both adjusted to trip at 111 percent FP. In checking a 

given 3N BMA it was difficult to determine whether the 3N unit being checked or the accompanying 

4N BMA had tripped. 

In the Seed 2 arrangement of the reactor protection system, the 3N series BMA's provide for a 

safety insertion at 111 percent power with 3 loops at full speed, and a safety shutdown at lll perc:ent 

with 2 pumps a.t full speed. The -iN series DMA's· provide for a safety insertion at 111 percent power, 

independent of the flow condition .. The lN series BMA's provide for a safety shutdown at 24 percent 

power with less than 3 loops in operation. 

It was, therefore, concluded that the 3N series BMA's could be disabled without compromising 

reactor protection. The set point of these BMA's was adjusted to a maximum value. 
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Performance of the System 

A review of the incident reports for Seed 2 indicated that only two incidents occurred which re­

quired system action to prevent the reactor from actually experiencing conditions beyond design limi; 

One of these incidents was a safety shutdown due to low system pressure brought on by operator erro 

and the second incident was a safety shutdown due to high coolant temperature. In addition, a number 

of insertions and shutdowns were the results of component problems and operator errors. The fol­

lowing presents a description of the two incidents which required protective action. 

On June 23, 1960, the reactor coolant temperature was being increased at a !ate of approxi­

mately 150°F /hr, using the reactor as the source of heat in preparation for a station start-up. As 

the indicated pressurizer tempe:ratu1·e app~'oll.chcd 610°F, the iry;lir<~tPr'l prP.RSllrize;r pressure in­

creased to 1850 psig, and the pressurizer level rose to 190 inches. To relieve the high pressurizer 

levei and pressure, the operator atleLUpleu to drain coolant h·om th"' ~'~YI'ltP.m. Howc;ver, due to in­

Rllfficient v~lve operating system air pressure, the lA loop drain valve did not respond. Alterna­

tively, the high-pressure condition was relieved by opening the pressurizer spray valve and manually 

inserting the rods. A rapid pres~Sure decrease to 1400 psig resulted in the safety shutdown. 

On January 28, 1961, during a rapid station shutdown jn accordance with test procedure DLCS 

34401, the load was decreas·ed from 65 Mw gross to 0 at the maximum rate available (apl>roximately 

0. 7 Mw/sec) using the main generator control. The generator breaker was then opened and the tur­

bine· throttle valves were tripped. The test procedure required that the decay heat motor-operated 

stop valve be open and the control rods be inserted upon actuation of high Th alarm (5l7°F) or upon 

increase of average coolant temperature to 510°F. However, due to the rapid coolant temperature 

increase initiated by the load reduction, the controlling rod group was manually insertetl when the 

average coolant temperature reached 5070F. In spite of this anticipating action and the lifting of the 

decay heat removal relief valve, the coolant te1nperature continued to increase until the hot leg tem­

perature reached 522°F and initiated a safety shutdown. 

Conclusions 

Seed 2 experience has shown that the Shippingport Atomic Power Station is operated in a manner 

such that reactor protection system action has been held to miniUlUlfl, When actual core protection 

was required, i.e., during the low pressure and high Th safety shutdowns, the system providetl 

dependable protection. Both Seed 1 and Seed 2 operation has shown that shutdown set points of 114 

to 118 percent are not restrictive. Five out of six of the operating difficulties described herein were 

;resolved by changes to the testing and operating procedures rather than by t:hanges to the equipment. 

It is believed that the operating difficulties which have been experienced with the system will be 

nominal during Seed 3 by following the modified alignment procedures. 

REFERENCE 

l .. "Shippingport Operat:lons; From Start-up to First Refueling December 1957 to October 1959, 11 

DLCS-364. 
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CHAPTER 5 

REACTOR .PLANT FUEL CANAL PROTECTIVE COATING 

Introduction 

The fuel handling ·canal (Figure IY -13) contains the reactor pit, fuel. storage pit, dee-p pit, shroud 

storage pit, disassembly and transfer areas, crane lock, and related sumps. These pits, locks, and 

sumps are constructed of reinforced concrete. During power operation the reactor pit contains de­

mineralized water and the same is true for the fuel storage pit when irradiated core components are 

stored. The other areas are filled with demineralized water during refueling operations and other 

related periods. 

During refueling and fuel storage periods, this demineralized water becomes contaminated with 

radioactive crud. Since laboratory studies and experience have shown that concrete, once contam­

inated, cannot be easily freed of the radioactive contamination, it is necessary to protect all concrete 

surfaces in the canal with a coating. For this application the coating should be resistant to high 

levels of radiation, to demineralized water, to contamination, and to decontaminating solutions that 

