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PREFACE 

This manual provides information necessary to operate and perform 
maintenance on the reactor systems and a l l  equipment or systems which 
can affect their operation or the safety of personnel at the Tower 
Shielding Facility. It will be kept up-to-date so that St can be used 
to train personnel. 

The f i ra t  four cheptere consist of introductory and descriptive 
material of benefit to peraonnel in training, the qualifications 
required f o r  training, the responsibilities of the personnel in the 
organization, and the procedures for reviewing proposed experiments. 
Chapter 8, Emergency Proceduree, is also a necessary part of the 
indoctrlnatioa of personnel. 

its water cooling system, and the main tower hoists are outlined in 
Chapters 5 ,  6, and 7.  The Technical Specification aurveillance require- 
ments for the TSR-I1 are summarized in Chapter 9. The maintenance and 
calibration schedule is spelled out in Chapter 10. The procedures far 
assembly and disassembly of the TSR-IT are outlined in Chapter 11. 

to develop and to utilize the Tower Shielding Facility and the four rem- 
tors which have been used there and to write the procedures for operating 
them. Since many of the individuals are cited in Volume 1 of the TSB-11 

Design and Operating Report, O W L  4223, no attempt will be made to enum- 

erate their names here. 

The procedures for operation of the Tower Shielding Reactor (TSR-II),  

Many individuals have contributed ideas, information, and/or effort 
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1. INTRODUCTION 

1.1 DESCRIPTION OF TOWER SHIELDING FACILITY 

The Tower Sh ie ld ing  F a c i l i t y  (TSF) w a s  b u i l t  i n  1954 t o  m e e t  t h e  

requirement by t h e  A i r c r a f t  Nuclear P ropu l s ion  P r o j e c t  f o r  a r e a c t o r  

r a d i a t i o n  source which could be l o c a t e d  i n  a r eg ion  f r e e  from ground o r  

s t r u c t u r e  s c a t t e r i n g .  

minated, t h e  remarkable v e r s a t i l i t y  and u s e f u l n e s s  of t h e  TSF con t inues  

t o  make i t  a v a l u a b l e  t o o l  i n  s h i e l d i n g  r e sea rch ;  f o r  example: v e r i f i -  

c a t i o n  of a n a l y t i c  methods and d a t a  f o r  s h i e l d i n g  a p p l i c a t i o n s  and t h e  

d i r e c t  measurement of t h e  s h i e l d i n g  e f f e c t i v e n e s s  f o r  advanced s h i e l d  

Although t h e  ANP P r o j e c t  has  long since been ter- 

designs.  

The o r i g i n a l  r e a c t o r ,  known as t h e  Tower Sh ie ld ing  Reactor I, w a s  a box- 

shaped 500-kW MTR type r e a c t o r .  

1958, t h e  Aircraft Sh ie ld  T e s t  Reactor (ASTR) replaced t h e  TSR-I. I n  

1960, t h e  TSR-I w a s  r ep laced  by a s p h e r i c a l l y  symmetric r e a c t o r ,  t h e  

TSR-11, which c a n  be ope ra t ed  a t  1. MW and which more c l o s e l y  s imula t e s  

t h e  i d e a l i z e d  s p h e r i c a l  r e a c t o r  used as a b a s i s  €o r  machine c a l c u l a t i o n s .  

I n  1967, t h e  TSF-SNAP r e a c t o r  was added t o  be used a l t e r n a t e l y  with t h e  

TSR-I1 f o r  s h i e l d i n g  s t u d i e s  bu t  with an  independent suspension system. 

The TSF-SNAP r e a c t o r  was removed from the  TSF i n  1973. 

n e r s  of a 100- by 200-ft r e c t a n g l e  (see Fig. 1.1). Two of t h e  towers are 

used f o r  suspending t h e  r e a c t o r ;  t h e  o t h e r  two, as well as t h e  b r idges  

which connect each p a i r  of towers,  can be used for suppor t ing  o t h e r  equip- 

ment, such as secondary s h i e l d s  and d e t e c t o r s  and sh ipp ing  casks  f o r  cask 
drop tests. A re inforced-concrete  handl ing pool provides  s h i e l d i n g  
du r ing  s h i e l d  changing and r e a c t o r  s e r v i c i n g  €or t h e  water-moderated 

r e a c t o r s .  The o p e r a t i n g  crew and t h e  c o n t r o l  equipment are housed i n  

underground bu i ld ings  nea r  t h e  tower a r r a y .  

Three r e a c t o r s  have been operated while  suspended from t h e  towers. 

For an  i n t e r i m  period beginning i n  

The f a c i l i t y  c o n s i s t s  of f o u r  315-ft-high towers e r e c t e d  on t h e  cor- 

1.2 PURPOSE 

This manual i s  intended t o  d e l i n e a t e ,  in accordance with Laboratory 

P o l i c y  and Procedures ,  a safe manner of o p e r a t i n g  and maintaining t h e  

r e a c t o r s  and t h e i r  a u x i l i a r y  equipment. To t h a t  purpose are given 

d e t a i l e d  d e s c r i p t i o n s  of t h e  r e a c t o r ;  t h e  a s s o c i a t e d  equipment such as 

t h e  towers, t h e  h o i s t i n g  equipment, t h e  r e a c t o r  coo l ing  system, and o t h e r  
a u x i l i a r y  equipment; procedures  f o r  r o u t i n e  and nonrout ine o p e r a t i o n  of 
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Fig.  1.1. Tower Shie ld ing  F a c i l i t y .  
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the TSR-XI and auxiliary equipment and checklists where applicable; a 
general outline of emergency procedures; Technical Specification sur- 
veillance requirements; and maintenance schedules as well as procedures 
for approving alterations. 

1.3 PROCEDURES FOR CHANGING THE MANUAL 

Permanent procedure changes must be formally written and approved by 
at least two of the following senior staff members: 

1. Operations Division Director, 
2. Reactor Operations Section Head, 
3. TSF-HPRR Operations Supervisor, and 
4. Senior Reactor Operator. 

Temporary procedure changes that do not alter their original Intent shall 
be made, when required, by issuing epecial operating inetructions. Such 
epecial operating instructions shall be approved by two senior reactor 
operators. 
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The TSF is an experimental facility that is operated. on a demand 
bas i s .  Operation of the facility's reactor and its auxiliary equipment 
is the responsibility of the Director of the Qperations Division. The 

experimental program and the scheduling of operation are responsibilities 
of the Director of the Engineering Physics and Mathematics Division. The 
admhistrative organization for reactor operation is shown in Fig. 2.1 
and the administrative organization for facility operation, including 
support by other service and technical organizations of ORNL, is shown in 
Fig. 2.2. 

2.1,1 Reactor Operations Section Head 

The Reactor Operations Section &ad is responsible for the operation 
and maintenance of the reactors operated by the Operations Division and 
also is responsible for implementing modifications to the reactor and all 
of its auxiliary equipment. 

2.1.2 Grow Leader. Shieldinn Grsu~ 

The Group Leader is responsible €or establishing programs of shielding 
experiments, for presenting the programs to the Engineering Physics and 

Withematics Division Safety Conunittee for review, far overall scheduling 
and carrying out of the experimental program, and €or analysis and publi- 
cation of data obtained. The Group Leader is also responsible for design 
of modifications to the reactor and/or reactor shield to expedite the 
acquisition of data in the research program. 

2.1.3 Suoervisor, Beaeto~ Onerations TSF- 

The Supervisor is responsible for preparing operating and maintenance 
procedures for the reactor and facility and for seeing that personnel 
carry out their assigned duties according to Laboratory and TSP procedures. 

The Experiment Supervisor is responsible for preparing data plans 
for conducting shielding experiments and reporting the data taken; for 
providing operating instructions concerning experiments; for scheduling 
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the day-to-day duties connected with an experimental program; and for 
arranging for routine maintenance. 
responsible for procurement and proper maintenance of the radiation 
detectors and electronic equipment necessary to conduct the experiments. 

The Experimental Supervisor is a l s o  

2.1.5 Traininn Coordinator 

The operating staff establishes a training program, €n accordance 
with DOE and Operations Division requirements, for Reactor Operators and 
Senior Reactor Operators so that material for operators and trainees is 
covered at scheduled intervals. An Operations Division training coordi- 
nator administers written and oral examinations, grades examinations, 
keeps a file, and reports results of examinations to the Director of the 
Operations Division. 

2.1.6 TSF Shift Supervieor 

The TSF Shift Supervisor must be a, Senior Reactor Operator and is 
responsible for carrying out the scheduled program and for the accuracy 
of the data taken on the shift. 
for maintaining schedules of the necessary calibrations, inspectione, 
tests, and preventive maintenance; for seeing that the various tasks are 
completed as scheduled; for keeping records of the work performed; far 
seeing that recommendations for necessary repairs, maintenance, or 
replacements are directed appropriately; for changing the schedules as 
the experiment or new requirements demand; and for writing reports 
covering the operation of the reactor and the facility. 
an emergency, the Shift Supervisor has the responsibility and the 
authority to take the necessary remedial action. 
checks the integrity and operability of new or replacement items for the 
reactor and mechanical equipment for experiments and develops new equip- 
ment for the reactor and experimental program as needed. 
Supervisor's absence, the Supervisor of Reactor Operations, TSF-XPRR 
Areas, is responsible f o r  the reactor and associated equipment. 

The Shift Supervisor is also responsible 

In the event of  

The S h i f t  Supervisor 

In the Shift 

2.1.7 Health Physics and Safety Personnel 

The Health Physics and Safety Personnel are responsible for auditing 
radiation monitoring of operations and for advising operating and experi- 
mental personnel on the safe conduct of the operations. 
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Experiment Personnel 

The experiment personnel are responsible for maintenance, calibra- 
tion, and operation of detectors and electronic equipment wed to acquire 
data* They are also responsible for setting up and changing the experi- 
mental configurations. 

201.9 Senior Beactor Operators 

The Senior Reactor Operators are responsible for maintenance and safe 
operation of the reactor and facility in accordance with written Laboratory 
and TSF procedures. 

The Reactor Operators operate the reactor and reactor handling equip- 
ment on any routine data-taking shift in accordance with written Laboratory 
atid TSF procedures, assist the Senior Operator in the assembly and dis- 
assembly of the reactor and shields, and carry out experimental programs. 

2.1.11 Plant and Equipment Field Engineer 

The Field Engineer coordinates efforts of Engineering, Plant  and 
Equipment, and Quality Department personnel in regard to construction, 
maintenance, etc., at or for the TSF, and recommends improvements in 
operating equipment, maintenance, etc. 

2,1.12 Plant and Equipment Foreman 

The Foreman supervises the P&E craft personnel assigned to the TSF 
and others he schedules as needed for the installation, maintenance, and 
inspection of the reactor and its associated equipment, the experimental 
equipment, and other equipment necessary for operation of the facility. 

2.1.13 Reactor Cantrols Design EnEineer 

The Design Engineer is responsible for the design of all changes in 
the reactor control system, submits Reactor Control Change Notices, and 
recommends changes in the reactor control system as new equipment i s  
available. 
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2.1.14 Reactor Controls  Field Engineer 

The F i e l d  Engineer supe rv i se s  instrument  technic-ans i n  t h e  i n s t a l l a -  

t i o n ,  i n spec t ion ,  c a l i b r a t i o n ,  and maintenance of d e t e c t o r s  and e l e c t r o n l c  

equipment, sees t h a t  f i r s t  p r i o r i t y  i s  given t o  maintaining t h e  r e a c t o r  

i n  a s a f e  o p e r a t i n g  c o n d i t i o n  and t h a t  second p r i o r i t y  is  given t o  main- 

t a i n i n g  t h e  c u r r e n t  experimental  program, and sees t h a t  necessary records 
are kep t .  

f o r  t h e  work being c a r r i e d  ou t  i n  accordance wfth w r i t t e n  procedures and 

f o r  a l t e r a t i o n s  being made only with t h e  p r i o r  consent of t h e  D i r e c t o r  

of t h e  Operat ions Div i s ion  and t h e  Superintendent of the Reactor Controls 
Department of the Ins t rumen ta t ion  and Controls  Divis ion.  

In  regard t o  r e a c t o r  maintenance, t h e  F i e l d  Engineer is  r e spons ib l e  

2.1.15 Instrument Teehnicianrr 

The t e c h n i c i a n s  perform r o u t i n e  maintenance of a l l  e x i s t i n g  e l e c t r o n i c  
equipment and i n s t a l l  new equipment under t h e  supervision of t h e  Reactor 

Control8 F i e l d  Engineer. Routine maintenance on t h e  r e a c t o r  controls 
c o n s i s t s  of one-to-one replacement of d e f e c t i v e  p a r t e  a t  the di8cKcti.on 

of t h e  Reactor Controls  F i e l d  Engineer or t h e  S h i f t  Supervisor.  

2.2 TBAINING AND ~ ~ ~ T I ~ ~ C A ~ I O N  OF PEBSQNNEL 

New personnel must a t t e n d  Laboratory o r i e n t a t i o n  courses  I n  health 
physica and job s a f e t y  as soon as they are scheduled. 

assigned t a  work with t r a i n e d  personnel in t h e  organization and be given 

i n c r e a s i n g  amounts of r e s p o n s i b i l i t y  based on t h e i r  response t o  on-the- 

job t r a i n i n g .  For t r a i n i n g  records,  see Sec t ion  2.3.6. 

They w i l l  be 

2.2.1 Reactor Operator 

To be accepted as a t r a i n e e  for  reactor opera t ion ,  an i n d i v i d u a l  must 
have a c o l l e g e  degree or a Laboratory-recognized equ iva len t .  
will i nc lude  a series of study s e s s i o n s  covering t h e  material o u t l i n e d  i n  

ORNL/TM-9785 and on-the-job t r a i n i n g .  

concur ren t ly  with the  study s e s s i o n s  under t h e  d i r e c t i o n  of the  Senior 
Reactor Operator.  To q u a l i f y  as an  ope ra to r ,  an i n d i v i d u a l  must f i r s t  

complete, t o  a c e r t i f i e d  s e n i o r  o p e r a t o r ' s  s a t i s f a c t i o n ,  t h e  fol lowing 
a c t i o n s  on t h e  Tower Sh ie ld ing  F a c i l i t y  Training Record: 

The t r a i n i n g  

On-the-job t r a i n i n g  w i l l  proceed 



1. 
2 "  
3. 

4.  

5 .  
6- 
7. 
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Finish the required items on  the training checkliste 
Make the daily checks. 
Perform prestartup checks, bring the reactor to power, and change the 
power level. 
Shut down the reactor routinely and make the end-of-shift checks. 
Make the weekly checks. 
Operate the reactor positioning equipment. 
Demonstrate knowledge of safety and radiation control procedures. 

When the above requirements have been met, the Senior Operator will 
sign the trainee's training record. 
must achieve a score of 70% or above in each category and an overall 
score of 80% for the entire written, oral, and operating examination 
administered by the Operations Division's authorized examiner. He must 
undergo a medical examination and be certified by the ORNL Health Division. 
The standards used w i l l  be the applicable ones in effect at the time, 
Including 10 CFR, Part 5 5 ;  US Regulatory Guide 1.134, Rev. 1, March 1979; 
and ANSI N546, 1976. For an individual to be authorized to operate the. 
reactor, the certification must be signed by the Examlner, the Reactor 
Operations Section Head, and the Director o f  the Operations Divisionc 

To be fully qualified, the trainee 

1. 
2. 
3 .  

4. 

5. 

6 .  

To maintain certification, an operator must: 
keep informed o€ any changes in the facility, 
operate the reactor quarterly, 
pass a written examination administered by the Training Coordinator 
on handling abnormal reactor conditions and emergencies every year, 

pass written, oral, and operating examinations admintstered by the 

Training Coordinator on a l l  subjects in the training guide every t w o  

years 
have a medical examination at least every two years and be certified 
by the ONTI., Health Division (The standards used will be the applicable 
ones in effect at the time, including 10 CFR, Part 55, U.S. R e g u l a t o ~ y  

Guide 1.134, Rev. 1, March 1979, and ANSI N546,  1976.), and 
have a certification signed by the Examiner, the Reactor Operations 
Section Head, and the Director of the Operations Divlsion. 

2.2.2 Senior Reactor Omrator 

1x1 order for an operator to qualify a5 a Senior Operator, an indivi- 
dual must demonstrate, t o  a certified Senior Operator, proficiency in the 
remaining actions on the training record as follows: 
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1. 
2. 
3.  

4. 
5 .  

Finish all items on the training checklist. 
Perform the operational checks. 
Participate in the assembly and disassembly of the reactor, if 

possible. 
Demonstrate failiarity with special. cooling system procedures. 
Participate in a critical experiment. 

The individual must have had a medical examination in the past two 
years and be certified by the ORNL Health Division. 
will be the applicable one in effect at the time, including PO CFR, 
Part 55; U.S. Regulatory Guide 1.134, Rev. 1, March 1979; and ANSI N546, 

The standards used 

1976. 
When the above requirements have been met, the Senior Operator will 

sign the individual's training record. The trainee must then pass with 
a grade of 70% or above in each category and achieve an overall score of 
80% for the entire written, oral, and operating examination administered 
by the Operation Division's authorized examiner. 
authorized to operate the reactor, the certification must be signed by the 
Examiner, the Reactor Operations Section Head, and the Director of the 
Operations Division. 

For an individual t o  be 

To maintain certification, a Senior Operator must: 

1. 
2. 
3. 

4. 

5. 

6 .  

keep informed of any changes in the facility, 
operate the reactor quarterly, 
pass a written examination administered by the Training Coordinator 
on handling abnormal reactor conditions and emergencies every year, 
pass written, oral, and operating examinations administered by the 
Training Coordinator on all subjects in the training guide every two 
years, 
have a medical examination at least every two years and be certified 
by the ORNL Health Division (The standards used will be the applicable 
ones in effect at the time, including 10 CFR, Part 5 5 ,  U.S. Regulatory 
Guide 1.134, Rev. 1, March 1979, and ANSI N546, 1976.), and 
have a certification signed by the Examiner, the Reactor Operations 
Section Head, and the Director of the Operations Division. 

2.2.3 Recertification of Personnel 

If an individual who has been certified as a Senior Reactor Operator 
or Reactor Operator does not stay informed on the day-to-day condition of 
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the equipment and experiments for more than three months or has been 
unable to perform the prescribed duties for that period, the immediate 
supervisor must reinstate the operator. 
operator of all equipment and procedural changes, observe performance of 
routine duties, and if it is satisfactory, indicate on the training 
record that the individual is reinstated. 

year, the individual must be formally recertified. 

The supervisor will inform the 

For absences longer than one 

The TSF Sh i f t  Supervisor i s  responsible for maintaining a permanent 
record of the operation and maintenance of the reactor and related equip- 
ment and documents relating to the operation and maintenance. Such 
records w i l l  be kept: in an orderly fashion, with ease of data retrieval 
and auditability being major considerations. 

In order t o  maintain a permanent record of the activities of the TSF, 
as much routine operating information as possible is recorded on checkout 
sheets and operating log sheets. The remaining information is recorded 
in the Reactor Operation Log. 
Changes in component design are recorded on change memoranda collected in 
a permanent notebook. 

Maintenance records are kept in card files. 

2.3.1 Routine Checkout and Operations Recorda 

A permanent record of the routine operation of the TSK-I1 i s  main- 
tained through preservation of the foms used by the Reactor Operators. 
Samples of these forms are given in Appendix A. Included are the TSR-I1 
Operational Checks, the TSF Personnel Protection Operational Checks, the 

TSR-IT Operation Log Sheets, the End-of-Shift Checks, Facility Daily 
Checks, and Summaries of  Reactor Operational Information. These records 
are described below. There is also on file an overall data plan for the 
experiment in progress and the specific instructions for each day. 

As a supplement to the log sheets containing the major por t ion  of the 
infomation concerning the operating activities of the reactor, a TSF Log 

is kept in which chronological entries are made on odd numbered pages 
concernLng unusual occurrences, nonroutine experiments, and any infor- 
mation necessary to the continuity of operation; information which indi- 
cates the corrective action taken is entered on the opposite page. 
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The unusual occurrences mentioned above are defined in Martin 
Marietta Energy Systems Policy Procedure No. GP-13. Also described are 
notification, irivestigation, and reporting requirements. 

In some experiments, the details are recorded in the TSF Log rather 
than on the Reactor Operation Log Sheet. Examples of such experiments 
are instrument power-level calibrations, level-safety tests, measurement 
of the reactivity worth of shields, etc. 

This liat serves as a reminder for the Senior Operator for ensuring 
that a l l  equipment is left in a safe condition. 

This list is used to record readings and note  conditions Q €  equipment 
It provides the operator with a quick comparison of the at the Facility. 

day-to-day condition of all operating equfpment. 

2.3.1.4 Weekly checks 

This list i s  used by the operator to record operations performed or 
observations made by him and an assistant on a weekly basis. 

2.3.1.5 TSR-II and personnel protection operational checks 

These lists are used by the Reactor Operator and an assistant to pro- 
vide a check for the operation of the reactor scrams and personnel safety 

interlocks (Section 10.3.2). 

A n  Operation Log Sheet is filled out  by the Operator as he checks out 
and operates the reactor and its cooling system. (Sections 7.2.1 and 7.2 .2) .  

2.3.1.7 Summsry of system readings 

Reactor instrument readings are tabulated daily an a Summary of 
System Readings Sheet in order to note any slow drift in readings. 
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2.3.1.8 Special logs 

When new components, such as control mechanisms, are being fabricated, 
bench tests have to be performed at various stages of the work or develop- 
ment. This information is recorded in bound logs for  comparison with 
later work. Only the final results of such work are recorded on the 
maintenance files when the equipment is placed in service. 

2.3.2 Experiment Review and Approval 

Experiments will be reviewed by the Engineering Physics and 
Mathematics Division Safety Review Committee as outlined in Section 9.8. 
Records of these reviews and operating authorizations will be kept on 
file at the TSF. 

2.3.3 Change Menorandtn 

For procedural purposes, two types of change memoranda will be 
issued. One wi l l  cover changes in reactor controls handled by TSF and 
Instrumentation and Controls Division personnel. The o ther  will cover 
changes to be handled by TSF, Engineering, and Plant and Equipmment 
Division personnel. Properly signed copies of a l l  change memoranda 
will be kept on file. 

2.3.3.1 Reactor protection and operation system changes 

Changes w i l l  be made in accordance with Instrumentation and Controls 
Division Quality Assurance Procedure QA-IC-11, September 13, 197'3. 

2.3.3.2 TSF design Changes 

Any design change description will be outlined in a Mechanical Desfgn 
Change Memo. The completed form must be approved by the TSP-HPRR 
Operations Supervisor, a member of the Operations Division Technical 
Section, the Reactor Operations Section Head, the Head of the OEfice of 
Operational Safety, and the Director oE the Operations DivisPon. If the 
change involves a change in the technical specifications, reactor protec- 
tion system, reactivity control system, engineered safety features, or  a 
saEety question not reviewed in the Safety Analysis Report ,  it m u s t  be 
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reviewed by the RORC and DOE-ORO. 

until the change notice is properly processed and the necessary engineer- 
ing is completed. Upon completion of the field work required to accom- 
plish the change, the Field Engineer or a TSF Shift Supervisor will sign 
and date the change notice. He will return marked drawings to the 
respanoible design apecialists, noting any deviations to be incorporated 
into the as-built drawings. The Operations Supervisor will a h a  sign the 
change notice when revised drawings are issued and when necessary proce- 
dure changes are issued. 

The field changes w i l l  not be started 

2.3.4 Maintenance Recorda 

In addition to the information in the TSF log book computer, records 
will be maintained both for routine and nonroutlne maintenance. To mini- 
mize unscheduled shutdowns, routine maintenance w i l l  be scheduled as 
outlined in Chapter 10. Records will be maintained to indicate when the 
work was completed. 

2.3.4.1 Instrumentation and Control maintenance records 

Computer recorda w i l l  be kept of all abnormalitiea and subsequent 
repairs and alterations to the reactor instrument8 and controls and for 
equipment cloeely related t o  the reactor. 

2.3.4.2 Plant and Equipment maintenance records 

Computer records w i l l  also be kept of all abnormalities and sub- 
sequent repairs and alterations to the reactor, its cooling system, the 
hoisting equipment, and any items in the control building which are 
directly related to reactor operation. 

2.3.5 Calibration, Inspection, and Test: Data 

Many calibrations, inspections, and tests are required during routine 
operation and maintenance of the reactor and associated equipment. Records 

will be kept both to document the completion of such tests and a lso  to 
preserve the numerical values obtained. 
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2.3.6 Operator Training and Certif icat ion Recorda 

Each individual will maintain a record of,training activities. C~pirs: 
of she individual certification and recertification records will be main- 
tained in the Division Training Coordinator's office. 
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3. FACILITY DESCRIPTION 

3.1 SITE DESCRIPTION 

The 'Tower Shielding Facility is located on a knoll with an elevation 
of 1069 ft 2.35 miles south-southeast of ORNL, 6 t o  13 miles from the 
city of Oak Ridge, and 17 to 25 mlles from the city of Knoxville (see 
Fig. 3.1). The Tennessee Valley Authority Melton Hill Dam is Located 
0.8 mile south of the TSF on the Clinch River, which forms a natural 
boundary o f  the restricted area. The nearest ORNL facilities, the Health 
Physics Research Reactor (HPRR) and the High-Flux Isotope Reactor, are 
over 6000 ft from the TSF and are separated from it by an offshoot of 
Copper Ridge and by the highest point of Copper Ridge, respectively (see  

Fig. 3.2). The immediate terrain on all sides of the tower structure 
slopes downward at the base of the towers; approximately 400 ft to the 
north of the Lowers, the grade gradually rises to the top of Copper Ridge. 

3.2 EXGLUSIOPJ FENCING 

The HPRR and the TSR-I1 reactors are situated within a general exclu- 
sion area (see Fig. 3.2) which is enclosed by a 6-ft-high chain-link fence 
topped with three strands of barbed wire (called the "'pertmeter fence"). 
Additional security is provided by an 8-ft-high chain-link fence topped 
with three strands of barbed wire which i s  located on a 600-ft radlus. 
Within the general exclusion area, the TSF and HPRR are separated by a 

5-ft-high field-wire fence. Through proper operation of the reactor and 
continuous monitoring, the radiation levels at the perimeter fence are 
not allowed to exceed those established as maximum for civilian tolerance. 

Two reinforced-concrete underground buildings, with inside dimensions 
of 5 9  x 30 x 10 ft and 115 x 30 x 10 Et, adjacent to and north of the 
towers (see Fig. 3.3)  provide a shielded working area for personnel 
during reactor operation. The smaller building (7704) is used primarily 
as a service and shop area and is connected to the larger build-lng (7702) 
by an 8-ft-wide walkway. The larger building contains the reactor con- 
trols, data-callecting facility, counting room, and offices (Fig. 3.4). 
The buildings are shielded against radiation by an 18-in.-thick concrete 

roof covered with 3 l/2 ft of earth. To ensure that air entering the 
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Pig. 3.1. Map of cities and counties surrounding TSF area. 
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Fig .  3 . 2 .  Area topography, TSF, OICEJI;. 
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Fig. 3 . 3 .  Site plan,  TSF, ORNL. 
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Fig.  3 . 4 ,  Underground c o n t r o l  b u i l d i n g ,  TSF, ORNL. 
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underground bukldiaga is free from p a r t i c u l a t e  matter and t h a t  t h e r e  is a. 
slightly p o s i t i v e  airnpreesure i n s i d e ,  blowers force air through a c t i v a t a d  

cha rcoa l  f i l t e r s  i n t o  each bu i ld ing ,  and t he  a i r  leavea t h e  bu i ld ings  

through a common duct which has a weighted damper. 

R DESIGN AND FACILITY LAYOUT 

3.4.1 Tower Desc r ip t ion  

The tower a t r u c t u r s  is a braced diad guyed steel frame farming a 100- 

Each column 2s 9 f t  square by 315 f t  high and tar- 
by 200-ft r e c t a n g l e ,  with a c o l ~ m n  placed a t  each of the four  cornere 
(Fig:e, 3 * 3  and 3.5) .  
minates a t  the lower end i n  i n v e r t e d  t runca ted  pyramid. Since t h e  

objective o f  the des ign  was ts minimize the eattaring o f  radiation by 
etructural material, the u n i t  weight of the steel in the tower atructure 
was kept hehW 460 lb/ft. Each pair o f  tawsrs i s  joinad a t  t h e  top  by B 

h o r i z o n t a l  trusa-type bridge. running east and west L ~ B  sham in the three- 
dimensional view of Fig. 3.5.  Maintenance! acceea is provided by a bridge 
between legs I and TV of t h e  n o r t h  tower a t  the l 0Q- f t  level; the bridge 
is reached by an  elevator in leg W. 

3.4.2 Guy Cables 

A p a i r  o f  galvanized plow-steel c a b l e s  ( o r  sister guye) 2 in .  In diam 

Bt re t ches  between leg I of t h e  north tower and l eg  I1 of the south tower, 

and another  pair stretches between leg IV of the  north tower and leg III 
of t h e  80~1th tower. Each cable of t h e  p a l p  was deaigmd to be held i n  

40,000-lb t ens ion  by two similarly cone t ruc ted  paira  of! guys which extend 

from t h e  top of the towers t o  ground anchors in t h e  north-aouth d i r e c t i o n .  

The towers are guyed i n  t h e  east-west d i r e c t i o n  by e i g h t  i n c l i n e d  guy 
cab le s .  

makes an  angle of 32" w i t h  t h e  towers. 
Each i n c l i n e d  cab le  was o r i g i n a l l y  set a t  76,000-lb t e n s i o n  and 

3 . 4 * 3  Wind Loading 

Although the towers were designed t o  d e f l e c t  no more than 11 i n .  

during a 105-mph wind and with the maximum loads  a t  a l t i t u d e ,  t h e  r e a c t o r  
i s  not e leva ted  for operation when winds exceed 40 mph. 
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3.4.4 Lightning Protection System 

The tower structure i s  completely s..ielded by means of a wire 
grounding net. As shown in Fig. 3.5, a copper-clad steel-strand 
shielding wire is mounted on porcelain insulators to form a rectangle at 
a 5-ft minimum above the entire structure. 
from the top of each tower to the ground to protect the inclined guys. 
The steel towers, the inclined guy wires, and the grounding system are 
connected to a buried counterpoise. 
above-ground grid system is between 1 and 3 ohms. 

Shielding wire also extends 

The resistance to the ground of the 

3.5 HOISTING EQUIPMENT 

The equipment for hoisting the TSR-I1 and for hoisting and position- 
ing other loads consists of s i x  major hoists, designed to be operated in 
pairs or singly, with the hoist drums and motors located in a hoist house 
to the west of the towers. 
sheaves, idlers, etc., extend along the ground from the hoi s t  house to 
the towers and then vertically to fixed multipart sheave blocks near the 
tops of the columns o r  on the bridges atop the towers and then down to 
multipart traveling blocks. The reactor traveling blocks are connected 
to the loads by pairs of 2-in.-diam cables. 
lift 55 tons to an altitude of 200 ft, are used to move the reactor and 
shield i n  the plane of the west tower legs (I and 11). Another pair of 
hoists can raise a load of 40 tons t o  the same altitude in a plane 35 ft 
east of the plane of legs I and 11. The third pair of hoists can lift 30 
tons i n  the plane of the ease tower legs ( I V  and III), or together with 
the second pair of hoists, can be connected to one 30-ton load so that the 
load can be positioned at various distances from the reactor. During 
this type of operation, an auxiliary constant-tension hoist is available 
to keep the separation distance between the auxiliary load and the reactor 
constant even if there is oscillatory motion due to winds. 

There are two separate and independent hoist control stations: the 
local control station, which is located in a partially shielded ramp at 
the south entrance t o  the underground buildings and has provisions for a 
closed-circuit television for observing the moving loads, and the remote 
control station, which is located adjacent to the reactor-handling pool. 
The hoist controls are designed to provide smooth acceleration and retar- 
dation through five speeds upward and four speeds downward and to brake 

The hoisting lines and the necessary ground 

Two of the hoists, which can 
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automatically in case of power failure. In the event of an emergency, an 
auxiliary battery power source can be operated from either hoist control 
station to release the brakes and thus lower the loads. The loads and 
the towers are protected from operator error by limit awltches and slack- 
line switches. A l s o ,  moving loads can be observed by television from the 
reactor control console. Procedilres for operating the hoists are given 
iR Chapter 6 .  

3.6 REACTOR- 

A two-section reinforced-concrete handling pool provides shielding 
during the removal and storage of fuel elements and the changing of 
reactor shields. The pool is located midway between the west tower legs; 
its large section is 20 ft square and 25 ft deep, and its small sectton 
is 4 ft wide by 12 ft long by 22 ft deep (Fig. 3 . 6 ) .  Some of the reactor 
shields have a minimum amount of structural material i.n the outer surface 
to minimize unwanted nuclear effects, and these shields can be supported 
only by "lifting collars." A guided float is installed in the pool for 
raising and lowering these shields (Fig. 3.7). In order to raise the 
shields, the float, with the shield in place, is lowered to the bottom of 

the pool,  the TSR-TI is suspended above it, and then the  float is raised 
to the reactor and the supporting collars are engaged to lock the shield 
in place around the reactor. Since maintenance involving the handling of 
fuel elements occurs so infrequently, the pool is often drained and used 
for other purposes as noted below. 

3.9 AI4 TE USE OF THE 

The main portion of the pool is covered by 2-ft-thick concrete slabs. 
The south slab w a s  previously used to mount the support structure for the 
TSF-SNAP reactor which was removed from service in June 1973. Two other 
similar concrete slabs completely cover the remaining portion o f  the 
large section of the  handling pool except for a 4-ft-diarn hole in the 

center slab. Shields and detectors can be placed in the drained pool to  

perfom shielding studkes. 

can be installed on the south side of the dam permitting access to the 
maln portion of the pool even when the neck of the pool is filled with 
water. Wiflh special jigs, the reactor pressure vessel can be supported 
in the neck of the pool for maintenance or surveillance. 

An inclined dam is located in the neck of the pool. An. access ladder 
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Fig. 3 .7 .  Reactor and shielding handling pool ,  TSF, ORNL. 
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4 m TSR-XI DESCRIPTION 

4.1 MECHANIC& DESIGN 

4.1.1 Core Renion 

The TSR-I1 core consists of BO-mil-thick curved aluminum-clad uranium- 
aluminum alloy plates cooled and moderated with light water. 
are shaped so that the assembled core is a spherical fuel annulus from 
which the radiation is emitted symmetrically. The neutron-absorbing 
shim-safety control plates €or the reactor are contained in the fuel-free 
region centered inside the fuel annulus. Outside the fuel annulus is a 
reflector region, which may contain aluminum-water, lead-boral-allsm3-num, 
or other combinations of materials as an experiment demands. 

The plates 

4.1.2 Pressure Vessel 

The three regions of the TSR-I1 core, the internal reflector, the 
fuel annulus, and the outer reflector, are located in the lower sectton 
o f  a cylindrical aluminum tank with a hemispherical bottom, as shown in 
Fig. 4.1. This aluminum tank is 8 ft long; its inside diameter at the 
hemispherical end is 37 in., which is increased to 40 in. at the access 
end to facilitate removal of fuel elements, shielding, etc., from the 
tank. The tank was designed, fabricated, inspected, and tested in accor 
dance with the latest published ASME code for unfired pressure vessels." 

4.1.3 Fuel Annulus 

The spherical fuel annulus is 5.5  in. thick and 29 in. i n  outside 
diam and consists of 21 fuel elements fabricated so that: the fuel plates 
in adjacent elements join to form many concentric cylinders separated by 
water passages. The spherical contour of the core was accomplished by 
varying the lengths, widths, and radii o f  the fuel plates i n  three types 
of fuel elements as described below and as shown in Figs. 4.1 and 4.2. 

*ASME Boiler and Pressure Vessel Code: Section VIII. Unfired 
Pressure Vessels, Part UNF, revised 1956. 
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4.1.4 Fuel Elements 

Each fuel plate is 0.060 in. thick (the fuel plate thickness and 
spacing are basically the same as those of the pool-type Bulk Shielding 
Reactor) and consists of a sandwich of uranium-aluminum alloy clad in 
aluminum. Fuel plates with a separation distance of 0.120 in. are 
peened and welded to aluminum side plates to form elements. Three types 
of elements are used: annular elements, so called because they form a 
cylindrical fuel annulus when assembled together; central elements, 
which are used in the upper and lower sections of the core; and one 
3-in.-diam cylindrical "plug" element which is centered in the lower 
central element and which contains an antimony-boron source [this source 
will not be used in any subsequent core loadings (see Section 4.1.5)]. 
The central elements, two of which are shown in Fig. 4.2(a), are con- 
tained within a bottomless aluminum cylinder positioned inside the 
reactor pressure vessel, and the annular elements, shown in Fig. 4.2(b), 
are held in the region between the central cylinder and the reactor 
tank. There are twelve annular elements and eight central elements 
(four upper and four lower). 
is mounted on the control mechanism housing and is located 1/4 in. 
inside the elements in the fuel annulus. 

A 1/8-in.-thick fuel-loaded aluminum shell 

4.1.5 Control Mechanism Housing 

The internal reflector region is almost completely filled by a 
17-in.-diam aluminum sphere which houses five or six neutron-absorbing 
control plates and the mechanisms for positioning them to operate and 
shut down the reactor (Fig. 4.3). Four fuel-loaded, lune-shaped covers 
which are mounted outside the control mechanism housing form a complete 
spherical shell. A neutron source [the americium-boron source (emission 
rate of approximately 6.6 x lo6 neutrons/s) which will be used in subse- 
quent core loadings] is permanently located in the aluminum structure. 
The completely assembled sphere mounts on four blocks which are welded 
on the inside of the central cylinder at the horizontal reactor midplane. 
Each control plate is a dished, hermetically sealed hollow plate of 
1/16-in.-thick stainless steel filled with boron carbide. The total 
thickness of each plate is 3 / 4  in. Four or five plates, designated as 
shim-safety plates, are moved simultaneously relative to the fuel to 
operate the reactor, but each plate is independently driven toward the 
fuel, four outward and, in some cases, one downward, to shut down the 
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reactor when the protection system initiates the action. The b5 shim- 
safety plate, which moves down toward the lower fuel, has been removed 
and replaced with aluminum to add reactivity to the core to continue 
operating with the original fuel elements. 
the solenoid for this plate is taken out of service, and the flow of 
water from the shim pump to the control mechanism is stopped so that the 
aluminum replacing the boron-carbide-loaded plate cannot be moved. 
seat switch flow is also cut off in the turret. 
which is designated as the regulating plate, moves vertically in the 
upper region of the sphere and can be servo operated to maintain the 
reactor power at a constant level. All cavities within the spherical 
control mechanism housing are filled with water. The reactor is thus 
controlled by varying the thickness of water between the control plates 
and the inner surface of the fuel annulus. Movement of the control 
plates is achieved by a combination of mechanical and hydraulic forces, 
as described below. 

When this situation exists, 

The 
The remaining plate, 

4.1.6 Control Mechanism 

In each control mechanism (Fig. 4 . 4 ) ,  a throttling action develops a 
hydraulic pressure differential across a piston to balance a spring force 
so that a small motor can simultaneously position the shim-safety plates 
connected to the four or five separate control mechanisms to operate the 
reactor. The interruption of the water flow producing the pressure dif- 
ferential permits the spring on each mechanism to independently drive its 
associated plate toward the fuel to shut down the reactor. 
and operation of a control mechanism are described below. 

mately 1.7 in. along a guide shaft centered in a stainless steel cylinder. 
A spring which is held with a compressive force of 70 to 90 lb is 
designed to return the plate to a position adjacent to the fuel to shut 
down the reactor or to hold it in that position during nonoperating 
periods. In this position, the piston is at the left end of the 
cylinder as in view (b) of Fig. 4 . 4 .  

Centered inside the guide shaft is a lead screw with a traveling nut 
which engages a spool through two lengthwise slots in the guide shaft. 
Thus, the spool can be moved to any position along the guide shaft by 
proper rotation of the lead screw. Axial holes for water flow preclude 
the building up of any pressure differential across the spool. 
of knife edges formed by circumferential V-shaped rings on the hardened 

The design 

Each shim-safety plate is connected to a piston which moves approxi- 

A pair 
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” 
( b )  P I S T O N  D I S E N G A G E D  F R O M  SPOOL- 

SHIJTDOWN S P R I N G  HO1.DING N E U T R O N  
A R S O R B E R  A D J A C E N T  TO T H E  FUEL P L A T E S  

$ 5  PISTON RINGS 

16 4XIAL HOLE 
17 E X I T  PORT 

18 FUEL 

F i g .  4 .4 .  TSR-II control mechanism (a, con t ro l  plate in picked-up position; 
b, after scram). 
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s t a i n l e s s  s teel  spool  are f a b r i c a t e d  t o  have a few m i l s  r a d i a l  c learance  

wi th  matching knPEe edges i n s i d e  t h e  cup-shaped end of t h e  p i s ton .  Between 

t h e  rings on t h e  ins-bde of t h e  p i s ton ,  t h e r e  a r e  24 r a d i a l  ho les  f o r  water 

flow 1) 
A s i n g l e  7-W Diehl  motor mounted in a t u r r e t  a t o p  the r e a c t o r  pressure  

v e s s e l  i s  used t o  drPve t h e  l ead  screws on all. f i v e  control. rnechantsms. 
Through a Q4:l r educ t ion  gear speed, t he  motor r o t a t e s  a vert ical  s h a f t  

which extends t o  t h e  c e n t e r  of t h e  control. mechanism housing, where l:l 
miter gea r s  d r i v e  t h e  l ead  screws i n  t h e  c o n t r o l  mechanism. 

A pump loca ted  i n  t h e  rcactor-cool ing-water  pump room supp l i e s  t h e  

water flow t o  provide t h e  pressure d i f f e r e n t i a l  i n  t he  mechanism. The 
f i l t e r e d  water passes  through a so lenoid  shutdown va lve  which i s  part of 

t h e  r e a c t o r  p r o t e c t i o n  system ( s e e  Sec t ion  4 . 2 . 3 ) .  There ts 8 shutdown 

va lve  f o r  each c o n t r o l  mechanism. During nonoperating per iods ,  t h e  va lve ,  

which i e  l oca t ed  in t h e  t u r r e t ,  d i v e r t s  t he  water flow from t h e  piimp tu 
the cool ing  water i n  t h e  p re s su re  vessel. 

To ope ra t e  the r e a c t o r ,  the shim-safety p l a t e  must be! moved t o  the. 

rPght (Pig.  4 . 4 )  which l e  away from the  f u e l  and aga ina t  the  s p r i n g  force .  

S ince  t h e r e  i s  no phys ica l  connect ion between t h e  spool  wi th  i t s  posi-  

d i f f e r e n t i a l  must be generated a c r o s s  t h e  p i s t a n  t o  z11ove i t  againat t he  

npr-lng force .  To gene ra t e  t h e  p re s su re  d i f f e r e n t i a l ,  t h e  r e a c t o r  protec-  

t i o n  system m u s t  be ope ra t ing  so  t h e  shutdown valve d i r e c t s  t h e  water 

flow t o  t h e  en t rance  p o r t  of the c o n t r o l  mechantsm. The water f lows 
through an a x i a l  ho le  i n  t h e  cy l inde r  w a l l  t o  t h e  volume, 'B, to t h e  l e f t  

sf t h e  piston,  then passes through t h e  radial  holes in t h e  p i s t o n  t o  the 
volume, C,  t o  t h e  r i g h t  of t h e  p i s t a n ,  and f i n a l l y  exits through p o r t s  a t  

t h e  r i g h t  end of t h e  cy l inde r .  Tf the k n i f e  edges of t he  spool are not  

i n  j u x t a p o s i t i o n  w t t h  those  on t h e  p i s ton  as i n  view ( b ) ,  F ig .  4 . 4 ,  t h e  

water w i l l  f low through t h e  cy l inde r  without gene ra t ing  t h e  requi red  

p res su re  d i f f e r e n t i a l .  When t h e  spool  i s  moved t o  the  l e f t  so  t h a t  Sts 
k n i f e  edges are i n  j uxapos i t i on  with those  of t h e  p i s t o n  [view (a) and 
d e t a i l  "A" of Fig.  4.41, they t h r o t t l e  t h e  water flowing through t h e  

p o r t s  i n  t h e  p i s t o n  so t h a t  a pres su re  d i f f e r e n t i a l  i s  generated BCTOBS 

61ie p i s t o n  wi th  the net f o r c e  moving t h e  p i s t o n  t o  t h e  r i g h t  u n t i l  t he  

leakage between t h e  k n i f e  edges i s  such t h a t  t h e  f a r c e  on t h e  p i s ton  due 

t o  t h e  p re s su re  d i f f e r e n t i a l  j u s t  equals  t h e  sp r ing  force .  Then as the 

spool  i s  moved t o  t h e  r i g h t ,  t h e  gap between t h e  k n i f e  edges Clos9S, wtiich 

i n c r e a s e s  t h e  d i f f e r e n t i a l  p re s su re  across the  p i s ton ,  and t h e  Increased  
p res su re  d i f f e r e n t i a l -  moves t h e  p i s t o n  t o  t h e  r i g h t  compressing the  

d r i v e  and t h e  neut ron  absorbing p l a t e  and its p i s ton ,  a pressure 
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spring and opening the gap. 
left, the gap between the knife edges opens, which decreases the pressure 
differential, and the spring forces the piston to the left to close the 

gap * 

knife edges. The use of the second pair of knife edges, however, ensures 
that the only force on the  spool due to the throttling action of the 
knife edges is radial, and since it is circumferentially uniform, the net 
force is  zero. 
axially and the spool has no mechanical connection to the piston, very 
little force is required to position the spools of all five mechanisms. 
For routine shutdown of the reactor, the spool may be driven to the left 
until the shim-safety plate is adjacent to the fuel. 

it reduces the current to the solenoid which cuts off the water flow to 
the control mechanism and diverts it to the cooling water in the reactor 
pressure vessel. When the water flow to the control mechanism is cut 
off, the pressure differential across the piston is reduced to zero and 
the spring forces the shim-safety plate to the left toward the fuel [see 
view (b) of Fig. 4-41 .  The shutdown action is due to the spring force 
rather than gravity and is, therefore, independent of the control mechanism 
orientation. 

Conversely, as the spool is moved to the 

The pressure differential could be generated with a single pair of 

Since there is no pressure differential across the spool 

When the reactor protection system operates to shut down the reactor, 

To operate the reactor again, it is necessary to reestablish flow 
through the mechanism and to drive the spool to the left to engage the 
p i s  ton. 

4.1.7 Fuel Element Mountiae 

The lower central fuel elements are bolted to the internal cylinder 
at the horizontal reactor midplane, and the upper ones are supported by 
the tube extending up from the con t ro l  mechanism housing. 
of the 12 annular elements are mounted on the outside of the internal 
cylinder by means of screw-operated wedges which expand into beveled 
rectangular openings. The lower ends of the annular elements fit into 
rectangular guides which hold the elements against the outside of the 
cylinder but do not restrict vertical movement caused by thermal expan- 
sion. The spherical control mechanism housing and the i n n e r  surface of 
the fuel annulus are separated by the 1/4-in. layer of water. 

The upper ends 

. ,_  
~ _____” ................... ........................ I d 
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BUtsIde the fuel annulus but  separated from it by 112 in. of water 
is a spherical shell of alumintlfa which forces the cool ing  w a t e r  t o  flaw 
through the annular fuel elements.  Tinis shell i s  part of %he  COP^ 

reflector and may be in the form of a 3/4-in.-thick aluminm shel l  (see 
Fig. 4.59 Followed. by water or a thin a luminw shell followed by other 

materials, such as lead and b a r d  (see P f g .  4.1). One such reflector 
consists of 2-iiz.-thick lead shielding fallowed by :.L 1/4-€n.-th€ck shell 
of bora1 (aluminum-clad S I I S ~ ~ ~ S ~ Q I I  ~f boron carbade in aluminum). This 
lead-bora1 reg ion  1s canned in aluminurn, t h e  lead b e h g  bonded to the 

aluminum 0 

GFLDMA~-IX~ shielding immediately above the c e n t r a l  fuel eleaents i s  
p r o v i d e d  by a perinaneat 2-Et l aye r  o f  lead sho t  and water contabned 
w?.thin the inner cy1 inder. 'I"nis sh ie ld ing  is penetrated by 133 hel-lccnl. 

tuhes through which the  cooling water enters the eore. Additional 
shielaing is provides by water which f i 0 0 d s  both the ~ n t r a i  c y i t n a e s  and 
the reactor tank above the core .  

wjlth sny specified material. are mounted above the outer elements. 
many of cke experiments C i i  which t h e  TSSK-IT w i l l  bc used, a rapecaally 
designed sPaiaba WIII be nountea o u t s i a e  t t ~  reactor tank, i n  W M C ~  C X S ~  

the  material in the shir?ld p lugs  w k l l  match the materials in. the slpccial 

s h i e l d .  Two of t:hose special. s h i e l d s ,  Coal-% and Cool-IT, are dmwn in 
F-lg. 4.5 along with  their shield plugs.  

S h i e l d  plugs (Set Big. 4 .1  kead-WLtter s h j d d i n g )  that CBxh be f i l l e d  

During 
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TOWER SHIELDING REACTOR II 
PRESSURE VESSEL - 

\ 
COOL-I SHIELD .. 

ALUMINUM BAFFLE-. ..- 

WATER-- 

. . . . . . . . . . . . . . . . . . . 

I 0 1 2 

FEET 

COOL I - 

ORUL-LR -DWC 67012R2 

n 

P- COOL I AND 11 

CYLINDRICAL LEAD 
INSERT 

-I.EAD SHOT AND WATER 

Fig. 4.5.  TSR-I1 s h i e l d  configurations Cool-I and Cool-11. 
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The instrumentation €or Reactor O p e r a t t o n  and protection o f  the  

The Reactor" and the Tower Shielding Reactor (TSR-I). 
TSR-11 was basically the same as that used for the original Bulk 

Shielding 
major difference between the TSR-I and t h e  TSR-IL is t h e  operation of 
the control mechanism 3n the internal reflector region of the TSR-II 
core, as described previously, t o  provide a symmetric leakage flax. In 
1964 the. TSR-PI opera t ion  and protection systems were upgraded SO t h a t ,  

insofar as practical, there is channel fsolation, dual information and 
action in key circuits, and bath makeup and dropou t  actuatiom of the 
slow scram. 

** 

The control l o g i c  is shown in block diagram form in Pig. 4.6 
(RC9-1-1C). Similar l o g i c  diagrams for the gate-door interlocks and 
ehm-scram circuits are shown in Fig.  4.7 (KCs-1-1D). To peKrRit: t he  

operation Indicated in the circles on t h e  diagram, at1 the conditions 
indicated in the blocks along a line from the control power t o  the 

circle must be satisPied. The conditions in the double-line blocks are! 
met: by manual operation; all other condirions are automatic. The 
interlocks t o  ensure orderly operation are tabulated in Table 4.1. 

The information frons the instrumentation for operation and/or  pro- 

tection systems whlch is vSstbEe to the operator at a l l  times during an 
operation is given below, together  wtt2.1 the source f r o m  which 'ihe infor- 
nation is obtained. 

*Pew. M. Hreazeale, The New Bulk ---- Shielding Facility at Oak Ridge 
National Lahoratory, - -  ORNL-391, May 1951. 

ORML-%550 Special, June 1953. 

* C.  .E. Clifford, The Tower Shielding Facility - Safeguard R e p o r t ,  - 
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INTERLOCK INLET < I  19 TEMP .F 

I FENCE W T E  
CLOSED 

i 
INTLK NO I 

MONl TRON 

I 

- 

REMOTE 
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-I 

Fig. 

INLET TEMP 
2 +  35 .F RAMP GATE 

CLOSED 

i OFF 1 P- I 
REACTOR 

AT114.F 

I 

CORE A P  

I 

HATCU NOT 

I RAMP U T E  
CLOSE0 

ESCAPE 
HATCH 

MONITRONS 

I 
I 
I 

CHANNEL b-----' 
U TO SCRAM 

A 
L P M  MEANS LOW POWE? MODE ACTIOX ;t%l 3.%;kN,"d: -THE PURPOSE W & A N G E  OF 

INEdTRON FLUX DENSITY1 - INFORMATION PATH I N  THE RE4CTOR ACTION RESULTS 
WHEN INFORMA'ION PATH IS COMPCETE 

PEPMlSSlVE -DASSES 'NFORMATION ONLY WHEN CONDiTlON 
DESCRl0ED IY ROX IS M E T  

1 
, f i  REMOTE AUYILIARY ACTIOY- 

ACTION NOT PFFECTlNt RE- LTJ 0 ACTOR AND WCURS OPERATING ONLY LEVEL WHEN 

MANUAL SELECTOR- WSSES INFOPMATION ONLY WwXN 
THE ACTION OR CONOITION DESCRIBE0 IN THE BOX 15 
MANUALLY SELECTED. SELECTION IS MAINTAINEO UNTIL 
AN ALTERtIhTE MANUbL SELECTION 15 M4DE. 

MANUAL SELECTOR-AS AROvC BUT AUTOHATICAi~Y R E -  INFORMlTlON PATH IS COMPLETE 
TURNS TO POSITION OR CCJNDITIW AS INO!CbTEO BY 4R- 
ROW WHEN HANDLE IS RELEASED 

AUYILIARY ACTIOY- 
ACTION NOT PFFECTlNt RE- LTJ 0 ACTOR AND WCURS OPERATING ONLY LEVEL WHEN 

MANUAL SELECTOR- WSSES INFOPMATION ONLY WwXN 
THE ACTION OR CONOITION DESCRIBE0 IN THE BOX 15 
MANUALLY SELECTED. SELECTION IS MAINTAINEO UNTIL 
AN ALTERtIhTE MANUbL SELECTION 15 M4DE. 

MANUAL SELECTOR-AS AROvC BUT AUTOHATICAi~Y R E -  INFORMlTlON PATH IS COMPLETE 
TURNS TO POSITION OR CCJNDITIW AS INO!CbTEO BY 4R- 
ROW WHEN HANDLE IS RELEASED 

SCRAM ----- 
CH4NNEL 

TO SCRAM ' W U  TO SCRAM 

CONO'TION - COHTROL CON- 
DITION CP~LLED FOR WMEN 
INFORMATION PLTH 15 COM- 
PLETE. M4Y RESULT I N  aN 

MANUAL SELECTOR-& AROVE EXCEPT MULTI-POSITI@N 

XCTION" AS IN THE CASE OF'REVERSE'; 
PR M4Y NOT. AS IN THE CONDITION 

LOW WWER MODE: 

4 . 6 .  Control l o g i c  diagram of  c o n t r o l  system. 
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Fig. 4.7.  C o n t r o l  logic diagram of gate-door interlocks and slow 
scram circuits. 

. . ... 
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Table 4.1. P r o t e c t i o n  and c o n t r o l  func t ions  

~ ~- ~ ~ ~~ 

Conditions Conditions which must e x i s t  Conditions which Conditions 
necessary t o  p e r n i t  shim-safety-plate i n i t i a t e  automatic  Conditions which which 
t o  o b t a i n  withdrawal i n s e r t i o n  of i n i t i a t e  a slow scram i n i t i a t e  a 
run p e r m i t  shim-safety p l a t e s  f a s t  scram 

Reactor cool ing 
water a t  f u l l  
flow f o r  3 min  
o r  low-flow 
permit on 

Area i n t e r l o c k s  
made, s t a r t u p  
key switch 
r e s e t  and 
warning horn 
blown f o r  
3 min 

o r  

Reactor i n  
handl ing pool 
and s t a r t u p  
switch reset 

Run p e r m i t  on 

S t a r t u p  channel l og  count-rate  
meter i n  ope ra t e  and ind i -  
c a t i n g  2 cps  or  log  N 
power > 1 x 10-3 Nf 

Main flow >SO0 gpm o r  low-flow 
permit on 

Log N per iod >15 s 

Log count-rate  per iod >15 s 

S t a r t u p  chamber not  withdrawing 
( au to  or manual) 

* Gates, no r th  door i n t e r l o c k  
bypass o f f  

* Gates, no r th  door i n t e r l o c k  
bypass removal o f f  (horn 
blows 3 min before  it clears) 

Log N per iod ( 5  s 

S ta r tup  channel log  
count r a t e  per iod 
(5 s 

Reactor o u t l e t  water 
temperature >140"F 

Log N power >1.2 Nf 

Two o r  more s a f e t y  
t roub le s  

Log N power 10 times 
servo  demand; n o t  
blocked by (100 ST 
and servo  on 

Log N.power exceeds 

Area i n t e r l o c k s  broken 6 > 150% 

S t a r t u p  switch o f f  Per iod C1 s 

Local o r  remote manual 
scrams ac tua ted  

Reactor AT > 14'F(2) 

Shim pump ope ra t ing  f o r  
freeze-up p ro tec t ion  

Main flow (500 gpm 

Reactor AP (10.5 p s i  

Reactor i n l e t  or hea t  
exchanger o u t l e t  
temperature >13S°F(2) 

l O + N f  wi th  r e a c t o r  Test switch on TEST 
i n  pool  

No. 2 of 3 monitrons 
>20 mR/h 

South door c losed  o r  
ramp r a d i a t i o n  l e v e l  
(20 mR/h 

* 
Not in use -- r e q u i r e s  s p e c i a l  RORC approval .  
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1. 

2. 

3 .  

4 .  

The neutron popula t ion  f rom sniie’ce l e v e l  ( s e e  S e c t i o n  4.1.5 f o r  
neut ron  seurce f o r  s t s r t u p )  io f u l l  power i s  Tneasured by a IPse ion  
chakabelr ( t h l  s f i s s i o n  chamb~a- W E S  cons t ruc ted  f ram ORNE des ign  

draw-lng Q-201s) and a s soc ia t ed  e l e c t r o n i c  equipmente The informa- 

t i o n  is presented d i g i t a l l y  and i n  l oga r i thmic  form  hat covers f i v e  

decades for  any given p o s i t i o n  o f  t h e  f i s s i o n  chamber. The chamber 
may Ire moved remotely t o  cover  an a d d i t i o n a l  t h r e e  decades.  

The power lc?vcl i s  presented on two channels: (a> a Westinghouse 
‘(5~-6377 o r  WL-11074 compcnsased ionizatton chamber and a log  N 

a m p l i f i e r ,   hick provide a six-decade Logarithmic p r e s e n t a t i o n  of 
power level, and (b) a Nestlcghouse a - 6 3 7 7  or Fd?,-8074 compensated 
i o n i z a t i o n  chamber and a ptcoammeier which provide  a linear povc-s 

i n d i c a t i o n  f rom t h e  l i m i t  of compensation of the charnber, approxl- 
mately 10-5 E ~ E I .  power, up t o  f u l l .  pawer.  

P e r i o d  Pa fo rme ion  i s  obta ined  by e l e c t r o n i c a l l y  d i f f e r e n t i a t i n g  the 
o u t p u t  o f  2(a) above, vh-tch g ives  d(log N)/dt. 

The safety chamber c u r r e n t s  art3 read  on meters dr iven  by nonitor 
ins t ruments  on the sigma amplifier c’naeai.a. 

Separate wa?xx l i n e s  l ead  from a corninon wanifold t o  the f i v e  i-nde- 

pendent shim-safety-plate corntrol mechanisms. Each line ~ x x I Z ~ ~ ~ S  a 
Elow-limitlng o r i f i c e  and a solenoid-operated shutdown v a l ~  (see 

Fig.  4.8)  which responds t o  e l ec t r i c  c u r r e n t  from an ORN, magnet 
a m p l i f i e r .  A t  reactor startupg9 the c u r r e n t  through t h e  so lenoid  c o i l  

i s  at i t s  maxLnium, and the valve pertdts water (0.5 t o  2.0 gpm) t o  Flow 

t o  the  c o n t r o l  rnecharabsm far i t s  operation. As t h e  reac tor  power 

i .ncrames, the  currerat i s  reduced u n t i l ,  at lSOX of the 1iviximui-a per- 
missible reactor power, the ciurrent i s  i n s u f f i c i e n t  t o  hold t h e  valve 

open. Idhen t h e  solenoid-opcrated shutdo-n. va lve  drops o u t ,  i t  n o t  on ly  
stops the w a t ~ t  flaw t o  the raechantsm but a l s o  d i v e r t s  the flow t o  2 

bypass  l i n e .  1Cnstrunrents at. the console show the  so lenoid  C U ~ K ~ L I ~  and 

t h e ,  water flow t o  each mechatiisrn. 
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4.2.4 Shim-Safety ? la te  R e a c t i v i t y  

The shim-safety p l a t e  d r i v e  p e r m i t s  r e a c t i v i t y  t o  be added a t  a rate 

P u l l  

of between 0.85 x IO-* and 0.16 x IOm2 Ak/k p e r  second. 

about 0.06 x lom2 &/k p e r  second a t  t h e  normal c r i t i c a l  p o s i t i o n .  

motion of t h e  shim-safety p la tes  changes t h e  r e a c t i v i t y  by 0.038 Aklk 

f o r  a co ld  c l e a n  c o r e  wi th  f i v e  shim-safety p l a t e s  (see Fig.  4 . 9 ) ;  wi th  

t h e  No. 5 p l a t e  replaced wi th  aluminum, t h e  worth of t h e  p l a t e  as a 
f u n c t i o n  of p o s i t i o n  i s  also shown on Fig. 4 . 9 .  

The rate is  

4.2.5 Xegulating Plate R e a c t i v i t y  

The r e g u l a t i n g  p l a t e  has  no s c r a m  c a p a b i l i t y  and i s  ope ra t ed  i.nde- 

pendently of t h e  shim-safety p l a t e s .  It is f a s t ened  t o  a n o n r o t a t i n g  
tube which i s  c o n c e n t r i c  with the  geared s h a f t  t h a t  o p e r a t e s  t h e  shim- 

s a f e t y  p l a t e s  and i s  moved slowly up o r  down by means of an  e lectr ic  

motor d r ive .  The t o t a l  worth of t h e  r e g u l a t i n g  p l a t e  i n  a cold c l e a n  

core wi th  f i v e  shim p l a t e s  i s  approximately 0.40 x 10-2 &/k, and i t s  

s e n s i t i v i t y  is  between 0.014 x I O v 2  and 0.032 x &/k per  secund; 

t h e  la t ter  va lue  e x i s t s  when t h e  neutron-absorbing p l a t e  is c l o s e s t  t o  

t h e  f u e l .  The rate a t  1 i n . ,  t h e  p o s i t i o n  i n  which t h e  p l a t e  i s  nor- 

mally used, is about 0.014 x IOe2 &/k per  second (see Fig. 4.10). 
worth of t h e  r e g u l a t i n g  p l a t e  i n  a co re  with fou r  shim p l a t e s  and 

approximately 2000 MWh of burnup i s  also shown. 

The 

4,2 .6  Shim-Safety P l a t e  Seat Information 

A s i g n a l  from a s e a t - i n d i c a t i n g  system a c t u a t e d  by each of t h e  shfm- 
s a f e t y  p l a t e s  i n d i c a t e s  t o  the  ope ra to r ,  by means of pane l  l i g h t s ,  when 

each plate is i n  t h e  shutdown p o s i t i o n  ad jacen t  t o  t h e  f u e l .  The s l g n a l  
is i n i t i a t e d  when a p l a t e  s t r i k e s  a l e a f  s p r i n g  which opens a t i n y  

nozz le  on t h e  c o n t r o l  mechanism housing and permits  water t o  flow. 
Water from t h e  main &in. r e a c t o r  i n l e t  coo l ing  l i n e  I s  supp l i ed  t o  t h e  

nozzle  through a bypass l i n e  t h a t  has  a d d i t i o n a l  f i l t e r i n g .  Turbkne 

f l o w  meters monitor t h e  flow and t r ansmi t  t h e  readings t o  meters on t h e  

console.  Magnetic contacts on each console  meter a c t u a t e  a l i g h t  t o  

i n d i c a t e  t h a t  t h e  p l a t e  i s  s e a t e d  when t h e  flow exceeds a p r e s e t  value.  
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4.2.7 Shim-Safety-Plate Clutch Information 

Shim-safety-plate pickup is a magnetic operation in most reactors, 
and engagement of the magnet and the magnet keeper on a plate is denoted 
as a clutch made. In the TSR-11, shim-safety-plate pickup is a function 
of the differential hydraulic pressure in a control mechanism, and 
clutch information is indfcated individually for the plates by metering 
the flow to each control mechanism. Flow is monitored with turbine flow 
meters which drive indicators at the console. When a plate is properly 
engaged, its f l o w  remains within preset limits, and is indicated by its 
clutch light and meter on the console. 