may be required. 

~~~~~ .....____ 
CANAL WATER PUMPS 

~ 
DRY REACTOR PIT 

CRANE jsTORAGE SHROUD 
LOCK !STORAGE 

FUEL 
T PIT 

STORAGE DISASSEMBLY 
) AREA I REACTOR 

AREA 

' HEAD 
STORAGE 

DEEP PIT TRANSFER 
AREA 

Figure IV -13. Fuel Handling Canal. 

History 

As construction of the Shippingport Station was approaching completion, it was decided that the 

various pits should be coated with a protective coating. In addition, the walkways and pits that do 

not contain demineralized water should also be protected against radiation build-up from airborne 

contamination. These applications were to be accomplished prior to initial power operation. 

In 1957 a protect.ive coating consisting of a cross-linked, thermal setting, styrenated polyester 

resin was applied to the concrete surfaces of the canal. The coating was selected on the basis of 

the manufacturer's claim that a considerable saving in time could be gained since the use of this 
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polyester coating would eliminate the necessity of stone finishing the form-cured surfaces. The 

concrete pits were then etched with muriatic acid, rinsed with water, and allowed to air-dry. The 

following procedure, recommended by the manufacturer, was then adopted: 

1. A coat of high viscosity primer was brushed on to fill the voids in the .concrete surface and 

the excess removed with a squeegee. 

2. A coat of regular primer was rolled on and allowed to cure to tackiness. 

3. A layer of two ounce glass fabric was pressed into the tacky surface. 

4. A sr1Jnration coat of regular pnmer was rolled into the glas!:l :CalJrle aml d.lluweu lu l.ULc tu 

tackiness. 

5, A fi.n<Al coat was then rolled on. 

To complete the protection of the canal material from contamination, the structural steel com­

ponents in the canal were protected with a polyvinyl coating. There were some failures of th~s coat­

ing on the canal gates which were repaired with the same material. 

A few days after the initial application of the polyester, amber colored spots were noticed on the 

canal surfaces. These spots were readily removed by washing with water and no significance ·was 

attached to them. In 1958 an inspection of the canal revealed a number of large blisters which the 

original applicator repaired in October 1958. Another inspection in 1959 pointed out that the reactor 

pit contained numerous pinholes and small blisters from which a colorless liquid, with the appearance 

of water, exuded. In other areas small brown stains were observed on the outer surface of the coat­

ing. As a result of a discussion with the manufacturer, an additional coat of the pulyester m.aterial 

was applied over the original coat as a possible remedy to the blisters ar~d pinholes. 

Immediately after the application of this additional coat of polyester material an exudation of a 

brown material was observed from numerous pores in the newly coated surface. This exudate was 

colorless when first formed and then changed to a brown liquid upon exposure to air. Similar defects 

were noted throughout the canal. A sainple of the tnaterial and concrete was analyzed and the results 

are presented in Tables IV -E and IV-F. Laboratory as well as field tests showed that bli:;te1·s and 

pinholes containing the brown exudate could not be repaired without complete removal of the polyester 

material to the bare concrete. Based on this evidence, and with the refueling of Seed 1 with Seed 2 

rapidly approaching, it was decided to remove the coating from the affected areas to the bare concrete 

and to recoat. 

When the applicator started to remove the blistered area, it became apparent that a very high 

percentage of the polyester was not bonded to the concrete. In fact, the entire coating in some areas 

could be stripped from the concrete surface by hand. As a result, over 90 percent of the polyester 

was removed from the concrete in the pits of the canal. The following procedure was adopted for 

application in August 1959 under the direct supervision of contractor engineers. 
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1. After removal of the original coating, the concrete was disc sanded. 

2. All the voids in the concrete were filled with a block filler and the excess removed-with a 

squeegee. 

3. A coat of regular primer was then·applied and as soon as it was tac·ky, a 10-ounce glass fabric 

was pressed on. 

4. After at least four hours elapsed, a saturation coat was rolled on and squeegeed into the glass 

fabric. As soon as this coat was dry, a coat of surfacer was applied to fill all voids and 

pinholes. 

5. Another coat of surfacer became the final coat. 

TABLE IV-E 

ANALYSIS OF CONCRETE SCRAPED FROM HEAD STORAGE PIT 

Water Soluble - 7. 6o/o 

OH - 1. Zo/o 

co3 ·- o. 7 

Cl- 0.03 

GiO~ - 1. 1 

Ca - 2. 9 

MgO- 0.54 

Fe- 0.002 

Na- 0.41 

S04- 0.0 

Ignition loss at 750°C - 0. 8 

pH at 27°C (O.lo/o Solution)- 10.6 

Sp Coud (O.lo/o Solution) - ZOO Jlmhos/crn 

TABLE IV-F 

Water Insoluble- 92.4o/o 

Silica as SiOz - 58. 6o/o 

Iron as Fe 2o3 - 5. 6 

Aluminum as Alz03- 5.1 

Phosphorus as PzOs - 0. 0 

Sulfur as S03 - 0. 0 

Calcium as CaO - 11. 8 

Magnesium as MgO - 2. 7 

Ignition loss at 750°C- 8.4 

ANALYSES OF EXUDATE. 

Loss in weight at losoc 

Ignition loss at 7 5 0°C 

Water soluble 

Specific conductivity (0. lo/o solution) 

pH of 0. 1 o/o s elution 

Hardness as Ca 

Sodium as Na 

Iron as Fe 

Silica as Si02 
Chloride as C 1 
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18.2o/o 

96.7o/o 

1 OOo/o 

480 Jlmhos/cm 

5.4o/o 

0. 5o/o 

Z.Oo/o 

< 0. OZo/o 

<0.02o/o 

< 0. ZOo/o 



After the final coat was applied, considerable touch-up work was required. Many pinholes ap­

peared that were extremely difficult to correct. In some areas, two or three additional coats were 

required in an attempt to eliminat·e this phenomenon. Prior to Seed 1 - Seed 2 refueling another 

inspection revealed a number of large blisters in the reactor and fuel storage pits which were re­

paired. Following the refueling of Seed 1 with Seed 2, the polyester coating in the reactor pit was 

again inspected in April 1960. Numerous cracks, blisters, and pinholes were observed. Based on 

this experience it was evident that the performance of the polyester coating on the canal surfaces was 

unsatisfactory and all further use of this material for this type of application was discontinued. 

During these difficulties, other coating systems were being investigated in order to .test repair 

selected failed areas in the canal. A phenolic type coating was chosen as the test repair material for 

blistered areas in the deep pit, based on the good performance of this coating in nuclear facilities at 

Idaho Falls. In addition, three other materials which included epoxy and phenolic epoxy as the base 

materials were chosen for test patches. A tota,i of four coatl.ngs were therefore applied as test patches 

in December 1960. The epoxy and phenolic epoxy test patches encompassed an area of 25 square feet 

each. The test repair of the deep pit with the phenolic material was over 1000 square feet. Sinc.e 

surface preparation as well as application is extremely important, each of these coatings were applied 

under the direct supervision of the manufacturers' representatives. In this manner, correct applica­

tion in accordance with the manufacturers' recommendations was assured. 

The deep pit, which contained the test patches and test repairs, was filled with demineralized 

water and the area remained submerged for approximately a month. At the end of this time the pit 

was drained and the patch areas were inspected. The results of this inspection were as follows: 

1. The phenolic-epoxy which was originally creamy in color had discolored to yellow. There 

were a number of pinholes and the coating lacked continuity. It was rough ·with sharp pro­

trusions. 

2. One of the epoxy base applications appeared to lack sufficient filler in the base coat and there 

were many ridges where the voids in the cone rete were not built up to give continuity. How­

ever, the coating surface was smooth and blisters did not form during its submersion in de­

mineralized water. 

3. The other epoxy coating also lacked sufficient filler in the base coat; however, there was 

more continuity than that obtained for the coating in 2. 

4. The phenolic coating contained numerous blisters which exuded a brown liquid when broken. 

Since the test repair with the phenolic coating encompassed a much greater area than the test 

patches, an immediate investigation was undertaken. The manufacturer stated that an alcohol wash 

of the primer coat to remove excess catalyst was the main cause of difficulty. They had recommended 

the alcohol wash based on laboratory studies, which pointed out a reduction in time and coat compared 

with a detergent and water wash. However, during this field application the alcohol was not effe.ctive. 

A similar occurence had taken place at another installation, where as a result of the alcohol wash, 

delamination occurred with the top three coats separating from the primer in the blistered areas. 

To determine the effect of various treatments on the test repair of the canal with phenolic, some of 

the blisters were removed and others were left "as is.., .. In addition, the coating was removed entirely 
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in one area and the phenolic coating was applied using a water detergent wash. In conjunction with 

these tests, the manufacturer is conducting. laboratory tests to determine corrective action·. 

Subsequent to the test patch inspection in the deep pit, the reactor pit was drained. Numerous 

blisters in the exl.sting polyester coating were evident. Because of the poor condition of the polyester 

coating in the shroud pit and the numerous blisters in the reactor pit, a test repair was performed 

with an epoxy coating. The reactor pit will be inspected at an appropriate time. The results of this 

inspection in conjunction with manufacturers 1 tests and a review of coating applications at other in­

stallations will serve as a basis for corrective action. 

Summary 

Since the original application on the concrete surfaces, there has been a complete removal and 

reapplication of the original coating, test repairs, and test patches with various other coatings. 

Major problems with the first C:Oilting w~re b.ck of bonding to the cuucn:Le, blisters, and pmholes. 

Test repairs 'in some cases have been unsuccessful because of incomplete removal of catalyst from 

·the primer coat. At the end of Seed 2 operations no specific coating has been seiected and recommen­

dations are being deferred until a complete examination of the test repairs and test patches can be 

performed after the Seed 2 - Seed 3 refueling period. 

IV - 45 



PART V 

OPERATIONAL CHEMISTRY AND RADIOACTIVE 

CONTAMINATION EXPERIENCE 

Chapter l. Operational Chemistry- Reactor 

Plant. 

Chapter 2. Failed Element Detection and 

Location System 

Chapter 3. Radiation Level Build-Up Experience 

on Components and Pipe 

Chapter 4. Operational Chemistry - Turbine Plant 

Chapter 5. Radioactive Waste Disposal System. 



CHAPTER 1 

OPERATIONAL CHEMISTRY-REACTOR PLANT 

Introduction 

This report presents the chemistry data and information, and discusses the highlights of activities 

in both operational chemistry and special test support in which the chemistry groul\ played a signi­

ficant part. 

The highlights of' reactor plant chemistry during Core 1 Seed 2 operations were: 

(a) The change from natural lithium 92.5 a/o Li-7 and 7. 5 a/o Li-6) to lithium-7 chemicals 

used for pH control. The lithium-7 chemicals and resin were 99.99 a/o Li-7. This reduced 

the amount of target atom present for the Li-6 (n,a) H-3 reaction and, hence,· reduced the 

amount of tritium being processed to the environment; 

(b) Aspecial test which proved that the plant could be operated for extended periods without by­

pass purification; 

(c) The frequency of many of the routine control analyses were reduced because of the eas,e of 

control of certain chemistry conditions and the reliance which could be placed on certain 

measurements for routine fission product monitoring. 

(d) The coolant sample trains which had been installed for the purpose of continuous monitoring 

of various reactor coolant water conditions were modified considerably due to excessive 

maintenance and the lack of necessity for continuous surveillance of the parameters. 

One problem in coolant water chemistry occurred when the system was refilled at the conclusion 

of Seed 1 - Seed 2 refueling. The quantity of gases trapped and introduced into the system was large 

enough that the control rod drive mechanisms did not receive the necessary water lubrication. A 

seal weld was cut and the system was vented through the H-12 motor guide tube until the volume of 

trapped air was reduced to acceptable limits. 

Reactor Coolant Sampling System 

The reactor coolant is sampled at the inlet and outlet of the main purification system deminer­

alizP.rs. Samples are taken at full system pressure and approximately lZOOF, via sample trains. 

Specific design information is given in Table V-A. 
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TABLE V-A 

COOLANT SAMPLING SYSTEM DESIGN INFORMATION 

Sainple Flow Length of Fluid Velocity Reynolds Delay Time 

Point (gpm) Line (ft) (ft/ sec) Number (sec) 

AC Loop 0. 75 max 110 4.82 14000 58.6 

0.08 110 0.515 1500 250 

BD Loop 0. 75 max 220 4.82 14000 81 

0.08 220 0.515 1500 464 

During operating periods, the sample flow· is constant at 0. 08 gpm., The maximum flow which 

·can be achieved gives an 8-10 half-life decay for 7. 5 second nitrogen-16 which is the major con­

tributor to high energy gamma radiation during operation. 

The sample trains shown in Figure V-1 were designed to monitor and record continuously cer­

tain coolant chemical and 'physical properties, as well as gross radioactivity, and to provide a point 

where samples can be removed from the coolant; for laboratory investigation. The function of each 

component will be described briefly along with the operating experience gained to date. 

The sample vessels are stainless steel vessels which can be inserted into the sampling system, 

isolated, and then removed to the laboratory. These vessels range in size from 10 to 500 milliliter·s. 

Experience during the operating period showed that sampling into a closed vessel is not necessary 

except when samples had to be taken at loop pre,ssure for gas analysis. For all other analyses, 

samples are taken from an open valve directly into polyethylene bottle!:l. During Seed 2 upe:ratiOi"lS, 

the radiation level of a one liter sample in a polyethylene bottle was about 30 mr/hr gamma on con­

tact with the container at sampling time. 

The crud probe is designed to remove waterborne particulate matter at 1 00°F and loop pressure 

by filtr'ation through a HA millipore filter. Material collected on the crud probe is weighed to de­

termine crud concentration in the primary coolant; periodically crud probe samples are analyzed to 

determine the elemental and radiochemical characteristics of the crud. Because of the low levels 

ofcirculating cr.ud in the reactor coolant (2-5 ppb), it was necessary to leave-this probe in service 

for a period of one week to obtain a weighable quantity of crud. The radiation field produced by this 

integrated crud sample <;~.t the time. the sample was removed from the sample train was in the general 

range of 0. 8 to 14 R/hr gamma one inch from the sample. 

The filter, which is separate from the crud probe, is used only when the probe is isolated and 

the sample train is on stream. All water passing through the sample train is filtered as a pre­

cautionary measure against fouling valves and instruments by particulate matter in the water. The 

filtering medium in the filter consists of a disposable teflon. uasket which is disca1·ded to radio­

active waste. 
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The pilot demineralizer is used to determine the average concentration for intermediate and 

long-lived radioisotopes in primary coolant solution. Flow from the crud probe passes through the 

demineralizer, which is charged with 150 cc of HOH form resin. At periodic intervals the resin 

is digested in an H2S04-HN03 acid mixture with an activity determination made on the resulting 

solution. Activity levels of the resin are equated to an integrated average value for activity in 

solution by correcting for decay and rate of collection on the resin. 

Effluent from the pilot demineralizer is also used to provide low conductivity water to the inlet 

of the thallium oxygen analyzer when an oxygen analysis is required. The thallium column measures 

oxygen concentration in water by the increase in conductivity of the effluent, the increase being 

directly proportional to oxygen concentration in the water. · 

Instrumentation in the Sample Train 

Development effort on primary coolant in stream monitoring devices was suspended during 

Seed 2 operations for a combination of one or more of the following reasons: (1) the instrument in 

question was adjudged to be operating successfully, (2) additional effort was not warranted since 

continuous monitoring was not required for plant protection, or (3) the instrument had a general 

unreliable operating history coupled with high maintenance requirements. The present status of 

the individual instruments is discussed below. 

Crud Probe Monitor 

The crud probe monitor measures activity collected on a filter designed to remove water-borne 

particulate matter at approximately lOOOF and full system pressure. Flow rate through the filter 

is 0. 08 gpm. Because of problems with the ion chamber detector, the crud· probe monitor operated 

for only a limited time during Seed 1 and Seed 2 operations. Of six detectors installed. in the crud 

activity monitor, none functioned properly. Apparently, the detector is very sensitive to mechanical 

shock. Additional development effort on this instrument could not be justified since operational.data 

indicate continuous monitoring of water-borne crud is not required for plant protection. The monitor 

and its associated ·rate meter and recorder have been removed from the sample train. 

Gross Soluble Activity Monitor 

The gross soluble activity monitor was designed to measure soluble activity in the primary 

coolant at temperatures in ·the ran.ge of 100°F and system pressure of 150 psi. This instrument had 

extremely high maintenance requirements and as a result only, operated for a very short period dur-' 

ing Seed 2 operations. There was an additional problem of activity build-up on the soluble activity 

cell which increased the l;>ackground to levels which were at times 30 percent of the total counting 

rate. Since a sudden major increase in fission product activity from a large defect in a blanket fuel 

element would be deter.ted .. hy the FEDAL system, the need for operation of the soluble activity 

monitor could not be justified. For these reasons development efforts on the instrument were sus­

pended, and the gross soluble activity monitor and its associated recorder have been isolated from 

the sample train. 
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Thallium Oxygen Analyzer 

The thallium oxygen analyzer provides a means for monitoring oxygen concentration in the 

primary coolant down to the level of 5-10 ppb. This instrument performed reliably during Seed 2 

operations. However, oxygen determinations on the primary coolant have been deleted during power 

operations, since excess hydrogen is available to combine with any oxygen which may be present. 

The detector was left in the sample train for stand~by use. 

Primary Coolant Conductivity Monitor 

Except for minor difficulties, the conductivity monitor performed satisfactorily and, in general, 

continuously during Seed i operations. One of the difficultie-s concerned itself with maintaining the 

conductivity cell in a fixed position. This cell was equipped with a retaining collar used to hold the 

cell in a fi)(cd position Vy us~ uf l;et screws. At design pressure, the position of the cell would shift, 

resulting in erroneous readings. The problem was resolved by welding the cell tubes to the retain­

ing collar. A mmor difficulty of the system was that the cells used in the equipment were not 

standard itcn'1s r.e:qui<.iug d lung lead time for replacement. 

pH Primary Coolant Monitor 

This instrun:JO::nt never performed properly, even as adjusted by the factory representative. In 

test runs at the design pressure of 150 psi the cells would function from one.to four hours. At re­

duced pressures of about 10 psig the instrument performed reliably for a. maximum of 11 hours. 

The reason for failure was not established. Since the change in pH values of the primary coolant is 

a gradual as well as predictable process, continuous monitoring was considered unnerPssr~ry and 

developmental effor"ts were suspended. The pH meter and its recorder have been isolated from the 

system. 

Reactor Coolant Water Conditions 

The Shippingport PWR coolant is a high purity water system which is operated at high pH 

(9. 5- 10. 5). The pH specification is maintained by periodic additions of lithium hydroxide mono­

hydrate (99. 99 a/o lithium-?) and by by-pass purification demineralizers which have been re­

generated in the lithium hydroxide form. A summary of the reference water specifications is as 

follows: 

Min. 

Max. 

Conduc l.i vi ty 

(mmho·s) 

7.0 

75.0 

9.5 

10. 5 

··· Wher"t lhe Reactor Coolant System is> 200°F 

·Lithium 

(ppm) 

0.3 

2.3 

Dis. Oxygen'~ 

(ppm) 

0. 14 

Hydrogen* 

(cc/kg S. T. P.) 

15 

no 

Maintenance of these specifications was accomplished without difficulty during Seed 2 operations. 

The ease of maintenance of water· specification and the rather predictable trends in these conditions 

made possible a considerable reduction in the frequency of routine analytical chemistry laboratory 

v- 5 



support. The need for much of the in-stream monitoring equipment in the sample train was also 

precluded because of the nature of the changes experienced (see discussion of sample trains above). 

At the conclusion of Seed 2 operation the frequency of many analyses had been reduced 50 per­

cent or greater. Table V-B list for comparison the frequency of Seed 1 and Seed 2-Seed 3 lab0ratoq 

analysis. The inform;;~.tion in Table V-B lists the analytical first schedule requirements considered 

for the Seed 1 operation. Some reductions in frequency of various analyses occurred in Seed 1 and 

early in Seed 2 operation, particularly in the requirements for fission product analysis. However, 

only the initial ;;~.nrl present schedules are presented for comparison. 

Alkalinity 

The reference water conditions for the reactor coolant were specified to be maintained at the 

Ril.me higb pH as during Seed. 1, that is, between 9. 3.and 10. !J. The pii wo.o maint.J.inQd by th" :-~rlrli­

ti.on 0 f Hthium hydroxide-monohydrate and by the lithium hytl•·u....:lde i'~sin in Lhu !JU.I. il••- .. tl.:.;\ .'iyi1T:IW1'1 

demineraliz.ers. 

During Seed 2 operations, a total of 2332 grams of lithium hydroxide monohydrate was added to 

the coolant in eleven increments over the 16 month period. Four additions totaling 733 grams were 

required during the no-purification period from June 23 to September 12, 1960. The fact that the 

pH was maintained by few chemical additions is indicative of a very high purity make-up water. 

The relationship between pH, conductivity, and lithium was in good agreement throughout Seed 2. 

Conductivity proved to be a good check of the pH of coolant water conditions because of the high purity 

of the coolant. The maintenance of the pH reference water condition has been easily accomplished. 

The decrease in pH was ver,y gradual and required only a weekly analysis for the purpose of pH 

control. 

TABLE; V-B, REACTOR PLANT ~AMPLINC AND ANALYGIG SCHEDULE: C'H.A~I\!G~S 

Sampl<>. Location 

Coolant Charging Primary Storage 

Tank 

Reactor Coolant Laboratory 

analysis of lAC 

or 1BD deminer-

alizer influent 

Frequency 

Deterrninatiou Seed 1 Seed 2-Seed 3 

Conductivity 1/wk 1/mo 

Dissolved o2 1/wk 1/rno 

pH 1/wk 1/mo 

Cl 1/wk 1/mo 

Conductivity 1/wk 1/wl<: 

pH 1/wk 1/wk 

Dissolved o2 2/wk 

H2 1/wk Daily 

Total gas 2/wk Daily 

Inert gas 1/wk Daily 

Lithium and 1/wk 1/mo 

NH3 

V-6 

Comn1ents 

Not specified '-"hen 

hydrogen present 



TABLE V-B ( Cont) 

Frequency 

Sample Location Determination Seed 1 Seed 2-Seed 3 Comments 

Demineralizer Crud weight Daily 1/wk 

influent crud %Fe in crud Daily 

Gamma spectrum 

1/wk 

Specific 

ac-tivity Daily 1/wk 

Demineralizer Crud weight 1/wk 1/wk 

effluent crud %Fe in crud 1/wk 

Can;.n;.a. epectrur.~1 

l/wk 

Specific 

activity Daily 1/wk 

lAC or 18D Total gas 

demineralizer activity 2/wk 2/yr 

influent A41 2/wk· 2/yr 

H3 1/wk Every 1000 

EFPH 

Reactor Coolant Laboratory Gross y 

analysis of lAC activity 

or lBD deminer- (15 min) Daily Daily 

alizer influent 120 hr count Daily Daily 

csl38 Daily 3/wk 

Kr88 Daily 

!131,133 3/wk 1000 EFPH 

csl36,137 Daily 1000 EFPH 

Br83,84 3/wk 

xel33 1/wk 1000 EFPH 

Gros·s ·r decay 

curve for rl31, 

1132, 133 3/wk 

Decontamina-

tion factor Daily 1/wk 

Pilot de- 85% gamma ray * 1000 EFPH *Seed 1 - analyzed when 

mineralizer balance, major activity had moved 1/3 

and crud probe activity, co60, 58 of column length. 

Fe59, cr51, Mn54, 

HF181, zr95 
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Sample 

Canal Water 

. Component Cool­

ing Water 

Neutron Shield 

Tank 

Hair Pin Loop 

Valve Operating 

System 

Location 

Demineralizer 

inlets and 

outlets 

Component 

cooling water 

pump suction 

Eductor 

Purification 

cubicle 

Drain .on water 

flush 

Dissolved Hydrogen and Total Gas 

TABLE V-B (Cont) 

Frequency 

Determination Seed 1 Seed 2-Seed 3 

Conductivity 

pH 

Turbidity 

Gross y 

ac ti vi ty 

pH 

Cr04 
Conduc ti vi ty 

Cl 

Gross y 

a<::ti.vi.ty 

pH 

Cr04 

Gross y 

K42 

Activity level 

survey 

2/wk 1/wk 

2/wk 1/wk 

1/wk 

Daily 1/wk 

2/mo 1/wk 

2/mo 1/wk 

1/wk 

1/wk 

2/mn 1/wk 

'~ 2/yr 

2/yr 

2/yr 

rl31, co58, c,;I36 

C!'\137, l:P-132, See comrnt:ut 

Ral40, Sr89, 90, 

r:,l44 F'A59' 

co6o, Zr 95' 

'l'al82 Tal83 U 
' ' 

Dissolved Oz 1/wk 

Comments 

*As frequently as 

access to l;lamplA 

point is pO!:;!:;iult:. 

Performed as required 

for the AEC test pro-

gran"l. 

Dropped from schedul"e. 

The reference water specification for dissolved hydrogen in the reactor coolant is 15-60 cc/kg 

of water at STP. Hydrogen is used to control the water decomposition reaction and to combine 

with any oxygen charged to the system. '!'he hydrogen specification was maintained without dif­

ficulty. Special testing was performed to determine the rate of hydrogen loss from the reactor 

coolant during steady-state operations with water seals in the pressurizer steam space relief 

valves and evaluate the feasibility of adding hydrogen at the inlet of the purification system ion ex­

changers as added protection against introducing undissolved hydrogen into the main coolant pumps. 
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The time required for the hydrogen concentration to decrease to a value of on~-half the original 

concentration is shown below. These values were determined by calculating the slopes, from a 

typical curve shown in Figure V -2. The initial concentration is the concentration immediately after 

addition; however, it is an extrapolated value taken from each curve coincident with the time of 

addition. 

lnj ec tion Point Time 

Inlet - lAC ion exchanger 153 hours 

Inlet - lBD ion exchanger 172 hours 

Outlet - lBD ion exr.:ha.ngP.r 118 hours 

Outlet - lAC ion exchanger 122 hours 

The difference in hydrogen loss rates in the above table can be attributed to the number of main 

coolant loops in service during each period. Hydrogen loss from the reactor coolant to the pres-

. surizer steam space increases with increasing pressurizer spray flow. The pressurizer spray flow 

rate increases with increasing reactor vessel pressure drop which depends on the number of loops 

in operation. The station was on three-loop operation during the test runs when hydrogen was added 

to the inlet of the demineralizers, and on four loop operation during the test runs when hydrogen 

was added to the outlet of the demineralizers. Therefore, if a correction is added for the different 

pressurizer flow rates during each test run, the rate of hydrogen loss for each of the four test runs 

is approximately the same. 

The decontamination factors. of both the lAC and lBD purification system ion exchangers were 

not o.ffcctcd by the addition of hydrogen to tho inlet side of the ion exchangers. 
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Figure V-2. Hydrogen Distribution Test (December 13, 1960 to December 25, 1960). 
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The total concentration of inert gases dissolved in the coolant ranged from 5 to 10 cc/kg of 

water during Seed 2 ope-ration with no incidents involving total gas content during normal operations. 

At the conclusion of Seed 1 refueling and prior to the beginning of Seed 2 opera"tions, gas ana~ 

lyses and pressurization of the reactor plant indicated that approximately 150 cu ft of undissolved 

gas was present in the reactor vessel head. This situation probably resulted from air being trapped 

in various sections of the reactor plant during the draining and filling of the loops and pressure 

vesseL Incomplete venting resulted in the high quantity of undissolved gas. The mechanism re­

quirements for undissolved gas in the reactor head area is that the maximum quantity should be 

less than33 cu ft. 

The H-12 motor guide tube seal weld was cut and the system was bled until the total dissolved 

gas ·was reduced to 33 cc/kg. The system pressure was maintained at 400-500 psig to keep the 

contained gases in solution. The dissolved gas concentration was further reduced by operation of 

the pressurizer spray and venting through the pressurizer steam relief system. A procedure hg.s 

been written to prevent reoccurence of the above problem. 

Dissolved Oxygen 

During all periods of normal operation, the .<0. 14 ppm dissolved oxygen specification was main­

tained with the dissolved oxygen ranging from.< 0. 005 ppmto 0. 010 ppm. The analytical require­

ments for dissolved oxygen during periods when there was an excess of hydrogen were considered 

unnecessary and were removed from the analytical schedule (see Table V-B). 

These changes were made to avoid the difficulty which had arisen during the increase in main 

steam ammonia discussed above. The change in oxygen specification was made to avoid the un­

necessary discarding o{ high purity water containing small amounts of oxygen. The oxygen in the 

charging water would be consumed since the coolant would contain excess hydrogen. 

Reactor Plant Storage Tank 

Reference water specifications were maintained in the coolant make-up water almost without 

exception, during the Seed 2 operating period. One incident occurred during February, 1961. The 

main and auxiliary system ammonia concentratio.ns increased because of an increase in combined 

ammonia (albuminoid ammonia) in the Ohio River water. The auxiliary steam system supplies 

steam service for the steam blanket on the prima~y water storage tank. Frequent conductivity 

alarms were received as the conductivity approached the 1. 5 mmhos alarm point. The conductivity 

of primary charging water, when corrected for the conductivity of the dissolved ammonia, gave 

very low values indicating that the increase in conductivity was entirely accounted for by the in­

crease in the ammonia content of this water. 

To reduce the ammonia content of the main steam system and hence the conductivity of the 

charging water, the condensate demineralizer (polishing demineralizer) was placed in service in 