4.2.8 Plate POSitfQn Indicators 

Upper- and lower-limit switches actuated directly by the plate drive 
indicate the fully inserted or fully withdrawn plate positions when the 
shim-safety plates are clutched. A dual selsyn system is used t o  indi- 
cate the position of the shim-safety-plate drive, while a single selsyn 
system indicates the regulating plate position. 

4.2.9 Servomechanism Control 

A servomechanism system is provided to operate the regulating plate 
to maintain the power level constant from a few watts to 1 MW. 

4.2.10 Instruaacrnt Locations 

A pulse preamplifier in the fission chamber circuit and preamplifiers 
for safety chambers are located at the reactor, and a log N preamplifier 
is located in a sling box approximately 30 ft from the reactor. All 
other electronic components are located in underground Building 7702.  

4.2.11 Water-Flow Interlocks 

A time-delay interlock prevents the reactor from being started 
before the main pump has circulated water through the reactor at full 
flow for a period of 3 min, the time required for the water to make one 
complete pass through the system when the cooling water is supplied 
through hoses to permit operation with the reactor suspended from the 
towers; such mixing will help smooth out any temperature gradients. 
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After s t a r t u p ,  r educ t ion  of t he  main-pump f l o w  below 500 gpm w i l l  pro- 
duce a ESC~BIII. The m i n i m u m  water-Plow reqi1iEementS may be bypassed ~ O P  

spec ia l  heat-power reactor tests. For such operations, an addi t ional .  

control command prevents t h e  power l e v e l  from rising above 75 kW. 

Two types  of aud ib le  alarms, each accompanied by BJ v i s i b l e  alarm, 
alert t h e  operator a t  the  cansole t o  an abnormal condi t ion .  A s ing le -  

stroke gong i s  t h e  aud ib le  signal when t h e  reactor i s  not being operated. 
During opera t ion ,  t h e  a u d t b l e  alarm Ira a buzzer. 'The visible alarms are 
either red or  yel low+ The yellow s i g n a l  alerts the  ope ra to r  to a con- 
d i t i o n  that may r e q u i r e  h i s  action; the red s t g n a l  indicatea t h a t  a con- 
d l t i o n  has occurred.  The annuncia tors  are listed below along wdth t he  

action o r  cond i t ion  that a c t u a t e s  t h e  alarm. 
hnrinciatoss wlth  red  v i s u a l  alarms are: 

IKV(crter) ON: i n v e r t o r  has been t u r n e d  ON, 
AT SCRA;.tp: reactor AT > 14'F, 
WIN FLOW SCRAN: reactor cool ing  water flow <SO0 gpm, 
REACTOR T o u t l e t  H I ( $ h ) :  Tout le t  > 14Q°F, 
LOG N PERIOD < 5 B, 

BEVERSE: 

FAST SCRAM: Neutrt~ll l e ~ e l  > 1.5 Nf, T < 1 8 ,  

< 5 o ,  TotJtlet:  PI, more than 1 safe ty  trouble, l o g  EJ > 1.2  ME, 
l a g  PJ backup, in-pool ope ra t ion  > 10-4 N f ,  

: manual scram a t  pool ,  ramp, 01.- escape hatch, 
COUNT RATE PERIOD < 5 a, 
SAFETY LEVEL: safety level > 1.2 Nf, 

2 a t  lass$. two building wonitrons exceed 1.2 N f ,  and 

LOG N BAC%(UP REVERSE: log N 10 x servo demand wLth l o g  N perdad mare 

p o s i t i v e  than  -100 8 a 

Annunciators with  yellow v i s u a l  a l a rm are: 
320 ACTIVITY MQNITOM FLOW ABNORMAL: flow < h a l f  maximum, 
ACCESS NOT SECUW: outer perimeter  gate has been opened, 

AT HI: r e a c t o r  AT >12"P, 
MAIM P W  ( 4 5  p s i :  main pump suc t ion  head (45  p s i ,  

REACTOR WATER FLOW LO(w): r e a c t o r  cool ing water f law (750 gpm, 

MAIN PUMP SUCTION <80 p s i ,  
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RESERVOIR WATER LOW: 2000 gal reservoir nearly empty, 
WATER ACTIVITY HIGH: counting rate approximately 1000 cpm above 

PUMP HOUSE CONTROL ON: control of flow rate shifted from console to 

MAKEUP TANK HIGH: water level i n  makeup tank high, 
RESISTIVITY LOW: resistivity of reactor cooling water <500,000 ohm-cm, 
DEM(inera1ized) WATER LOW: makeup supply is low, 
DEMINERALIZER PUMP VACUUM: demineralizer pump suction head (10 psi, 
MAKEUP TANK LOW: water level in makeup tank is low, 
SAFETY TROUBLE: at least one safety trouble indication exists, 
LOW AIR PRESSURE, instrument air pressure ( 4 2  psi, 
LOUVERS NOT OPEN, 

120-V BATTERY ABNORMAL: battery bank voltage (90% of normal, 
SOUTH DOOR: door open and ramp monitron reading >7.5 mR/h, 
TEST BLOCK REMOVED, 

TURRET TEPIPERATURE <40"F, 
REACTOR T i n  HI(gh): reactor inlet temperature >135OF, 

MONETRON OUT OF SERVICE, 
TEST ON: shim and regulating plate drive power on but magnet current 

equilibrium value, 

pump house, 

COUNT RATE ABOVE 6 x 104 cps, 

is Cut o f f ,  

REGULATING ROD AT UPPER LIMIT, 

MONITRON HIGH LEVEL: level on at least one building monitron 

HOIST POWER OFF: power to warning signals transferred from hoist 
>7 a 5 mR/h, and 

power to reactor power. 

4 .3  PRQTECTION SYSTEM 

The reactor protection system is designed to scram or shut down the 
reactor automatically whenever certain reactor variables exceed their 
set points. 
scram switch- Operation of the reactor protection system is discussed 
below. Automatic shutdown of the reactor to ensure orderly operatlon or 
personnel protection is discussed in subsequent sections. 

cutting off the direct current supplied by the magnet amplifiers to 

their respective solenoid-operated shutdown valves (see Section 4.2 .4) .  

When a shutdown valve I s  de-energized, it cuts off the water flow to its 
control mechanism, and the associated shim-safety plate is released. 

The reactor may also be shut down by operating a manual 

An automatic shutdown is achieved by the reactor protection system 
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'lhw methods are employed t o  cut off the sa l eno id  current. TRe primary 
method, referred to as the neutron level s a f e t y  or the fast-scram 
sys~em, employs electronic circuits to reduce solenoid CUrr"4?At from the 
magnet ampli€ler; t h e  secondary method, referred to as a slow-scram 
system, utllizes two syst:ems of relays OK a manual switch to interrupt 
power t o  t h e  magnet amplifiers to cu t  off  the magnet CU-~ECX-L~.  Personnel 
proteeetian systems and control systems that ensure  orderly operation can 
a l s o  prsdt.lce s l o w  scrams in the same manner. 

The primary protection system (see Fig. 4.11) is designed so  that i t  

shuts down thp reactor if any of the following condi t ions  exist. A 

signal propor t iona l  to t h e  neutron f lux  l e v e l  is sensed by three 2-in. 
parallel c i rcu lar  p l a t e  (FCP) ionization chambers which were designed 

and bitilt at ORNIL. Each signal is then amplified and sent: to the a i g m  
bus w h l c ' n  responds t o  the highest sigma amplifier o u t p u t  signal. 
o m  sigma amplLEier Bndfeates that the neutron flux level is too high, 
it will increase the vo l t age  on the stpa bus which causes the current 

from each magnet: mpl-if ier  to the coil. ~f its respective solenoid-operated 
~ I - K I ~ C I O T ~  valve to be reduced SO IOW tktat it; @uta o f f  the water to 
t h e  assoc i t f td  reactor con t ro l  mechanism, and t hus  a reactor elnutdawn i s  
i n i t i a t e d .  S i m % l a r l y ,  a period that I s  shor t e r  than 1 8 w i l l ,  by t h e  
per iod  ampll tEfer ,  raise %he voltage 0 5  the sigma bus and emme a reactor 
shutdown as noted above. If t h e  sigma bus experiences an excessively 
law resistance to ground, IIP bus-protect c i r c u i t  In each magnet a~plifier 
redlaces the c u r r e n t  flowing t o  its solenoid I.n a manner similar eo thac 
which OCCUTB when an ionization chamber is exposed to a high neutron 

f lux ,  and a reactor shutdown is initiated. 

The reactor can be operated in a NORMAL or LOW-PLOW PERMIT mode", 

sys t em consists of a raanual scram switch and sensore that monitor reactor 
variables, and through amplifiers and automatic swit~hes, actuate t w o  
sets of slow-scram relays. One set of  relays controls a makeup relay 

amplifiers Za the gr1ma-t.y proteetion system (see Pig. 4.11) can be 
interrupted to shut down t h e  reactor by operating the  manual, scram 
s ~ P t c F a  or  by energ iz ing  the makeup scram relay OF Beenergizing the drop- 
out scram relay (see  Fig. 4.12) .  When conditions are normal and no 

If any 

A func,tLonal diagram of the  alow-ecram system is shown in Fig. 4.12. 
me 

ana t h e  SeCOAld set c o n t r o i . ~  8 aropout relay. me power to the m g n e t  

ylll- --...--.- I___._ * 
LOW--PLOW PELUVIT mode 69111 be installed through a change notice and 

procedures generated only when this type of o p e r a t i o n  is needed (see 
Sec t ion  7 .4 ,  OiZN./TM-2893, Vol. 1, REV.). 
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Fig .  4.12.  S l o w  scrciriiii system. 
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variable exceeds its trip level, all of the relay contacts i n  the ac 
voltage line that energizes the dropout scram relay are closed, and all 
relay contacts that can supply ac voltage to energize the makeup scram 
relay are open. Under these conditions, both the makeup and dropout 
scram relays can be reset, i.e., their coils energized, and ac power 
supplied to the magnet amplifiers. 
tacts in the line supplying power to the dropout scram relay cot1 are 
opened or contacts in the line supplying power to the makeup scram relay 
coil are closed, o r  both actions occur. 
actuated, it operates both the makeup and the dropout scram relays to 
interrupt the ac power to the magnet amplifiers and also interrupts the 
line supplying ac power t o  the magnet amplifiers. 

tor protection system are discussed below. 
exchanger outlet temperature. If the heat exchanger outlet temperature 
exceeds 135"F,  the sensor causes a dropout scram: if the reactor outlet 
temperature exceeds 135"F, a sensor causes a makeup scram. 
two channels that monitor the temperature rise across the core. If the 
core AT exceeds 14'F, one channel causes a makeup and the other a drop- 
out scram. The cooling water-flow rate through the core and the 
pressure drop across the core are monitored. If the flow rate drops 
below 500 gpm, it initiates a dropout scram. If the pressure drop is 
below 10.5 psig, a makeup scram is Initiated. 

When a trip level is exceeded, con- 

When the manual scram is 

The sensors that monttor reactor variables and are part of the reac- 
A sensor monitors the heat 

There are 

4 .4  -REMOVAL SYSTEM 

4.4 ,L  Hain F l o w  Circuit 

The heat-removal system, shown in simplified form in Fig. 4 . 1 3 ,  con- 
sists of a 50-hp main pump f o r  pumping demineralized water, at a rate 2n 
excess of 800 gpm, from a 1500-gal detection tank through a 6-in.-diam 
aluminum pipe and a 6-in.-diam neoprene hose to the reactor and a 5-Nw 
forced-draft air cooler. The main pump operates against a 68-psi 
dynamic head, and a fill and pressure pump operates in conjunction with 
a variable-pressure regulating system to maintain about 5 to 10 psi in 
excess of the minimum necessary to keep the system full of water a s  the 
height of the reactor i s  varied. Pressure relief valves are located at 
approprtate points In rhe system. The water used for cooling and 
moderatlag the reactor enters the central cylinder near the top and 
follows the path shown by the arrows i n  Fig. 4.1. It flows downward 
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Fig. 4 . 1 3 .  Water system. 
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through t h e  133 h e l i c a l  d u c t s  i n  t h e  lead-water s h i e l d ,  through t h e  

upper f u e l  elements,  around t h e  s p h e r i c a l  control-mechanism housing, 

and through t h e  lower f u e l  elements,  and then  i t  t u r n s  and f lows upward 

through t h e  annular  f u e l  elements t o  t h e  r eg ion  above t h e  co re  and ou t  

of t h e  assembly. While flowing upward, t h e  water a l s o  c o o l s  any o u t e r  

r e f l e c t o r  s i n c e  some of t h e  flow is between t h e  o u t e r  s u r f a c e  of t h e  

f u e l  and t h e  inne r  s u r f a c e  of t h e  aluminum shell,.  

When t h e  water l e a v e s  t h e  r e a c t o r  assembly, i t  f lows t o  t h e  forced- 

d r a f t  a i r  coo le r ,  where two l a r g e  va r i ab le -p i t ch  f a n s  blow a i r  a c r o s s  

aluminum tube-and-fin r a d i a t o r s  t o  remove t h e  h e a t  from t h e  water. The 

p i t c h  of t h e  f a n s  and t h e  p o s i t i o n  of t h e  r a d i a t o r  l ouve r s  are manually 
c o n t r o l l e d  t o  maintain a f i x e d  temperature f o r  t h e  water l eav ing  t h e  

coo le r .  

4.4.2 Direct Current Pump f o r  Cooling and Hea t ing  

The dc  pump i s  a 5-hp bat tery-operated pump which o p e r a t e s  p a r a l l e l  

t o  t h e  main 50-hp pump. It i s  ope ra t ed  cont inuously du r ing  f r e e z i n g  

weather and, i n  t h e  event  of an e l e c t r i c  power f a i l u r e ,  w i l l  pump water 
t o  the  r e a c t o r  a t  a rate i n  excess of 50 gpm. The water from t h e  dc 

c i r c u l a t i n g  pump passes  through two 40-kW h e a t e r s ,  which o p e r a t e  auto- 

m a t i c a l l y  with o t h e r  s t r a t e g i c a l l y  placed h e a t e r s  t o  prevent t h e  system 

from f r e e z i n g  when t h e  r e a c t o r  is  n o t  being operated.  

4 .4 .3  Reduced-Plow Operat ion 

Procedures r e q u i r e  t h a t  full water flow be used du r ing  normal r e a c t o r  

ope ra t ion ;  however, t h e  system i s  capable  of providing a reduced flow €or 
s p e c i a l  ope ra t ions .  An a i r -ope ra t ed  va lve  a t  t h e  main pump d i scha rge  can 

be c o n t r o l l e d  a t  t h e  r e a c t o r  console  t o  d i v e r t  a l l  bu t  200 gpm of water 

flow from t h e  r e a c t o r .  

4.4.4 Shim Pump 

The shim pump d e l i v e r s  water t o  t h e  c o n t r o l  t u r r e t  of t h e  r e a c t o r .  
H e r e  t h e  flow i s  d iv ided  t o  o p e r a t e  t h e  r e a c t o r  c o n t r o l  mechanisms. The 

water then  j o i n s  t h e  main coolant  stream w i t h i n  t h e  r e a c t o r .  
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Pig. 4.14. Base pressure regulating system. 
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4 . 4 . 9  Water Activity Monitor 

Downstream from the  reactor at a sufficient distance to e n ~ u r e  that: 
tlae 16N a c t i v i t y  has decayed to a negligible value, a small por t ion  o f  
the  reactor cool.lng water is passed thrQUgh a fission-break m o n i t ~ x .  
During normal operation, the gamma-ray activity of the cooling water ,  AB 

indicated by the monitor,  increases slowly and reaches an equi1ibri.uu.t 

value (approximately 4000 counta/min)  after a period of full-power 
operation. If fleaion prodricts (primarily iodine) are present in tkre 

water, t h e i r  activity will increase rapidly above the equilibrium value 
and t r i p  an alarm, which Ps set at approximately 1000 counts/min above 
equilibrium e 
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4.5 REACTOK SUSPENSION SPS 

For  most i n - a i r  ope ra t ions ,  t h e  r e a c t o r  w i l l  be suspended from a 
4 - f t -d im bal l -bear ing assembly (Fig. 4.15) which Zs mounted i n  t h e  

c e n t e r  of a p l a t fo rm suspended by shack le s  from t h e  h o i s t  c a b l e s  of 
rower l e g s  Nos. 1 and X I .  The r e a c t o r  (an a l s o  i t s  s h i e l d  if one is 
used) can be r o t a t e d  around i t s  v e r t i c a l  a x i s  t o  enab le  s tudy wi th  a 
f ixed -pos i t i on  d e t e c t o r  of t h e  leakage p a t t e r n  from t h e  r e a c t o r  o r  t h e  

r e a c t o r  and a s h i e l d .  The inner-bear ing race extension,  s h i e l d  support  

c o l l a r ,  and r e a c t o r  support  r i m  are equipped with a serFes of discon- 

t i nuous  i n t e r l o c k i n g  l edges .  This  bayonet-lock arrahgement permits  t he  

support  p l a t fo rm t o  be used f o r  l i f t i n g  t h e  reactor a l o n e  o r  t oge the r  

v f t h  the s h i e l d  as a u n i t ,  t h e  mode of l i f t i n g  depending on t h e  angu la r  

p o s i t i o n  of t h e  inner-bear ing race. 
r e a c t o r ,  suppor t  platform,  hoses ,  and e lec t r ica l  cables suspended from 

the towers a t  two d i f f e r e n t  e l e v a t i o n s  i s  shown i n  Pig.  4.16. 

The o v e r a l l  arrangement of t h e  

4.6 BIG BEAM SHIELD 

I n  1973, a conc re t e ,  s t a i n l e s s  steel, and water s h i e l d  w a s  con- 
s t r u c t e d  j u s t  sou th  o f  t h e  r e a c t o r  handl ing pool t o  house t h e  r e a c t o r  

for  ground-based ope ra t ion .  The s h i e l d  is open on t h e  east s i d e ,  and 

s h i e l d i n g  is provided on t h a t  s i d e  by an  PI-in.-thick l ead  s h u t t e r  which 

moves on r o l l e r  bea r ings  on a c y l i n d r i c a l  t r a c k .  The l ead  s h u t t e r  can 
be motor d r i v e n  t o  t h e  n o r t h ,  and a t r a i l € n g  conc re t e  s h i e l d  wi th  a 
3-ft-diam h o l e  can be pos i t i oned  so t h a t  t h e  whole co re  i s  exposed t o  

t h e  experimental  area through the  l a r g e  beam opening (see Fig. 4.17). 
Smaller irises can be placed i n  t h e  beam opening for c o l l i m a t i n g  pur- 

poses. 

The innermost p a r t  

of t h e  s h i e l d  i s  a s t a i n l e s s  s teel  tank f i l l e d  wi th  s t a i n l e s s  steel 
s l a b s  and water. Outside this tank i s  conc re t e  with t h e  conc re t e  f a c e  

on t h e  experimental  s i d e  approximately 14  f t  w i d e  and 13 f t  high. The 
conc re t e  s h i e l d  is  pene t r a t ed  by beam h o l e s  for monitoring instruments .  

A schematic p l an  view of t h e  r e a c t o r  in t h e  s h i e l d  wi th  t h e  i r is  a l igned  

w i t h  t h e  r e a c t o r  i s  shown i n  P i g n  4.18. 

t h e  r e a c t o r  i n  t h e  beam s h i e l d .  A removable s h e e t  m e t a l  shed covers  the 

r e a c t o r  i n  the beam s h i e l d .  The r e a c t o r  can be used i n  a v a r i e t y  of 

shields and e l e v a t e d  f o r  ope ra t ion ,  but t h e  major use has been and 
promises t o  be wtth t h e  r e a c t o r  Ln t h e  beam s h i e l d .  

.. 

The r e a c t o r  i s  suspended i n  a i r  i n  the  s h i e l d .  

The cooling-water hoses and p ipes  are semipermanently connected t o  
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Fig. 4.15. Reactor s u p p o r t  p la t form.  
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Fig. 4.17. TSR-I1 Big Beam Shield and r e a c t o r  s h e l t e r ,  
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Fig. 4.18. Top view of Tower Shielding Facility Reactor and large beam collimator geometry. 
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The normal ope ra t ion  of the  water system is w r i t t e n  i n  o u t l i n e  form 
as p a r t  of Chapter 7, “Routine TSR-I1 Operating Procedures.“ It is 
assumed t h e r e  t h a t  the r e a c t o r  has Been operated r e c e n t l y  and t h a t  the 

water system is  I n  i t s  normal overnight  shutdown condi t ion.  

v e n t i v e  maintenance, which is the r e s p o n s i b i l i t y  of P l an t  and Equipment 

Dlvis ion,  i s  performed i n  accordance with t h e i r  computer program* The 

fol lowing s e c t i o n s  cover only the more unusual s i t u a t i o n s .  

Routine pre- 

5.1.1 Dfsposal of System Water 

The TSR-I1 water system should be drained through the demineral izer  

and i n t o  the hot-dump rece ive r .  This is accomplished by s h u t t i n g  off a l l  

pumps and ope ra t ing  a toggle  switch and manual valves  at t h e  deminera- 

l i z e r .  More r ap id  d ra in ing  can be accomplished by connecting a fire hose 

t o  the connection near the air compressor and i n t o  the  d r a i n  o u t s i d e  the 

pump house door. 3ecsnuse QE t he  p o s s i b i l i t y  of above-tolerance r a d i a t i o n  

l e v e l s  due t o  i m p u r i t i e s  i n  the  waste water, i t  i s  required t h a t  the 

r a d i a t i o n  l e v e l  be checked by Health Physics personnel before  arrange- 

ments are made t o  remove the water from the  TSF area- If Health Physics 
personnel r e p o r t  t h a t  t he  a c t i v i t y  i s  low enough far t r a n s f e r ,  t he  water 
w i l l  be t r a n s f e r r e d  by tank t ruck  t o  t h e  Laboratory Low-Level Waste 

System. Disposal of waste f r o m  secondary s h i e l d s  or  any experimental  

c o n f i g u r a t i o n  which might have components with induced a c t i v i t y  should be 
t h e  same as t h a t  f o r  waste which coma  from the primary system through 

t h e  waste d r a i n  north of t h e  pool. (Transfer  of contaminated water must 

be made i n  accordance wtth Procedure 5.3 of the  Health Physics Manual.) 

5.1,2 Draining the Main System 

The d e t a i l e d  o u t l i n e  which follows w i l l  s e rve  as a c h e c k l i s t  €or 

those who supe rv i se  the d ra in ing  of the water system. Locations of the 
var lous  pumps and valves  can be determined from the schematic hayout of 

t h e  water system shown i n  Fig. 5.1. 

*The special precaut ions descr ibed i n  t h e  s e c t i o n ,  “Winter Freeze-Up 

P r o t e c t i o n , “  should be followed if t he  system is t o  be drained IR cold 

weather. 
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1.  Turn off and tag 'o&90FF" (see Sect ion 10.3.3) a l l  the fc l lowtng pumps: 

a. shim pump 

b. deminera l izer  pump 

c. main pump 
d. de pump 

e .  presE3mre pump 

2. Inspec t  drain valve I.&\+-601-4 of the  hot-dump r ece ive r  t u  make mire 

3. Make sure that valve DM-228-1 l ead ing  t o  the  denilaeralizer is open, 

4 .  Blake sure t h a t  the water l e v e l  in the expansion tank i s  above f l o a t  

switch 3.  If it is not ,  open quick-fill valve DM-210-4 3116 wajt.  

u n t i l  the l e v e l  rises safely above float switch 3 t r i p  po in t ;  then 
clase valves DM-210-4 and DM-210-8.* 

it: is closed.  

5. Open the  manual va lves  at the demineral izer  leading to the hot-dump 

6. 
r ece ive r .  

Move the toggle  switch an the  demineral izer  to  the __II dump position; 
t h i s  w i l l  automatieally open valve ?,LW-601-4 and close valve 

DM-228-6." 
7. Nake sure that the water is dra in ing  i n t o  the hot-dump receiver. If 

t h e r e  1s doubt, go to the  hot-dump receiver tank and l i s t e n  for the 
sound of running water. 

It elaoaxld be noted fruin Fig. 5.2 that  not a l l  parts of the water 

system can be drained by the  above procedure. Additional drainage can tie 
achieved i n  the following isolated parts of the system by operatcirag indi-  

v idua l  draln valves;  a drain hose leading  t o  a portable collector cank 

should be a t tached  before each d r a i n  valve I s  opened: 

1. The 2-in shim-line hose and the 6-in blaek hoses Peading t o  and from 

the reactor m y  be drained  through two small valves  on t o p  o l  the  

reactor. Flanges on the  hoses m u s t  be opened to  d r a i n  the lowest 
sections of these hoses. 

tower Beg Nos II can be drained orhrough a valve located at the pump 

2. The long hor i zon ta l  6-in p i p e  Seading from the pump house toward 

house ena of t h i s  sect ion.  

*Valves DH-210-8 and TIM-228-6 are l e f t  open &en the  sys t em in i n  ilormal 
CJpW23t€on. 
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3. 

4 .  Water remaining i n  the  hea t  exchanger manifolds can be drained 

Water remaining i n  the  d e t e n t i o n  tank can be drained through a valve 

l o c a t e d  d i r e c t l y  below the  cen te r  of t he  tank. 

through two valves  loca t ed  below the  mainfolds. 

The r e a c t o r  i t s e l f  can be only p a r t i a l l y  drained,  which is 

accomplished by unbol t ing a cover p l a t e  and i n s e r t i n g  a siphon hose. 

Also, t he  s e c t i o n  of 6-in pipe between the  hear exchangers and the deten- 

t i o n  tank w i l l  remain about ha l f  f u l l  and cannot be drained,  and a few 

l o w  s e c t i o n s  of pipe i n  t h e  pump room and demineral izer  room will not 

d r a i n .  

5.2 FILLING THE SYSTEM 

The procedure for those who supe rv i se  f i l l i n g  o f  t he  water system i s  

as follows: 

1. 

2. 

3.  

4. 

5. 

6 .  

7. 

8. 

9 .  

Read the TSB Log fo r  comments about the c u r r e n t  cond i t ion  of the 

r e a c t o r  and i t s  water system. 

See t h a t  t he  r e a c t o r  i s  a t  ground l e v e l ,  t h a t  t he  6-in b u t t e r f l y  

va lves  and shim-line valves  are properly open, and t h a t  t h e  d r a i n  

valves a t  the r e a c t o r  are c losed .  

Make s u r e  t h a t  t he  miscellaneous valves which d r a i n  i s o l a t e d  parts 

of the water system (see Sect ion 5.1, "Draining the  System") are 

Go to the pump house to  see t h a t  a l l  valves are set i n  t h e i r  normal 

cond i t ion  (open o r  c losed )  as shown i n  Pig.  5.1; t h e  valves  are 
color-coded - 
Make s u r e  t h a t  the pump-house a i r  compressor is running and t h a t  

manually operated a i r  valves  c o n t r o l l i n g  diaphragm valves  are set 

far the  des i r ed  ope ra t ion .  

Check pump house l i g h t i n g  panel switch 11, which must be 011 i n  

o rde r  t o  ensure power t o  l e v e l  switches.  

See t h a t  t he  toggle  switch on the demineral izer  i s  i n  t h e  normal 

(no t  dump) p o s i t i o n  and t h a t  t h e  manual valve8 l ead ing  t o  the hat- 

dump r e c e i v e r  are closed.  

Open the valve t o  bleed the  top of the  d e t e n t i o n  tank t o  f a c l l i t s r t e  

t h e  escape of a i r  trapped i n  the water system. 

Open l a r g e  valve DM-210-4 (fast f i l l )  which al lows the water E K O ~  

t h e  demineraltzed water s t o r a g e  tank t o  flow i n t o  t h e  makeup tank. 

closed 
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(Note that the  s igh t -g lass  span  on the  make-up tank dup l i ca t e s ,  in 
e leva t ion ,  the bottom. ha l f  of the demineralized water storage tank. 
Thus, the water l e v e l  attatnable in the  expansion bank lry g r a v i t y  

filling 1s governed by the water l eve l  i n  the  s torage tank.)  

en the water in the expansion tank has r i s c n  several inches 

above the l e v e l  of f l o a t  switch 3 (see Pig .  5.1), start  the pressure 

pump. The a c t i o n  o f  t h i s  pump m y  d r a i n  the  expansion tank, but 

t h i s  is not abjectlonable a f t e r  inftial f i l l i n g  actfon has been 
demonstrated. I f  the  valve CHI the de ten t ion  tank Fs open, the 

sound of a i r  escaping from t h i s  tank w i l l  be audib le .  When water 

starts flowing through the  valve,  which m y  be b / 2  h a f t e r  the 

f i l l i n g  operation was s t a r t e d ,  c lose  rhc valve.  Air dl1 continue 
t o  be vented from the water system through raumeb-sus f loa t -opera ted  

va lves  loca ted  a t  high po in t s  .In the system an8 on the  detenkion 
tank. 

11. W % m  the  base preesure gauge (near the main pump inlet) reads 30 to 
40 ps.9, start the: dc c i r c u l a t i n g  pump. (The discharge pressures of 

t h i s  pump and of the pressure pump should read only a little higher  

t h a n  the  base pressure  s i n c e  there  i s  only small resistance t o  flaw 
i n  both meet ; . )  

i l e  the  system cont inues t o  fill, v i s u a l l y  inspect the  water 
system far l eaks .  

13. Remove the  in su la t ed  netal  cover on top of the heat errctlangers (a 

l adde r  1s provided far access  t o  this Bocatian),  and open CWQ o f  
t he  vent eacks t h e r e s  I f  water does not come out ,  l e t  the air bleed 

from the cocks; tlxen close them and replace the  cover. 
14. When the  system is f u l l ,  the  ac t ion  of the ha~e-p~essure r egu la to r  

wtll minttaln the system base pressure a t  the  l e v e l  e s t ab l i shed  by 

the reference pressure  head (most of ten  48 ps ig ) ,  at h l c h  t r h e  the 

water  level  in the expansi~n tank dl1 start to rise again. mew 

15. S ta r t  the m l n  p,  demineral izer  pump, and shim pump t o  sweep 

trapped a i r  aut of these c i r c u i t s .  '.This step compEetea the  filling 
of the water Bystem. 

5.3 

Winter t e~pera tures  at the TSF are widely variable, d-th cold 

f r o n t s ,  war111 f r o n t s ,  snow, and f r eez ing  r a i n  a r r i v i n g  i n  a ~ ~ t - - t ~ o -  

p r e d i c t a b l e  pattern. Only r a r e l y  doest the  temperature stay below 
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f r e e z i n g  n igh t  and day f o r  as long as a week. Winter temperatures f r e -  

quen t ly  are i n  the  20°F t o  30°F range; however, the low f o r  t he  season 
o f t e n  drops t o  10°F and sometimes t o  below 0°F. 

t a i n  the  system i n  ope ra t ing  cond i t ion  so t h a t  t he  r e a c t o r  experimental  

program may be continued during t h e  winter.  

w i l l  vary according t o  the  s e v e r i t y  of t h e  weather. The th ree  types of 

l o c a l  f r e e z i n g  weather are defined below: 

The TSR-IT water system must be pro tec t ed  a g a i n s t  f r e e z i n g  t o  main- 

The procedure t o  be followed 

Eight  f r e e z e  : an expected low of 32°F t o  20"F, with the 

temperature r i s i n g  above f r e e z i n g  during 

t h e  day 

an expected low of 20DF t o  10°F - o r  t h e  

temperature expected t o  remain below 

f r e e z i n g  cont inuously f o r  24 k o r  more 

an expected low of below lOoF L. or hard f r eeze  

cond i t ions  accompanied by winds of g r e a t e r  

t han  20 mph 

Hard f r eeze :  

Very hard f r eeze :  

5.3.1 Prewinter Xnspectiona 

The system used for preventing freeze-up i s  inspected and made 

operable when weather p r e d i c t i o n s  d i c t a t e  (October t o  December) and are 
d e a c t i v a t e d  when weather moderates (March t o  Apr i l ) .  The following 

a c t i o n s  are t o  be taken when the  system i s  placed i n  se rv i ce :  

1. Make s u r e  t h a t  both t h e  blowers and the  hea t ing  elements of t he  

space h e a t e r s  i n  t h e  hea t  exchanger f an  house, pump room, and 

demine ra l i ze r  room func t ion  properly.  

l i s t e n  f o r  t he  l a r g e  r e l a y s  t o  p u l l  i n .  Return t h e  thermostat  to 
a s a f e  s e t t i n g  (50 t o  60°F). 