the condensate -system, and the ammonia of the main and auxiliary water was less than one mmhos 

within 24 hours. 
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Near the end of Seed 2 life, the conductivity specification of the primary water storage tank was 

changed from l. 5 to 2. 5 mmhos and the dissolved oxygen specification suspended. Because of ease 

of maintenance of the dissolved oxygen specification, the lower dissolved oxygen specification has 

been maintained although not required. This change in conductivity and dissolved oxygen specifica­

tions was justified on the basis of successful operation of other plants with make-up water of such 

quality. 

Component Cooling Water and Neutron Shield Tank 

The reference water specifications of the need for the component cooling water and neutron 

shield tank were maintained without difficulty during Seed 2 operation. The activity in the neutron 

shield tank after 5 days decay is entirely accounted for by Cr5 1 and a small acount of Co60 activity. 

The cr5l activity ranged from 11,000 dpm/ml (4-:9 X lo- 2 /Lc/ml) to 40,000 (1.8 X lo-2/Lc/ml) 

dpm/ml and was due to the Cr50 (n, y) Cr5l reaction, the target atom being supplied in the chemical, 

K2Cr04. The source of cobalt for the co59 (n, -y) Co60 reaction was determined to be a minor con­

taminant of the treatment chemical. The activity of Co6° was about 40 dpm/ml (1.8 x lo-5 JLC/ml). 

Coolant Purification System 

The performance of the coolant purification sys tern was checked daily during operating per.iods 

by measuring the gross nonvolatile gamma activity 15 minutes after sampling at the inlet and outlet 

of the purification demineralizers. The initial charge of lithium hydroxide resin remained in serv­

ice from December 1957 until November 6, 1960 with the resin decontamination factor never de-. 

creasing <25 for four consecutive days, the criterion for replacement. 

In November 1960, the resin was discharged and replaced with Li 7 form resin to reduce the 

concentration of tritium in the primary coolant. Primary coolant pH at PWR is controlled in the 

range of 9. 5 to l 0. 5 by use of lithium hydroxide. Originally, natural lithium which contains 7·; 5 

percent Li6 and 92.5 percent Li7 was used for this purpose. This 

centration in the primary coolant from the Li6 (n, a) H3 reaction. 

of 12.26 years by emitting 18 Kev beta rays. While tritium has a 

resulted in a high tritium con­

Tritium decays with a half:-life 

short biological half-life (19 days), 

its long radiological half-life, and the fact that tritium is not removed by the radioactive waste dis­

posal system, makes it desirable to reduce the tritium discharged from PWR by limiting tritium 

production. To accomplish this, the natural lithium resin at PWR was replaced with Li7 OH resin. 

The lithium in the replacement resin contained 0. 0068 ±. 0. 0005 a/o concentration of Li6. Any sub­

sequent additions of Li7 OH to the coolant employed Li7 OH containing less than 0. 01 a/o Li6 in total 

lithium. Lithium-7 hydroxide monohydrate is commercially available from the U.S. Atomic Energy 

'Commission. 

Following the changeover to Li 7 resin, tritium concentration in the primary coolant was re­

duced by approximately a factor of 100, as shown in Table V-C. The low tritium concentration 

which was finally achieved indicates that there was little holdup of Li6 in the primary system when 

the changeover was made· to Li 7 resin. 

\ 
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TABLE V-C. TRITIUM CONCENTRATION IN THE PRIMARY COOLANT AT PWR 

Coolant Sample Coolant Sample 

Date Tritium ( J1C/ 1) Date Tritium (11 c/ 1) 

.6-6-60 221 12-30-60 16. 1 

9-2 7-60 281 1-6-61 18.8 

10-9-60 241 1-13-61 6. 7 

11-7-69 128 1-24-61 5.9 

11-21-60 86 2-6-61 13.2 

13-8-E.O 23 '1. II' .hI .i i.. 

12-11-60 19.5 2-28-61 1.5 

12-18-60 18.7 4-8-61 1.3 

12-23-60 18.5 4-26-61 2.3 

Base Radiation Levels During Seed 2 Start-up 

During initial Seed 2 life a radionuclide base level ·determination was made to determine if the 

new seed contained defective or excessively contaminated elements, and to provide a fission pro­

duct base level for comparison in evaluating core integrity during subsequent power operations. 

Analyses were performed at 65.2 EFPH and 89.9 EFPH after a steady-state run at 100 percent 

power for approximately 48 hours. The major activities reported were Nl3, Fl8, Na24, w187, 

Mn54, Mn56, Cu64 , Cs 138 , and radioactive iodine. A total of 95 percent of the gross gamma 

activity at one hour after sampling was accounted for in the activity balance. Results of the analyses 

are presented in Table V -D. 

The largest short-lived contributor to the gross gamma activity was cu64. The high copper 

activity is probably the result of a flow integrator failure which occurred during Seed 1 operation, 

resulting in the release of copper to the primary system. There is evidence that the concentration 

of copper in the system is decreasing with time in operation based on elemental analysis of com­

posites of Seed 1 and Seed 2 crud. The Seed 1 crud sample had a copper conceutr·ation of 2. 3 per­

cent versus 1. 7 percent for the Seed 2 crud sample. 

Other major contributors to short-lived activity included Nl3 and F 18. Because of their short 

half-lives, the short-lived activities are not a problem with respect to plant maintenance. 
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TABLE V-D. SPECIFIC ACTIVITY FOR CORE I SEED 2 OPERATION AT PWR 

A. Short-Lived Nuclides 

Sample 

Half Time dpm/ml p.c/ml 

Nuclide Life (EFPH) x 1 o-3 X 1 Q 4 Sample Description 

Nl3 10.1 m 65.2 66. 7 300 Degassed coolant, demineralizer inlet 

Fl8 1.87h 65.2 28.0 126 Degassed coolant, demineralizer inlet 

A41 1.82h 89.9 8.5 38.7 Unfiltered coolant, demineralizer outlet 

Na24 15.0h 65.2 4.2 19. 1 Degassed coolant, dernineralizer i~let 

Mn56 2.59h 65.2 0. 705 3 .. 21 Degassed coolant, demineralizer inlet 

Il33 21.0h 89.9 2.54 11. 6 Unfiltered coolant, demineralizer inlet 

Il35 6. 7h 89.9 8.35 38.Q Unfiltered coolant, demineralizer inlet 

Kr87 3.2m : 89.9 1. 44 6.65 Unfiltered coolant, demineralizer outlet 

Kr88 2.8h 89.9 9.2 41.9 Unfiltered coolant, demineralizer outlet 

sr91 9. 7h 89.9 0.002 0.009 Filtered coolant, demineralizer inlet 

Sr92· 2. 7h 89.9 0.009 0.040 Filtered coolant, demineralizer inlet 

Bal39 8.5m 89.9 0.297 1. 35 Filtered coolant, demineralizer inlet 

Bal39 8.5m 89.9 0.028 0. 127 Primary crud, demineralizer inlet 

csl38 32. Om 65.2 11. 3 51.4 Degassed coolant, demineralizer inlet 

wl87 24.0h 65.2 2.55 11.6 Degassed coola~t, demineralizer inlet 

cu64 12.8h 6!:i.2 57.0 257.0 Degassed coolant, demineralizer iniet 

NOTE: All values corrected to sample time. 

B. Long-Lived Nuclides 

Sample 

Half Time p.c/ml 

Nuclide Life (EFPH) dpm/ml. X lQ 7 Sample Deseription 

csl36 13d 89.9 0.8 3.64 Filtered coolant, demineralizer inlet 

Csl36 13d 89". 9 0.86+0.035 3.91 Primary crud, demineralizer inlet 

csl37 28.6y 89.9 9.2 41.9 Filtered coolant, demineralizer inlet 

csl37 28.6y 89.9 0.23+0.035 1. 05 Primary crud, demineralizer inlet 

Il31 8.05d 89.9 189 819 Unfiltered coolant, demineralizer inlet 

Sr89 54d 89.9 2. 7+0. 06 12.3 Filtered coolant, demineralizer inlet 

sr89 54d 89.9 0.46+0.035 2.09 Primary crud, demineralizer inlet 

Sr90 28y 89.9 Not detectable in fi.lte:red sample or primary crud, demincralizer 

inlet 

Bal40 12.8d 89.9 Not detectable in filtered coolant, demineralizer inlet 

Bal40 12.8d 89.9 7.4 33.7 Primary crud, demineralizer inlet 

Mn54 300d 65.2 205 933 Degassed coolant, demineralizer inlet 

NOTE: All values corrected to sample time. 
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Fission Pro duets 

The routine monitoring of fission products was continued throughout Seed 2 life. The determin~ · 

tion of changes in core integrity is based on changes in fission product distribution and by peaking 

of long-lived fission products during power transients. The fission product data also serve as a 

guide in the evaluation of the failed element detection and location system data. 

In an effort to determine the presence of defective fuel elements, iodine fission products were 

followed closely at start-ups. The high peak values of the specific activities of rl31 and rl33 in the 

reactor coolant system indicate that one or more defective blanket fuel elements were present in 

the core. The peak values of rl31 were as high as fifteen times greater than normal concentrations 

at 1 00 percent power. 

?;'he quantity of long-lived fission products released is dependent on the previous irradiation 

history of the fuel and the length of the shutdown, L e., half-life of the nuclide analyzed. Because 

of these factors, the iodine-133 (20. 8 hour half-life).peak is not as definitive as iodine-131 (8. 08 

day half-life). 

During power transients, Csl34 (2. 3 year half-life) was observed. Normally, Csl34 is not 

detectable in the coolant. The appearance of csl34 may be a further indication of failed blanket 

assemblies. The levels of csl34 activity during these periods of power transients range from less 

than detectable to 165 dpm/ml (7.43 x 1051Lc/ml). 

The' activity of fis,sion products during steady-state power operation did not change significantly 

·during seed lifetime. The average value of fission products analyzed over each 500 EFPH opera­

ting period is presented in Tables V-Eand V-F. 

Activation Products 

The activation products are introduced into the system principally from impurities in the make­
/ 

up o/ater and from corrosion and wear. 

Argon activity in the primary coolant comes from atmosphere argon (air contains 0. 9o/o A40) 

dissolved in makeup water. Degassing operations remove most but not all of the dissolved gases 

in the makeup water. Through neutron capture, A40 forms A41 which is a beta-gamma emitte-r. 

An increase in A41 is noted following the addition of a very large quantity of makeup water. The 

highest level during Seed 2 was 1. 45 X 1 o5 dpm/ ml (6. 53 X 1 o-2 !Lei ml) and the lowest level 9. 60 X 

102 dpm/ml (4.32 x lo-41Lc/ml) with an average value of about 2.80 x 103 (1.24 x lo-31Lc/ml). 

A weekly investigation of waterborne particulate matter was performed during Seed 2 opera­

tions. These analyses are performed to follow corrosion and wear characteristics of the system, 

i.e., crud concentration in the primary coolant is related to corrosion release rates while cobalt 

concentration in the crud comes primarily from wear on stellite surfaces. The principal contribu­

tion to long-lived radiation levels of the reactor system comes from the activation of Co59 to form 

co60. 
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Crud specific activity increased from about 1. 00 x 10 7 cpm/ mg at the beginning of Seed 2 to a 

level of about 3. 0 x 107 cpm/mg at the end of Seed 2 life. Approximately half the increase resulted 

from the buildup of intermediate-lived nuclides, such as Co58, Fe59, Cr51, Hfl8l and zr95, with 

the remainder coming from the increase in Co6° specific activity. This increase was, in the main, 

the result of additional irradiation time on the system, since elemental crud analyses presented in 

Table V-G indicate that the elemental characteristics of the crud or relative concentration of target 

atoms remained unchanged from Seed 1 to Seed 2 operations. Crud sample analysis presented in 

Table V-E were obtained by X-ray fluorescense and optical spectrography for elemental Co, Fe, 

Cr, Ni, Cu, and Mn. Except for crud bursts encountered during power start-ups, crud concentra­

tions remained low in the range of 2-5 ppb during Seed 2 operations. The maximum crud con­

centration of 45 ppb was observed during a power start-up at the beginning of the no purification 

run. 

An upward trend was observed in Hfl81 activity. The specific activity of Hfl81 increased from 

1. 7 x 105 at the beginning of Seed 2 life to a peak value of 5. 6 x 1 o6 dpm/ mg near the end of Seed 2. 

A comparison of Seed 1 and Seed 2 results is shown in Figure V-3 as a plot of activity versus time. 

The upward trend in Hf activity may indicate a change in corrosion rate of the hafnium or increased 

wear on the hafnium rubbing shoes. Excessive wear or corrosion of the Hf control rods would be 

cause for concern, since this would result in increased plant radiation levels. However, on the 

basis of analysis of pipe wall deposits from the hairpin loop, there was no significant increase in 

Hf released to the system, since Hf activity accounted for only 0. 1 to 0. 5 percent of the total radia­

tion level outside the pipe. Representative Hf activity data from crud analysis are presented in 

Table V-H. 

Hairpin Loop 

During Seed 2 the test pipe section, referred- to as the hairpin loop, was removed and analyzed 

to determine the buildup of activity on the plant surfaces. At the beginning of Seed 2 lifetime, the 

previous section.was replaced with a new section. At this removal, September 12, 1960, a section 

operating for 1476. 0 EFPH, and one with 5651. 7 EFPH, was analyzed. The 1476. 0 EFPH section 

had accumulated hours only during Seed 2 operation while the 5651. 7 EFPH section had accumulated· 

3403.5 EFPH during Seed 1 plus 2248.2 EFPH during Seed 2. (Refer to Reference 1 for location of 

test pipe section ii1 th~ ::;y::;tem.) 

The pipe ·surface was brushed with a nylon brush and washed simultaneously with a high-speed 

stream of water. The crud was weighed and its deposition calculated at 0. 2 mg/cm2 on the new 

section (1476. 0 EFPH) and 1. 64 mg/cm2 on the old section (5651. 7 EFPH). Radiation surveys on 

contact, in the center of the schedule 160 2-inch pipe, using a Jordon probe-type monitor, showed 

a maximum radiation field of 100 mr/hr on the new s-ection and 175 mr/hr on the old section. The 

gro::;s)""activity on the new section was 1. 04 x 106 cpm/cm2 as compared with the old section 2. 10 x 

1 o6 cpm/ cm2. The results of the analysis indicated that the highest rate of activity buildup occurs 

during initial exposure of the loop piping to coolant flow, indicating that the buildup mec~anism may 

be related to corrosion rate. Activity buildup on the hairpin loop was below that observed on the 

main loop piping probably because of a distance effect. 
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TABLE V-E 

SPECIFIC ACTIVITY X 1 o-3, dpm/m1 * CORRECTED TO 4 LOOP FULL PURIFICATION 

EFPH cs138 cs139 Kr85m Kr87 Kr88 xe135 I131 I133 

500 9.0 1. 1 1.1 9.2 4.2 o. 1 1.2 

1000 10.6 3.5 3.0 2.5 10.8 10. 1 0. 1 1.2 

1500 11.4 3.9 3.3 12.7 15 0 1 0.4 1. 3 

2000 12.3 2.5 2.8 3.4 15.3 8.6 0.3 1.4 

2500 12.7 0.9 2.3 1.9 14. 1 8.9 0.2 1.3 

3000 13.6 7.3 0.') 0.6 ll. 1 4.2 n. 7. 1 . 7 

3500 10.2 6.4 0.9 16,0 3.6 o. 1 1. 3 

4000 11.8 1.0 1.9 1, 4 8.5 4.1J 0.3 1.9 

4500 10.0 4.7 1.3 1.2 7.5 6.2 0.2 1. 5 

5000 11. 9 13.4 1.7 0.4 6.7 7. 1 0.2 1.6 

5500 10.2 10.0 1. 0 0.5 7.2 4.0 0. 1 2.0 

6000 10. 0 9.6 0.9 1. 0 6.9 4.9 0.2 J 0 5 

6500 I 0. 6 6.4 1. 3 1.4 5.8 5. 1 0.2 2.3 

7000 9.9 6.5 1. 0 1 0 1 4.~ 5.0 0. 1 I. 4 

7500 9.6 8.0 0.9 1. 3 5.4 5.6 0. 1 1.6 

*For conversion to the microcurie unit, multiply the tabular value by 4. 5 X 1 o-4 

(dpm-m1 x to3.x 4.5A.l04.=Jl•:;/ml) 
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TABLE V-F 

REPRESENTATIVE FISSION PRODUCTS-CORE I SEED 2 

Reactor 

Date Power Level Specific Activity (d;em/ml X l o-3)** 

(o/o) (Hrs.) csl38 Kr88 Kr85 Kr87 Il3l Il33 Xe 133 Xel35 Sr 91 sr92 Br82 Br83 

6-6-60 l 00 357 14.0 1.8 l. 30 55.0 5.8 

6-10-60 100 453 13.0 n.o 2.4 l. 80 0. 25 2.3 61.0 7.6 0.22 0. 10 

*6-30-60 l 00 119 4.97 4.32 

*7-6-60 100 332 15.0 14.0 14. l 13.0 49.3 16.5 

*8-8-60 100 13 13.2 38.8 21.3 

*8-9-60 l 00 37 19. l 4. 78 3. 92 70.5 16.9 0.09 0.18 l. 35 3.35 

*8-23-60 l 00 103 2.95 5.10 35.6 20. 7 73.2 l 0. l l. 98 3.98 

*9-6-60 100 438 19.3 7 .. 04 4.21 

10-4-60 100 200 13.3 0.89 0.86 0. 50 5.86 13.2 3.00 0.84 

l0-<::4-60 100 Z61 17. l 

11-10-60 100 55 0. 30 3.30 0. 27 

2-10-61 100 132 13.8 7. 79 1. 88 0.49 0.13 1. 58 51.0 8.00 

3-7-61 100 350 9.94 7. 20 1. 08 l. 09 0. 33 

3-14-61 100 530 7.45 l. 15 1.15 0. 14 l. 38 37.0 5.10 0. 52 