3. Raise t h e  s e t t i n g  of each thermostat  fed from pump house l i g h t i n g  

panel  t o  r e s i s t a n c e  wire h e a t e r s  around the  pipes  u n t i l  c u r r e n t  

f l aw  is i n d i c a t e d  on i ts  m e t e r ;  then l i s t e n  f o r  the hum on the  

n o i s e  monitor a t  each h e a t e r  on t h a t  c i r c u i t .  R e s e t  a l l  thermostats  

t o  s a f e  s e t t i n g s  a f t e r  checking. 

they c l o s e  properly.  

s t o r a g e  tanks.  

2. Raise t h e  thermostat  s e t t i n g  on the  two 40-kW water h e a t e r s  and 

4* Check t he  louvers  of the  heat  exchanger f an  bu i ld ing  t o  see t h a t  

5. Turn on power t o  the pump and the heater f o r  t he  demineralized water 
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6 .  Make necessary arrangements t o  supply heat t o  any experimental  or 
s t o r e d  equipment t h a t  might be damaged by freezing temperature e 

The general  precaut ions  which are taken t o  g ~ e v e n t  serious damage 

c o n s i s t  of keeping the water c i r c u l a t i n g ,  adding heat  t o  Zt, attaching. 

heaters and i n s u l a t i o n  t o  p i p e s  containing nonci rcu la t ing  w a t e r ,  hea t ing  

t h e  rooms which conta in  water system components, and pesnri.tting only rhe 

most massive wa te r - f i l l ed  s e c t i o n s  t o  remain without c i r c u k a t i m ,  addi- 
t i o n a l  hea t ,  or  i n s u l a t i o n .  

5.3.2.1 Circulatfsn 

Winter-time c i r c u l a t i o n  is maintained in the va in  ~ e a c t o r  loop by 

leaving  the  p re s su r i z ing  pump and the  5-bp dc c i r c u l a t i n g  pump on, day and 
ntght . Water Leaving t h e  dc-operated pump passes through two thermostat-  

i c a l l y  con t ro l l ed  40-kW water- heaters and enters the main reactor d r -  
c u i t .  Wen the temperature drops below 20"F, the main punp i s  also 

turned on$ which not only supp l i e s  extra e i r c u l a t i o n  but also adds an 

a d d i t i o n a l  30 kW of heat  t o  the water i n  the form of pumping power. 

Thus, it can be seen from Fig.  5 . 1  t h a t  the  r e a c t o r ,  the  6-in hoses and 
pipef l  leading t o  and. from the  r eac to r ,  the heat  exchanger manifolds:, an2 
t h e  de ten t ion  tank are a l l  pro tec ted  by t h i s  c i r c u l a t i n g  water. The eldm 

pump, which provides: c i r c u l a t i o n  through &he shim l i n e  lead ing  t o  the  

r e a c t o r ,  i s  manually started by tu rn ing  the  handle of the shim pump spe-  

cial opera t ion  switch ( loca ted  behind the  console) t o  SPECIAL each t i m e  

that the  reactor-on 5w1tch i s  turned t o  OFF when freeze-up p ro tec t ion  i s  
needed. Conversely, t h i s  handle must be turned to NO 
t he  r eac to r  i s  t o  be operated s ince  an i n t e r l o c k  pz-event8 the SCSBIJJ. clr-  
c u i t a  from being c leared  with the scram reset but ton  whi~1.e the  s p e c i a l  

au tomat ica l ly  when the  reactor-on swltch is i n  the On posit ion,  and there 

i s  no annunciator  i n d i c a t i o n  i f  the  shim pump special-operatlon switch 

shim switch Eaalldle i s  in the  ON p O S i t i O t 1 .  (The ~ l n t t ~ ~  PUISIP 3 t a ~ t - s  

i s  on OPERATE. 

Every effort should be made to avoid i n t e r f e rPng  w i t h  the pro tec t ive  

circulation of water through the TSW-II waiter system i n  cold weather. 

Maintenance of t he  system or  changes i n  the  reactor &itch require 
stopping the  water c i r c u l a t i o n  should be postponed i f  at a l l  possible 
u n t i l  weather condi t ions  are favorable .  I€ Pp. becomes abso lu te ly  
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necessary t o  d r a i n  the  water, the system should be drained as completely 

as p o s s i b l e  as o u t l i n e d  i n  Sect ion 5.2. 

5.3.2.2 Heating and i n s u l a t i n g  of p ipes  

Where poss ib l e ,  a l l  exposed pipes  con ta in ing  w n c i r c u l a t i n g  water are 

heated e l e c t r i c a l l y  by i n s u l a t e d  resis tance-wire  type of h e a t e r s  with 

t y p i c a l  r a t i n g s  of 50 t o  500 W each. 

p ipes  and are covered with 2 o r  3 i n  of i n s u l a t i o n .  

of t h i n  r e f l e c t i v e  m e t a l  shee t  is added where practical .  The h e a t e r s  are 

f ed  from the  e lectr ical  d i s t r i b u t i o n  panel l oca t ed  i n  t h e  pump house. 

The l o c a t i o n  o f  the pipes  and the  i d e n t i f i c a t i o n  of t he  c i r c u i t s  which 

p r o t e c t  them are l i s t e d  a t  the  d i s t r i b u t i o n  panel. 

i n  working order .  m e t e r s  Pn t h e  c i r c u i t s  are h e l p f u l  but w i l l  not 

demonstrate t he  i n t e g r i t y  of t he  i n d i v i d u a l  h e a t e r s  i n  cases where 

s e v e r a l  h e a t e r s  are fed through the  s a m e  ammeter. In such cases, an 

electrical no i se  monitor is used. Placing the  monitor probe next t o  an 

i n s u l a t e d  pipe w i l l  produce a d i s t i n c t  hum i n  t h e  earphones i f  the h e a t e r  

is ca r ry ing  c u r r e n t .  Each thermostat  s e t t i n g  is r a i s e d  temporar i ly  

during the  test t o  ensure the  flow o f  c u r r e n t  through t h e  h e a t e r  k i n g  

checked. 

The h e a t e r s  are wrapped around the  

A f i n a l  o u t e r  cover 

The wraparound h e a t e r s  are checked rou t ine ly  t o  ensure t h a t  a l l  are 

5,3,2.31 Space h e a t i n g  of water system room 

The pump room and the  demineral izer  room are equipped with thermo- 

s t a t i c a l l y  c o n t r o l l e d  electric hot-air  h e a t e r s  r a t e d  a t  7.5 kW and 

5 kW, r e s p e c t i v e l y .  The motors which d r l v e  the  va r ious  p m p s  supply add- 

t i o n a l  heat  t o  these  rooms. The exhaust f ans  which remove the hea t  from 

the pump motors during the  summer are l e f t  turned off during the  winterB 

The two hea t  exchanger r a d i a t o r s  are mounted h o r i z o n t a l l y ,  and r e a c t o r  

h e a t  i s  removed by two l a r g e  f ans  which blow air  upward through the  

r a d i a t o r s .  Large movable louvers  which cover the top and s i d e s  of the 

h e a t  exchanger bu i ld ing  are checked f o r  proper s e a l i n g  when they are 

c losed  and if necessary are ad jus t ed  t o  e l i m i n a t e  any gaps. Pour space 

h e a t e r s  o f  5 kW each provide heat  f o r  the hea t  exchanger bui lding.  

5.3.2.4 Demineralized water s t o r a g e  

The demineralized water is s t o r e d  i n  two 20,000-gal tanks, is cir- 

c u l a t e d  by a pump that i s  t h e r m o s t a t i c a l l y  c o n t r o l l e d  t o  start when the 



a i r  temperature drops below 40°F, and 1s heated by a 40-kW hescer which i s  
t h e m o s t a t i c a l l y  con t ro l l ed  t o  t u rn  on &em t he  water temperature is 
b e h w  the set  value (50-68"F). 
storage tanks i s  i n e u l s t s d .  %ne l i n e  from the tanks to the pump house 1s 
insulated and heated it i s  above ground. 

 he horizontal. p i p e  conmxt ing  the two 

5.3e2.95 

The hot-dump receiver tank has no insu lab lon  OK SQUPC~? QE heat but 
i s  expected to  remain empty most o f  the time. If water is received from 
the. reactor system, it should be in the  mount of several hundred 

kch should offer reasonable R S S U ~ C B D C ~  against damage t~ %he 

tank fr~rin f%ee~ing. The pipel ine:  leading to the hot-dump r t ~ e i v e r  will  

Several stub lines leading to drain valves, such as those below the 

empty Stself and thus be protected e 

heat exchanger, have no flaw and no external R O U ~ P , ~  of heat, bit these 

i n s d a t e d  water-filled sections are estlpested. to rscefve adsqtntate haat 
from the larger bodies  to which they are attached. During very cold 
weather, it m y  be advisable f o r  the valves to be l e f t  ~ l i g k r t l ~  apie11, 

hr i r ag  the winter mirathe observe the followfng procedures for 
putting the reactor in atandby c ~ a d i t i ~ n  overnight: and over weekeads: 

Folllow a11 t he  procedures for a Bight freeze p 1 1 ~ ~  the Eollowirrg: 
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c 

2. Turn off the  exhaust f ans  i n  the pump room and in the  demineral izer  

room. 

Inspect  the hea t  exchanger f an  house louvers t o  make s u r e  t h a t  they 

are t i g h t l y  c losed.  Push i n d i v i d u a l  louvers  t o  c l o s e  any gaps. 

Arrange f o r  the TSF t o  be inspected t d c e  each s h i f t  (every four  

hours)  by the Operations Divis ion s h i f t  p a t r o l .  

Make s u r e  t h a t  adequate i n s t r u c t i o n s  are l e f t  f o r  the i n s p e c t o r ,  

such as informing the  in spec to r  what gauges are t o  be read, what 

i n d i c a t o r  l i g h t s  are t o  be observed, etc. 

i n  case of t roub le .  

3. 

4. 

5. 

6 .  Leave a l ist  of names and phone numbers f o r  t he  in spec to r  t o  cal l  

5.3.3.3 Very hard freeze 

1. 

2. 

3. 

4, 

5. 

Follow a l l  t h e  procedures f o r  a hard f r e e z e  except t h a t  in s t e p  4 

make the i n s p e c t i o n  every two hours r a t h e r  than every four hours. 

Open t h e  d r a i n  cocks a t  the hea t  exchanger manifolds to provide 

s t eady  drippfng. 

Add h e a t e r s  t o  keep pipes i n  the r e a c t o r  t u r r e t  warm;  f l o o d l i g h t s  may 
be used. 

Make s u r e  t h a t  h e a t e r s  and pumps fo r  the 20,000-gal demineralized 

water s t o r a g e  tank and f O K  a l l  co l l ima to r  s h i e l d s  are turned on. 

Take whatever precaut€ons are necessary (add h e a t e r s ,  add a n t i f r e e z e ,  

d r a i n  water, etc.) f o r  any s p e c i a l  equipment i n  use or s t o r e d  at 

t h e  TSF. 

It is important t h a t  the r e a c t o r  cool ing water be kept clear and 

c l e a n  both t o  f a c i l i t a t e  obse rva t ion  during maintenance and ta prevent 

f o u l i n g  of b a f f l e s  and fuel-cooling channels.  It is equa l ly  important 

t h a t  the mineral  content  Of t he  r e a c t o r  cool ing water be kept r e l a t i v e l y  

 OW t o  mlinirnize i t s  r a d i o a c t i v i t y .  However, extremely pure water tends 

t o  i n c r e a s e  co r ros ion  e f f e c t s  i n  some metals. Therefore,  the demineral- 

i z e r  w i l l  be run as necessary t o  keep the  r e s i s t i v i t y  of the  main 

coo l ing  stream between 400,000 and 2 m i l l i o n  ohm-cm. 

demine ra l i ze r  f a l l s  below 500,000 ohm-cm while the system is  i n  opera- 

t i o n .  The demineral izer  w i l l  be recharged when the r e s i n  i s  damaged, 

The demineral izer  w i l l  be regenerated whenever the ou tpu t  of the 
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as indicated by the  f l o w  rate through the demtncralizer fal.king below 

ha l f  t he  normal flow and by the shortened t i m ~  between PegeneratAng 

cycies. me res in  IEWA t a k u  be inspectea n u r i n g  EJIU~BCWT~ for ~ ~ p l e t e  

system inspec t ion .  If inspection indicates that the resin is in good 
condition but that some. of it has been lost, .%II~QII reein m y  be added Lo 
bring the resin depth up to four  feet. The cartridges i n  the dcminera- 
l i z e r  i n l e t  and outlet filters w i l l  be changed winan the pressure drop 

schedu1.e the regeneration or recharging when nceeaaary and will per fom 

the a c t u a l  regeneration with at least one other  person present. %Re 

regeneration w i l l  be performed when it is safe for  the miin pump, dc- 
powered circulattng pump, rand shim pump t o  be turned o f f .  

oE caanetic soda in the form sf  sodium hydroxide flakes, 170 Ib of 6QX 
n t t r i c  acid (40' Baume'), rubber gloves, face shielcla, acid pump, **Do 
Not Operate" tags, and three standard 55-gaI stainleas steel d r u m .  

The P e n f i e l d  demineralizer manual, the demiaerali.zer pipe  and valve 
diagralii (Fig. 5.31, and t he  water system diagram (F ig .  5.1) are h e l p f u l  

suppLemente t o  the  regenerating i n s t r ~ ~ t i o i ~ ~  d ~ i c h  f u l l c r  

through the particular f i l t e r  exceeds 15 ps i .  Tfie S h i f t  S u ~ e r ~ i s o k -  ~!.ll 

The materials and equipment required for ~egene~ation irzcltade 78 3b 

the 

1. 

a .  

3.  

4. 

5 .  

6 .  



BACKWASH AN3 SEPARATE 
15 man 

REGENERATE 
30 mln  

ORNL-UWG 68-5234 

RifjSE 
39 min 

DRAIN 
5 m:" 

NOTES:  

AIR MIX 
5 rnin 

DEMiNERALlZER 
IN SERVICE 

j. 0 V X : : c E D  :T:WS IN EdCk ClACRAM A R E  A C T I V E  GdR:NG T H A T  P A R T  OF 7 + E  CYCLE 
2. VALVES :-6 A R E  C O N T R O L L E G  BY AiL'TOMZITIC T I M E R .  

3 V C L V E S  7 A M 0  3 ARE C O N T R O L L E D  BY A T O G G L E  SW:TCH. 
4. VALVES 7 AND 8 STAY CLOSED DURING REGENERAi lON CYCLE 

F ig .  5 . 3 .  Demineralizer water circuits. 
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5 . 4 . 2  

1. Observe the following safety requirements when handling the strong 
chea~~icals required %or regeneration: 

a. Never work alone. 
b.  Test  the  sa fe ty  showers. 
e .  Wear protect ive face mask, rubber apron, and rubber glovesu 
8. Avoid braathlng corr~sive dusts ana fumes. 
e .  Avoid contact OS chemicals with the  ekin; if contact i s  made, 

€ e  BO NOT ADD WATER TO ACID" 

g. 

rinse l lmediately.  

Do not let acid from e r t u ~ t o r a  or containers d r i p  oni:o concrete 
f l o o r  a8 n i t r i c  acid Id811 attack CQtKrete. 

a. Add water to the  indicated l i n e  (19 in> i n  the third &Xing 

b. Add 190 Ib o€ 60% nitric, acid (48' Baume') and stir. This 
should bring the liquid l eve l  to the seeand line (28 in.). 

drum e 

5.4.3 

To regenerate, it is neceesary t ha t  some valve settings be changed 
from their normal condition; each valve should be tagged cas i s  1s 
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changed t o  ensure t h a t  it w i l l  be r e s t o r e d  properly a t  t h e  end of the  

regenera t ion .  

1. To prevent  co r ros ive  regenera t ing  chemicals from e n t e r i n g  the  main 

r e a c t o r  water system, 

a. t u r n  off and tag  the  deminera l izer  main c i r c u l a t i n g  pump, dc- 

b. c l o s e  and t ag  the  va lves  a t  the  f i l t e r  i n  the  l i n e  lead ing  from 
powered c i r c u l a t i n g  pump, and shim p u p s ;  and 

t h e  deminera l izer  t o  the  deminera l izer  pump. 

2. To ensure f r e e  dra inage  of r i n s e  water from the  deminera l izer  i n t o  

t h e  hot dump r e c e i v e r ,  

a. open t h e  manual block va lves  which a r e  i n  series with and 

loca ted  next t o  deminera l izer  va lves  PR-301-1, M-228-1, and 

LLW-601-1 (see Fig. 5.1); and 

b. make s u r e  t h a t  t he  e i g h t  blocking valves  which a r e  i n  s e r i e s  

wi th  the  manually operated air va lves  are open; t hese  small 

va lves ,  which a r e  p a r t  of t he  deminera l izer  c o n t r o l s ,  are 

loca ted  high on t h e  back f ace  o f  t he  deminera l izer  cyc le  control 
panel  

3. To ensure maximum flow of water i n t o  the  deminera l izer  during 

r egene ra t ion ,  

a. open completely t h e  valve a t  the  pressure  pump e x i t ;  

b.  open t h e  f a s t - f i l l  valve (DM-210-4); 
c .  open t h e  valve which bypasses the  f i l t e r  upstream of the  

demine ra l i ze r ;  and 

d .  turn on the  f i l l  pump. 

4. To as su re  proper a i r  supply t o  the  deminera l izer ,  

a. open the  manual valve near t he  exit of t h e  Nash a i r  compressor 

b. open the  l a r g e  a i r  valve which is  upstream of t he  a is  pressure  

tank  in t h e  l i n e  lead ing  to  the  deminera l izer ;  

r e g u l a t o r  loca ted  a t  the lower l e f t  f r o n t  of t he  deminera l izer ;  

and 

c. make su re  t h a t  t h e  a i r  p ressure  as ind ica t ed  by the  gage on the  

demineralizer panel reads 65 to 85 p s i .  



5-16 

1, Place the d i p  lFnes a8 that the caustic sdalnntioln w.1l.1 be dram t n t ~  
the upper sec t ion  and the acid aollutinn dram -into the lovzr sectrton 

~f t he  demj meralizer A 

2.  Start the regeneration process by mowing the hand of  the cycle 
clock An t he  clockwise direction to the Be&ii-~~i~hia;: of the dial section 
marked Backwash and Separate. The built-in clock wL11 indicate the  

amount of t i m e  t ha t  each. valve arrangement shorn in 3'i.g. 5.3 should 
he used brh~ough the var ious stages of the regeneratfan cycle. Never 
move the hand counterclockwise. If t h e  appears to be needed 

f o r  a particular part- o f  the cycle, move the  hand r a p i d l y  clackwise 
to Lhe begtnning of that stage. 

Y__c 
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3. During Regenerate, t h r o t t l e  t h e  uptake flow SO t h a t  t he  caustic and 

a c i d  will be drawn slowly and ~ i f ~ ~ ? d y  i n t o  the  demineralizer 
throughout t he  t$me allotted t o  Regenerate e 

mixing drum t o  nninimZze the  uptake of i n s o l u b l e  r e s idues .  

r e c e i v e r ,  and r i n s e  the  mixing drums thoroughly wit,h water. 

a t  t h e  lower l e f t  frant of the demineral izer .  Adjust the r e g u l a t o r  

i f  necessary so t h a t  a reading QE 10 pal. is achieved while the  Mix 
i s  In progress. 

4. Leave a hee l  of mused s o l u t l o n  2 to 3 i n .  deep i n  the  bottom o f  each 

5 .  Rinse the  r e s i d u a l  material down the d r a i n  leading t o  the ~ ~ t - d u ~ ~  

6. Cheek the  air pres su re  downstream of the l a r g e  p re s su re  r e g u l a t o r  

- 

The S h i f t  Supervisor will make t he  following adjustments t o  r ea to re  

t h e  ind ica t ed  valves  t o  normal and W l Z l  remove the tags placed there 
during procedure 5.4*3: 

1. Close both valves  i n  the  air l i n e .  

2. Close both f i l t e r  bypass valves .  

3. Close the  E a s t - f i l l  valve (DM-210-4)* 

5 .  Close the  manual blocking valves  i n  series with demineral izer  valvea 

6. Open t he  valves  at the demineral izer  exit f i l t e r .  

7 Remove tags from the main c i r c u l a t i n g  dc-powered c i r c u l a t i n g  shin, 

8 .  Set the  manual valves  to t he  Demineralizer i n  Service condition and 

4. Adjust  t he  f i l l  pump exit valve. 

PR-301-L, DM-228-1, and LLW-601-1. 

and demineral izer  pumps. 

check ope ra t ion  of the demPneral.izer . 
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6. HOIST OPEUTING PROCEDURES 

Hoist  ope ra t ion  can alter the r e a c t o r  s h i e l d i n g ,  poss lb ly  i n i t i a t i n g  

a severe r a d i a t i o n  hazard,  and can expose the  r e a c t o r  to  phys ica l  f o r c e s  

which might damage or des t roy  t h e  r e a c t o r  o r  a s s o c i a t e d  equipment. 

Therefore,  only an authorized Senior Reactor Operator o r  Reactor 

Operator o r  a t r a i n e e  under d i r e c t  supe rv i s ion  o f  an authorized Senior 

Operator w i l l  ope ra t e  the  h o i s t s .  

L imi t a t ions  on s i z e  and pos i t i on ing  of loads are s p e c i f i e d  i n  sec- 
tion 9.16 along with m i n i m u m  check requirements. Since i t  I s  imprac- 

t i ca l  t o  completely d e l l n e a t e  the procedures t o  be followed f o r  

ope ra t ing  the  h o i s t ,  ope ra to r  judgment as demonstrated i n  on-the-job 

t r a i n i n g  is  on the  utmost importance. A knowledge of the  procedures set 

f o r t h  below cannot be considered t o  c o n s t i t u t e  f u l l  t r a i n i n g  i n  h o i s t  

ope ra t ions .  

6.1 OPERATIONAL SAFETY 

P r i o r  t o  manipulating c o n t r o l  l e v e r s  o r  a t tempting t o  move loads,  

observe the following prel iminary precaut ions:  

1. 

2. 
3 .  

4. 

5 .  

6 .  

7. 

8 .  

9. 

10 e 

Read the  i n s e r t s  recorded i n  the TSF Log t o  d a t e  s t a r t t n g  a t  least 
one week back. 

Perf o m  h o i s t  s lack-l ine p r o t e c t i o n  checks if required.  

Check the cab le  on each h o i s t  drum t o  see that i t  is p rope r ly  i n  

t h e  grooves. 

Check each h o i s t  l i n e  t o  ensure t h a t  i t  is clear from i t s  hoist 
drum t o  the tower base sheave. 

Make sure t h a t  110 material is placed on o r  c l o s e  t o  the  r e s i s t o r  bank 
f o r  each h o i s t .  (The r e s i s t o r s  gene ra t e  enough hea t  t o  t u r n  red 

during low-speed h o i s t i n g  o r  Powering of loads.  1 
Check t h a t  t h e  h o i s t  emergency b a t t e r y  rectifier is operating:.  

Note t h a t  the l e v e l  of water i n  a l l  b a t t e r i e s  i n  3uilding 7703 i s  

normal and t h a t  t he  bubbling rate is not  excessive i n  any b a r t e r y .  

Consider present  weather cond i t ions  and in spec t  po r t ions  of the 

system which might be a f f e c t e d .  Do not  h o i s t  loads from secure 

p o s i t i o n s  when wind v e l o c i t y  i s  above 40 mph. 

Obtain a weather r e p o r t  and consfder any precaut ions t h a t  should 

be taken. 

Examine the  loads thoroughly t o  l o c a t e  any t o o l s  o r  p a r t s  which 

might f a l l .  Remove any unnecessary at tachments ,  anchor l i n e s ,  

ex t ens ion  cords,  etc . 
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11. Have Qual i ty  Department perform load tests o f  h o i s t  if r eac to r  i a  

t o  be l i f t e d  more than 50 f t  and load t e s t s  have not: been made f o r  

more than f i v e  years.  

While the  loads are i n  the  v i c i n i t y  of any ground c l u t t e r ,  h o i s t  

movement w i l l .  be r e s t r i c t e d  to  the  f i r s t  th ree  speeds,  and the  signalman 

w i l l  d i r e c t  the  h o i s t  opera tor  according t o  the s i g n a l  procedure. 

Usual ly ,  the  more experienced opera tor  should be signalman. 

1. Se lec t  the  des i r ed  c o n t r o l  s t a t i o n  (ramp or pool).  

2.  To opera te  with the  constant- tension h o i s t ,  i n s e r t  key i n  con t ro l  

handle,  turn handle t o  RESET, and then tu rn  handle Eo OPERATE posit lnn,  
(Motor and f an  on constant- tension hydraul ic  h o i s t  should s t a r t  .) 
To operate without the cons tan t  h o i s t ,  i n s e r t  key i n  c o n t r o l  handle 

and t u rn  handle t o  operate .  This type 0 6  opera t ion  i s  poss ib l e  only 
at the  PO01 c o n t r o l  S t a t iQn .  

3.  I f  the  hydraul ic  h o i s t  is not t o  be used, r e l i e v e  its l i n e  tens ion  

by tu rn ing  pressure  c o n t r o l  handle counterclockwise to the  DECREASE 
p o s i t i o n  and, i f  load is  a t tached ,  by allowing the  loa 
cable off t he  drum u n t i l  an equi l ibr ium condi t ion  is reached. 

(NOTE: I f  the  hydraul ic  h o i s t  i s  t o  be operated,  foPlow the  procedure 

ou t l ined  i n  s e c t i o n  6 . 3 . ) .  
4. Depress bu t ton  marked BRAXF, RELEASE. 
5. Depress the  "dead-man" t r e a d l e  and do not release u n t i l  i t  is 

des i r ed  to stop a l l  h o i s t  movement. 

The c o n t r o l l e r  handled must be re turned  t o  the Neutral  o r  Vertical 
p 0 s f t 2 ~ ~  and then moved t o  a raise or lower pos i t i on .  There are f i v e  

speeds f o r  h o i s t i n g  and a brake release only and fot3r dr iv ing  speeds fo r  

loweringe The h o i s t s  should now move unless  t he  s lack- l ine  system power 

i s  off  o r  one or  more o f  t he  followPng s a f e t y  or l i m i t  devices  have 

operated:  

Slack-line bar switches ac tua ted  - loca ted  i m e d i a t e l y  below and 

Dead-man switch not ac tua ted  - switch at each h o i s t  station; r e l a y  

Travel l i m i t  switch ac tua ted  - loca ted  in box on end of ea& drum 

toward power t r a i n  of each drum ( 3  bars  - 6 switches)  

l oca t ed  i n  small con t ro l  rack in h o i s t  house 

s h a f t  
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O.C. - a.c. r e l a y  energized - l oca t ed  i n  r e l a y  cab ine t  of each 

h o i s t ;  t h e  3-in balance arm must not touch t h e  co re  of e i t h e r  c o i l  

of t h i s  over-current r e l a y  

behind each h o i s t  drum 

Overspeed switch ac tua ted  - l oca t ed  on in t e rmed ia t e  gear  s h a f t  

Cable drum l i m i t  switch ac tua ted  - l oca t ed  on arm at south end of 

Mechanical brake hand-release l i m i t  switch ac tua ted  - two, l oca t ed  

Undervoltage. r e l a y  deenergized - l oca t ed  i n  each h o i s t  r e l a y  cab ine t  

Tag l i n e  l i m i t  swi tch  ac tua ted  - l oca t ed  i n  box on tower l e g  1 at 

115-ft l e v e l ;  r e l a y  loca ted  i n  monitron box a t  ramp h o i s t  c o n t r o l  

s t a t i o n ;  prevents  up travel on No. 2 h o i s t  and down travel an 
No. 1 h o i s t  (no t  p r e s e n t l y  connected f o r  ope ra t ion )  

Crew compartment l i m i t  switch ac tua ted  - l oca t ed  on crew compartment 

balance a r m ;  t he  r e l a y  and ove r r ide  but tons are l oca t ed  on the  

monitron box a t  the ramp s t a t i o n  (not i n  use) 

each drum 

on each drum d r i v e  motor s h a f t  

6 .  Terminate h o i s t  motion by r e l e a s i n g  dead-man t r e a d l e ;  then r e t u r n  

c o n t r o l l e r  handles to NEUTRAL p o s i t i o n ,  

7. To t e rmina te  h o i s t  ope ra t ions ,  depress  s t o p  but ton on switch panel. 

Ds not deenergize by using the main breaker but ton on f r o n t  r i m  of 
h o i s t  c o n t r o l  s t a t i o n .  ("his c u t s  off b a t t e r y  charger  for h o i s t  

emergency power; see s e c t i o n  6 . 4 ,  "Emergency Lswering of Loads.") 

8. I f  i t  is  des i r ed  t o  ope ra t e  from t h e  o t h e r  s t a t i o n ,  

a. remove the c o n t r o l  key from the s t a t i o n  in use  (removable only 

b. i n s e r t  key i n  c o n t r o l  s t a t i o n  s e l e c t o r  switch a t  s e l e c t e d  

e. proceed as i n  s t e p s  1 through 7 .  

when key c o n t r o l  handle i s  i n  OFF p o s i t i o n ) ;  

s t a t b o n ;  and 

6.3 OPERATION OF CONSTAB"-TENSION ffyDBAuLIC HOIST 

6.3.1 Startup 

1. S e l e c t  the d e s i r e d  c o n t r o l  s t a t i o n  (ramp o r  pool). 

2. I n s e r t  key i n  c o n t r o l  handle; t u r n  handle t o  RESET; then t u r n  

3. Set t he  brake,  which locks the  drum, by tu rn ing  t h e  h o i s t  key switch 

handle to  OPERATE p o s i t i o n .  

handle t o  BRAKE SET pos i t l on .  
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4 ,  To release the brake, t u r n  the posittoning h o i s t  key s w i t c h  to the 

OPERATE p o s i t i o n  and depress t he  brake release button. 