4-28-61 100 48 13.4 6.90 0.24 2.47 

5-23-61 100 42 5.50 0.14 l. 80 0.69 

6-9-61 100 32 6. 77 l. 00 l. 45 45.7 6.32 

7-11-61 75 27 8. 78 1.qo 1. AO '1.47 0.19 1. 47 20,7 <). 31 0.33 

8-4-61 50 129 5.33 2.52 1. 07 l. 21 0.15 0.99 10.8 6. 20 

*No Purification 

**For conversion to the microcurie unit multipiy the tabular value by 4. 5 x 1 o-4 

(dpm~ml x l0-3 x 4.5 x Io-4 =pc/m1) 

v - 17 



Element 

Co 

Fe 

Cr 

Ni 

Cu 

Mil 

Puri.fication Shutoff Test 

TABLE V-G 

X-RAY FLORESCENCE 

Seed 1 

0.3 

51.6 

0.5 

5.9 

2.3 

0. 7 

Seed 2 

0.3 

56.0 

1.2 

4.6 

1.7 

0.8 

During Seed 2 operations the reactor system was operated from June 23, 1960 to September 12, 

1960 for a total of 1478 EFPH with the purification system isolated to determine the effectiveness of 

purification flow in reducing ~he buildup of long-lived radiation levels in the reactor system. Evalua­

tion of this test was based on data taken in conjuncliuu with operational and test requirements; thi8 

consisted of (1) radiation levels of the primary loop piping, (2) activity buildup on the reactor vessel 

head, (3) crud levels in the primary coolant, (4) crud specific activity, (5) corro!:lion product activity 

in the primary coolant, (6) fission product levels in the primary coolant, (7) 15 minute gross non­

volatile gamma activity, and (8) pressure drop across the core. These data are· shown as functions 
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of EFPH in Figures V-4 through V-8, except for data on corrosion product activity in the primary 

coolant which are presented in Tables V-I, V-J and radiation survey which is presented in Part V, 

Chapter 3. These tables include Seed 1 data in order to show that corrosion product activity levels 

in the primary coolant during the test period remained within the general scatter observed during 

operation with purification. The peak corrosion product activity level observed on June 24, 1960 

occurred one day after the purification system had been isolated. The specific activity of Co60 at 

this time was 690 dpm/ml compared to 50-100 dpm/ml for normal operations. A sharp increase of 

this type in primary coolant activity levels is characteristic of crud bursts. Among other reasons, 

crud bursts occur as a result of temperature or system transients. Operating history of the reactor 

system in the immediate period preceding June 24, 1960 included a start-up to power and two safety 

insertions. 

Within the scatter of data the plant as a whole showed no demonstrable change in the trend of 

long-lived activity buildup during operation without purification. Gross degassed gamma actiVity 

levels and specific activities of the soluble fission product species with a half-life appreciably longer 

than four hours increased when the purification system was isolated. This, however, did not present 

an operational problem. Upon return to purification flow, these activities were quickly reduced to 

pre-testlevels. On the basis of these data it is considered that operation without purification has 

been proven feasible. However, the purification system is useful in reducing soluble activity and in 

providing the ability to recover from an inadvertent addition of poor quality charging water. 

Source 

Date Fe 59 co 58 

BD-BIX 

5/23/60 6. 44 x 1 o!j 

BD-BIX 

6/25/60 2. 60x 106 

BD-BIX 

7/22/60 2. 8 7 x 1 o6 · 1. 96 x 1 o6 

Rn-RTX 

8/29/60 2.64xlo6 2. 54x 106 

.AC-BIX 

TABLE V-H 

SPECIFIC ACTIVITY OF CRUD* 

co60 Mn54 zr95 

1.56x107 1. 31 x 1 oG 2. 51:! x 1 o4 

1.58xlo7 1.8lxl06 1. 1 ox 1 o5 

2.49xl07 2. 07 x 1 o6 2.33xl05 

1.85xlo7 2.0lxl06 9. 08 x 1 o4 

Hfl81 cr51 

1. 7Q X 1 Q5 5.70x10~ 

6.80xl05 2. 85 X 106 

9.54xl05 1.75xl0 
6 

1. 22 x 1 o 6 8. 1 ox 1 o5 

9/26/60 2.6lxlo6 1.69xlo6 1.6lxlo7 1.65xl06 2.00xl05 2.48xlo6 1.32xlo6 

AC-AIX 

10/10/60 2.58xlo4 1. 73x 106 7. 54x 105 6. 75 x 1 o4 

*In dpm/mg. For conversion to the microcurie unit multiply the tabular value by 4. 5 x lo-7 

(dpm-mg :><. 4. 5 x 10- 7 = f<C/mg) 
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TABLE V-1 

CORROSION PRODUCT ACTIVITY IN THE PRIMARY COOLANT* 

(dprn/rnl) 

Corel 

EFPH Co60 co 58 Mn54 Fe 59 CT. 51 Hfl81 zr95 

Filtrate Crud Filtrate Crud Filtrate Crud Filtrate Crud Filtrate Crud Filtrate Crud Filtrate Crud 

Seed 1 

500 0.5 4 0.03 0.02 

1000 6 . 2 6 0.5 0.3 

1500 13 2 .2 5 0.4 0.4 

2000 36 7 .1 0 0.4 0.2 

2500 29 5 25 t t 
2900 B.eginning of half-purification run 

3235 130 307 11 47 9 39 12 36 t 8 t 6 t 23 

3336 22 6 2 6 6 0.2 0.5 

3558 114 33 13 28 40 1 1 

4549 "39 3 

4716 0 50 8 6 

4882 22 2 

4900 System returned to full-purification 

5532 26 3 2 3 0.7 0.4 

5786 7 32 2 5 16 3 33 5 t 6 t 3 t· 
5806 End of Seed 1 Life - October 7, 1959 

Seed 2 Initial criticality for Seed 2 achieved on May 6, 1960 " System on half-purification 

6525 12 139 t t 18 1.3 2 1. 7 B n. s 2 5. 1 t t 
6576 Beginning of Purification Shutoff Test 

6599 t 690 + + t 80 t 115 t 126 + 30 t 4.9 

6991 t 217 t 17 + 18 + 24 + 15 t 8 t 3.3 

7553 + n. t 10 t 8 t 10 t 3 t 5 t 0.4 

7953 43 31 5 7 35 35 25 35 18 43 t 7 t t 
8053 Sys tern returned to half purification 

9100 t 40 t 6 t 4 t 3 t t 8 ·t 0.4 

9300 System returned to full purification 

9370 ~ 268 t 55 t 18 t 11 t 11 ~ 45 t 2.1 

1UU83 11 14 2 6 9 1 t 2 t NDt t 0. 1 

10865 t 291 t 108 t 14 t 18 t 35 t 51 t 2.9 

*(In dprn/ rnl. For conversion to the microcurie unit. multiply the tabular valve hy 4. 5 x· 10~7 

t Not detected. 

t Not analyzed. 
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Core I 

EFPH 

TABLE V-J 

CORROSION PRODUCT ACTIVITY IN THE PRIMARY COOLANT 

(l'c/rnl x l0-6) 

Filtrate Crud Filtrate Crud Filtrate Crud Filtrate Crud Filtrate Crud Filtrate Crud Filtrate Crud 

500 0.46 0.46 0.23 1. 82 o. o1·4 

1000 2. 76 0.46 0.09 2. 7o 0.23 

1500 5.92 0.92 0.09 2.28 0.18 

2000 16.4 3.22 4.55 0.18 

2500 13.2 2.30 11.4 

2900 .BP.ginning nf half purification run 

3235 59.2 140 5.0 21.4 4.1 17.7 5.46 16.4 3.68 2. 76 

YHil I 0 2.7/l 0.92 2. 7/l 2.76 0.092 

3558 51.8 - 15 5.92 12.7 18.4 0.46 

4549 17.7 1.38 

4716 3.68 23.0 - 3.68 2. 76 

4882 10 0.92 

. 4900 System returned to full purification . 

5532 11.!! - 1.38 0. 92 1.38 0.32 

5786 3.22 14.5 0.92 2.30 7.28 1. 38 1. 38 2.30 2.72 1. 38 

5806 End of Seed 1 Life - October 7, 1959 

Seed 2 Initial Criticality for Seed 2 achieved on May 6, 1960 - Sys tern on half purification 

6525 5.46 63.2- 8.2 0.59 0.92 0.77 3.6833 0.92 2.32 

6576 Beginning of Purification Shutoff Test 

6599 313 36.8 52.8 58 13.8 

6991 99 7.82 8.27 11.0 6.9 3.68 

7553 33.2 - 4.6 3.68 4.6 1.38 2.3 

7953 19.8 14.3 2.30 3.22 16. 1 16. 1 16. 1 ~9.8 3.22 

8053 System returned to half purification 

9100 18.4 2. 76 1. 84 1.38 0.46 1.38 

9300 System returned to full purification 

9370 122 25.2 8.28 5.05 5.05 20.6 

10083 5.05 6.45 0.92 0.46 2. 76 0.46 4.15 0.46 0.92 

I 0865 133 49.6 6.45 8.28 16. 1 24.2 
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CHAPTER 2 

FAILED ELEMENT DETECTION AND LOCATION SYSTEM (FEDAL) 

The PWRCore 1 blanket is comprised of 113 fuel assemblies of Zircaloy clad uo2 elements. 

Samples of the effluent from each blanket fuel assembly are taken continuously. A multipart valve 

at the top of the reactor vessel selects the sample of effuent from a pair of fuel assemblies and di­

rects them to a pair of monitors. The flows from all other fuel assemblies are bypassed andre­

turned to the system. The monitors consist of a coil of stainless-steel pipe suspended in a tank of 

water. BF3 tubes in the water tank detect the presence of neutrons from 54s Br87 and 2Zs rl37 

fission product delayed neutron emitters. Delayed neutron activity from the 4s N1 7, formed by the 

reaction ol"l + n-7 Nl I+ p, does not interfere since it effectively decays during the delay time to the 

monitor. 

The measure of the FEDAL systems ability to locate a defect is the signal-to-background ratio. 

This is defined as the ratio of the activity.in the effluent from any assembly containing a defected 

fuel element to the activity in the effluent of an equivalent assembly without a defect. In general the 

background activity comes from three sources: 

1. From the fissioning of u235 and the Pu239, and Pu241 formed by the neutron capture of u238 

in natural uranium found as an impurity in core Zircaloy, 

2. From the recirculated delayed neutron activity from any failure in the core, 

3. Cosmic rays and tube noise. 

The presence of relatively high levels of natural uranium contamination in core Zircaloy is particularly 

bad. Fissionable Pu239 and Pu241 form continuously with irradiation, thus increasing the delayed 

neutron activity from this source and making the ability to locate a faiiure more diff':icuit with time. 

It was estimated, from the levels of fission products in the reactor coolant, that·Co're 1 Seed 1 had 

the equivalent of 2. 54 ppm of natural uranium in core Zircaloy. 

Because of the relatively high background activity from un contamination it was anticipated that 

under steady-state conditions, a small hole in.the cladding of a U02 rod could probably not be located 

although more serious defects could be located. However, it is characteristic of a U02 compact with 

a small hole in the cladding that the fission product activity in the reactor coolant peaks during reactor 

start-ups. This is frequently referred to as "waterlogging". It is postulated that water enters the 

defect during shutdown periods and leaches the soluble fission products from the fuel surface; this 

water, with a very high specific activity, is then expelled from the fuel when the fuel temperature 

reaches the boiling point during the subsequent reactor start-up operation. By holding the multipart 

valve on various ports during reactor start-ups, strong peaking of delayed neutron activity was ob­

served on port 53 monitor. 2 during Seed 1 operation. The activity on monitor 1 showed only a gradual 

increase with reactor power (Figure V -9) .· This was taken as an indication that a defected U02 rod 

existed in what at that time was believed to be assembly F-2. Peaking of delayed neutron activity 

during reactor start-ups was not observed on any other ports investigated during Seed 1 operations. 

During Seed 1 refueling, assembly F-2 was removed and replaced. 
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Figure V-9. Delayed Neutron Activity in PWR Following Reactor Start-up on September 22, 1958. 

On May 15, 1960, early in Seed 2 operations, the multipart valve was again held on port 53 dur­

ing a reactor start-up. Peaking of the delayed neutron activity occurred again on monitor 2. There 

appeared to be only two possible explanations for this second activity peak: (1) The unlikely possibility 

that the replacement assembly for F-2 had a defected fuel element when it was installed in the reactor, 

or (2) the index relating the various assemblies to the ports on the multipart valve was in error. 

Throughout Seed 1 and Seed 2 operation, the relative delayed neutron activity (defined as the ratio 

of the activity in the effluent from a given assembly to the average activity from all assemblies) from 

each assembly had been constant, with an average standard deviation of only about 5 percent. The 

first measurement performed during Seed 2 operation, June 6, 1960, showed that the relative activity 

on port 5 monitor 2 had decreased from a Seed 1 average of 0. 96 to 0. 44. The index indicated this 

was apparently assembly J -5. This decrease was well outside the statistical variations for the entire 

core. A smaller, but also statistically significant, decrease was also no'tes on port 55 monitor 2 

(indicated assembly E-2). It would be expected that a new assembly installed during Seed 1 refueling 

would show such a decrease since the u238 impurity in its Zircaloy would not have grown into fission­

able Pu239 or Pu241. These apparent decreases in J -5 and E-2 activities were unexpected, since 

these assemblies had not been disturbed during refueling. However, fuel assembly F-2 was com­

pletely replaced; the third fuel bundle from the bottom, the blanket shell, and the FEDAL sample 

tube were replaced in assembly E-6 during Seed 1 refueling. This led to the suggestion by the 

Duquesne Light Company that the multipart valve was actually traveling opposite to the intended di­

rection,. i.e., the actual port number would equal 58 minus the indicated port number. Therefore, 

port 5 monitor 2 (indicated by the index as assembly J -5) and port 55 monitor 2 (indicated by the· 
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index as assembly E-2) would actually be assemblies F-2 and E-6 respectively which were expected 

to show a decrease in the relative delayed neutron activity. 

Further evidence that the valve was traveling in the reverse direction was indicated by" the fact 

that the values of the relative delayed neutron activities showed a completely random distribution 

with regards to their apparent location in the various regions of the core as indicated by the index.· 

However, when the relative activities were plotted using the index corrected for reversed travel, 

the distribution was more what one would expect, i.e., the distribtioJ;1. was relatively symmetrical 

about the core and high values of the ·relatiye activities were in the high neutron flux regions and 

vice versa. Figure V-10 shows such a plot of the average· relative delayed neutron activities and 

their standard deviations for Seed 1 and 2. 

Subsequently, the electrical leads to the multiport valve were reversed to reverse the direction 

9f valve travel, Confirmation that the direction of travel of the valve was reversed was demonstrated 

by the fact that the relative delayed neutron distribution with regard to the various ports was re­

versed. However, because the operation of the multiport valve was erratic in the reversed direc­

tion, it was returned to the original direction of drive and the index reversed to give the correct 

relationship between port number and fuel assembly. 

During a reactor start-up on July 16, 1960, peaking of delayed neutron activity was observed 

on port 57 monitor 1. The corrected index indicates that this is assembly K-8. Figure V-11 shows 

a reproduction of the FEDAL traces during this start-up. The trace from monitor 2 is given to 

show the normal gradual increase with reactor power. The peaking of the delayed neutron activity 

from assembly K-8 and J-5 was confirmed several times later in Seed 2 life. Both of these as­

semblies are scheduled to be replaced during Seed 2 refueling. Subsequent examination of assembly 

J -5 and K-8 revealed a "pin hole" defect in one rod. This defect was made in fabrication and was 

not the result of operation. 

The delared neutron activity was observed in the effuent from all blanket fuel assemblies at 

least once during reactor start-ups during Seed 2. The chara.cteristic peaking of activity from de­

fected U02 rods was only observed in assemblies J -5 and K-8. The rates of release of delayed 

neutrons from these defects under steady...:state conditions were not sufficiently great that they.could 

be observed above the background activity. The release of other fission products from these defects 

was important only in the case of soluble, relatively long-lived fission products rl31 and Xe 1 33. 

The levels of all other important fission products in the reactor coolant were controlled as in Seed 

by 2. 54 ppm natural uranium contamination in core Zircaloy. 
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Figure V-10 .. Relative Delayed Neutron Activities in PWR Core I. 
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CHAPTER 3 

RADIATION LEVEL BUILD-UP EXPERIENCE ON COMPONENTS AND PIPE 

Introduction 

It is important to the operation and maintenance of a nuclear power station to know the extent of 

radiation levels in the working areas since these levels determine accessibility .. It is also important 

to the designer of a nuclear power station to know both the extent and rate of radiation build-up in 