6 r 3 . 2  

1. Turn the pressure control. handle to the INCREASE p ~ s i t h r ~ .  and hold. 

2. Qbacrve pressure the gauge. 
until t he  l i n e  19ovelnent begins e 

the gauge reading. Limit cable pull. to 5,000 l h .  

~~~~0~~ 

11 not move d t h  brake sets 
2. Gauge shows only. the resistanc.e to  drum ra tat ion;  releaae 

handle  when the cable atar ta  moving. 

T U K ~  ths imndle counterclockwise to the DECMASE p s s i t i s r i i  and a l low the 
load to reel cable off  the drum. Wxm equl l ibr im i s  reached, the  cable 
drum ShQUld S t o p e  

6.4.4 

A 75-lb cable p u l l  is required co p u l l  cable off  the i d l e  system. 
Cable m y  be unreeled hydraulically by hand adjustment: of the  balance 

valve,  which i s  located on the north portion of the hydraulic hois t  

p w n g  
CAXTTI QNS 

1. Always decrease  p t e s s u ~ e  at t h e  control.. statlore to i r s  limit before 

2. Runnlng cable must be kept t au t  becklash w i l l  occur 
changhg  the balance valve setting. 

instantly. To s t o p  drum, t u rn  switch $a B SET e 

6.4 

An electr ical  power failure w i l l  cause the automati@ brakes t o  set  
i m e d i a t e l y .  To lower the load w i t h  the power o f f ,  i t  i s  necessary to 
usc the emergency system w i t h  control.% located at the top of the posi- 

tioning hoist control panel. (Pawer i s  supplied by the 28-V battery 
system located in the h o i s t  house.) 'Ke emergency lawer key switch is 
imtmediately above the posttioning h o i s t  key switch.  The l i n e  o f  brake- 
release buttons t o  the right of the emergency lower key switch affects  
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each h o i s t  i n  the  same sequence as the  c o n t r o l  l e v e r s .  The last switch 

t o  the r i g h t  releases the brake on the  hydrau l i c  h o i s t  o r  p o s i t i o n i n g  h o i s t .  

To lower the loads,  observe the following procedure : 

1. Place r egu la r  c o n t r o l  ?my switch handle i n  OFF p o s i t i o n .  

2. I n s e r t  t he  key i n t o  the  emergency Power but ton switch; t u r n  key 90' 
clockwise; then depress  the key and r o t a t e  90" counterclockwise (key and 

bu t ton  should remain depressed).  

3.  I f  load movement i s  expected t o  un ree l  l i ne  from the  hydrau l i c  h o i s t ,  

p l ace  the hydrau l i c  h o i s t  emergency brake release switch i n  BRAKE 
RELEASED SOLENOID OPEN pos i t i on .  

lowering wtth one h o i s t  of each p a i r  as necessary 

4 .  Depress necessary push but tons t o  lower loads.  Guide the loads by 

6.5 SIGNALING 

Most of t he  t i m e ,  the loads a t  the TSF can be moved s a f e l y  with the  

o p e r a t o r  observing the  loads e i t h e r  d i r e c t l y  or with two TV r e c i v e r s .  

I n  those cases where a signalman can be s t a t i o n e d  t o  observe the  mve- 

ment of the loads b e t t e r  than the ope ra to r ,  t h e  following hand s i g n a l s  

should tpe used t o  inform the ope ra to r :  

Xoist s e l e c t i o n  - I n d i c a t e  which h o i s t  o r  load is d e s i r e d  t o  

be. active by point ing with one hand t o  the load,  po in t ing  

with one hand t o  a corner  h o i s t  load l i n e  or  p l ac ing  p a l m s  

t oge the r ,  and then point ing at south c e n t e r  o r  no r th  

c e n t e r  h o i s t  l i n e .  

Speed - I n d i c a t e  the  speed of ope ra t ion  by t h e  vigor  of hand 

Hoist  ( s i g n a l  t o  r a i s e )  - With the  forearm ver t ical ,  make 

Lower - With arm extended, hand below h i p s ,  make s m a l l  ve r t ica l  

Travel  - Hold forearm vertical  with hand open, then wave forearm 

sto_p - Extend arm, spread hand, and hold posit-lon r i g i d l y .  

Emergency s t o p  - Extend arm(s> and hand(s) l e v e l  with h i p s  and 

movements. 

s m a l l  h o r i z o n t a l  circles with the  hand. 

circles with the  hands. 

i n  d i r e c t i o n  of t r a v e l .  

then move hand(s) quickly t o  r i g h t  and l e f t .  
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If the  slack cable  on a h o i s t  drum were t o  become snagged, i t  might 
break if opera t ion  is continued. I f  the  cable  were t o  break when a 

s h i e l d  i s  suspended, the  s11fel.d .would probably swing through a l a r g e  arc 

to the ground or i n t o  a tower leg  and demolish the  %%ole tower complex. 

The cable on one or  more of the  drums may become slack i f  a load &Ich 

i s  suspended from m y  of the  six m j o x  ho i s t s  is not sufficient to 
overhaul the cable  ~n the  f l o a t i n g  sheaves and the  tower-mounted sheaves 

when the h o i s t  drums are r o t a t e d  t o  lower the load. T h i s  danger i s  com- 

pounded during icy weather because, d t h  cable movement, any ice or 5 n ~ w  

usually accumulates in. the f l o a t i n g  sheave and acts as 8 brake even f o r  

maximum loads.  Moreover, i f  the h o i s t s  lave remained i d l e  during 

several days of snow 01- Ereeeing ra in ,  ice could have accumulated i n  a 
f loat ing-sheave block even though none is v i s i b l e  on the cables. 

6.6.2 

The alack-cable p ro tec t ion  system c~nststs of S ~ ~ . S Q P B  on each hoist 
i c h  dl1 detec t  movement of the cable  away from the  drum 

and e l e c t r i c a l l y  s t o p  all h o i s t  opera t ion  en a slack coridit ion occurs.  

A light brill. i n d i c a t e  t h a t  t roub le  exists, and another I igl l t  w i l l  i n d i c a t e  

011 d l l c h  hipist the  Black E p a ~  OccuPKed (more f u l l y  described belaw).  The 

slack-cable  p ro tec t ion  system is  intePlocked electcically SO t ha t  no h o i s t  

drum not lon is permit ted unleas  the  system is energized.  

of the drum. A cable  must move two of these bars to  get  out  of i t a  
groove. Cable sag below the  drum w i l l  move the  t h t r d  bar. Novament o f  
each bar dl1 operate microswitches at opposite ends of the bar which 
~8'8.1 actuate t w o  Independent r e l a y s  (located tn. the relay cabine t  for 

t w o  l i g h t s  and a b e l l  a t  each h o i s t  statlori  ( t he  b e l l  can be turned off  

by depressing the slack-cable system c o n t r o l  but ton a t  e i t h e r  control. s t a t i o n ) .  
Each. s l ack  bar i s  capable of dropping ou t  the same two relays. The 
slack-cable system control l i g h t  which i n d i c a t e s  a fault w i l l  stay QLZ unti l  

all s l ack  bars return t o  t h e i r  normal pos i t t ons .  The l i g h t  that lnd1- 

cates the hoist on which the  slack occurred dll KEXIKXbX on u n t t l  the  

The sensors  can each hois t  drum are three bars  which run the length  

that  h o i s t ) ,  ei ther of kaslch 18 i n t e r r u p t  all h o i s t  ac t ion  and timi on 



6-7 

s l a c k  cond i t ion  has c l e a r e d  and i ts  reset but ton i n  the h o i s t  house has 

been operated.  The la t ter  requirement is t o  ensure t h a t  t h e  cab le  on 

t h e  drum is inspected before  the  l i g h t  is c lea red .  

h o i s t  c o n t r o l  deadanan switch and ope ra t e  the  h o i s t s .  However, it is 

requ i r ed  t h a t  t he  h o i s t s  be observed before  cont inuing if s l a c k  con- 
d i t i o n s  occur o r  might occur (see s e c t i o n  6 * 6 . 3 ) .  If a s l a c k  f a u l t  

exists on a h o i s t ,  i t s  o v e r r i d e  but ton has t o  be pushed i n  o rde r  t o  

o p e r a t e  any h o i s t  or t o  clear the  f a u l t .  If t he  fault does not clear, 

t h e  warning alarm w t l l  sound aga in  when the  ove r r ide  but ton is released.  

Conditions for use of the ove r r ide  are s p e c i f i e d  Ln s e c t i o n  6 . 4 . 4 .  

I f  a slack cond i t ion  occurs and elears, i t  is p o s s i b l e  t o  reset the 

6.6.3 Operation of Hoists During Gonditions When Cable Wght Go Slack 

When the ope ra to r  knows or  suspec t s  t h a t  cond i t ions  exist which 
could cause the cab le  t o  go s l a c k ,  the following procedure should be 
followed : 

1. 
2. 

3 .  

4 .  

5 .  

6 .  

7. 

Make sure t h a t  a l l  slack-cable switches are ope ra t ing  properly,  

Check a l l  cab le s  and loads for poss ib l e  fo re ign  attachments or  

Have an observer  s t a t i o n e d  I n  t h e  h o i s t  house wlth d i r e c t  com- 

munication with the  ope ra to r  t o  s c r u t i n i z e  each h o i s t  and cab le  as 
they  are t e s t e d  f o r  overhaul freedom. 

PlsmentariLy run the h o i s t  i n  the No. 2 speed positFon for lowering. 

If no abnormal s l a c k  cond i t ion  I s  observed as the cab le  is played 

of f  the drum, proceed with cau t ion  t o  the higher  speeds as necessary.  

I f  s l a c k  remains and t h e  cab le  is  limp, proceed to s t e p  5. 
Momentarily Fun t he  hoist: In  the No. 1 speed f o r  h o i s t i n g  t o  remove 

t h e  s l a c k  from previous operat ion;  then r epea t  a second t i m e  t o  

exert a slight; f o r c e  on t h e  f l o a t i n g  block, (It may be necessary t o  

use the  slack-bar o v e r r i d e  f o r  t h i s  operat ion,  which is permissible  

i f  an assistant Ps observing the l a y  of t h e  cab le  on the drum.) 
I f  d.1 parts of the reeved cab le  move, then r epea t  s t e p  4 .  
I f  any p a r t  of the reeved cab le  does not W Q ~ ,  t he  floating block 

w i l l  rise s l i g h t l y ,  showing s l a c k  in the remaining po r t ions  of the 

~ e e v e d  a b l e .  T f  t he re  is dce  on the  cab le s ,  mve the  cab le s  a 
s l i g h t  amotint t o  t r y  t8 break the ice loose and perrnft f r e e  movenent 

of t he  cable .  I f  t he  cab le  does not move f r e e l y ,  cease opera t ion  

u n t i l  thawing OCCUrSa  With l i g h t  loads (under approxdmately 10 tons) ,  

fouling " 
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a IO- in  displacement sag ray  be tolerated ~ M l e  trylng ta  loosen the 

sheaves. 

If a slack ~ondition causes a cable t o  ride out  of i t s  groove, the 

Senlor  Operator  should be notified. LE the cause of the slack con-- 

d l t i o n  has been removed or can be overcome by operat ing carefully, the 
Senior Operat-or should proceed ;is f d l o t a s  While n d n t a i n i n g  direct  

unPcsltdon idF-.h an assbstanc i n  posPt.i.on t o  observe the h o i s t  dri~?1~, 

the overr ide  button may be used with due cautlsn to run the miEsalfgwed 

cable off  tire drum. E f  the runoff becomes abmrmal, the assistant -dl1 

innmediately inform ‘the S ~ S Z ~ ~ O I -  werator, -AO WLII s t o p  L I I ~  h o i s t  n r i v e  

motor and reevaha te  the s i t u a t i o n .  

The normal procedure for reeling cable fro31 the h o i s t  drum d m n  the 

slack-bas protection system has been actuated is t o  have an assi-+ J LanL 

i n  the hoist hotiise observe that the anreeli.ng proceeds nornally and i h e n  

to use the slack-bar override t u  permil r o t a t i o n  o f  the ~ K U ~ S .  Onby Pri 

811 extreme emergency w i l l  i:he Senior Operator use the slack-bar override 

to reel off  cable (lower a. load) wlthoiit. an asststant present in !-hP 

hoist house. To justlfy such action, the Senior Operator must he  of  the 

oplnion tha t  an observes proceeding t o  or  rernatnlng tn the hof5 t  hmse 

would be exposed t o  an. unaceeptahle hazard and that these ks paten tCal ly  

more: danger I n  leaving the toad szxspended than in Lvyirrg to lover it. 
I n  making the decisions the Senior Operator ~211 be guided n n l g  by 

saEety sonskdera t ioas  of personnel and o f  the Eae1liP.y. 

The f o l l  owing checkout pfcocedure I s  i n t e m k d  t o  pxovlde assurance 

that  the slack-cable protec t  ton system - w i l l  function t f  the need arises 

A weeky checklist  i s  used. t o  relnlind the Senlor Operator that this 

checkout is perf~rirxed each week t n  which the ho i s t s  ere t o  be used. 

The TSF day-shift: sen lo.^ riperator has the responsibility of ..a~ePng 
that the  checks are performed 

The checkout i s  made by e l t h e z  a Senior Opesacor or an opera to r  and 
one assistant. The operator :a responslhle for the coapketeness QE t h e  

cheeks I 
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6.6.5.1 Preparation 

P r i o r  t o  s t a r t i n g  the  checkout, t he  ope ra to r  will i n v e s t i g a t e  the  

p o s s i b i l i t y  of l i m i t i n g  cond i t ions ,  such as those which would have an 

adverse e f f e c t  on the  experimental  program, o r i g i n a t e  a r a d i a t i o n  

hazard,  o r  expose s e n s i t i v e  loads t o  improper weather cond i t ions .  (See 

Appendix A, (Tower Shielding F a c i l i t y  Check Sheets.) 

6.6.5.2 Inspection 

The ope ra to r  w i l l  complete the following c h e c k l i s t :  

1. 

2. 

3. 

4. 
5. 

6 .  
7.  

Each h o i s t  cab le  i s  f r e e  and clear from last  ground sheave t o  the 

h o i s t  house cable  entrance.  

The cab le  t r a v e l  area between t h e  h o i s t  drum and the  east h o i s t  

house w a l l  is clear. 

Each cab le  drum and d r i v e  assembly appears t o  be normal and is  clear 

of a l l  fo re ign  o b j e c t s .  

The cab le  l a y  i n  the drum grooves is regu la r  and even. 

Each r e s i s t o r  bank area is clear, and no combustible material is 

s t o r e d  nearby. 

The meter on the  h o i s t  b a t t e r y  bank charger i n d i c a t e s  charge. 

The b a t t e r y  l i q u i d  l e v e l  is between the  marks on each b a t t e r y .  

6.6.5.3 0perati.onal checkout 

There are two d i s t i n c t l y  d i f f e r e n t  p a r t s  of t he  checkout. The f i r s t  

p a r t  may be done unass i s t ed  as follows: 

1. With key switches a t  both the  pool ( l o c a l )  and ramp (remote) 

ope ra t ing  s t a t i o n s  turned o f f ,  proceed t o  the  h o i s t  house and do t h e  

fol lowing fo r  each h o l s t :  

a. Announce over the pub l i c  address  system t h a t  h o i s t  checks w i l l  be i n  
progress  and the s l a c k  warning b e l l  will be r ing ing  cont inuously fo r  

a s h o r t  t i m e .  

b. Move top s l a c k  bar away from the drum and no te  t h a t  both the l e f t  

and r i g h t  i n d i c a t i n g  l i g h t  a t  the top of the c o n t r o l  cab ine t  t u r n  

on i n d i c a t i n g  the  switch a t  each end of the bar was  ac tua t ed  and 

operated i ts  as soc ia t ed  r e l ay .  
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c. Repeat  s t e p  2 f o r  the anlddle s l a c k  bar. 

d. Repeat step 2 f a r  the lower s l ack  bar. 

e ,  Mote the s lack-indicat ing l i g h t s  are out and then depress the 

reset button (upper botton marked STOP) on the  north side of the 

c o n t r o l  cab ine t .  

f .  Repeat s t e p s  b, c, d ,  and e f o r  each h o i s t .  

g .  If any abnormali t ies  are mated, a s s i g n  the neeessary craft personnel 
t o  r e c t i f y  them. Cheek out the  repalm they are completedo 

11. Prixeed t o  a hoist opera t ing  station and depress the s l ack  system 

reset. 

2.  “fie second part. o€ the  checkout r e q u i r e s  an assistant, but a t  AO tima 
is it necessary to approach any moving p a r t  of the h o i s t i n g  equipment. 

At 

a. 

b.  

e .  

a. 

e. 

P. 

i3* 

h. 

i. 

j* 

kn 

either ho-lst control s t a t i o n ,  proceed as fol lows:  

Confirm t h a t  adequate C O m ~ U n i G a t i o l l  exists between the hoist 
h o m e  and the c o n t r o l  station and i n s t r u c t  the a S S i S t a A t  to 
remain i n  constant  contact .  

Csnfirm that t h e a s s i s t a n t  i s  a t  the c o n t r o l  cabinet away from 

the h o i s t  machinery. 
Turn on h o i s t .  

Move handle to ho i s t  s l i g h t l y ;  COAfiPm 1110t%sn by ~6clsy11 indica- 
t i o n  QP: cable movement. 
h v e  handle to  lower slightly; confirm m t i s n  by selsyn indica-  

t i o n  or cable movement. 
Direct  the  assistant t o  depress  lower K t e s t  but ton  on side af 
cab ine t  and mintain pressure while the operator tries t o  raise 

and hoist: operate but t h e r e  i ; E p  m hoist motion. 
and lower the h o i s t .  Note that the warning bell, fault ltght., 

Depresa slack-eystem control button at  the c o n t r o l  s t a t i o n  and 

have the assistant depress  the reset on the c o n t r o l  cubicle.. 
Repeat s t e p s  f and g f o r  each hoist. 

while the assistant depresses  the upper  K test button an each 
cabine $r II 

D%sect the assistant t o  leave the h o i s t  house arid confirm 

lowering and hoisting of each h o i s t  by oparatlhg juea enough tx 
note selsyn a per at ion. 
S f  feasible, move loads to  a calibration p o s i t i o n  and record 
t h e  readings ora selsyns a t  the three se l syn  receiver poeitiom; 
compare therm with previous readings. 

t 6  o t h e r  operating atation and repeat steps E, g s  asad h 
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1. Turn off the hoist and announce over the public address system 

m. I5 any abnormalities are noted, assign the necessary craft 
t h a t  testing is completed. 

personnel to rectify them. Check out the repaPrs when they are 
completed 
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B a s i c a l l y ,  t h e  ope ra t ion  of t h e  TSR-II i s  similar t o  t h a t  of other 
OKNI, water-moderated and -cooled r e a c t o r s .  Major d i f f e r e n c e s  are asso- 

c i a t e d  wi th  t h e  r a t h e r  e l a b o r a t e  cool ing  system requi red ,  t h e  mobil.i.ty 

of t h e  r e a c t o r ,  and the  weather f a c t o r  Lntroduced by trhe l o c a t i o n  of the  

react or. 

It i s  t h e  r e s p o n s i b i l i t y  of t h e  Senior  Operator t o  ensure t h a t  the 
r e a c t o r  i s  opera ted  s a f e l y  and i n  accordance wi th  these  approved wrtttee 
procedures.  Radia t ion  p r o t e c t i o n  requirements  are s p e c i f i e d  i n  s e c t i o n s  

9.6 and 9.7. S i g n i f i c a n t  depa r tu re  from t h e  w r i t t e n  procedures wdll re- 

q u i r e  p r i o r  review and approval  by the Supervisor  of Reactor Operat ions,  

TSF-HPRR areas, and, where r equ i r ed ,  by t h e  a p p l i c a b l e  review committee. 

The Senior  Operator  may des igna te  an au thor ized  ope ra to r  t o  ope ra t e  the 

r e a c t o r .  The Senlor  Operator  may then  work i n  areas of t h e  bu i ld ing  

o t h e r  Chan t h e  c o n t r o l  room bu t  must be a v a i l a b l e  t o  assume o v e r a l l  

r e s p o n s i b i l i t y  f o r  t h e  r e a c t o r  ope ra t ion  i n  any unusual o r  emergency 

s i t u a t i o n .  To main ta in  t h e  r e a c t o r  i n  a saEe cond i t ion  under these  cir- 

cumstances, remedial  a c t i o n s  w i l l  be taken as necessary  by t h e  Senior  

Operator ,  o r  the Senior  Operator  w i l l  a s s i g n  such a c t i o n  t o  persons who 
are q u a l i f i e d .  

t o r  i s  opera ted .  During r e a c t o r  ope ra t ion ,  t h e  prime r e s p o n s i b i l i t y  o f  
t h e  Reactor Gperator  i s  t o  be cognizant  of the cond i t ion  of t h e  r e a c t o r  

a t  a l l  t i m e s  and t o  be i n  a p o s i t i o n  t o  t ake  remedial  a c t t o n s  as 

necessary .  The ope ra to r  may do o t h e r  t h ings  o r  supe rv l se  o the r  work i n  
t h e  c o n t r o l  room but  not t o  t h e  e x t e n t  t h a t  prime r e s p o n s i b i l i t y  i s  not  

discharged.  Leaving t h e  c o n t r o l  room i s  permiss ib le  only i f  ope ra t ing  

r e s p o n s i b i l i t i e s  are turned over  t o  another  au thor ized  opera tor .  

Readings of t h e  r e a c t o r  ins t ruments  should be recorded a t  Peast once 

each hour.  

A s e n i o r  ope ra to r  w i l l  be i n  the  c o n t r o l  bu i ld ing  whenever the reac- 

The Superv isor  of Reactor Operat ions,  TSF-WWR areas, w l l l  inform 

t h e  Qffice of Opera t iona l  S a f e t y  i f  any of t h e  fol lowing occurs:  

f a i l u r e  t o  scram, abnormal ope ra t ion ,  unusual d i f f i c u k t i e s  wi th  in s t ru -  
mentat ion,  p o t e n t i a l l y  s e r i o u s  ope ra t ing  d i f f i c u l t i e s ,  or any v io l a -  

t i o n  af t h e  Technica l  S p e c i f i c a t i o n s .  



The fol lowing procedures covet the t n i c i a l  reactor run  of 2 s h i f t .  
mtiy of these steps,  such as checking t h e  r e a c t o r  c o n t r o l s  and the 

cool ing system, a r e  t o  he performed only once each s h i f t  and need not be 

repeated when r e t u r n i n g  t h e  r e a c t o r  t o  power l a t e r  during t h e  same s h i f t .  

1. 

2. 

3.  

4 .  

5. 

6 .  

7. 

Examine t h e  Reactor Operation Log and d a i l y  c h e c k l i s t s  ( s e e  

Appendix A) f o r  t h e  previous  run to see whether any remedial  a c t i o n s  

need t o  be taken before  a new r u n  is  started. Then f i l l .  out a new 
l o g  shee t  while making the pseoperaskonal checkouts. Check t h a t  the 

experimental  s e tup  corresponds t o  approval .  

Obtain a daily weather r e p o r t  i f  the reactor o r  o t h e r  loads arc t o  

be hoisted wtth the f a c i l i t y  h o i s t s  a 

Turn on TV camerae; and receivers iiIS needed; adjUst cameras t o  b r l a g  

the  r e a c t o r  i n t o  vlew on the -i-ecc?iver screens. 
Check the f i s s i o n  chamber channel, f o r  i n d i c a t i o n  of s o u r c ~  count 

ra te  on the log count-rate  raezier. 

checked € o r  indication of source counts befare  t h e  r e a c t o r - - ~ n  swie.ch 
is .  t u r w d  on b y  t u rn ing  on the s d t c h  w i t h i n  t he  recorder housing. 

Withdraw the fission chamber arid check t o  see t h a t  the count ra te  

drops, whkch indicates t h a t  the channel i s  Tunc62oizfng riaruraX J.y. 
Wive. Lhe f i s s i a n  chamber to t h e  lower l i m i t ,  whiek should refault  

i n  a count ing rate of g r e a t e r  than 2 c~untsds arid then d t h d r a w  the  

f l s a i o r r  chamber untl.1- the count rate just exceeds 2 counts /$ .  P u l l  

out  the c o n t r o l  handle t o  place the  fLss ion  chamber d r i v e  i n  
AUTOPlATIC unless manual. control. i s  t o  be used. 
Turn the log N calibrate switch t o  the  various c a l i b r a t e  positions 
and adjust t h e  proper potentiometer u n t i l  readfngs of 0.001 and IO0 
are ohserved on the ?.og N recorder s c a l e .  I f  ntxessary, repeaz: 
ad justmtlirrcs until the s e t t i n g s  are brought intro c a l i b r a t i o n .  Return 
t h e  s e l e c t o r  swftch t o  t he  OPERATE p o s i t i o n .  

Visual.1.y check the f o u r  sigma amplifiers e If the bevel i n d i c a t o r  

p o i n t e r s  are not  a t  D e z e ~ ~ ' '  or if any of t h e  t r m b l e  l i g h t s  on the 

anrplif Ler panels i n d i c a t e  abnormal., take the necessary ~ ~ ~ r r e c t l v e  
a c t i o n .  

Turn Big Beam Shield s h u t t e r  power on atid reset c o n t r o l s .  

The count-sate recorder may be 
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7.2.2 Startup of Cooling System* 

1. 

2. 

3.. 

4 .  

5. 

6. 

7. 

8 .  

9. 

10. 

11. 

12. 

Visually check the reactor and its cooling system to make sure it 
is ready for normal use. It should be free from gross  water leaks 
and should be at the desired altitude. 
Check the annunciators, note any anomalous conditions, and clear 
indicators by depressing the acknowledge and reset buttons. 
Turn on the fill pap switch; the yellow lens on the switch should be 
illuminated. Observe the m i n  inlet pressure gauge. The pressure 
should rise t o  approximately 40 psi if the reactor is in the Big 
Beam Shield. 
If temperature conditions require, turn the dc-powered circulating 
pump switch clockwise; the yellow lens on the switch should be 
illuminated. 
Set the dc-powered circulating pump Elow at the flow recorder. 
(The bypass valve is normally left closed as indicated by the amber 
light on valve mimic, which gives maximum flow.) 
If the water resistivity is less than 500,000 ohms, turn the 
demineralizer pump switch clockwise; the yellow indicator lens 
should be illuminated. A vacuum switch will turn this pump off If 
its intake pressure is low, which may occur if the system base 
pressure is low or the filters are clogged. 
Set the main-pump flow adjustment (at the recorder) to give minlmum 
f l o w .  (This reduces the surge when this pump is started.) 
Set the louver control switch to suit the operating and temperature 
conditions. 
Turn the main-pump switch clockwise; the yellow indicator lens on the 
switch should be illuminated. 
Adjust the main-pump flow to 800 gpm (This permits some flow through 
the bypass line.) and observe the reactor pressure-drop indicator. If 

this exceeds 32 psi, stop the pumps, determine the cause o f  the 
increase, and make proper corrections. The RFACTOR WATER FLOW 

annunciator should clear at the Indicated point. The pump must be 
operated at or above 800 gpm for 3 min to obtain operation PERMIT. 
On the Reactor Operation Log sheet and the Summary of Systems 
Recordings, record the readings indicated for the water cooling 
system. 
Turn on the heat exchanger f a n  xnotor(s) if high power operation is 
planned and reduction of temperature of the reactor cooling water 

*If the cooling system is operating continuously, items pertaining to 
starting pumps or clearing annunciators do not apply. 
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is desired. If temperature requires, do this after power is 
attained. At low reactor power (below 10 kW), the cooling water 
temperature w t l l  follow the temperature of t h e  air rather than that 
of the reactor. 

14. Turn off the s h i m  pump special operation switch if it has been 

used far freeze-up protection. 

7.2.3 Personnel Safety Precautions 

9.2 .3 .1  General 

The security inspector at pos t  2 2  will issue TSF head-counh badges 
to all individuals who enter the TSF exclusion area. bring periods 
when the reactor i s  not operated, tlie security tnspeetor  w i l l  issue a 
head-comt badge to any person with an assigned badge and allow the  per- 

son to enter t h e  area, When an individual who has no assigned badge 

meeds to enter the area, the s e c u r l t y  inspector w i l l  obtain permission 
from the Reactor Operator befo re  i s s u i n g  a badge to the tndivldual and 
allowtng entry. In general, personnel working in the TSF area enter the 
control. building or leave the exclusion area when t h e  reactor is to be 
operatea.  ~ ~ ~ e e p  necessary, however, persorrne~. may be permittea to work 
during reactor operation ln locations that are inside t he  outer exclu- 
sion fence but are a safe distance from the reactor. Conditions 
governing occupancy o f  remote areas during reactor operation arc given in 
the next sectton. Procedures f o r  accounting far all personnel in the 
TSF area p r i o r  to reactar operation are outlined in the two fo l lowing  
sections e 

3.2.3.2 

If a considerable time is required t o  accomplish ~ ~ r k  in a remote 
area inebde the outer exclusion fence, the aupervisor a€ the personnel. 
involved may obtain permission from t h e  TSF Supervisor o r ,  in the TSF 
Supervisor's absence, the on-duty Reactor Operator for the personnel to 
work inaide the exclusion fence during reactor operation. The TSP 

Supervisor will establish that it is safe to occupy the area ut.l.'Ele3.ng, 

if necessary, the services o f  a health physicist. The TSF Supervisor 
will (1) enumerate the restrictions to the supervisor of the  work crew 
who will inform the work crew, ( 2 )  inform the guard captain who will 
instruct the security inspectors concerning access of personnel  t o  the 
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remote area, and ( 3 )  record  i n  t h e  TSF Log information concerning t h e  
proposed work i n  remote areas and t h e  r e s t r i c t i o n s  involved. The super- 

v i s o r  of t h e  work c r e w  w i l l  supply t h e  crew wi th  a r ad io  t h a t  ope ra t e s  

KIN-294 s o  t h a t  t h e  Reactor  Operator can c o n t a c t  t he  work crew. 

I f  some urgency i s  involved i n  doing work i n  a remote area, the 

Reactor Operator may, i f  necessary ,  i s s u e  a r ad io  to  a work crew and 

personal ly  i n s t r u c t  t h e  workmen concerning t h e  r e s t r i c t i o n s  involved i n  

working i n  t h e  area (access rou te ,  work area, r e s t r i c t e d  area, and 

n e c e s s i t y  of main ta in ing  r a d i o  c o n t a c t ) .  The s e c u r i t y  in spec to r  w i l l  
a l s o  inform the guard c a p t a i n  of the access oE personnel  t o  a remote 

area and record  t h i s  in format ion  i n  t h e  TSF Log. 
When personnel  want t o  e n t e r  t h e  TSF area t o  work i n  a remote area, 

t h e  s e c u r i t y  in spec to r  on duty w i l l  o b t a i n  permission from the  ope ra to r  

be fo re  i s s u i n g  t h e  badges. Before g iv ing  the  s e c u r i t y  in spec to r  per- 

mission t o  i s s u e  t h e  badges, record the  d a t e ,  t i m e  of en t ry ,  area 

involved,  and badge numbers i ssued .  The s e c u r i t y  in spec to r  w i l l  n o t i f y  

t h e  Reactor Operator  when t h e  above personnel  l eave  t h e  TSF area. When 

non-laboratory personnel  are working i n  a remote area, they must be 

accompanied by an  ORNL employee. 

7.2.3.3 Operat ion i n  Big Beam Shield 

This  i s  t h e  usua l  mode of opera t ion .  When t h e  r e a c t o r  i s  t o  be l e f t  
i n  t h e  s h i e l d  on the  ground f o r  an extended t i m e ,  t h e  f l o a t  f o r  t h e  

Reactor-in-Air warning i s  removed t o  g ive  a continuous Reactor-in-Air 
i n d i c a t i o n .  

1. P r i o r  t o  checkout f o r  r e a c t o r  s t a r t u p ,  announce over t h e  i n s i d e  and 

o u t s i d e  pub l i c  address  system t h a t  t h e  r e a c t o r  i s  t o  be operated 

and what t h e  expected t i m e  of t he  next  scheduled shutdown w i l l  be 

and t h a t  anyone d e s i r i n g  t o  l eave  t h e  area should do so  now. Advise 

personnel  of any unusual cond i t ions ,  r e s t r i c t i o n s ,  o r  b a r r i e r s .  
Cheek t h a t  personnel  who are not  r e g u l a r l y  assigned t o  t h e  TSP are 

fam8l ia r  wi th  t h e  personnel  s a f e t y  precaut ions .  I f  any i n d i v i d u a l s  

are no t ,  inform them o r  d i r e c t  another  TSF s t a f f  member to  inform 

them concerning t h e  p o t e n t i a l  r a d i a t i o n  hazard o u t s i d e  the  c o n t r o l  