components; such data, when compared to nuclear plants operating under coolant chemistry condi­

tions different from those at Shippingport, can aid in the establishment of the best chemical control 

program for nuclear systems. 

Since the beginning of Seed 1 operation, the radiation intensity of reactor coolant and purifica­

tion system components have been frequently monitored to provide this information. Radiation levels 

are determined by periodic surveys of selected components which are in contact with the reactor 

coolant water. These components include piping, various heat exchangers, demineralizers and 

pumps, as well as test loops specifically installed to p/ovide th1s data. 

Source of Radiation 

The source of this· long-lived radiation emanating from reactor coolant components is. crud which 

is deposited on metal surfaces. From a chemical standpoint, crud is a product formed as a result 

of corrosion and wear to the material used to construct the system components and the core itself. 

This includes such materials as type 304 and 410 stainless steels zirconium, hafnium, inconel, and 

stellites. The corrosion products are primarily from 304 stainless steel while the wear products 

are mainly stellite. From a radiochemical standpoint, the crud at Shippingport is composed 

primarily of cobalt-60 (approximately 70 percent of the total gamma activity during Seed 2) with 

lesser amounts of cobalt-58, iron-59, manganese-54, chromium-51, hafnium-181, and zirconium-

95. These nuclides are formed by an activation process in the reactor 'flux. A detailed evaluation 

of the chemical and radiochemical data is presented in a subsequent chapter. 

Radiation Levels - Reactor Vessel Head 

Portable survey instruments were used to survey the reactor vessel head 13 times during Seed 

2 operation. With the reactor subcritical (usually after extended power operation), selected loca­

tions on the reactor vessel head were monitored for radiation level approximately 30 hours after 

shutdown. Where possible, all readings were on contact. Thirty-two control rod drive mechanisms 

(at one-foot intervals for six feet inside and outside of the trellis), ten fuel ports (top, middle, and 

bottom positions), the multipart valve, three flow measurement instrumentation enclosures, seed 

exit thermocouple junction box, and seed metal thermocouple junction boxes (all at top, middle and 

bottom positions) were surveyed. The highest radiation reading was 1000 mr/hi: and occurred at a 

locatio'n of one foot above the reactor vessel head on rod drive mechanism K-11. The average of all 

mechanisms during this same survey was 700 m~/hr at the one foot level and 180 mr/hr at the six 

foot level with an average value of approximate! y 400 mr /hr. 
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Figure V-12. Long-Lived Radiation Levels of Mechanisms (average· of approximately 75 

points taken in contact with the .mechanisms). 

During the period of 1475 EFPH when the reactor coolant system was operated without purifica­

tion flow, the reactor vessel head was surveyed four times. The K-11 control rod mechanism showed 

increased in activity buildup with each successive survey, from 400 to 1000 mr/hr. However, all 

survey points on the head did not exhibit this same rate of activity buildup; some points showed little, 

if any, tendency to increase. 

It was observed from an evaluation of the head survey data that the control rod mechanisms 

radiation levels fluctuated greatly from one survey to another and the variation seemed to be related 

to the extent of rod motion. This is graphically presented in Fig1.1re V-12. As a result, two reactor 

vessel head surveys were taken; one before and one following a control rod scram test. Each control 

rod was individually raised to the upper program limit and intentionally scrammed. The head survey 

following this scram test showed a 47 percent decrease in the radiation activity of the control rod 

mechanisms at a level of one foot. It was postulated that the action of the control rod lead screw 

during withdrawal and the turbulence created during the scram may have loosened crud adhering to 

the inner surface of the mechanism housings. 

A second test was performed to determine the effectiveness of a scram versus simple rod mo­

tion in reducing the radiation levels of the mechanisms. A survey was made following a period of 

operation to establish initial radiation levels. The rods in the north and east bank were then scrammed 

from the maximum heights (2 scrams from a 5-inch height were also performed) and the rods 

in the south and west banks were exercised by withdrawing and inserting each rod for two full travel 

cycles. After a second radiation survey, the rods in the south and west bank were scrammed and 

the rods in the other two banks were exercised·. The following observations were made from the 

survey data: 
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North and east banks. 

1. After the scram, the average radiation level at the 1, 2, and 3-foot levels was reduced 20 

percent from an average level of 556 to 445 mr/hr·. 

2. After two rod exercises, the average radiation level at the 1, 2, and 3-foot levels was 453 

mr/hr. A total reduction of 19 percent was thus· obtained. 

South and west banks. 

1. After the two rod exercises, the average radiation levels at the 1, 2, and 3-foot levels was 

reduced 16 percent from an average level of 582 to 487 mr/hr. 

2. After a scram, the average radiation level at the 1, 2, and 3-foot levels was 437 mr/hr. A 

total reduction of 25 percent was thus obta1ned. 

Four full travel rod exercises were then performed since it was not known if the maximum rt!­

duction in radiation levels had been achieved. The results of a third survey showed that the average 

radiation level of 445 mr/hr for all rods at the 1, 2, and 3-foot levels had increased to 540 mr/hr. 

The average radiation levels for the 4, 5, and 6-foot levels and decreased from 155 to 128 mr/hr. 

As a result of this increase for the 1, 2, and 3-foot levels, all reactor vessel head survey data for 

Seed 2 was reviewed and the following conclusions were drawn: 

1. Rod exercises will reduce radiation levels in the higher elevation and move crud to lower 

elevations. 

2. Scrams are effective in reducing radiation levels in the lower elevations. 

3. Most effective combination appears to be rod exercise followed by scramming the rods from 

their full height. 

Another observation made during Seed 2 operation involves the effect of a reactor plant cooldown 

on measured activities. A decrease in the amount of deposited crud could be caused by a cooldown 

due to the difference in the coefficient of expansion of the crud and metal surface which causes the 

crud to loosen or flake off the metal surface and be transported away by the circulating reactor 

coolant. This is true not only for reactor vessel head surveys but also for reactor coolant loop piping 

and components, as well as for the purification system surveys. 

Reactor Coolant Piping and Components 

Piping Surveys 

The reactor coolant loop piping was surveyed eight times during Seed 2 operation following an 

extended period of operation. (See Figures V-13 through V-20.) Portable survey instruments WE:!rt: 

used each time and the survey usually took place following an extended power run. For each survey 

the locations were identified by the presence of metal cans strapped to the coolant loop piping and to 

the various components such as the reactor coolant pump volute, inlet and outlet of the heat ex­

changers, and coolant loop valves. The probe of the survey instrument is inserted into the can and 

rotated until the highest reading is obtained. The cans are used to insure that the probe position is 

duplicated in each survey. 
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Generally the pattern of activity was the same for the lA and lD coolant loop, which are of 

identical construction; the same holds true for the lB and 1 C coolant loops. For the lA and lD 

loops, the highest activity was measured on the top of the heat exchanger _inlet_ 'The highest activity 

measured was 250 mr/hr for the lA coolant loop and 100 mr/hr for the lD loop. In contrast, the 

highest activity for the lB and 1 C coolant loops was located on the hot leg of the piping at .the inter­

connecting duct to the reactor chamber. The highest activity for the lB loop.was 410 mr/hr and 2.75 

mr/hr for the 1 C loop at the same location. 

In order to evaluate the extent of radiation build-up in the reactor coolant system, the test data 

for each survey (as presented in Figures V-13-20) were averaged and the average results are shown 

in Figure V-21. Between 24 and 32 observations were used for each average. Using 11 of the 14 

points, the data would indicate a rate of radiation build-up of 2. 5 to 3. 0 mr/hr per 1000 EFPH .. Of 

the' three points not" used, two were based on data taken· during the initial operating period for· Seed. 

2. It can be postulated that these higher readings were due to a redistribution of crud disturbed by 

the refueling operation. The significance of the data from the last survey at 13, 700 EFPH cannot be 

evaluated until data is obtained for Seed 3. 

Component Survey 

During Seed 2 operation, the lA reactor coolant loop was removed from service due to leaking 

heat exchanger tubes .. The handhole covers wero;: removed from both the inlet and outlets ends and a . . 

radiation survey was made. Portable survey meters and film badges were used to determine the 

radiation intensity inside the hemispherical head of the heat exchanger inlet end. The results of this 

survey 1·evealed: 

1. A high radiation (20 R/hr maximum) intensity in this area, and 

2. That consistent data was obtained between the portable survey instruments and the film 

badges. 

v - '38 



The following data show the results of the survey: 

Portable survey instrument. 

On .contac't at center of tube sheet- 20 R/hr B-7; 

6 inches from tube sheet - 13 R/hr B-7; 

12 inches from tube sheet- 10 R/hr B-7. 

Fihn badge data. 

3/4-inch from tube sheet- unshieldeq - 20.1 R/hr 

- beta shielded - 18. 6 R/hr 

6 inches from tube sheet - wtshidded - 16.8 R/hr 

- beta shielded - 13. 5 R/hr 

The film badge showed that at least two-thirds of the activity was corning from crud deposited on the 

face of the tube sheet. Based on radiochemical data, more than 50 percent of the gamma activity is 

due to cobalt-60. 

Heat Exchangers 

The lBD regenerative and nonregenerative heat exchangers were surveyed seven times during 

Seed 2 operation. The results are shown in Figure V-13. Due to the inaccessibility of these heat 

exchangers during Seed 1, they were not surveyed at the same locations, and, therefore, no com­

parison can be made between Seed 1 and Seed 2 operation. 

Certain locations, especially on the 1 BD regenerative heat exchanger, indicated a high radiation 

field. Just prior to Seed 2 operation, at a distance three-quaters of the way from the inle~. to the 

U-bend, an a'ctivity of 1450 mr/hr was measured. This same point reached a maximum of 1800 

mr/hr after 773 equivalent full power hours of Seed 2 operation. Subsequent surveys have shown a 

steady decline in activity. The lAC heat exchangers, isolated· during some of Seed 2 operation, 

were surveyed less frequently but the data also indicated a considerably lower activity field than for 

the lBD heat exchangers. 

The regenerative heat exchanger of both purification loops consistently showed higher activity 

than the nonregenerative. This would be expected since both the shell and tube side of the regenera­

tive ·heat exchanger contain reactor coolant water while the shell side of the nonregenerative heat 

exchanger contains non~cti ve component cooling water. Thus the regenerative heat exchanger has 

a greater surface area exposed to the reactor coolant. 

Hairpin Loop 

The hairpin loop section of the purification system is a horizontal and ve.rtical section of piping 

upstream of the derriineralizer, which is used to monitor the accumulation of activity on the piping. 

This pi.ping is surveyed using portabie instruments, and also the two legs are physically removed 

for chemical analysis. 
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The lBD hairpin loop was surveyed twice during Seed 2 operation and was removed twice and 

new sections of piping installed. The lAC hairpin loop was neither surveyed nor removed during 

Seed 2. 

Mounted on each leg of the hairpin loop is a lead shielded probe holder through which pass the 

horizontal and vertical piping. During the survey, the probe of the portable survey instrument is 

inserted through holes in concrete shield doors and into the probe holder. The probe is then rotated 

until a maximum reading is obtained. 

After a section of the horizontal and vertical legs are cut out, the loose crud is brushed out and 

a radiochemical analysis is performed. The lBD hairpin loop was in service for the first 760 

equivalent full power hours of Seed 2 life. During this period, the lBD purification system de­

mineraiizer was also in service. At the end of thi.s period of operation, the lBD hairpin loop was 

isolated and surveyed. Both the horizontal and vertical le~ measun~ci 40 rnr/hr. The resin v.ril.li 

then discharged from the lBD demineralizer and the plant operated for approximately 1475 equivalent 

full power hours with flow through the emptied lBD demineralizer while the 1 AC demineralizer was 

isolated. During this period, the lBD hairpin loop was p~rJodi.cally isolated and surveyed. The 

results u.C those surveys performed 15 hours after isolation are as follows: 

EFPH with Horizontal Leg Vertical Leg 

No Purification {mr/hr) (mr/hr) 

282.2 35 30 

588.4 40 30 

941.5 12 10 

1192.3 28 35 

1392. 6 28 23 

It can be seen from the preceding table that the effect of no coolant purification on activity buildup 

was negligible with regard to the hairpin loop. 

Coolant Purification System Demineralizers 

The lBD demineralizer of the coolant purification system was surveyed four times during Seed 

2 operation while the lAC demineralizer was surveyed three times. A portable survey instrument 

with an extra long probe lead was used to survey the demineralizers. The survey probe was lowered 

into the concrete demineralizer enclosure and activity readings were taken at one-foot intervals. 

along the side of the demineralizer. The resin of both the 1 AC and 1 BD demineralizers was removeci 

during Seed 2 and new resin charged into each demineralizer. This was the first time that this resin 

had been replaced since· the demineralizers had received their initial charge prior to Seed 1 opera­

tion. The following taule shows the results of the 1 BD demineralizer surveys during Seed 2. 

v- 40 



Date 

6/11/60 

11/26/60 

8/18/61 

lBD Demineralizer 

Resin 

Service Hours 

11,000 

458 

6,126 

Max. Level 

(mr/hr) 

650 

60 

235 

The lAC demineralizer was not surveyed during Seed 2 operation prior to resin removal. The 

previous actfvity survey occurred at the end of Seed 1 life and recorded a maximum of 1100 mr/hr. 

The following table shows the results Gf the 1 AC demineralizer surveys during Seed 2. 

lAC Den1.ineralizer 

Resin Max. Level 

Date Service Hours ( !111-/ lu) 

11/26/60 208 45 

4/3/61 2, 766 175 

8/18/61 5,262 300 

The maximum activity in most cases is located 1-1/2 to 2 feet down from the top of the demineralizer. 

(Note: The demineralizers are completely filled with resin when loaded, but the bed is compacted 

during operation)·. The lone exception to this location was the survey of the 1 AC demineralizer 

after the new resin had been charged, when the maximum activity measured was near the bottom of 

the .demineralizer opposite the purification system outlet line. 

Summary 

Based on test survey data, the external radiation levels of reactor coolant piping increased at a 

rate of 2. 5 to 3. 0 mr/hr per 1000 EFPH when averaged over the Seed 1 and Seed 2 operating periods. 

These levels are not significant in terms of limiting access to components for operating reasons; 