bu i ld ing ,  t h e  badge head count procedure,  and t h e  door i n t e r l o c k  
system. 

2. Se t  up any a u x i l i a r y  b a r r i e r s  on access roads as necessary. 
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3 .  

4 .  

5. 

6 .  

3 .  

8. 

9. 

10. 

Obtain from the aecr i r i ty  i n s p e c t o r  a t  p o s t  22 a list o f  badge 

numbers of persons in the TSF area and confirm wFth the s e c u r i t y  

inspector tJw number af badges i ssued .  

Direct t h e  security i n spec to r  t o  close t h e  gate and t o  [.urn on t h e  

swi tch  t o  actdvaee the  gate alarm. 

Note on the  Reactor  Operator  Log Sheet t h e  time t h a t  the  security 
i n s p e c t o r  clears the  ACCESS GATE OPEN annunciator. 
Close the  g a t e s  i n  the  600-ft fence,  

15 anyone is working i n  a resirnote area ins-hde t he  exctusion fence 
c o n t a c t  them by r a d i o  ana ca1.ifi.m t h a t  personnd with the  s p e c i f i e d  

badge K ~ U I U ~ ~ ~ S  are working i n  t h e  s p e c i f i e d  location. Inform them 
that the  r e a c t o r  i s  t o  be opera ted .  
Announce oven: t h e  i n s i d e  and outside publie address system that the  

reactor i s  t o  be operated atid t h a t  a l l  personnel. are t o  eone i n s i d e  
Control Building 7702 and remain there unti l .  f u r t h e r  ncsLPce. 

Turn t h e  reactor-on key swftch t o  RESET and then t o  ON posi tdon;  

an amber l i g h t  should be i l l umina ted ,  indicating t h a t  the shim pump 

i s  ope ra t ing ,  and the 3rafn warning born should sound. 
h n o ~ n c e  over the i n s i d e  pub l i c  address system t h a t  a. badge r o l l  

ea11 i s  r o  be anade. 1ndividual.s w i l l .  confirm s h e t r  presence by 

repeating z h e i r  badge numbers when c a l l e d  and may confirm the 

presence of o t h e r s  w i t h i n  view a t  t h e i r  request by c a l l i n g  catat t h e i r  

badge numbers. Mhen the  check i s  complete, request anyone whose 

badge number was not c a l l e d  to reepsnd. If there i s  iXIpi discrepancy 
i n  the badge check, i t  

check 1 s  satisfactory, 

s no t  i n  r o u t i n e  use. I f  i t  8s to be used, 
the r e a c t o r  cool ing  system hoses,  etc. must be assembled and tho, opera- 
bility of the systems checked. Checkout f o r  personnel i s  t h e  SCW. as 
i n  the previous seetic9n. 

7.2.3*5 

T h i s  mode of ope ra t ion  i s  n o t  i n  r o u t i n e  ime. I f  i t  is t o  be used, 
equipment in the reactor handl ing pool must be changed, and t h e  reactor- 

i n - a i r  f l o a t  alarm must he r e a c t i v a t e d  and i t s  o p c r a t l o n  checked. When 
i t  is used, proceed wi th  t h e  foPlowing s teps .  
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1. See t h a t  t h e r e  are no personnel  w i t h i n  a 40-ft r a d i u s  around t h e  

2. 
pool. 

Put up 40-ft r a d i u s  b a r r i e r  with r a d i a t i o n  hazard s i g n s  around t h e  

pool and c l o s e  t h e  g a t e  on t h e  road l e a d i n g  t o  r e a c t o r  area. 

3.  I n s t r u c t  t h e  s e c u r i t y  i n s p e c t o r  t o  restrict e n t r y  of o t h e r  personnel  

t o  t h e  area t o  those granted permission by t h e  Reactor Operator.  

4. Announce over t h e  i n s i d e  and o u t s i d e  pub l i c  address  system t h a t  t h e  

r e a c t o r  i s  t o  be operated i n  t h e  handl ing pool. 

5. To ensu re  t h a t  a l l  personnel  are informed, make a badge check as i n  

s e c t i o n  7.2.3.3$ i t e m  L O ,  f o r  In-Air Operation. Also check t h a t  

personnel  who are n o t  r e g u l a r l y  a s s igned  t o  the TSF are f a m i l i a r  

w i th  t h e  personnel s a f e t y  p recau t ions .  If any i n d i v i d u a l s  are n o t ,  

inform them o r  d i r e c t  another  TSF s t a f f  member t o  inform them 

concerning t h e  p o t e n t i a l  r a d i a t i o n  hazard o u t s i d e  t h e  c o n t r o l  
bu i ld ing ,  t h e  badge head-count procedure,  and the  door i n t e r l o c k  

system. 

6 .  I f  low-flow mode of o p e r a t i o n  i s  t o  be used, see s e c t i o n  4 . 3 .  

1. Turn t h e  reactor-on key switch t o  RESET and then t0 ON position (an 
amber l e n s  should be i l l umina ted  i n d i c a t i n g  t h a t  the shim pump is  

o p e r a t i n g )  and open t h e  Big B e a m  Sh ie ld  s h u t t e r .  

2. During t h e  3-min wa i t ing  per iod fol lowing t h e  above a c t i o n ,  open the  

Big Beam Sh ie ld  s h u t t e r ;  record t h e  shim pump d i scha rge  p res su re  

and the  shim header p re s su re ;  observe t h e  i n d i v f d u a l  c l u t c h  

p r e s s u r e s  ( t h e y  should be z e r o ) ;  and record expected c o n t r o l  p l a t e  

p o s i t i o n s .  

t o  left and r i g h t  and observe t h e  jump i n  c l u t c h  p res su re  and f l o w  

readings.  Push hot-shot bu t tons  OR t h e  magnet a m p l i f i e r s  If 
necessary.  

4 .  Clear the  annunciator  board by pushing annunciator  acknowledge and 

annunctator  reset bu t tons ;  both t h e  co lo red  and t h e  white annunci- 
a t o r  l i g h t s  should go ou t .  I f  any annunciators  remain on, t h e  

Senior  Operator w i l l  dec ide  whether c o r r e c t i v e  a c t i o n  must be taken 

o r ,  i f  an exp lana t ion  is a v a i l a b l e ,  whether an  exp lana t ion  noted on 

t h e  log  shee t  w f l l  be s u f f i c i e n t .  

3. When t h e  3 l n i n  de l ay  per iod i s  ended, r o t a t e  t h e  scram reset bu t ton  

5.  Record magnet c u r r e n t .  

6 .  Withdraw t h e  shim s a f e t y  plates  0.3 i n  and record the  c l u t c h  
p r e s s u r e  and water f l o w  ra te  f o r  each shim-safety p l a t e  c o n t r o l  

mechanism. 
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7. 

8. 

9.  

10. 

11. 

12. 

If the shim pump output pressure needs to be r e s e t  at this time, shut 
down and make necessary adjustments in the pump house. Reakart 
from item 1. 
Turn the rad scram handle to demonstrate that the manual scram is 
working properly. Verify the scram action by nst$ng that: a l l  four 
magnet currents go t o  zero; the four clutch lights go out; f o u r  

seat switch lights come on; and the four clutch flow rates drop 
sharply. 
Turn the scram reset button to left and right; if necessary, depress 
the hot-shot buttons; drive the shim rod to insert limit; and then 
announce over the public address system that the reactor is being 
taken critical. 
Check the operation of the regulattng-plate drive. Drive the  

regulating plate to its withdrawr, limit or  turn on the servo  systein 

and let it drive plate to the withdraw limit which w311 cause annun- 
ciator XA1502, REGULATING ROD AT UPPER LIMIT, to alarm. ('fie operator 
may turn off the servo by the pushing servo-off b u t t o n  and setting 
the regulating rod at 1.0-in position.) 
Set the picoammeter selector switch to the moat sexasitfue range and 
confirm that the demand helipotk of t h e  servo system amplifier is 
providing the desired scale reading on the demand meter. 
Withdraw the shim plates while observing the fission chamber's count- 
rate meter period recorder and the count-rate meter level recorder. 
Also scan the log N period meter and the shim-plate position 
indicator. When the count-rate-meter period recorder begins to 
indtcate a steady positive period, s t o p  shim plate withdrawal. 
In any case, never withdraw the shim plates beyond the position 
where steady positive periods were previously obtained without a 
definite recorded explanation. Adjust the s h i m  plate position as 
necessary fa maintain a reasonable period as observed on t he  

count-rate-meter period recorder until the log  N period recorder 
begins to show a positive period and the l ag  N level recorder 
begins to indicate. The log N level recorder should be on scale 
before the count-rate level exceeds 6 x 10 counts/s if the startup 
period is longer than 30 s. The fission chamber will be withdrawn 
automatically when its counting rate has reached 6 x 1Q4 counts/s 
if automatic mode ~f operation was selected. 

4 

*The h e l i p o t  setting is preestablished and i s  rarely changed. 
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7.2.5 Establishing Power Level 

The picoammeter recorder should indicate a power level shortly after 
the log PJ level recorder indicates power. When it is evident, from 
increasing picoammeter indications, that this system is operating pro- 
perly, the picoammeter range selector may be turned to the setting 
corresponding to the desired power level or changed stepwise to follow 
the power increase. When the desired power level is reached, the servo 
system w i l l  begin driving the regulating rod to its insert limit if the 
operator has chosen to start up with the servo on. The power level 
called for on the servo system demand has now been reached. (If the 
operator starts the reactor with the servo off, the power should be 
leveled off with the shim plates and, if desired, the servo turned QXI by 
depressing the servo on  button.) During operation, the regulating plate 
should be maintained between 0.9 and 1.1 in by adjusting the shim plate 
position. If needed and not done in 7.2.2, open louvers, t u rn  on fan 
motors, and set fan pitch. Control the system temperature by adjusting 
the fan pitch and operating one or two cooling fans. 

If a change in power level is required during operation, it may be 
accomplished manually after removing servo control or, for power 
increases, the picoammeter range may be staitched to the desired level 
w i t h  the servo remaining on. The regulating plate wi l l  then go to the  

upper limit of its travel, and an annunciator will signal when this 
llmit is reached. When the requested power level is reached, the regu- 
lating plate will be driven down toward the critical position. "TrLamhg*' 
by adjusting the shim plate position to reposition the regulating plate 
at 1 in. is often required. Provided that the change in power level can- 
r i o t  be accomplished by means of the  regulating plate alone %n the time 
desired, the shim plates should be moved in the required direction with 
the choice of method left to the discretion of the operator. 

should be recorded: 
After a desired power level is reached, the following information 

1. On the Reacror Operation Log sheet: the time of day, the power 
level, and other information requested by the column headings on the 
log sheet. 

2. On the recorder charts: the time, the date, and run number for the 

3 .  On the picoammeter recorder charts: the picoammeter selector 
initial run and run letter for subsequent operation. 

switch setting and the demand setting in additton to the items 
listed above. 
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7.2.6 Power Calibration - 
The power of the reactor is routinely established with 

HELIPOT on the picommeter channel. The power l eve l  is 
checked with a heat-power balance (cooling water € l o w  rate - d e l t a  tem- 
perature measurement) whenever the reactor power level exceeds 500 kW 
and an equilibrium condition is established. This equilibrium condition 
depends upon reactor power, cooling water temperature, air temperature, 
wind velocity, shield temperature, and time at power level. 

To determine the reactor power after equilibrium conditions are 
established, record the reactor coolant flow rate from the recorder con- 

nected to the Dah1 flow meter in the pump house. Record the measurement 
of the temperature rise readings. Calculate the power as follows: 

Record the data on the log sheet. If the power level so detemlned 
exceeds 1,000 kW, reduce the power level and contact the TSF Supervisas. 

Power (kW) = 0.1466 X temp rise ( O F )  X flow s a t e  (gpm) 

For a routine scheduled shutdown: 

1. Remove servo control. 
2. Shut down the reactor by driving the shim and regulatlng plates t o  the 

in5ert limits, by actuating the manual scram, by using the "Jordan 

button'* on one of the sigma awpli€iers, or by using one of the other 
scram5 to t e s t  these scram circuits. If a scram check is made, record 
the clrcuit tested on the Reactor Operation Log Sheec and run  the 
plate drives to the insert llrnits- 

3. Turn the picoamrneter scale selector to a high c u ~ ~ t l n t  r ~ l n g e  to reduce 
vulnerability to noise bursts; leave the  fission chamber position 
control in the automatic mode. 

4 .  After the heat exchanger outlet temperature has dropped to the des i r ed  

level, turn off the heat exchanger fan(s>. 
5. Shut. off  the main pump. Operate the fill and pressure pump and the 

dc-powered circulating p u p  with its bypass valve closed as necessary 
for temperature conditions. 

6 .  Turn the r e ~ t ~ r - o n  key switch t~ the OFF position, which w-LI.1 close 
the heat exchanger louvers and shut off the s h i m  pump (Turn shim 
pump special operate swttc'o. to ON a3 needed for freeze-up protection.), 
the water system r txo rde r s ,  and the nuclear instrument recorders if 



7-11 

their in te rna l  switches are not i n  the  ON position. 
internal switches unless information is needed. Note that LOUVERS 

NOT OPEN annunciates. 
instructions about pump operation. 

the c o n t r ~ l  room have decayed sufficiently, announce that personnel  
may proceed out of t he  building and then turn o f f  power t o  the Bis Beam 
Shield shutter drive. 
On the  last run for the day, check the items listed on the TSF end- 
o f - S h i f t  Checklist. 
NotiEy the security inspector that the reactor is shutdown and have 

the inspector turn o f f  Access Restricted switch. 

Turn off t he  

In cold  weather, refer t o  chapter 5 f o r  

7.  Close the Mg Beam Shield shutter. When the radiation levels ou t s ide  

8 .  

9- 

7.2.8 Unscheduled Shutdown 

Unscheduled shutdowns consist of three types: 

1. 

2. 

3. 

Scrams - caused by action of the  eafety eystem in response to actual 
parameter oat of allowable range. 
Plate release - caused by a plate disengaging when the parameters are 
normal and there ale no apparent faul t  in the electronics. 
Instrument scrams - caused by safety eystem a c t i o n  due t o  a fault 
(temporary or lasting) in electronics, electrical equipment, or line 
voltage I 

The operator will log the unscheduled shutdown and notify the  Senior 
Operator e 

The Senior Operatar will determine the cause of the shutdown and 
take the necessary corrective a c t i o n  and prepare any required reports. 
If the cause of the shutdown is not known but i t  has been determined 

that the reactor system Is functioning correctly (particularly the 

manual scrams and level scrams), the Senior Operator may instruct the 

operator to resume reactor operation. If the unscheduled shutdown 
recurs, however, routine operation w i l l  be suspended until the  cause i s  
determined and corrected. 
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8 .  TSP EMERGENCY PROCEDURES 

Emergencies involving the TSR-I1 and associated equipment at the TSF 
are considered to fa11 into the categories of nonnuclear accidents, 
accidents resulting in potential radiation or criticality hazards, and 
nuclear acc€dents. However, since all situations that might create one 
of these emergencies cannot, obvtously, be predicted, specific proce- 
dures cannot: be included here. Therefore, the procedures given here for 
the most part specify the persons to be notifed, the steps to be taken 
to protect personnel, and the things that can be done to prevent the 
situation from becoming more serious. Additional precautions that might 
be called for in a particular situation must result from the Senior 
Operator's knowledge and judgment. 

vising all activities that are necessary in connection w i t h  the 
emergency. The Senior Operator will take whatever immediate action may 
be necessary to mlnimize or eliminate any crdticality hazards and to 
safeguard personnel in accordance with established Laboratory procedures. 

In addition to the emergency procedures, the safety equipment and 
means of communication which may be needed in any emergency are listed 
in this section. 

The TSF Senior Operator will have the responsibility for super- 

8 a 1 COMMUNICATIONS 

8.1.1 Telephone System 

There are three commercial telephone lines to the TSF and one closed 
line for direct contact with the guard post at the exclusion fence. The 
guard post may a l so  be contacted via guard headquarters on any of the 
three commercial lines. When power to the building i s  l o s t ,  the phone 

system remains operative. 

8.1.2 Radio - Transmitter and Receiver 
The fixed radio transmitter on r i e t  KIN-294 is operated on 115 V ac 

power from the normal Laboratory grid; if this supply is lost, an 
alternator which is powered by the main 120-V battery bank is automatt- 

cally switched QR to supply  power. A portable battery-operated 
transmitter-receiver is also available far the same net. 
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8.1-3 Public Address System 

The publdc address  system c o n s i s t s  of t h e  i n s i d e  pub l i c  address  

system, which reaches  a l l  p o i n t s  i n  t h e  c o n t r o l  room, t h e  ramp area, and 

the pump house; t h e  o u t s i d e  pub l i c  address  system, which reaches t h e  

h o i s t  house and t h e  area around t h e  towers;  an  a u x i l i a r y  p u b l i c  address  

system wi th  a p o r t a b l e  speaker-microphone which p e r m i t s  d i r e c t  two-way 

communication between t h e  c o n t r o l  console  and a s e l e c t e d  point; near t h e  

reactor handl ing pool  and between t h e  c o n t r o l  console  and t h e  r e a c t o r  
t u r r e t .  These systems are normally opera ted  on 1.15-V ac power from. the 
IIQfmEil Laboratory g r i d ;  but  i f  t h i s  supply i s  l o s t ,  they  are operated 

wi th  power from t h e  same a l t e r n a t o r  which powers the r a d i o  t r a n s m i t t e r  

and r ece ive r .  

8 0 2 EMXRGENGH EQUIPMENT 

In t h e  passageway between t h e  underground bu i ld ings ,  t h e r e  are two  
sealed l ocke r s  marked f o r  EMERGENCY USE ONLY which con ta ln  emergency 

s u p p l i e s  and gas  masks for a l l  personnel  i n  t h e  bui ld ing .  The masks are 

p r o t e c t i v e  a g a i n s t  most hazards  t h a t  are expected a t  t h e  TSF, but not  
a g a i n s t  carbon monoxide, which could be expected i n  many f i r e s .  A l is t  

o f  material i s  posted a t  t h e  locke r ,  and t h e  cab ine t  i s  checked weekly. 

The fol lowing items are a l s o  loca ted  i n  t h e  same v i c i n i t y :  

1. A s t r e t c h e r  

2. Two p o r t a b l e  r a d i a t i o n  d e t e c t o r s  ( c u t i e  p i e )  

3. A survey meter 

4 .  A p o r t a b l e  h igh- rad ia t ion- leve l  survey meter (10 t o  1,000 radsjmin)  

5. A bat te ry-opera ted  emergency l i g h t  
6 .  Extra c l o t h i n g  inc lud ing  l e a t h e r  hoods, j a c k e t s ,  g loves ,  and aprons 

8.3 NONNUCLEAR ACCIDENTS 

Nonnuclear acc iden t s  may be convenient ly  c l a s s i f i e d  as f i r e s  or non- 
f i r e  acc iden t s .  
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8.3.1 Fires 

The bas i c  s a f e t y  p r i n c i p l e s  regard ing  f ires  s h a l l  be s t r i c t l y  
followed". Preserv ing  l i f e  and prevent ing  personal  i n j u r y  s h a l l  t ake  

f i rm  precedence over  t h e  saving of bu i ld ings  o r  equipment. 

8.3.1.1 Fire in reactor control building 

If a f i r e  i s  de tec t ed  i n  t h e  r e a c t o r  c o n t r o l  bu i ld ing ,  t h e  fol lowing 
procedure w i l l  be executed: 

1. The TSF Senior  Operator  w i l l  be n o t i f i e d .  

2. The Senior  Operator w i l l  d i r e c t  t h a t  t h e  fo l lowing  be done: 

a. Shut down the  r e a c t o r  immediately. 
b. Announce over  t h e  TSP pub l i c  address  system t h a t  t h e r e  is  a 

e .  I ssue  i n s t r u c t i o n s  as t o  whether personnel  should evacuate  t h e  

f i r e ;  d e s c r i b e  i t s  l o c a t i o n  and degree of s e v e r i t y .  

bui lding** (desc r ib ing  a safe r o u t e ) ,  or r e p o r t  t a  a s a f e  room, 

af ter  which an immediate r o l l  ca l l  s h a l l  be taken t o  ensure  t h a t  

a l l  persons are accounted for***. 

d.  C a l l  the Emergency Control  Center  (911) o r  p u l l  t h e  l e v e r  on t he  

f i r e  alarm box a t  the  no r th  entrance****. 

*ORNJ, stresses f i r e  s a f e t y ,  and TSF personnel  a t t e n d  t r a i n i n g  f i l m s  and 

**It should be noted t h a t  i f  t h e  r e a c t o r  is  ba re  and has been ope ra t ing  

a t  h igh  power, i t  cont inues  t o  e m i t  both neut ron  and gamma rays  f o r  

s e v e r a l  d n u t e s  a f t e r  shutdown. Thus, immediate evacuat ion of the 

underground c o n t r o l  room by t h e  n e a r e s t  ex i t  cannot be recommended 

as t h e  au tomat l ca l ly  c o r r e c t  response t o  every f i r e  alarm. 

p a r t l e i p a t e  i n  f i r e f i g h t i n g  d r i l l s .  

***Numbered badges i s sued  by t h e  l o c a l  s e c u r i t y  in spec to r  t o  all persons 

****A phone c a l l  t o  t h e  Emergency Control  Center i s  au tomat ica l ly  

recorded and i s  rece ived  s imultaneously by t h e  F i r e  and Guard 

Departments, Medical, Applied Heal th  Phys ics ,  and Laboratory S h i f t  

Supervisor .  Thus, the  emergency phone c a l l  can quick ly  convey more 

in format ion  t o  uore  people  than  i s  p o s s i b l e  by t h e  f l r e  alarm box 

which merely announces the  l o c a t i o n  of t h e  alann box which has been 

e n t e r i n g  the  TSF area w i l l  f a c i l i t a t e  t h i s  r o l l  ca l l .  

t r i p p e a .  
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e .  Not i fy  t h e  TSP a r e a  s e c u r i t y  in spec to r  and i n s t r u c t  t h e  inspec.- 
t o r  as needed. 

f .  Open t h e  ga t e s  i n  t h e  600-ft-radius fence.  

g e  Arrange t o  meet t h e  fireinen and l ead  them to t h e  f i r e .  

h. Notify t h e  Supervisor  of Beactor Operat ions,  TSP.-IIPKR areas,  t h e  

Engineer ing P h y s i c s  and Mathematics Div is ion  Di rec to r ,  and t h e  

Operat ions Div is ion  Di rec to r  as soon as p r a c t i c a l .  

8.3.1.2 A l k a l i  metal fires 

A l k a l i  metal  f i r e s  may Q C C U ~  a t  t h e  sodium s h i e l d  tanks o r  where any 

I f  an  a l k a l i  metal f i r e  i s  de tec t ed ,  t h e  fo l lowing  procedure w i l l  be 

o ther  q u a n t i t i e s  of a l k a l i  metal are s to red .  

executed : 

1. The TSF Senior  Operator  will be n o t i f l e d .  

2. The Senior  Operator  w i l l  d i r e c t  t h a t  t h e  fol lowing be done: 

a. 

b.  

c. 

d .  

e .  

f. 

$ 0  

h. 

1. 

Shut down t h e  r eac to r .  

Announce over t h e  public. address  system t ha t  t h e r e  i s  an alka1-L 
metal Eire and g i v e  i t s  l o c a t i o n  and degree o f  s e v e r i t y .  

I s sue  i n s t r u c t i a n s  t o  personnel and have a r o l l  c a l l  i f  

necessary.  

Call the  Emergeney Control  Center  (311) or operate  the f i r e  

alarm box a t  t h e  no r th  en t rance .  

Not i fy  t h e  TSF a r e a  s e c u r i t y  inspector and instruct: t h e  

in spec to r  as needed. 

Open the gates i n  t h e  600-ft-radius fence.  

Arrange t o  meet t h e  firemen and remind tham t h a t  it i s  an a l k a l i  

metal f i r e .  

I f  t h e  r e a c t o r  is suspeaded, cons ider  moving the  r e a c t o r  t o  a 

s a f e r  ( e l eva ted )  l o c a t i o n  and/or  k i l l i n g  a l l  e lec t r ica l  power 

t o  t h e  r e a c t o r .  

Not i fy  t h e  Supervisor  of Reactor Operat ions,  TSP-IU?RR areas; 

the  Englneering Phys ics  and Mathematics Divis ion D i r e c t o r ;  and 

t h e  Operat ions Div is ion  Di rec to r  as soon as i t  i s  p rac t i ca l  to 
do so.  

3. The Senior  Operator  w i l l  keep t h e  fol lowing f a c t o r s  i n  mind when 
i s s u i n g  i n s t r u c t l a n s  t o  TSP personnel  and o u t s l d e  f i r e f i g h t e r s .  
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a. The e x t e n t  of t h e  hazard must be a sce r t a ined  before  personnel  

are permit ted t o  approach t h e  f i r e  o r  even leave t h e  s h e l t e r  of 

the r e a c t o r  c o n t r o l  bui lding*.  

materials. 

b. Avoid t h e  use of water and o t h e r  o rd ina ry  f i r e  ex t ingu i she r  

c. I f  t h e  f i r e  i s  s m a l l  and approachable,  Paying d ry  g r a p h i t e  

powder on t h e  burning a l k a l i  may he lp  smother t h e  f i r e  and cool  
i t  down. F i f ty- f ive-ga l  drums of d ry  powdered g r a p h i t e  and long- 

handled shovels  are a v a i l a b l e  f o r  t h i s  purpose. Persons approach- 

i n g  t h e  f i r e  should be s u i t a b l y  garbed i n  f i r e  s a f e t y  clothes**. 

The cleanup fo l lowing  an a l k a l i  metal f i r e  should proceed as 

soon as possible***. The area should not  be l e f t  unattended 

be fo re  c leanup because r e s idues  may r e k i n d l e  i n t o  new fires.  

The f i n a l  s t e p  i n  t h e  cleanup procedure should be a hosing of 

t h e  area t o  react any metal which might o therwise  react with 

ra inwater  later on. 

d. 

I f  an o rd ina ry  f i r e  i s  de tec t ed  o u t s i d e  the c o n t r o l  bu i ld ing ,  t h e  

fo l lowing  procedure w i l l  be executed: 

1. The Senior  Operator w i l l  be n o t i f i e d .  
2. The Senior  Operator  w i l l  d i r e c t  t h a t  t h e  fol lowing be done: 

a. Shut down t h e  r eac to r .  

b. Announce over  t h e  pub l i c  address  system t h a t  t h e r e  i s  a f i r e  and 

c. I s s u e  i n s t r u c t i o n s  t o  l o c a l  t echn lc i ans  and o t h e r s  regard ing  

desc r ibe  i t s  l o c a t i o n  and i t s  degree of s e v e r i t y .  

what a c t i o n  they should take.  

* A i r  e n t e r i n g  t h e  v e n t i l a t i n g  system of t h e  c o n t r o l  bu i ld ing  passes  

through a series of s p e c i a l  f i l t e r s  capable  of removing combustion 
products  from an a l k a l i  metal fire. 

**Safety c l o t h e s  f o r  t h i s  purpose inc lude  chrome-leather c o a t s ,  jac-kets, 

aprons,  g a u n t l e t  gloves,  and s a f e t y  helmets equipped with chick p l a s t i c  

face s h i e l d s  and l e a t h e r  capes.  

***Equfpment on hand which may be useEul i n  such a cleanup inc ludes  

s t a i n l e s s  steel t r a y s  and beakers ,  tweezers ,  p u t t y  knives, s p a t u l a s ,  
scoops,  minera l  oil, and var ious  brushes.  
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d.  Call t h e  emergency Control  Center (911)  o r  t r i p  t he  f i r e  alarm 

e. Mat i fy  t h e  TSF area s e c u r i t y  in spec to r  and i n s t r u c t  the 

f. Open t h e  g a t e s  i n  t h e  600-ft r ad ius  fence. 
g. Prepare  t o  meet the  ftreraen, gu ide  them to the  f i r e ,  and advise 

them of t h e  p laces  i n  t h e  v i c i n i t y  where wet t ing  down with 

water should be avoided because of t h e  presence of a l k a l i  metals 

o r  o the r  s e n s i t i v e  m a t e r i a l s  o r  equipment*. 

l o c a t i o n .  

bsx e 

i n spec to r  as needed. 

h. Consider t h e  a d v i s a b i l i t y  of moving t h e  r e a c t o r  t o  a safer 

i. Notify t h e  Supervisor  o f  Reactor Operat ions,  TSP-HPRR areas, t h e  

Engineering Physics  and Mathematics Div is ion  Director, and %he 
Operat ions Div is ion  Di rec to r  as soon as p r a c t i c a l .  

8.31.2 Nanflre Accidents 

8.3.2.1 Personal injury 

A wide v a r i e t y  o f  indoor and outdoor work i s  performed a t  the TSF; 
therefore, t h e  range of hazards  i s  correspondingly large**. The TSF is 
equipped with s t r e t c h e r s  and f i l t e r - t y p e  gas masks. I n  case of personal  

i n j u r y ,  the fol lowing procedure w i l l  be executed: 

1. The TSF Senior  Operator w i l l  be n o t i f i e d ,  
2. The Senior Operator w i l l  d i r e c t  t h a t  the fol lowing be done: 

a. Shut dawn t h e  r eac to r .  

_I_-- 

*Wetting down areas ad jacen t  to  a bad f i r e  i s  a C Q I W K I ~  f i r e f i g h t i n g  

practise t o  prevent  the fire from spreading.  I n  a s c i e n t i f i c  labora-  
t o ry ,  such p r a c t i c e  may, i n  c e r t a i n  cases, l e a d  t o  higher  lasses due 

t o  water damage than might have r e s u l t e d  from f i r e  damage. 
presence of a l k a l i  metals near an ordinary  fire may Inf luence  the  

choice o f  f i r e f i g h t i n g  methods. 

ope ra t ion  of heavy equipment, shop and hand t o o l s ,  e l e c t r i c i t y ,  

ice  i n  wlnter  ( s l i p p e r y  ice under f o o t  and heavy ice f a l l i n g  from 

above),  and even bee s t i n g s  and black widow sp ide r  b i t e s  i n  %he summer. 

TZle 

**Typical hazards  inc lude  those  a s soc ia t ed  wi th  working i n  high places, 
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be  

C. 

d. 

e. 

f .  

g *  

Issue i n s t r u c t i o n s  t o  local personnel  on how t o  c a r e  f o r  the  

v i c t im  

C a l l  t h e  Emergency Control  Center (911)  and desc r ibe  b r i e f l y  

what happened and t h e  cond i t ion  of t he  vict im.  Convey any 
i n s t r u c t i o n s  f r o m  Medical t o  t h e  Senior  Operator.  

Notify t h e  TSF area s e c u r i t y  in spec to r  and i n s t r u c t  t h e  

i n s p e c t o r  as needed. 
Open the  gates i n  t h e  600-ft-radius fence.  

Prepare  t o  meet t h e  ambulance o r  emergency team. 

Notify t h e  Superv isor  of Reactor Operat ions,  TSP-HPRR areas, 
The Engineer ing Phys ics  and Mathematics Div is ion  Di rec to r ,  and 

t h e  Operat ions Div is ion  Di rec to r  as soon as i t  i s  p r a c t i c a l  t o  

do so.  

8.3.2.2 Damage to b u i l d i n g s  or equipment 

Damage may occiir t o  bu i ld ings  0r equipment as t h e  r e s u l t  of high 
winds, l i g h t n i n g ,  earthquake",  snow loads ,  o r  other causes.  I f  such an 

event  occurs ,  t h e  fo l lowing  procedure w2ll be executed: 

1. The TSF Senior  Operator  w i l l  be n o t i f i e d .  
2. "he Senior  Operator  will d i r e c t  t h a t  t h e  fol lowing be done: 

a. 
b. 

C .  

n .  

e .  

f .  

Shut down t h e  r eac to r .  

Announce over t h e  TSF pub l i c  address  system t h a t  damage has 

occurred;  warn personnel  of any p o t e n t i a l  hazards;  and i n s t r u c t  

them regard ing  what a c t i o n  should be taken. 

Shut of f  t h e  e l e c t r i c i t y  t o  t h e  damaged area as a precaut ion  

i f  deemed advisable .  

Call t h e  Emergency Cont ro l  Center (9131) i f  t h e r e  i s  danger of 

f i r e  breaking out .  

Call t h e  Superv isor  of Reactor Operat ions,  TSF-HPRR areas, and 

inform the  Supervisor  of t h e  s i t u a t i o n  and a sk  for i n s t r u c t i o n s .  

Not i fy  t h e  TSF area s e c u r i t y  in spec to r  and open t h e  g a t e s  in 
t h e  600-ft radius f ence  i f  people are expected t o  e n t e r  o r  leave 
the area. 

*The inc idence  of ear thquakes i n  this reg ion  is very low. 
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8 . 4  ACCIDENTS IMVOLMIESG POTENTIAL U D I A T S O N  OR CWTT1GALlil"y W 

ing Beactor Shutdown Devices During Operation .-".-. 

I n  the  h ighly  unlikely event  that the operating reactor cannot be 
shut down, t he  opera tor  will proceed as follows: 

1. 
2. 

3. 

4 .  

5 .  
f a .  

7. 

8. 

Operate the scram handle. 

Manually d r i v e  the individual c o n t r o l  elements in she direction o f  
shutdown. 

Turn off  t he  s t a r t u p  key switch and tu rn  on i n d i v i d u a l  inetr-..me.nt 

recorders. 

Make s u r e  that t he  TSR-I1 shim pump i s  o f f .  

Warn TSF personnel t o  remain in t h e  underground coritrol room. 
Notify the Superv isor  of Reactor Opera t tons ,  TSP-IPRR areas, of the 
sftuatlon and ask for i n s t r u c t t o n s .  

Not i fy  the  TSP area seciarbty Inspector and g i v e  the i n s p e c t o r  

instructions e 

Call t h e  ORN, S h i f t  Supervisor and the Health P h y s i c s  Department 
Head and inform them of the situation. 

I f  t h e  TSR- I I  h o i s t s  w i l l  not 'bower the reactor to  a sh ie lded  loca- 
t i a a  in the  umsl inazasner, e lec t r ica l  power f a i l u r e  is likely the cause 
and an alteuriate means of movement i s  a v a i l a b l e .  

reactor by the special method, however, vrr9ficatI.on must be made that 
Before moving t h e  

the rt?!actor is m@chanicnlly free t o  move". 
The TSR-II reactor may be lowered without n ~ m a l .  e l ec t r i ca l  power by 

employing a special. set: of  h o i s t  controls whlch u s e  3uxiljSl-Y. b a t t e r y  

power t e  release t h e  hoist: 1rrake.s. The lowering process is very slow, 
but i t  can be performed from the  shie lded h o i s t  s tat ion.  

..-- 
*hi obvious open c i r c u i t  t o  a motor may have been caused by a not-sa- 

obvious mschaniical obstruction which still e x i s t s .  
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The r e a c t o r  may be damaged by f a l l i n g  t o  the  ground o r  by heavy 

I f  t he  r e a c t o r  is  damaged i n  such manner, t h e  fo l lowing  procedure w i l l  

o b j e c t s  f a l l i n g  upon it*. 

be executed: 

1. The TSF Senior  Operator w i l l  be n o t i f i e d .  

2. The Senior  Operator  w i l l  d i r e c t  t h a t  t h e  fol lowing be done: 

a. Shut down t h e  r e a c t o r  immediately. 
b. Announce over t he  TSF pub l i c  address  system b r i e f l y  what has  

happened and warn personnel  t o  s t a y  i n  t h e  underground c o n t r o l  

bu i ld ing .  

c. Examine the  damaged r e a c t o r  with t h e  TV cameras. 

d. Fron t h e  c o n t r o l  room, read  the  r a d i a t i o n  l e v e l s  a t  t h e  f ixed  
l o c a t i o n  monitor ing s ta t ions**.  

e. If t h e  r a d i a t i o n  l e v e l  is very low and of cons t an t  va lue ,  

t y p i c a l  of a shutdown r e a c t o r ,  t h e  r e a c t o r  may be approached 

wi th  s u i t a b l e  p o r t a b l e  instruments  f o r  c l o s e r  inspec t ion .  

Nothing a t  t h e  r e a c t o r  w i l l  be moved. 

f. Rope off the a r e a  and erect r a d i a t i o n  warning s igns .  

g. Notify the  Supervisor  of Reactor Operat ions,  TSF-HPFUE areas, the 
Engineering Phys ics  and Mathematics Div is ion  Di rec to r ,  and t h e  

Operat ions Div is ion  Di rec to r .  

8.5 NUCLEAR ACCIDENTS 

A nuclear  acc iden t  presupposes t h e  release of a c t i v a t e d  material and/or 

I f  such an  acc iden t  occurs ,  t h e  fol lowing procedure w i l l  be executed: 

f i s s i o n  products .  

1. The TSF Senior  Operator  w i l l  be n o t i f i e d .  
2 -  %he Senior  Operator  w i l l  d i r e c t  t h a t  t h e  fo l lowing  be done: 

a.  Shut down t h e  r e a c t o r .  

*The TSR-II c o r e  i s  wel l -protected from e x t e r n a l  danage s i n c e  i t  is 

**Radiation monitor ing devices  are  loca ted  a t  the  r e a c t o r  handl ing pool, 

deeply hidden i n s i d e  l a y e r s  of water and metal. 

both h o i s t  s t a t i o n s ,  and a t  en t r ances  t o  t h e  c o n t r o l  bu i ld ing .  
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3.  

b .  ldarn TSP personnel to remain in the underground building. 
c .  Appraise t he  situation by noting t he  radiation monitor levels 

and t h e  reactor instrumentation readings of power level, control 
element p o s i t i o n ,  temperature, pressure and, flow (where applica- 
b l e ) .  

d.  Inspect the reactor with closed-circuit television. 
e a  Notify the Supervisor of Reactor Operations, TSF-HPRR areas, 

f .  Notify the TSF area ~ecurity inspector and g ive  the  icragcctor 

8 .  Call the Emergency Control Center (911) to alert: the Laboratory 
Shift Supervisor and the Health Physics Department asad if the 
radiation or contamination hazards will not  p e r m i t  personnel to 
evacuate the TSF control building safely or if the hazard 
extends beyond t he  TSF control area" 

inform. the Supervisor of the situation, and ask for instructions. 

instructions. 

The TSP Supervisor, working with Health Physics personnel, will 
evaluate the existing radiation, contamination, and criticality 
hazards. The TSF Supervisor will formulate and supervise site 
survey plane and cleanup procedure8 with ORNL emergency groups 
funcrioning as required. 
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9 .  SUMMARY OF SURVEILWWCE REQUIREMENTS FROM THE 
TSR-I1 TECHNICAI, SPECIFICATIONS 

The surveillance requirements of the Tower Shielding Reactor I1 
(TSR-II) are summarized here €or the convenience of the operators. Also 
included are administrative requirements not: stated elsewhere in the 
Tower Shielding Operating Manual that require operator action. 
DefinitLons and the actual technical specifications are added where they 
contribute to understanding prescribed duties. Operators are reminded, 
however, that they must be familiar with the complete technical 
specifications. 

9.1 REACTIVITY 

1. The reactivity worth of the regulating plate will be measured 
annually and a l s o  whenever a new fuel loading or  a control mechanism 
homing is installed. Its total worth must be less than 0.5% Ak/k. 

2. The reactivity worth of new shim-safety plates will be determined 
by comparing, under similar conditions with the reactor at delayed 
critical, the position of the new shim-safety plates with that of 
the plates which have been replaced. The reactivity worth of the 
shim-safety plates  will be determined i f  the above operating posi- 
tions do not agree o r  if the regulating plate calibration (see above) 
does not agree w i t h  previous calibrations. The clean cold excess 
will be no more than 1.6% Ak/k, and the shutdown margin w i l l  be no 

less than 1.6% Ok/k. 

9.2 REACTOR CONTROL AND SAFETI SYSTEMS 

1. A channel test of the reactor safety system channels and auxiliary 
power supply will be performed after maintenance and weekly when 
the reactor is in operation. 

2. A channel check of each of the reactor safety system channels listed 
in Table 9.1 will be performed dally when the reactor is in o p e ~ a t i o n .  
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T a b l e  9.1. Mintmum instruinentation required f a r  reactor startup and 
operation in normal and low-flow modes 

Description As startup Power operation 

Safety or protective channels 
Bower l e v e l  s a f e t y  channels 
Reactor c o o l i t ~ g  water flow channel. 
Care pressure drop channel" 
core temperature channel" 
Beat exchanger outlet or reactor 

______I-. 

inlet water temperature channela 
He asur i ng cbanne 1 s 

-- b -II_y_ 

Neutron counting-rate ehatmel 

Log N power o r  picoammeter channel 
Water activity monitor 

1 

1 

" ~ h a n n e l  n o t  r e q u i r e d  far ~ow-flow mode of operation ( see  seetian 4 $ 3 1 .  
b T h i ~  channel has  an imuxlliary power supply that operates during a power 

outage, 

3. A channel caltbration of the reactor safety sys t em channels brlil~l be 
performed semiannually i m d  af teK maintenance on the  reactor safety 

system channels that could affect the callbration of the reactor 
safety system channels. 
The power measurfng channels w t l l  be calibrated against a primary 
system heat balance whenever thc reactor is operated at 500 IcW 

above i d  the  pera at ion is sufficiently long to obtain tenperature 
equllibriura and, in any case, at least semiannually and a f t e r  main- 
tenance on the power measuring channels that could affect: calibra- 
tion of t h e  power of the measuring channels. 

4 .  

9.3  @TOR COOLING SYST 

To ensure that the base pressure Pn t he  reactor cooling system will 
not exceed 1 2 5  p s i g ,  the  pressure relief valves  i n  the system will be 
tested annually and after maintenance on the  presstare relief valves that 
cou1.d affect, t he  pressure setting os" the val.vos. 
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To ensure t h a t  t h e  p re s su re  drop across t h e  c o r e  w i l l  no t  exceed 35 
p s i ,  i t  w i l l  be checked d a i l y  du r ing  ope ra t ion .  

The r e a c t o r  p re s su re  v e s s e l  w i l l  be nondes t ruc t lve ly  examined for 
c racks  and r educ t ion  i n  w a l l  t h i ckness  i n  accordance wi th  a r epea t ing  

10-year i n s p e c t i o n  p l an  which complies w i th  t h e  i n t e n t  of s e c t i o n  X I  of 
t h e  ASME Boi l e r  and P r e s s u r e  Code, "In-Service Inspect ion."  

9.4 SHIM-SAFETY PLATE RESPONSE TIMES 

To ensure t h a t  t h e  release t i m e  f o r  any of t h e  fou r  shim-safety 

p l a t e s  w i l l  no t  exceed 70 ms and t h e  t o t a l  i n s e r t i o n  t i m e  ( i n c l u d i n g  

release t i m e )  of any of t h e  fou r  shim-safety p l a t e s  from i t s  normal 
o p e r a t i o n  p o s i t i o n  t o  i t s  normal shutdown p o s i t i o n  w i l l  no t  exceed 200 

m s ,  t h e  fol lowing measurements w i l l  be made. 

w i l l  be measured when a new c o n t r o l  mechanism housing i s  i n s t a l l e d ,  when 

maintenance i s  performed on t h e  system, and r o u t i n e l y  semiannually. 

The r e l e a s e  t i m e  and t o t a l  t r a v e l  t i m e  of each shim-safety p l a t e  

9.5 HOIST SLACK-LINE PROTECTION DEVICES 

To ensure t h a t  t h e r e  w i l l  be a t  least two independent s enso r s  t o  

i n d i c a t e  i f  a c a b l e  rises i n  i t s  groove and t h a t  each sensor  will 
a c t u a t e  two independent channels ,  each of which w i l l  s t o p  t h e  lowering 

a c t i o n  of t h e  h o i s t ,  t h e  fol lowing w l l l  be done: 

1. P r i o r  t o  use  of t h e  h o i s t s ,  t h e  ope ra t ion  of t h e  s l a c k - l i n e  protec- 

t i o n  dev ices  on each h o i s t  w i l l  be checked a f t e r  maintenance, 
a l t e r a t i o n s ,  o r  shutdown pe r iods  exceeding one month. 

s l a c k - l i n e  p r o t e c t i o n  systems w i l l  be checked weekly. 
2. When t he  h o i s t s  are used r o u t i n e l y ,  o p e r a t i o n  of each sensor i n  t h e  

9.6 INSTRUMENTATION FOR PERSONNEL RADIATION PROTECTION 

To ensure t h a t  t he  r e a c t o r  o p e r a t i o n  w i l l  be terminated i f  t h e  

r a d i a t i o n  l e v e l  seen by r a d i a t i o n  monitors a t  any two of t h e  t h r e e  

b u i l d i n g  e x i t s  exceeds 23 mR/h o r  i f  t h e  monitor a t  one bu i ld ing  e x i t  

i s  out  of s e r v i c e  and t h e  r a d i a t i o n  l e v e l  seen by a monitor a t  another  
e x l t  exceeds 23 mR/h, t h e  o p e r a t i o n  of t h e  r a d i a t i o n  monitoring channels 

and t h e i r  a s s o c i a t e d  alarm s e t t i n g  w i l l  be checked weekly during per iods 

of reactor ope ra t ion .  The r a d i a t i o n  monitoring equipment w i l l  be 
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c a l i b r a t e d  annual ly  and aE te r  maintenance on t h e  r a d i a t i o n  monitorlng 
equipment t h a t  could a f f e c t  t h e  c a l l b r a t i o n  of t he  equipment. 

8.7 PE L WLATIOM PRQTECTION SYSTEM 

The system inc ludes  t h e  fol lowing channels:  

1. Monitors a t :  

a. Control  bu i ld ing  no r th  door 

b. Control  bu i ld ing  ramp g a t e  

c. Control  bu i ld ing  escape ha tch  

d .  West g a t e  i n  the  600-ft-radius fence 

e. North g a t e  i n  t h e  600-ft-radius fence 

2.  Remote manual scram a t  p o d  h o i s t  s t a t i o n  
3 .  Remote manual scram a t  ramp h a i s t  s t a t i o n  

The ope ra t ion  of each ChaRnel w i l l ' b e  checked weekly during p e r i o d s  

when t he  r e a c t o r  is i n  ope ra t ion  and a f t e r  maintenance on the  r a d i a t i o n  

monitor ing equipment t h a t  could a f f e c t  t he  ope ra t ion  of the  equipment 
t o  ensure that: t h e  channels  are operable .  

The l i m i t a t i o n s  are: 

1. The r e a c t i v i t y  worth of the  experiments w i l l  be l i m i t e d  t o  va lues  

t h a t  can be achieved wi th in  t h e  c5re r e a c t i v i t y  limits s p e c i f i e d  

i n  s e c t i o n  9.1, and a f a i l u r e  o r  malfunct ion w i l l  add no more than 

1% r e a c t i v i t y  t o  t h e  r e a c t o r .  
2- Experiments will be performed o u t s i d e  t h e  p re s su re  ves se l .  (This  

does not  p e r t a i n  t o  the  de te rmina t ion  of t he  r e a c t i v i t y  worth of 
s h i e l d s .  ) 
Any hazardous materials used i n  an experimental  conf igu ra t ion  w l l l  
be s u i t a b l y  canta ined ,  and t h e  reg ion  between the r e a c t o r  v e s s e l  
and t h e  experimental  c.onfiguration w i l l  be vented t o  the  atmosphere. 

3.  
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To ensure the limitations on experiments are met, the following will 
be done: 

1. Measurements will be performed to determine the reactivity worth of 
the experiment. The information describing the reactivity worth of 

the experiment will be recorded in the Operations Logbook. 

2. Integrity of containment of hazardous materials d l 1  be verified by 
Quality Department personnel prior to use and periodically while 
the material is maintained for use in the experimental program.. 

9.9 MINIMUM STAFF REQUIREMENTS 

1. A senior reactor operator and one other TSF staff member will be 
present in the control building when the reactor is operated. 

2. Either a senior reactor operator or a reactor operator will be in a 

position to take remedial action as necessary during reactor opera- 
t ion .  

3. A senior reactor operator and at least two other members of the TSF 
staff w i l l  be present whenever fuel elements, a control mechanism 
housing, or sh ie lds  are removed from o r  inserted into the reactor 
pressure vessel. 
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9.10 ACTION TO BE TAXEN IN THE EVENT A SAFETY LIMIT IS EXCEEDED 

Tabhe 9.2. Safety limits 
~ 

Type of Operat ion 
_I_ -..._.- _I.I.- 

Var I a h  1. e Normal Low Plow 
-- I- _ - _ - - ~  

Total r a c t o r  thermal power (P ) <3 MW ( 5 0  kW T 
Reactor cool ing  water flow rate ( Q )  >400 gpm >25 gpm 

The pres su re  d r o p  of the cool ing  water > t h a t  equ iva len t  to 
f l o w  through t h e  core ( E >  cool ing  water flow 

ra te  of SQO gpm, 

6 psF 
Temperature of cooling water at the i n l e t  <160°F <160"P 

Teinperature of cool ing  water a t  t h e  o u t l e t  <16Q"P <16O"P 
t o  the r e a c t o r  ( T  1 

a €  t h e  heat exchanger (TW) 

as i t  passes through t h e  r e a c t o r  (AT) 

R 

Increase i n  t h e  cool ing  water temperature  (50°F <5O0P 

-- _I.--. 

I n  t h e  event  a s a f e t y  l i m i t  i s  exceeded: 

I. 

2, 

3 .  
4 .  

Thc reactor w i l l  be shut down, and r e a c t o r  ope ra t ion  w i l l  not be 
reslxraed u n t i l  au thor ized  by t h e  DOE. 

An immediate report: will be iende t o  the Laboratory Execut ive 

Di rec to r  and the Office o f  Opera t iona l  S a f e t y  by the Openrations 

Div is ion  Director. 

A v e r b a l  r e p o r t  w l l l  be made no la te r  than  t h e  next  work clay t o  DOE. 

A m i t t e n  r e p o r t  w j i l l  be made, whfch w i l l  i nc lude  an a n a l y s i s  of t h e  

the  causes  an3 the  ex ten t  of posstble resiil-tant damage, e f f e c t i v e n e s s  

of c o r r e c t i v e  a c t i o n ,  and recommendations f o r  measures t o  prevent or 

reduce the p r o b a b i l i t y  a f  recurrence. This  r e p o r t  w i l l  be scnt t o  

the Reactor Operat ions Review Committee and a stmflar r epor t  sub- 
mit t ed  t o  DOE when a u t h o r i z a t i o n  t o  resume opera t ion  of the reactor 

i s  sought.  
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9.11 ACTION TO BE TAKEN IN THE EVENT OF AN ABNORMAL OCCURRENCE 

Table 9 . 3 .  Limiting safety system settings 

Type of Operation 

Variable Normal Low Flow 

(Neutron flux equiva- (Neutron flux equiva- pT 
lent to 1.6 Nw (t) lent to 16 kW (t) 

9 >450 gpm >45 gpm 
AP (8.5 psi -- 
*R <140"F <140"F 
*H <140"F <140"F 
AT (16°F <16"F 

An abnormal occurrence is defined as any actwal safety system setting 
less conservative than specified in the above table, operation in viola- 
tion of a technical specification, incidents or conditions which pre- 
vented o r  could have prevented the performance of the intended safety 
function o€ an engineered safety feature of the reactor safety system, 
an uncontrolled or unanticipated release of radioactivity in excess of 

the concentration described in DOE 5480.1, Attachment X I - I ,  an 
uncontrolled on unanticipated change in reactivity, an observed inade- 
quacy in the implementation of either administrative or procedural 
controls, such that the inadequacy has caused the existence or develop- 
ment of an unsafe condition in connection with the operation of the 
reactor, or an uncontrolled or unanticipated release of radioactivity. 
In the event of an abnormal occurrence, the following action will be 
taken: 

1. The TSP-IiPRR Operations Supervisor and other appropriate management 
personnel will be notified and corrective action taken prior to 
resumption of the operation involved. 
A written report will be made by the operators that will include 
an analysis of the cause of the occurrence, efficacy of corrective 
action, and recommendations for measures to prevent or reduce the 
probability of recurrence, in accordance with DOE Order 5000.3, 
''Unusual Occurrence Reporting System." 
A written report will be submitted to DOE by Management. 

2. 

3. 
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1. A report will be made by Management no later than the next work 

day to the Safety and Environmental Control Division, Contracting 
Office Technical Representative, DOE, Oak Ridge Operations of the 
fallowing conditions: 

a. Any release of radioactivity ta the environment above the per- 
missible limits specified in DOE Order 5480.1A, Chapter XI 

b. Any violation of a safety limit (see section 9.10) 
c .  Any exposures t o  personnel. in controlled o r  uncontrolled areas 

that exceed the standards in DOE Order 5480.16, Chapter XI: 

2.  A report will be made by Management within three work days to 
DOE-OW0 of any violation of the technical specifications. 

S 

9.13.1 Engineering Physics and &thematics Dlvieion Safety Review 

Shielding experiments that involve the TSR-11 will be performed af te r  

they have been formally approved by EP&MDSRC. 

to the Reactor Operations Review Committee. 
EP&MDSBC actions are reported 

9.13.2 

The RORC maintains the prerogative of revlewirng shielding experi- 
ments that involve the TSR-II after the committee members receive an 
approval of the experiment by the EPGMDSRC. 

9.13.3 Criticality Review Committee (CKC) 

Operations involving the handling, storage, transportation, and 
disposal of significant quantities of fissile material will be performed 
in accordance with procedures approved by the CRC. 

9-14 LIMITATIONS ON REACTOR OPERATION 

The reactor will be operated SO that the radiatton levels t o  
uncontrolled areas from routine reactor operation or under MCA con- 
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d i t i o n s  w i l l  always be w-lthin accep tab le  va lues .  
ment, t h e  fol lowing l i m i t a t i o n s  are i n  e f f e c t :  

To meet t h i s  requlre-  

1. 

2. 

3. 

The r e a c t o r  o p e r a t i o n  w i l l  be scheduled SO t h a t  t h e  r a d i a t i o n  dose 

a t  t h e  boundary of t h e  uncon t ro l l ed  area w i l l  be kept at a p r a c t i c a l  

minimum; w i l l  be w i t h i n  t h e  Radiat ion P r o t e c t i o n  Standards,  DOE 
Order 5480.16, Chapter XL; and w i l l  be less than 100 m i l l i r e m s  i n  
any seven consecut ive days. 

s t a t i o n s  a t  t h e  boundary of t he  uncontrol led area t a  record t h e  

accumulated dose. 

The t o t a l  o p e r a t i o n  f o r  any one set of f u e l  elements in t h e  TSK-II 

w i l l  be l i m i t e d  t o  3000 MW h. 

I n t e g r a t e d  o p e r a t i o n  of t h e  r e a c t o r  du r ing  a five-day per iod a t  

power l e v e l s  above 100 kW will be l i m i t e d  t o  75 MWh.  If t h e  l i m i t  
of 75 Mwh i s  reached i n  a five-day per iod,  t h e  r e a c t o r  w i l l  not be 

ope ra t ed  above 100 kW f o r  48 h. If a l i m i t  of 72  Flwh is reached 
i n  a 12-day per iod,  t h e  r e a c t o r  w i l l  no t  be operated above 100 kW 
f o r  24 h. 

Dosimeters w i l l  be placed a t  monitoring 

9 15 HOIST OPERATION REQUIREHENTS 

To preclude t h e  p o s s i b i l i t y  of an acc iden t  t h a t  might r e s u l t  from 
overloading t h e  h o i s t i n g  equipment, t h e  h o i s t s  w i l l  be operated by a 

c e r t i f i e d  r e a c t o r  o p e r a t o r ;  and t h e  s i z e  and p o s i t i o n i n g  of t he  loads  

moved with the h o i s t i n g  equipment w i l l  be i n  conformance wi th  those 

o u t l i n e d  by t h e  a rch i t ec t - eng inee r  who was  r e s p o n s i b l e  for des ign  and 

e r e c t i o n  of t h e  tower s t r u c t u r e * .  The reactor w i l l  not be e l e v a t e d  from 

a ground p o s i t i o n  when winds exceed 40 mph and the  h o i s t s  w i l l  not  

be used t o  raise the  r e a c t o r  more than  50 f t  above t h e  ground un le s s  i t  

has been less than  f i v e  years s i n c e  t h e  system has been load checked. 

e 1 6  TOWEB INTEGRITY 

To ensure t h a t  t h e  tower s t r u c t u r e ,  guy c a b l e s ,  and foundat ions eon- 

t i n u e  t o  meet des ign  s p e c i f i c a t i o n s ,  they w i l l  be checked and inspected 

on a r o u t i n e  b a s i s .  

"Knappen-Tibbetts-Abbett-PlcCarthy, Loading Criteria and Analysis f o r  

t h e  Tower Sh ie ld ing  F a c i l i t y ,  (1953). 
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The tower checks and inspec t ions  inc lude  but  are not 1Pm"Led t o  the  

f ollowi ng : 

1. On a yea r ly  b a s i s ,  the alignment of the  towers  w i l l .  be checked, the 
e l e v a t i o n  of the ~ Q W C ? ; ~  bases and guy aiichors d B 1  be checked, the 

r e s i s t a n c e  t o  ground of l i g h t n i n g  p r o t e c t i o n  grounding system w.hI.1 

be measured t o  determine that i t  has not changed, and the cond i t ion  

of t h e  towers, t h e  tower guys, t h e  tower bases, guy anchor bases, 
t he  electrjlcal grounding system, and a l l  connect ions will be checked 
v i s u a l l y .  

breakage or wear with eddy-current and magnetic induct ion  measure- 
menta. 

2. On a five-year b a s i s ,  t h e  tower guys w i l l  be checked €OK I n t e r n a l  
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LO. TSR-TI MAIWENANCE, C ~ I B U T I O N ,  CHECKS AND INSPECTION 

Routine checks, calibrations, fnspections, and maintenance of the 
TSR-11 and its associated equipment are done on a time cycle or opera- 
tional cycle. The scheduling of work by personnel from Plant and 
Equipment Division, Instrumentation and Controls Division, and Quality 
Department is done with computer-generated information. The remaining 
scheduling is accomplished with a pending file maintained by Operations 
Division personnel at the TSF. 

required and the week in which the work is due. Some of the work 
scheduled by other groups is also listed on the TSF charts. 
work, including nonroutine work, is done, it is described in the faci- 
lity logbook and, where appropriate, it is marked on the charts. 

The pending f i l e  at the TSF consists of charts listing the work 

When any 

10.1 CALIBRATIONS 

10.1.1 Regulating Plate Calibration 

Calibration o f  the regulating plate is performed semiannually to 
measure reactivity worth of the regulating plate as a function of separa- 
tion distance from the fuel.  

The s ignal  from the reactor fisson chamber of the console is fed 
through a line-driver preamplifier and A-J Amplifier to a log count-rate 
meter. The output of the pulse height selector in the A-I Amplifier is 
connected to an electronic counter. Set the instrument to accept counts 
for PO-s intervals. When taking counts, push the reset at even inter- 
vals of time (1/2 or 1 min) and record time and total counts. 

Procedure, During the following measurement, maintain the reactor 
water temperature as constant as possible. 

1. With the regulating plate fully inserted, raise the reactor power 2 
to 50 W with the shim plates only; using the shim plates, stabilize 
the reactor power on an infinite period as indicated by the pico- 
ammeter o r  fission chamber. 

Always approach the regulating plate position from the same direc- 
tion to compensate for system hysteresis. Take sufficient points 
as noted above so that  a good straight line is established on semi- 
log graph paper. Determine the period of time for power to increase 
a fac tor  of e .  Obtain reactfvity for e-factor increase from curves. 

2. Withdraw the regulating plate 0.3 in. or some convenient Increment. 
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3 .  Take the r e a c t o r  s u b c r i t i c a l  by i n s e r t i n g  t h e  shim plater; ;  do not  

4 .  Repeat s t e p s  1, 2 ,  and 3 u n t i l  t h e  e n t i r e  l eng th  of r egu la t ing  p l a t e  

5 .  Determine and p l o t  t h e  i n t e g r a t e d  worth of t h e  r e g u l a t i n g  p l a t e  as a 

-- 
move the. r egu la t ing  plate .  

i s  i nves t iga t ed .  

func t ion  of p o s i t i o n  and file. 

10.1.2 Shim-Safety Plate ~ ~ a ~ o ~ s ~  Times 

The Senior  Operator w i l l  be respons ib le  f o r  making t he  p l a t e  r e l e a s e  

and t r a v e l  t i m e  measurements and w f l l  d i r e c t  instrument  personnel t o  set 

up t h e  equipment, which, i n  a d d i t i o n  t o  t h e  normal r e a c t o r  complement, 

inc ludes  a s u i t a b l e  s i n g l e  sweep osc i l l o scope ,  a Polaro id  camera (loaded 

w i t h  3000 ASA f i l m ) ,  and a drop tes t  boxs as follow: 

1. 

2.  

3 .  

4, 

5 .  

6 .  

1. 

2. 

Connect the input  of the  o s c i l l o s c o p e  t o  a Tee in. t he  i r n p i i t  s f  the 

seat switch a m p l i f i e r  of t h e  p l a t e  t~ be checked. 
Disconnect t h e  sigma bus lead a t  the  magnet ampl i f i e r  o f  t he  p l a t e  

t o  be checked. 

Connect t h e  magnet a m p l i f i e r  te rmina l  on t he  drop tes t  box t o  the 

sigma bus terminal on t h e  magnet: ampl i f i e r .  

Set  t h e  vo l t age  OA t h e  drop t e s t  box t o  g ive  t h e  c o r r e c t  so lenoid  

c u r r e n t  f o r  the shim-safety p l a t e  being checked. 

Connect t h e  e x t e r n a l  t r i g g e r  of t h e  osc i l l o scope  t o  the t r i g g e r  

terminal of t h e  drop t e s t  box. Check osc i l l o scope  t r i g g e r  with the  

but ton  on the box. 

Check o s c i l l o s c o p e  t r i g g e r i n g  by depress ing  the  scram but ton  on the! 

drop test box. 

Procedure 

Star t  up t h e  r e a c t o r  i n  the usua l  fashion.  

Measure release t i m e  by t h e  fol lowing method: 

a. P ick  up a l l  shim-safety p l a t e s  and a d j u s t  t h e  p o s i t i o n  of the 

shim p l a t e  d r i v e  s o  t h a t  t he  seat switch of t he  p l a t e  which i s  

being observed i s  just about t o  be ac tua ted  (no f l o w  on turbine- 
meter i n d i c a t o r ) .  
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b. 

C .  

d. 

e. 
f. 

go 

Record the  i n s e r t  l i m i t  of t h e  shim p l a t e  d r i v e  and the position 
of t h e  shim p l a t e  be fo re  release. (Manually check the  p l a t e  

p o s i t i o n  a t  which t h e  seat  l i g h t  comes on and r epea t  s e v e r a l  

times before  making release t i m e  measurement.) 

Se t  t h e  o s c i l l o s c o p e  and Polaro id  camera t o  photograph the  

p a t t e r n  on the o s c i l l o s c o p e  dur ing  release. 

Scram t h e  p l a t e  being observed with t h e  s p e c i a l  scram swi tch  on 
t h e  test box. 
Develop t h e  photograph of t h e  trace. 

Record the  s e t t i n g s  of t h e  osc i l l o scope ,  t h e  d a t e ,  the  p l a t e  
number, t h e  shim header  pressure ,  t h e  p l a t e  pos i t i on ,  and the  

release t i m e  on t h e  f i l m  and on the f i l e  card.  

Proceed t o  measure t h e  t o t a l  release and t r a v e l  t i m e  on t h e  

same p l a t e .  

3. Measure t o t a l  t i m e  (release p lus  f l i g h t  t i m e )  by t h e  fol lowing 
method : 

a. Take t h e  r e a c t o r  near ly  c r i t i ca l  (check previous ope ra t ing  
h i s t o r y ) ,  and i f  p o s s i b l e  set p la tes  a t  the s a m e  p o s i t i o n  as i n  

previous  tests (0.25, 0.85, l.QO, 1.2, and 1.68 i n . ) .  

p l a t e  wi th  t h e  s p e c i a l  swi tch  on the drop  test box. 