however, they do require consideration from a maintenance viewpoint when it is necessary to open 

the system. 

The radiation surveys which were made during Seed ? operation are planned for continuation 

during Seed 3. As data becomes available from other pressurized water reactors, comparisons can 

be made to determine the effectiveness of various types of reactor coolant chemical treatment in 

limiting the buildup of radioactive crud in system components. 
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CHAPTER 4 

OPERATIONAL CHEMISTRY- TURBINE PLANT 

Introduction 

Turbine plant chemistry is that associatec;l with a convential station. It int::h1des boiler water 

chemistry and control, condensate and boiler feed water monitoring, and the water treating sy·stem. 

Boiler water chemical treating is based on the coordinated phosphate - pH method with sulfite as the 

uxygen scavenger. Chem1ca! treatment is not used to control corrosion in the condensate aml Luiler 

feed systems. The water treating systems are convential, utilizing coagulation, filtratiQn, chlorina­

tion, s6iten1ng, and demineralization processes to provide water of the necessary quality to meet all 

operational requirements for entire;! ~?tation. 

The secondary water problems and boiler heat exchanger leakage experienced during Core I 

Seed 1 operation have been discussed in previous reports (References J. and 2). This·report covers 

the experience from the layup of the boilers for Seed 1 - Seed 2 refueling to the end of Seed 2 life. 

Special problems discussed are failure of the air ejector after condenser tubes, failure of the lA 

feedwater heater tubes, and observations on pre-boiler corrosion and its general effect on the ter­

minal temperatures in the feedwater heaters. 

In general; boiler water conditions were controlled without serious or prolonged periods out-o{­

specifications. Some difficulties were enr.mmte:r:ed during periods where· the plant experienced t:L·au­

sient power or temperature conditions. This was particularly true of the lA boiler. 

Primary-to-secondary leakage continued to exist in the lB and lC boiler (Reference 1) duriug 

Seed 2. Leakage wa.s detectecl in the lA boiler in November, 1')60, and continued throughout Seed 2 

life. The total leakage of all boilers did not create operational problems; detectable qua.ntit-i es of 

radioactivity in the secondary systems (excluding boilers) could only be measured after e:xi:ensive 

concentration of. samples. 

Refueling - Layup 

For the extended outage of approximately five months required by refueling, the layup of the 

boiler and condensate system differed from that used for short nntages. For this extended layup, o. 

boiler was drained at 200°F, the heads of the steam drum we.re removed, and the entire unit was 

dryed by fans. After an inspection, the boiler was resealed and purged with nitrogen gas (to mini­

mize corrosion) until the oxygen content in the boiler was less than one percent by volume. The 

nitrogen was introduced through the main steam lead and vented out of the hlowdown line. For the 

remainder of the layup period 1-1/2 psig of nitrogen pressure was maintained on the boilers. The 

oxygen concentration was .maintained at less than 1 percent by volume without difficulty. 

The condensate boiler feed, extrar.tion steam systems were drained under a nitrogen blaukel and 

maintained at 1-1/2 psig pressure during the entire layup. The system contained less than 1 percent 

oxygen during the entire period. 
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Steam Generator Performance. 

Control of boiler water chemical conditions were easily maintained during Seed 2 except during 

station startup following refueling and subsequent startups of lA boiler. Following refueling, approxi­

mately one week was required for boiler water treatment stabilization during which time frequent 

chemical additions were needed. The abnormal chemical additions were attributed to abnormally high 

concentration of corrosion products in the boiler feedwater. A typical analysis of iron and copper 

during a station startup (6-20-61) can be seen in Table V-I. A 20-fold increase in iron is noted and a 

factor of 100 increase in copper. This pre-boiler corrosion collects in the boiler where it forms 

ferric phosphate and magnetic iron deposits. The formation of the very insoluble ferric or other 

possible metallic phosphate probably accounts for much of the high rate of loss of phosphate. 

TABLE V-I 

CONDENSATE SYSTEM CORROSION 

Hotwell Boiler Feed 

Fe Cu Fe Cu 

12-16-60 0.11 ppm 0. 017 ppm 0. 24 ppm 0.021 ppm 

12-20-60 0. 06 ppm 0. 015 ppm 0. 076 ppm 0.013 ppm 

12-22-60 0. 054 ppm 0. 014 ppm 0. 098 ppm 0.023 ppm 

12-27-60 0. 054 ppm 0.091 ppm 0. 091 ppm 0. 021 ppm 

1?.-::w-no 0.19 ppm 0.021 ppm 0,066 ppm 0. 021 PPil! 

1-31-61 0. 087 ppm 0. 023 ppm 0. 082 ppm 0. 018 ppm 

l-8-61 0.11 ppm 0. 023 ppm 0. 012 ppm 0. 027 ppm 

6-20-61 2. 67':' ppm 2.40':' ppm 

.. ,, Sample taken during station startup after 6 days of cold layup. 

Hideout of chemicals in the lA boiler was not noticed until March, 1961, near the end of Seed 2 

life with three loops in service. During the early part of the month, the lA boiler required more 

than the usual amount of chemicals and there was a perceptible increase in pH. Later, upon shut­

down of the generator, the boiler water concentration increased about 25 percent. If there were hide­

out prior to this time, it was milder and probably masked by the usual changes in boiler water com­

position incidental to continuous sampling; the chemical additions were not sufficie'ntly different to 
I 

arouse suspicion. The cause of this hideout condition has not been established at this time; further 

ihve stigations are continuing. 
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Hideout in lA Boiler 

March 30, 1961 

Part per Million mmhos 

Sample Time Sulfite Phosphate Conductivity pH at 25°C 

0001 

•1600 

1616 

2000 

2345 

82 

57 

58 

42 

45 

220 

194 

195 

253 

258 

1220 10.85 

1120 10.90 

1133 10.90 

1070 10.'71 

1055 10.85 

* Station off line at 1603 

Typical operating data for the lA and lB boilers are shown in Figure V-22. This condition in 

the lA boiler was not of sufficient magnitude to create a control J?roblem when at steady-state power . 
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Figure V-22. lA and lB Boiler Water Conditions (July 1 to J.5, 1960). 
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Primary to Secondary Leakage 

During Seed 1 operation, the incidence of primary-to-secondary leakage was established in the 

lB and lC boilers. The leakage of these boilers was confirmed during Seed 2 operation. 

On November 6, 1960, during station start-up, primary-to-secondary leakage was detected in the 

lA'boiler by the presence of rl33 (20.8 hr half-life) in the boiler water. To establish the leak rate, 

the reactor coolant purification system was removed from service to allow the rl33 to equilibrate at 

a higher level of activity and, hence, increase the sensitivity of the leak rate estimation:. The purifica­

tion system remained isolated from November 16, to November 25, 1960; based on r 133 concentration 

in the reactor coolant arid in the boiler the following average leak rates were calculated for the boilers 

in service: 

lA lB lC 

0. 6 1 ml/ wlu U, §3 ml/min 

During the remaining 9 months of the Seed 2 operating period, the leak rate of the lB and lC boilers 

decreased to less than detectable amount while the lA boiler leakage increased. The last. measure­

ment indicating a leak rate of 2. 6 ml/min. + 10 percent in the lA !.>oiler 

No leakage was detected in the lD boiler to the end of Seed 2 operation. On occasion, Iodine-131 

(8. 08 day half-life) has been detected in the lD boiler; its source was believed to be carryover from 

the other boilers since it is possible to detect r 131 in the lA boiler steam by using an ion exchange 

technique to concentrate the activity. Since the steam from all boilers flows to a common turbine and 

is returned as water via a common feed system, carryover in one boiler will affect all. 

Although there has been detectable leakage in three of th·e four boilers during Seed 2 operation, 

this leakage has not created problems in the turbine plant. Radiation levels have remained at normal 

background values; smear samples from components have not shown the presence of radioactive con­

tamination. 

Pre-Boiler System Corrosion 

Shippingport is a saturated steam turbine station. The iron and copper pickup in the condensate 

and boiler feed system have been consistently higher than those experienced at conventional stations 

in the Duquesne Light Company System where morpholine and hydrazine have been used to reduce pre­

boiler corrosion. The use of corrosion inhibitors for the condensate system has not been authorized 

since these inhibitors could possibly ·ha~e a detrimental effe·ct on the react~r if leakage to the 

reactor coolant system occurred. 

There is increasing evidence that the high level of.iron in the condensate is contribuling to the 

rapid fouling of the tubes of the feedwater heaters and to the accumulation of iron oxide sludge along 

the bottom of the boiler heat exchangers. The terminal temperature difference (TTD) of the heaters 

are plotted in Fi~ures V -23 and V -24. The TTD of comparable heaters at the Duquesne Light Com­

pany's Power Station are much lower than Shippingport even after 8 years service and have been 

essentially constant during the last 5.years of trial"and adoption of preboiler treatment. At the 
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Duquesne Light. Company's Phillips Power Station, TT D of comparable heaters increased to 40°F 

without treatment whereas with treatment the TTD is only 18°F after 3-1/2 years operation. The 

iron and copper content of the condensate and feedwater at Shippingport are summarized in Table V-I. 

F~RIJARY APRIL 

TIM~. MONTHS 

Figure V -23. Terminal Temperature Difference of lA FW Heater after Retubing. 
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Figure V-24. Terminal Temperature Difference of Feedwater Heaters:-- No. 1 Main Unit. 

The accumulation of iron oxide. slndge in the bottom of the boiler heat exchangers has been rec­

ognized as a problem. At attempt has been made to remove sludge accumulations by bi-weekly, fast 

blowdowns of the boilers. The maximum blowdown rate attainable has been 5000 lb/hr at operating 

pressure and, judging by the turbidity of the effluent, has not been of benefit in moving this sludge; 

The accumulation of sludge has been suspected as a possible cause of chemical hideout noted in lA 

boiler during steady-state full power operation. 

At the ·conclusion of See.d 2 operation, the steam drums of the four main unit heat exchangers 

were opened for the annual Commonwealth of Pennsylvania pressure vessel inspection during Septem­

ber. The inspection of the steam drums revealed that the largest quantity of deposit, consisting of 
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uniform black magnetic material, was contained in the lB and lC steam drums . This deposit was not 

considered unusual or excessive for operating conditions. The deposit contained in the lA and lD 

steam drums was somewhat greater than the quantity noted in the previous annual inspection. The lD 

steam drum showed evidence of atmospheric corrosion above the water level due to long periods of 

cold, wet lay-up; however, there was no evidence of pitting. 

Results of an inspection of the shell side of the lA heat exchanger showed that an accumulation of 

grannular deposit was present. (About 1180 grams of deposit was collected when the bottom inlet hand­

hole was removed.) This deposit was somewhat different in nature from the material found in the 

steam drum. The inspection port was located at approximately 5 o'clock looking in from the inlet end. 

A flexible 12-inch probe was inserted into this handhole in an effort to determine if there was an im ­

paction of sludge against the inle t tube sheet , as had been noted in the previous annual inspection . 

There was no evidence of such an impaction . The scaly nature of the deposit collected indicates that 

the deposit had been baked onto the lower tubes; some nf thiEJ d e po:sll was still evident on the lower 

tuhPs. The deposit on the lA heat exchanger tubes was tightly adherent. 

The tubes on the shell side of the lC heat exchanger were covered with a large amount of loosely 

adherent deposit very similar in nature to that found in both the lA and lC steam drums. Since the 

inspection port used for this inspection was located at approximately 4 o'clock looking in at the inlet 

and, no measurement could be made regarding the quantity of deposit in the bottom of the heat ex­

changer. 

Air Ejector Tube Leakage 

In June, 1961 , with the station operating at full power, leakage was detected in the r1fter condem;er 

section of the air ejector. 'l'he vnlumc of h:dkage became so great that it exceeded the capacity of the 

after-condenser section drain, which discharges to the drip tank. The drain line was cut and the drains 

were diverted to a floor sump on the lower level. Here the water (being at about 160°F) released con­

siderable vapor, which had the characteristic smell of hydrogen sulfide. A qualitative test with lead 

acetate paper confirmed the presence of hydrogen sulfide in the atmosphere. Samples of the drain 

water had pH values of 5.3-5.5, considerably below that of pH 6.5-7 . 5 of normal condensate. The 

sulfide measurements indicated the concentration was below 0. 05 ppm (the lower limit of detection). 

At the next station outage (4 days later} the air ejecto..r was opened. Four leaking tubes were 

located; several leaking and non-leaking tubes were removed. The badly externally corroded condi­

tion of these tubes led to a decision to replace all 76 tubes in the after-condenser section. At the 

same time, sampling lines were installed on the drain line and the air ejector vent line . These had 

heretofore been piped solid, the one to t):le drip tank and the latter to the container air ventilation 

discharge stack. 

These tubes were manufactured from. arsenical copper (3/4 OD X 0. 049 inch wall). Inspection 

disclosed that all the removed tubes had experienced external corrosion, more severe at the cooling 

water (condensate) inlet end. The corrosion was apparently due to one or more of soluble or slightly 

i onizable ga~>es such as Oz , NH3 and HzS, which ar e known to be present. The tightly adherent deposit 

removed from the tub e s contained over 3 percent sulfur as sulfide. Oxygen and carbon dioxide are 

from the atmosphere; ammonia is the decomposition product of the nitrogenous organic compounds, that 
. "'· .. , 
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leak through the make-up demineralizer. The ammonia of the condensate is distilled in the boiler 

and shows up as a gas concentrate in the air ejector vents and drains. A concentration factor of 10 

to 1 to 3'0 to 1 is not unusual for ammonia under these conditions. 

Hydrogen sulfide, which was detected at the drain, would behave and concentrate similar to 

ammonia. The source of HzS is presumable the auto-oxidation of the sulfite in the boiler water. 

Hideout conditions are known to be favorable to the breaknown of sulfites. Sulfites are ordinarily not 

thought to break down appreciably at temperatures below 535°F (900 psi saturated); however, it is 

possible that if there are stagnant conditions in the sludge covering heat exchanger tubes, some sulfite 

decomposition could occur. 

The air ejector was retubed with admiralty alloy tubes, which should be markedly more resistant 

Lo sulfide atta.ck. A design change was made to the air ejector by relocating the vent line, which will 

improve the n:n•oval of thP.Re "gases" and minimize their concentration in the drains. 

Figure V-25 Circumferential Cracking -- lA Feedwater Heater. 
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After the plant was returned to service and for the ensuing period of reduced capacity ·operation 

occasioned by seed burnout, the pH of the drains was the same as that of the condensate, and no 

hydrogen sulfide could be detected either in the drains or in the air ejector vent. Presumable, the 

boiler condition that engendered the sulfite decomposition were not encountered during the reduced 

power runs. 

Feedwater Heater Leakage 

The cracking and leakage of the tubes in the feedwater heaters required considerable heater out-. 

age for leak testing and retubing. Leakage was first detected and confirmed in the lA heater early in 

1960. By July, 1960, 91 leaking tubes w~re plugged and the heater was removed from service. for 

retubing. By April, 1961, the lB heater contained 53 leaking and plugged tubes; consequently, it was 

scheduled for retubing during the Seed 2 refueling. All of the tubes in these heaters are arsenical 

admiralty alloy. 

Examples of the cracking are shown in Figure V -2,5. 'l:'hree diffen!nt locations and forms of 

cril.r.king have been identified. 

1. Cracks originating on the outside tube surface near the first tube sheet from the U-bend. 

Only a few tubes have experienced this type of failure. 

2. Cracks originating un the outside tube surface in the U-bend portion of the tubes, and having 

characteristics of stress corrosion and corrosion fatigue failure. 

3. Cracks originating on the inside surface of the tubes and having characteristics of stres~ 

corrosion or corrosion fatigue or, perh11ps, fatigue d.lone. 

The variability in cause of cracking results from the variety of cracks. Some were broad and blunt, 

some were fine and both intergranular and trans granular. The metal adjacent to some inside cracks 

appeared to be necked down implying cyclic high-tensile stresses. Some tubes had a multiplicity of. 

failures indicating simultaneous progression of cracks through the tube wall. The ammonia C\ontent 

of the condensate has not been above 0. 2 ppm; however, some concentration undoubtedly occufs in 

the vicinity of the heater vents. The cascading heater drains give rise to thermal 'stresses, which 

were calculated to be as high as 9600 psi. These stresses superimposed on the operating stresses, 

resulted in local stresses near the yieip point of the material. These several factors can be used in 

various combinations to account for the tube failures. 

Aside from r?tubing, the only remedial action was the increase in the venting of the heaters and 

modification of operating procedures to ·avoid thermal shock of the tubes. This requires pumping of 
' 

the lB and lC heater drains to the boiler feed system during certain phases of operation. 
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CHAPTER 5 

RAD.fOACTNE WASTE DISPOSAL SYSTEM 

Introduction 

The operating experiences for the first 22 months of the radioactive wa!'!te disposal plant as Ship~ 

pingport were detailed in ari earlier repul"l (Ucforen<:"P 1). This report includes the operating expe­

rience during Seed 1 - Seed 2 refueling in addition to Seed 2 operation. The volumes and activilies 

of the various classes of wastes are summarized graphically (Figures V -26-29) and compared with 

·the de~;ign criteria. On occasions the de.sign volumes and activities exceeded design but were readily 

processed utilizing the <.:apabilities of the cnti:re RWD System. Although there have been specific 

equipment p'roblems associated with this system, it ha~; never limited power production nor has the 

State rcgulaten limits governing the. discharge of activity to the environment been exceeded. 
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Figure V -26. Comparison of Actual .Discharges of Radioactivity to the Ohio River during 195H to 1961 

with Average Permissible Discharges Allowed by Permit No. 1832 (cumulative totals 

by months). 
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Figure V -27. · Comparison of Actual and Design Cumulative Totals of Volume and Activity of Nonactive 

(A} Wastes Discharged to the Ohio River from 1958 to 1961. 
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Design Criteria and Design Assumption 

The original design criteria and design assumptions for an operating reactor plant are discussed 

in detail in Reference 1. The plant criteria for discharging ar.tivity to the environment are within the 

new. radiation and contamination limits as promulated by the International Council on Radiation Pro­

tection, Nr~.tional Council on Radiation Protection, National Bureau of Standards Handbook 69 and 

those of the Federal Radiation Council as expressed by the Radiati.on Protection Guide and Radio­

active Concentration Guide. 

Nonactive Liquid Wastes from Reactor Service Building 

The nonactive liquid waste disposal system contains and processes all liquid wastes f:rom the 

showers, nonactive laboratory sink drains and the nonactive laundry. There have been no problems 

associated either with the volume or activity of this waste during Seed 2 operation. During Seed 1 -

Ceod 2 rpfnP.ling there were a few occasions when transfer of this waste to a special waste tank or 

chemical waste tank was necessary because ul aclivily. An invPstieati.Qn pointed out that the launder­

ing of outer garmets caused the high activities in the nonactive wastes. When the outer garmets were 

laundered separately, and the wastes discharged to the special waste tanks, the problem of "hot" 

nonactive wastes was eliminated. 

The data f~r th:is system are presented in .Figure V -27. The volume of wastes processed in this 

system has been essentially constant from year to year and well below design estimates. From the 

standpoint of activity, the significant point is the large increase which became evident in November 

1959 and continued through April 1960. This "abnormal" condition was due entirely to the Seed 1 -

Seed 2 refueling operation. 

Special Liquid Waste frorr1 Reactor Service Building. 

The special liquid waste disposal system contains and processes all liquid wastes from the 

laundry and special laboratory d:r.ains in the reactor plant service building. These wastes are nor­

mally discharged at a controlled rate to the Ohio River or to the chemical waste tanks if the activity 

is too high. There have been no problems associated either with the volurp.e or activity of this type 

of waste during Seeu 2 operation. However, the demands placed un this systern in terms of both 

volume and activity during the Seed 1 - 2 refueling period and subsequent cleanup and decontamination 

operations has, on occasion, exceeded the instantaneous capability of the special waste system. This 

is evident in Figure V -28 by the slop of both curves for the refueling period November 1959 to April 

1960. Because of its limited design capacity of 2400 gallons per day, the evaporator could not serve 

as a backup for processing special wastes which could exceed limits for allowable discharge to the 

river, especially when the accumulation rate of these wastes is 3500-7000 gallons per day. Under 

such abnormal conditions the waste has been diverted to a surge tank for te1nporary storage. This 

method of handling produced a subsequent problem. Normally surge tanks handle water with relatively 

low concentrations of ionized salts and are processed by ion exchange. The dome shaped 'Qottom of 

the tank does not permit complete withd:r.awal of contained liquid; therefore, residual detergent laden 

special waste contaminates the reactor plant effluents necessitating excessive use of ion exchange 

resin during future processing. 
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• 
Reactor Plant Effluents 

The reactor plant liquid waste system collects, processes, and disposes the various wastes from 

the reactor coolant system. Storage capacity is provided in the form of four surge tanks having a 

combined storage cap::tcity of 116, 000 gallons. However, 30, 000 gallons free storage space must be 

kept available for operation of the safety injection system. This limitation reduces the net storage 

capacity to 86,000 gallons. The system design was based on filling a tank in an average of 45 days, 

decay for 45 days and discharge in 7 days. Data for these wastes are presented in Figure V -.29. 

Experience has shown that the aCtivity of plant discharges is lower than the design assumption, but 

the vol\lme has been greater by a factor of 3. This unexpected volume is also reflected in the cumu­

lative activity being near design. The basic reason for the abnormal volumes is directly related to 

thermal cycling of the plant and to relief valve and hydrostatic testing. A surge tank is filled in ap­

proximately 12 days and is processed by ion exchange and gas stripping to hold up tanks for first test­

ing in approximately nine days. It should be pointed out that the gas stripper has been effective for 

removal of radioactive gases and that the 45-day decay time is not necessary at this time. 

Plugging of the inlet filter of the ion exchangers continues to be a problem; backflushing is used 

to restore operating flow rates but the effect of this backflush on bed capacity is not known. 

Chemical Wastes 

The chemical waste sys.tem is designed to handle liquid wastes having an activity too high for dis­

charge to the river or a dissolved solids content too high to be economically processed by ion ex­

changer. The system consists of two receiving-mixer-neutralizing tanks and a vapor compression 

evaporator. Because chromated water from other sources must be diverted to the chemiral waotc:11, 

the volume of these wastes w~s high'=r than tlH:! original design assumption of one tank every 15 days. 

During Seed 1 operation, the chromated wastes were generally low in activity, thus permitting chemi­

cal precipitation of chromate and discharge of the decant fluid. However, the activities of various 

wastes have increased during Seed 2 to a level which precludes this operation; evaporation is mandatory. 

The evaporator is rated at 2400 gallons per day, if it is operated continuously. Reliable con­

tinuous operation has not been attained despite consultation with the manufacturer, modifications to 

the system, excessive maintenance, and the use of extra car-e and manpower during operation. The 

ev.aporator experienced repeated feed line clogging, which is corrected by backflushing to the feed 

tank, thereby increasing the volume of waste without disposing of the material that caused line plug­

ging. This is especially prevalent during c~ncentrate evaporation of the chromate precipitate slurry 

or the lint-laden laundry water of special wastes. 

Laundry water and decontamination water contain detergents and chelating agents, so that the 

foaming problem is always present. Anti-foam agents have been moderately effectivP., but the dosage 

must be determined experimentally for each batch. The anti-foam agents suppress exce::>sive foaming 

to the point where carryover is prevented; however, it is necessary that an operator remain at the 

evaporator to observe the process through the sightglasses and relay any corrective action to the con­

trol board. Level-control instrumentation does not recognize the foam and hence does not transmit a 

signal to the feed regulating valve to reduce feed. Upon observation of foam, corrective action con­

sists of lowering the evaporator level control point, resulting in reduced feed and adding additional 

anti-foam agent held on standby in the acid cleaning tank. This generally suppresses the foam for a 

time, but there is no way to predict the initial appearance of foam or its recurrence. 
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Removal of evaporator bottoms is often difficult, particularly when the ambient air temperature 

is cold. Removal can be minimized. by purging out the concentrate at intervals of about 16 hours, 

(before the 30 per cent solids point is reached), thereby increasing the number of drums destined for· 

land burial. 

As mentioned under special wastes, the evaporator is not sized to be considered a backup for 

the processing of these wastes. The production of special wastes above discharge limits invariably 

is associat~cJ with some operation that is of several days or weeks duration so that a 3500 gallon per 

d<\y production rate would not be unusual, whereas there have been n1onths whe.n chemical wastes 

were produce.d at rates that would require 50 per cent ev"lporator operating time at full load. Al-: 

though there have been evaporator difficulties throughout Seed 1 - Seed 2 refueling and Seed L. opera­

tion, the overall waste disposal facilities have been able to handle all waste liquids. 

Tritium 

Lithium hydroxide is used in the reactor coolant system for pH ·control. Irradiation of Lithium6 

in natural lithium (7. 4o/o by weight of Li6) results in the f<Jl'lnation of Tritium. Although Tritium is 

not normally a· radiation ha:t.ard due to i.ts short biological half-life ( 19 clays) and its very low energy 

beta energy (18 Kov), it was considered desirable to minimize Tritium discharge tu avoid any pos­

sible problems. 

The use of Lithium 7 isotope, 99.997 per cent pure, both in the J .ithium 7 hydroxide and Lithium 7 

regenerated cation resin in the mixed bed ion exchangers of the purification system has materially 

reduced the tritium discharges from :the plant. The tritium concentration in the reactor coola.nt is 

now 2-3 llc/liter which is near the lower limit of radio-chemical detection. Prior to the use of 

Lithi.nm 7, the maximum tritium concentration .in the coolant was approximateJy 300 11c/liter. Be­

cause reactor coolant is diluted in the surge tanks by water from other sources, the reported tritium 

concentration for the contents of surge tanks is generally one-half as great as that found in the re­

actor coolant samples. 

T.he following are the total yearly tritium discharges from this plant to the Ohio River: 

1958 '10 cu;ries 

1959 - 64 curies 

1960 99 curies 

1961 12 curies (7 months) 

For the last four of the seven months in 1961 when Lithium-7 was used, the total tritium dischargecJ 

was less than 2 curies. 

Gas Stripper 

During the life of Core 1 Seed 2, the gas activity in the water being processed reached a level 

r;ufficient to warrant the use of the gas stripper. This greatly inc;r-eased the· processing time as th£. 

stripper is capable of processing only·3 gpm, in contrasl to 10 gpm when ion exchangers are used 

alone. No unusual operating or maintenance ha~; arisen in connection with the gas stripper. 
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Hydrogen Burner 

The original catalyst provided in the hydrogen burner became inactive within ~ short period of 

time, varying from 3 to 10 operating hours. The catalyst then had to be renwved and thoroughly 

cleaned or replaced. A different type catalyst (activated palladium on aluminum oxide carrier) was 

in·stalled in parallel with the original burner and, to date, after approximately 12 months of operation 

no replacement or cleaning has been necessary. When the catalyst becomes inactive it is necessary 

only to purge the burner with nitrogen for a few minutes and the unit is back in service. The original 

catalyst is used. only for standby purposes. 

Incinerator 

The earlier problems with the incinerator continue. The incinerator was removed from service 

because of excessive smoke discharging into the atmosphere an,d into the radioactive waste disposal 

building. The scrubber is ineffective because of the inability to maintain a constant water ]P.vPl. 

Modific:rl.tinllS> were ronde tu Lhe scrubber but tests have not been run to determine the effect of these 

modifications. At the end of Seed 2 lifeti.me, the incinerator was out of service pending resolutionof 

all problems. Contaminated combustible wastes are placed into 55-gallon fiber drums and shipped 

·for land burial. Approximately 4 to 5 drums of contaminated combustible wastes are accumulated 

per week. 
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