release time ( record  t o t a l  t i m e  r a t h e r  than release t i m e ) .  

b. A s  before ,  a d j u s t  t h e  o s c i l l o s c o p e  and camera, and scram the  

e. Develop t h e  photographs and record  t h e  information as €or  the  

4 .  Pick  up t h e  plates a g a i n  and d i r e c t  an  instrument  t echn ic i an  t o  cut  

o f €  t h e  magnet c u r r e n t  t o  a s u f f i c i e n t  number of p l a t e s  so t h a t  t he  

shim p l a t e  being observed can be r a i s e d  t o  t h e  upper ope ra t ing  l i m i t  

wi thout  t he  r e a c t o r  being c r i t i c a l .  Record the  same information as 
i n  3 above. 

5- R e p e a t  a l l  t h e  above f o r  each shim-safety p l a t e .  

Restoring the System t o  Noma1 Condit ion 

The Senior  Operator  w i l l  i n s t r u c t  the instrument  t echn ic i an  t o  

1. remove t h e  o s e i l l o s c o p e  connect ion from the seat swi tch  a m p l i f i e r  

i npu t ,  
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2. d i sconnec t  the d r o p  tes t  box from the sigma bus connect ion of e'xie 

3. reconnect  t h e  magnet a m p l i f i e r  t o  t h e  sigma bus,  and 

4 .  r e s t o r e  nagnet  c u r r e n t s  t o  t h e  proper  va lues .  

magnet a m p l i f i e r ,  

The above s t e p s  apply t o  a l l  four  shim-safety plates .  

10.1.3 C a l i b r a t i o n  Checks of Ptco 

To ope ra t e  t h e  TSR-TI a t  a constant power, a servo a m p l i f i e r  

d r i v e s  the  r e g u l a t i n g  p l a t e  s o  t h a t  t h e  c u r r e n t  f r o m  a compensated 

i o n i z a t i o n  chamber which i s  mounted a t  a f i x e d  p o s i t i o n  i n  the r e a c t o r  

neutron f l u x  remains constant:. The abso lu te  power of t he  r e a c t o r  iiru~t 

be deterinined in a heat power measurement Ira e s t a b l i s h  t h e  chamber 

c u r r e n t  f o r  a given power. Thereafter t h e  Operator  selects t h e  pmaer 

which is t o  be maintained by s e t t i n g  thc RANGE SWITCH on the picoam- 
mter  which can be va r i ed  from I. x 10-r t o  1 x lomm4 a9ap in steps of 
1-2-5 and by s e t t i n g  t h e  Db9fAND h e l i p o t  on the servo ampl i f i e r .  
(Normally the DEMAND helipot on t h e  se rvo  a m p l i f i e r  i s  nor changed 

between power determinations ) The approximate l i n e a r  va lue  of the 

c u r r e n t  which w i l l  be maintained i s  d isp layed  on t h e  D E W  meter of 
t h e  servo snnpllfieh. Then, when the reactor i s  placed under the servo 

can t ro l ,  the servo amplifier requests r e g u l a t i n g  p l a t e  movement as. 
necessary t o  maintain t h e  chamber c u r r e n t  as disp layed  by t h e  pl.cnam- 
meter recorder  and meter a t  the  present  value.  

The picoammeter i s  t h e  heart  of the power c o n t r o l  system and t h e  

Operator must be c e r t a i n  t h a t  i t  i s  operating correctly t o  enainre that. 
r a d i a t i o n  leakage from t h e  react;or f o r  a gPven power rensaitis the same 
f rom run  t o  run. To ensure this, the  picoa eter zero i s  checked d a i l y  

and two c u r r e n t  values are cheeked weekly. Periodically all range 
poskt iona on the picoarnmeter are checked f o r  l i n e a r i t y .  

f o l l o w s  befo re  ope ra t ing  t h e  r eac to r  and s o  indicate on t h e  Reactor  

Operation Log: 

Each day the opera to r  will make l i n e a r i t y  and zero checks as 

1. Push the  r e a c t o r  SERVO OFF but ton .  
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2. Turn on the picoammeter recorder. 
3. While pressing the picoammeter ZERO CHECK button, observe both the 

picoammeter recorder indication (fixed scale) and the meter OR the 
picoammeter while changing the picoammeter RANGE SWITCH from 
5 x 10 -7 through 5 x Adjust the ZERO ADJUST helipot on the 
picommeter as necessary to give the minimum deflection on both 
indicators. (It is possible to erroneously set to zero by observing 
only the recorder since movement of the needle below zero reading 
is very slight.) 

Do not adjust the mechanical zero on the picoammeter; this should 
be done only by an instrument technician. 

CAUTION 

4 .  Each Monday morning the following checks w i l l  be made: 

a. 
be 
C .  

d. 

e .  

f .  

h. 

i. 

j* 

7 Set picoarnmeter RANGE SWITCH on 100-kW position (5 x 10 ). 
Turn on picoammeter recorder. 
Disconnect input to picoammeter. 
Connect output of 100 kW - 20 kW CURRENT SOURCE BOX to input of 
picoammeter. 
Turn on CURRENT SOURCE BOX and follow instructions written on 
source box. 
Turn 100 kW - 20 kW switch on CURRENT SOURCE BOX to 100 kW and 
picoammeter RANGE SWITCH to 100 kW. Recorder scale should read 4 .  
Turn 100 kW - 20 kW switch on CURRENT SOURCE BOX to 20 kW and 
set plcoammeter RANGE SWITCH at 20 kW position. Recorder scale 

should read 4.05. 

If the recorder does not read the proper values in f and g ,  

notify the Instrument Foreman. If readings are Correct, proceed. 
Disconnect CURRENT SOURCE BOX from input to picoammeter. 
Reconnect input lead to picoammeter. 

10.2.1 Checking Safety Channels 

En order to confirm the ability of a designated channel to scram the 
reactor, it must be made sufficiently more sensitive than the others so 

that  there i s  no doubt during the test as to which signal i s  controlling 
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t he  s i t u a t i o n .  For t h e  TSR-11, t h i s  i s  b e s t  done by moving the ioniza-  

t i o n  chawbers i n  t o  a 1g01-e s e n s i t i v e  pos i t i on .  Obviously, i t  is 
necessary  t o  record t h e  o ld  p o s i t i o n s  p r e c i s e l y  so each chamber may be 
r e tu rned  t o  i t s  proper  pos i t i on .  All chambers must be r e tu rned  t o  ‘che 

proper  p o s i t i o n  a f t e r  t h e  tests and t h e i r  c o r r e c t  performance v e r i f i e d .  

A TSF Senior  Operator  w i l l  be p re sen t  when t h i s  t e s t  i s  made and 

w i l l  l og  a l l  changes,  even those  that: p r e s m a b l y  were r e s t o r e d  t o  the  

o r i g i n a l  condi t ion .  A n  i n s t r m e n t  t echn ic i an  w i l l  assist i n  t h e  follow- 
i n g  condi t ions :  

1. The d i s t a n c e  between the  lower end of each s a f e t y  chamber arid t h e  

bottom of i t s  well w i l l  be recorded. This  may be recorded as t h e  

heilght of a f i x e d  po in t  on the  i o n i z a t i o n  chamber ex tens ion  t o  the  

top  of t he  chamber w e l l  cover.  

CAUTION 
Do no t  mark o r  s c o r e  t h e  chamber ex tens ion  as i t  m y  
cause  a l e a k  i n  t h e  O-ring seal. 

2. Loosen t h e  clamp on each chamber ex tens ion ,  lower each chamber t o  

t h e  bottom of i t s  w e l l  and r e t i g h t e n  t h e  clannp on each chamber 
ex tens ion .  

3.  Operate t h e  r e a c t o r  i n  t h e  normal f a sh ion  and l e v e l  t h e  power a t  

100 kW, then  set  t h e  r e a c t o r  on a period no less then  25 s and allow 
the power t o  i n c r e a s e  u n t i l  a sigma a m p l i f i e r  meter on the s a f e t y  

monitor c h a s s i s  causes  a reverse .  When the f i r s t  sigma meter causes 
a r eve r se ,  no te  t h e  power and reset: t h e  t r i p  setttng on t h e  meter 
from 60 t o  80%. Adjust  t h e  c o n t r o l  plate p ~ s t t i o n ~  u n t i l  t he  

i n c r e a s e  i n  power i s  as before  t h e  r eve r se ,  When t h e  second sigma 

meter causes  a r eve r se ,  reset t h e  meter as above. Repeat t he  a c t i o n  

f o r  t h e  t h i r d  sigma meter. 

on 8Q%, r e a d j u s t  t h e  control.  plates u n t i l  t h e  p o s i t i v e  per iod i s  
r e e s t a b l i s h e d  and a l low t h e  r e a c t o r  power t o  increase u n t i l  a scram 
i s  caused by one sigma amplifFer  or t h e  power approaches 1 MW. If 
t h e  power exceeds 900 kW, s h u t  d o m  the r e a c t o r  and check with  TSF 

superv is ion .  Do n o t  proceed un le s s  supe rv i s ion  e s t a b l i s h e s  t h a t  

t h e  s a f e t y  shutdown w i l l  Q C C U ~  below 1 NW. I n  no ease allow t h e  

r e a c t o r  power t o  exceed 1 MWe I f  a sigma a m p l i f i e r  causes  t h s  

scram, no te  t h e  power and then  d isconnec t  t h e  inpu t  from the sips 
a m p l i f i e r  preamp t o  t h a t  ampl i f i e r .  

4 .  With a l l  sigma a m p l i f i e r  meters on t h e  s a f e t y  t r o u b l e  c h a s s i s  se t  
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5. 

6. 
7. 

8 .  

9 .  

10. 

11. 

12. 

13. 

Restart t h e  r e a c t o r  and r epea t  s t e p  4 f o r  a second sigma a m p l i f i e r .  

Reconnect t h e  i n p u t  t o  t h e  f i r s t  sigma a m p l i f i e r .  

When t h e  r a d i a t i o n  l e v e l  a t  t h e  r e a c t o r  i s  s u f f i c i e n t l y  low, loosen 

t h e  p o s i t i o n i n g  clamps on t h e  two chambers t h a t  caused r e a c t o r  shut- 

downs and move t h e  chambers t o  t h e i r  o r i g i n a l  p o s i t i o n s  and r e t i g h t e n  

t h e  p o s i t i o n i n g  clamp. 

Restart t h e  r e a c t o r  and r e p e a t  s t e p  4 f o r  t h e  t h i r d  number. 

When the r a d i a t i o n  l e v e l  a t  t h e  r e a c t o r  Is l o w  enough, Loosen the  

p o s i t i o n i n g  clamp on t h e  chamber t h a t  i s  s t i l l  i n s e r t e d ,  move t h e  

chamber t o  the  o r i g i n a l  p o s i t i o n ,  and t i g h t e n  t h e  b o l t  i n  t h e  posi- 
t i o n i n g  clamp. 

Recheck t h e  chamber p o s i t i o n s .  

Reset t h e  t r i p  s e t t i n g  on t h e  t h r e e  sigma a m p l i f i e r  meters on t h e  

s a f e t y  t r o u b l e  monitor t o  60%. 

Operate t h e  r e a c t o r  i n  t h e  normal manner and raise the  power t o  

a l e v e l  s u f f i c i e n t  t o  check t h e  ope ra t ion  of t h e  sigma a m p l i f i e r s .  
Record t h e  sigma meter readings and t h e  r e a c t o r  power. 

Enter  t he  information i n  t h e  logbook. 

10.2.2 TSR-IT and Personnel Protection Checks 

The r e a c t o r  c o n t r o l  system is  designed s o  t h a t  i n  most i n s t a n c e s  
some a c t i o n  occur s  t o  prevent  o r  warn of impending t r o u b l e  before  a 

shutdown occurs;  t h e r e f o r e ,  du r ing  r o u t i n e  ope ra t ion ,  t h e  a b i l i t y  of 
t h e  shutdown system to f u n c t i o n  is  not  demonstrated. Various 

i n t e r l o c k s  and d e t e c t o r s  are operable  t o  p r o t e c t  personnel from inad- 

v e r t e n t  exposure t o  r a d i a t i o n  from the  o p e r a t i n g  r e a c t o r ,  and these  

dev ices  are t i e d  i n t o  t h e  r e a c t o r  shutdown system. However, s i n c e  

they are t h e  u l t i m a t e  p r o t e c t i o n ,  i t  i s  mandatory t h a t  a l l  Senior  

Operators  be a s su red  t h a t  t h e  shutdown sys t ems  w i l l  f u n c t i o n  c o r r e c t l y  
when i t  i s  necessary.  

down mechanisms are l i s t e d  i n  t h e  Technical  S p e c i f i c a t i o n s  Surve i l l ance  

Requirements ( S e c t i o n  9) .  I n  a d d i t i o n ,  t h e  fol lowing o p e r a t i o n a l  checks 

w i l l  be made du r ing  each week i n  which t h e  r e a c t o r  is operated:  

The frequency of o p e r a t i o n a l  checks f o r  t h e  more important shut- 

1. Shim Pump Special. Operation 

2. S t a r t u p  Switch 

3.  Rod Drive T e s t  Switch 

4 .  Per iod  Scram 
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The weekly o p e r a t i o n a l  checks are d iv ided  i n t o  t w o  ca t egor i e s :  one 

i s  the  r e a c t o r  o p e r a t i o n a l  checks,  t h e  o t h e r  i s  ~ h e  personnel  protec- 
t i o n  checks. The c h e c k l i s t s  f o r  both c a t e g o r i e s  can be fouulcB i n  

Appendix A. P r i o r  t o  t h e  i n i t i a t i o n  of ope ra t ion  a f t e r  a shutdown fo r  

maintenance or  a l t e r a t i o n s ,  all. the Items on the TSR-I1 Opera t iona l  

Checks w i  1 1 be per formed. 

r o u t t n e  o p e r a t i o n a l  checks are made. The Senior  Operator  on duty  w i l l  

be r e spons ib l e  f o r  making the checks fo l lowing  maintenance or  altesz- 

t i o n s  before  t h e  r e a c t o r  i s  operated.  Some of  the cheeks are t o  be 

made wi th  t h e  r e a c t o r  shut down and some w i P i  be used t o  te rmina te  

c ou t 4. ne o p ti r a t  i o n  . 
w i l l  be checked o u t  according t o  the r m i t i ~ ~ e  operatfng procedure, d t h  

tire rnagnct current on but  with t h e  rods  i n  t h e i r  seats. It w i l l  be a 
s u f f i c i e n t  ind lca tdon  to t h e  Senior  Operator that t he  scram c i r c u i t  

functlons c o r r e c t l y  i f  the  Senior  Operator observes t h a t  a l l  magnet 

c u r r e n t s  d r o p  t o  zero ,  except  for l e v e l  scram check. Some checks w i l l  

be made by demonstrat ing t h a t  the s c r m  conditioni w i l l  tist clear. The 
r e a c t o r  ope ra t iona l  checks w i l l  be made by t h e  Q p e ~ z t o ~  as our l ined  
below u 

It i s  t h e  r e s p o n s i b i l i t y  o f  the Senior Operator  t o  see that the 

For checks which are t o  be made befare operattng, the r e a c t o r  

l. Manual scram (BS-POB): ( 1 )  t u r n  MS-1OB clockwise, and (2) counter-  

2. Safe ty  levell cheek ( three channels) :  i f  the r e c t o s  i s  not  ope ra t ing ,  

clockwise. ( T h i s  i s  performed daily and i s  no t  on t h e  weekly checkl . is t . )  

proceed through the usua l  startup and pick  1 . 1 ~  the rods 0.1 i n .  See 

that  the magnet c u r r e n t s  are as pos ted .  Simultaneously depress  %;he 
Jordan but tons  of two of the th ree  stgma a m p l i f i e r s  and check t h a t  
a l l  the shim-safety plates go i n t o  t h e i r  seats.  

be energ ized  and a scram slaoiild Q C C U ~  a t  10.5 p s i .  

deenerg ized  and a scram should occur a t  500 gpm. 

3. Delta pres su re  o f  reactor: Reduce main flow; r e l a y  K-E38 should 

4 .  &in pump flow: Reduce main pump flow; relay K-42 should he 

5 .  Delta temperature  across r e a c t o r  (two channels ) :  Depress the tes t  

s i g n a l  swi tch  on t h e  amplifter a t  t h e  cansole untll AT i s  more than 

14°F. 

6 .  T u r n  t h e  shhm pump s p e c i a l  ope ra t e  e-witch from N Q W L  t o  SPECIAL. 

7. Turn t h e  s t a r t u p  key swi tch  t o  OFF. 

8. Turn t h e  Rod Drive T e s t  Switch from NORMAL t o  INHIBIT. 
9. S w i t c h  the  log  N ca2i.brate swi tch  from Lo-cal t o  Hi-cal. 

___. I - ~  

-- 
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The personnel  p r o t e c t i o n  checks w i l l  be made as follows: 

1. 

2. 

3. 

4. 

5. 
6 .  

Adjust t he  ze ro  on t h e  south h a l l  monitron u n t i l  a monitron h igh  - 
l e v e l  alarm occurs.  P l a c e  a gamma source near t h e  monitron a t  t h e  
n o r t h  door. This  should g i v e  a MONITRON SCRAM, 
Repeat 1, bu t  p l ace  source near t h e  escape ha tch  monitron. Resu l t s  

as i n  1. 

R e s e t  zero on t h e  sou th  h a l l  monitron. 

Adjust zero on t h e  n o r t h  door monitron u n t i l  a monitron high-level  

alarm i s  obtained.  Again place t h e  source near  t he  escape hatch 

monitron u n t i l  a MONITRON SCRAM occurs .  

Repeat 4 ,  bu t  p l ace  the  source near t h e  sou th  h a l l  monitron. 

Reset zero on t h e  n o r t h  door monitron. 

The above procedure checks the  a c t i o n  of t he  make-up and drop-out 

shutdown r e l a y s  f o r  2 ou t  of 3 combinations of monitron high-level  i nd i -  

ca t ion .  To make t h e  fol lowing checks,  i t  i s  necessary t h a t  t h e  r e a c t o r  

in-pool f l o a t  switch be out  of t h e  water and t h e  r e a c t o r  ready t o  operate:  

1. 
2. 
3. 

4. 

5.  
6 .  

7. 
8 .  

9. 

Open t h e  n o r t h  door. 
Open t h e  ramp g a t e .  

Open t h e  n o r t h  g a t e  i n  t h e  600-ft fence.  

Open the w e s t  g a t e  i n  t h e  600-f t  fence.  

Open t h e  escape ha tch  ga te .  
Place t h e  gamma-ray source near t h e  ramp monitron u n t i l  a r a d i a t i o n  

alarm occurs  o r  set t h e  monitron swi t ch  t o  t h e  high range. Open the  

east ramp door. 

Repeat i t e m  6 f o r  t h e  w e s t  ramp door. Restore  t h e  system t o  normal. 
Depress t h e  remote manual scram a t  t h e  ramp h o i s t  s t a t i o n .  

Depress t h e  remote manual scram a t  the escape hatch. 

To make t h e  fo l lowing  checks, the opera to r  must clear the  a rea  

i n t e r l o c k s  with a he lpe r  o u t s i d e  t h e  c o n t r o l  bu i ld ing :  

1. To ensu re  t h a t  t h e  c o n t r o l  d r i v e s  w i l l  no t  ope ra t e ,  p l a c e  t h e  rod 

d r i v e s  a t  t h e  i n s e r t  l i m i t  and withdraw t h e  f i s s i o n  chamber u n t i l  

t h e  r eco rde r  i n d i c a t i o n  f o r  t h e  f i s s i o n  chamber i s  d r i v e n  down t o  

below 2 c p s .  

2. Make up t h e  area i n t e r l o c k s  and reset t h e  s t a r t u p  switch. 
3.  Depress t h e  remote manual scram a t  t h e  pool h o i s t  s t a t i o n .  
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4. Repeat item 2 then insert key s w i t c h  in hoist station and t u rn  handle 

5.  Repeat item 2 then depress hoist s t o p  button and remove key from hoist 

6 .  Repeat item 2 then t u r n  o f f  reactor key switch. 

t.0 reset. 

control station. 

For each component in the TSR-XI water cooling system, the Ere- 
quency of maintenance and the name of the responsible person are 

recorded on Plant and Equipment Program Maintenance cards. Items whish 
require mote frequent inspection are listed in Sections 10.1.3 and 
10.2.2 and on the  checklists inciuaed in Appendix A .  ~n addition, 
shift personnel will, an request, periodically note the s tatus  of  cer- 

tain components and, if abnormalities are discovered, will r e p o r t  them. 

to the Shift Supervisor f o r  immediate action. 

18.3.1 

A t y p l c a l  checklist which is used in the daily tnepectiona f e  
ineiuaea i n  appendix A .  ~n general, rotating machinery is considered 
t o  be in ~ i o ~ m a l  condition when the bearing8 run smoothly without an 
exeseive temperature rise, with the additional erttcerion f o r  pumps 
that the seala no t  leak excessively (experience with the different 
pmpss 1.8 necessary for this evaluation).  The itinerary and procedure 
f o r  checking the items on the Daily Checklist are suelined in the 
fo l lowing  paragraphs. 

t o  turn on the pumps, a i r  intake fana, e t s .  The f i r e t  items are a t  
the reactor console in the control building (7702) .  Before leaving 
7792, %lie observer will check the items in the electrical distribution 
raom. When leaving 7702 by the north door, the fire alarm monitor 
3ysltem located i n  8 mall room off  the north entryway shou ld  be checked. 
The operator will check for  leaks In the water-to-air radiator I n  
Building 7706 and, i f  appropriate, the operation of the heaters. Tn 
Building 7705, which is adjacent ta Building 7706, t h e  operator wfll 
check the demineralizer equipment in the north room and a large number 
of items in the south or pump room. The north room of Building 7707, 
which is immediately west of Building 7705,  houses the rectifier eqmip- 
ment and the south room contains the battery banks both of  which the 

Before starting rounds, the obeerver requests a shift supervisor 
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opera to r  w i l l  check. Proceeding southwest from the  b a t t e r y  room, the  

observer  w i l l  check t h e  i t e m s  i n  t he  h o i s t  bu i ld ing  (7703) and then 
check t h e  equipment between t h e  h o i s t  bu i ld ing  and the  m a i n  tower s t ruc -  

t u r e s  which inc ludes  t h e  i t e m s  a t  t h e  pool (7701) .  The last  i t e m s  t h a t  

t h e  observer  w i l l  check o u t s i d e  are the  r e a c t o r  and experimental  equip- 

ment. These checks may change depending on t h e  experimental  program 
and the  weather condi t ions .  The observer  e n t e r s  Bui lding 7702 v i a  the  

ramp. The observer  r e t u r n s  t o  the  r e a c t o r  console  t o  make a r ad io  

check and inform the  s h i f t  superv isor .  

exp lana t ion  are inc luded) :  

The c h e c k l i s t  procedure i s  as fo l lows  (only those i t e m s  r equ i r ing  

1. 

2. 

3. 

4 .  

5. 

6 .  

7. 

8 .  

10. 

11 * 
12. 

Turn on t h e  f i l l ,  dc-powered c i r c u l a t i n g ,  main, deminera l izer ,  and shim 
pumps 
Record o u t s i d e  a i r  temperature  as ind ica t ed  by t h e  mul t ipo in t  

Brown temperature  recorder  a t  t h e  r e a c t o r  c o n t r o l  console .  

Record the  temperature  of t h e  demineral ized water as ind ica t ed  on 
t h e  recorder  mentioned i n  s t e p  2. 
Check t h a t  t h e  h e a t e r  f o r  t he  demineral ized water is o n ' i f  t h e  

o u t s i d e  a i r  temperature  has  dropped below 40"F.* 
Check t h a t  t he  pump f o r  c i r c u l a t i n g  t h e  demineral ized water i s  on 

i f  t h e  water temperature  has  dropped below 11"C.* 
Record t h e  t u r r e t  temperature  as ind ica t ed  on t h e  Brown recorder  

( I t e m  2 ) .  
I f  t h e  t u r r e t  temperature  has  f a l l e n  below 11"C, add a u x i l i a r y  

hea t .  

Record t h e  process  instrument  a i r  p re s su re  as noted on the  gage 

on t h e  w e s t  w a l l  n o r t h  of t h e  r e a c t o r  c o n t r o l  console .  

Note whether t h e  charg ing  c u r r e n t  is a t  expected va lue  f o r  load and 

whether a l l  t h e  charge i n d i c a t i n g  f l o a t s  of a l l  f i r e  p r o t e c t i o n  

system b a t t e r i e s  are up.  

Record t h e  l e v e l  of water i n  the  demineral ized water s to rage  tank. 

Check t h e  o i l  l e v e l  f o r  t h e  demineralized-water c i r c u l a t i n g  pump, 

and i f  t h e  a i r  temperature  is  below 40"F, see whether t he  pump 1s 
opera t ing  normally.  

*Items 4 and 5 w i l l  be checked a f t e r  i t e m  9 ,  but  they are grouped with 

i t e m  3 which i n d i c a t e s  t he  expected cond i t ion  f o r  i t e m s  4 and 5. 
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13. Record t h e  level-  (0, 1/4, 1/2, 3 / 4 ,  F) of base-prsssure reference 

f l u i d  i n  the  sightglass at the 100-ft level of tower l e g  No. I, 

o r  check r e fe rence  pressure (approximately 40 p a l )  i f  reactor is In 
the Big Beam Sh ie ld .  

if2 the  air temperature is  below 4 0 ° F .  I f  the  weather i s  dry, check 
f o r  any t a d i c a t i o n  of water leakage fram the air-cod.ed radiatars .  

14. During t h e  n t e r  months, check t h e  fan h e a t e r s ,  which should be 

A t  t h e  beginning of each calendar year ,  t ha  Scplior Operator will 
corlsult w i t h  t h e  forernen and f i l l  o u t  a w a l l  c h a r t  i n d i c a t i n g  the 
scheduled weeks f o r  t h e  XW-AIW checks, cal ibrat tons,  inspeetion, a;sa 
maintenance. ~ h g :  senior Operator . u a i ~ .  c a n t a c t  t h e  ~ol-ewan invoiu-ea 
before the. work is t o  be done i.n order t o  scticdule reactor downtime t o  

do the work* When the  work has been completed, the Senior  Operator will 
note in the lop t he  work that wa6 dolie and i n d t s a t e  work completed on 

the w a l l  c h a r t .  

n ~ t e  t h e  need in the TSF Log and schedule the work w i t h  the apprap r l aee  
foreman. The Senior Operator  will describe the work i n  the f a c i l i t y  

logbook. The forerntan involved will tiarn in Lhe i lppropriate  in format ion  

to t h e i r  recard clerks so t h ~ t  the in format ion  is entered i n  the corn- 
putar reeot-as. 

Fdheu i inn tsu t ins  maintenance ia necessary, the Senior  Operator  will 

In cases minor maintenance, such aB tubrieatlag,  can be per- 
formed while  the equipment: is in opera t ion  w i t l a  m hazard t o  the  main- 

tenance maehianic. I n  those cases where considerable hazard might ar ise  

following s t e p s  will be taken before  matntsnance i s  s t a r t e d :  

i f  the equipment is atzartea up while ~ a i r ~ ~ e n a k ~ c @  i s  w n g  pesforlnea, t h e  

1. The Senior Operator  w L 1 l  p l ace  "hold-off" t a g s ,  which muat be da ted  

and s igned ,  r a t  t h e  proper control switches a t  the reactor console  OK 

other remote c o n t r o l  p o i n t s  and a t  the proper local. c o n t r o l  p o i n t s t  

2. The Senior  Operator  w l l l  t u r n  o f f  t h e  proper  main breakers aad issue 
a tag-out l ack  and i t s  key t o  any i n d i v i d u a l  who is going to work 

on the equipment b u t  docs no t  have a lock .  
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.4 .3  Instrumentation and Controls Maintenance Schedule 

The ca rds  which s t a t e  the  necessary  maintenance by I & C  personnel  

are i s sued  weekly. Tabulated below i s  a l is t  of i t e m s  t o  be checked by 

weeks dur ing  each qua r t e r .  

First and Third Quarters 

1. 

2. 

3. 

4 .  

5. 

6 .  

7. 

8 .  

9. 

10. 
11 
12. 
13. 

Check t h e  mechanical ope ra t ion  of t h e  r eco rde r s  i n  t h e  console  

inc lud ing  t h e  ope ra t ion  of a l l  microswitches ( t h i r d  q u a r t e r  on ly) .  
Check t h e  c a l i b r a t i o n  of t h e  r eco rde r s  i n  t h e  console  ( t h i r d  

q u a r t e r  on ly) .  
Check the  ope ra t ion  of t h e  magnet a m p l i f i e r s ,  sigma a m p l i f i e r s ,  

and t h e  log N ampl i f i e r s .  

Check t h e  ope ra t ion  of t h e  servo  a m p l i f i e r  and picoammeter. 

Determine t h e  drop c u r r e n t  and set  the  ope ra t ing  c u r r e n t  f o r  each 

magnet amplifier. 
Check t h e  ope ra t ion  of t h e  pu l se  a m p l i f i e r  i n  t h e  s t a r t -up  channel.  

Check t h e  ope ra t ion  of t h e  count - ra te  meter used i n  the  s t a r t u p  

channel.  

Check t h e  ope ra t ion  of t h e  decade scalers used in t h e  s t a r t u p  

channel 
Check t h e  output  of t h e  h igh  vo l t age  s u p p l i e s  used i n  the  count ing 

sys t e m s  . 
Measure t h e  response t i m e s  of t h e  shim-safety p l a t e s .  

Check t h e  ope ra t lon  of t h e  compensated chamber power supp l i e s .  

Check ope ra t ion  of t h e  bu i ld ing  rnonitrons ( f i r s t  q u a r t e r  only) .  

C a l i b r a t e  t h e  senso r s ,  t r a n s m i t t e r s ,  monitors ,  and C o n t r o l l e r s  f o r  

t h e  temperature,  f low, and p res su re  channels .  

Second and Fourth Quarters 

1. Bench check t h e  ope ra t ion  of t h e  magnet a m p l i f i e r s ,  the  sigma 

amplifiers, t h e  p reampl i f i e r s ,  t h e  log N a m p l i f i e r s ,  and t h e  

s t a r t u p  channel pu l se  a m p l i f i e r .  

mag net  amp1 i f  i e r . 
systems (second q u a r t e r  only). 

2. Determine t h e  drop c u r r e n t  and set  t h e  ope ra t ing  c u r r e n t  f o r  each 

3. Check all components of t h e  seat  switch s y s t e m s  and c l u t c h  swi tch  
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4 .  Check a11 vacuum tubes  and bench check t h e  t e l e v i s i o n  cameras 

5. Check ope ra t ion  of a l l  e l e c t r o n i c s  equlpment €or  the water a c t i v i t y  

6 .  Check t h e  e l e c t r o n i c  equipment i n  t h e  s l i n g  boxes, i f  a c c e s s i b l e  

7. Measure the response times of t h e  shim rods.  

and r e c e i v e r s  (second q u a r t e r  on ly) .  

monitor (second q u a r t e r  on ly ) .  

(second q u a r t e r  on ly) .  

S ince  t h e  r e a c t o r  i s  capable  o f  being l i f t e d  t o  an a l t i t u d e  of 

approximately 185 f t . ,  t h e  base p res su re  at  t h e  systein I n  t h e  r e a c t o r  

v e s s e l  must be maintained a t  a l e v e l  which w i l l  ensure t h a t  t h e  s y s t e m  

s t a y s  f u l l  of water. This is t h e  func t ion  of t h e  f i l l  and p res su re  pump 
and t h e  v a r i a b l e  p re s su re  r e g u l a t i n g  system (descr ibed  i n  s e c t i o n s  4 . 3 . 5  

and 4 . 3 . 6 ,  r e s p e c t i v e l y ) .  

Reference Liquid - I n  s e l e c t i n g  t h e  l t q u i d s ,  t h e  s p e c i f i c  g r a v i t y ,  

t h e  f r e e z i n g  po in t ,  t h e  v i s c o s i t y ,  the f l a s h  po in t s ,  t he  c o e f f i c i e n t  of 

expanston, and the  t o x i c i t y  had to be considered.  The l i q u i d  used f o r  
the r e fe rence  p res su re  Is a s o l u t i o n  of e thylene  g lyco l  (80 ~ 0 1 % )  and 

water (20  ~ 0 1 % ) .  This s o l u t i o n  has  a f r e e z i n g  po in t  below -10°F and a 

speclf1.c g r a v i t y  OP 1.10 a t  70'F. Changes i n  specific g s a v i t y  as a 

function of temperature  are shown i n  Fig.  10.1. 

Operating Pressures and Capac i t i e s  - The r e fe rence  p res su re  system 

r e s e r v o i r  on tower l e g  1 is mounted approximately a t  e l e v a t i o n  1197. 

The c o a t r o l  va lve  e l e v a t i o n  i s  approximately 1052, g iv ing  a column 

he igh t  of 135 ft. This  g ives  a re ference  p res su re  of  135 x 0.433 x 1.10 

= 6 4 . 4  p s i  w i t h  t h e  r e a c t o r  a t  ground l e v e l .  With t h e  r e a c t o r  a t  maxi- 
mum a l t i t u d e ,  t he  s l i n g  bar  r e s e r v o i r  i s  approximately a t  e l e v a t i o n  

1275, g iv ing  a column h e i g h t  of 213 f t .  This  gives a re fe rence  pressure  

of 213 x 0.433 x 1.10 = 101 psi. Performance checks i n d i c a t e d  t h a t  

t hese  r e fe rence  p res su res  w i l l  main ta in  a f u l l  r e a c t o r  system. With 

t h e  r e a c t o r  i n  the Rig B e a m  Shield, t h e  r e fe rence  pressure  i s  set  a t  

40 p s i  which is more than  s u f f i c i e n t  t o  main ta in  a f u l l  r e a c t o r .  With 

t h e  r e a c t o r  a t  maximum a l t i t u d e ,  t h e  s l i n g  bar  r e s e r v o l r  is approxi- 

mately a t  e l e v a t i o n  1275, g i v i n g  a column he igh t  of 21.3 f t .  This gives 

a r e fe rence  p res su re  of 213 x 0.433 x 1.10 = 101 p s i .  Performance 
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checks i n d i c a t e d  t h a t  t h e s e  r e fe rence  pressures wl1 .1  maintain a f i t 1 1  

r e a c t o r  system. With t h e  r e a c t o r  i n  t h e  Big Beam Shield, the reference 
pres su re  Cs set a t  40 pst which i s  more than s u f f i c i e n t  t o  maintain a 
f u l l  cool ing system [reference column h e i g h t  i s  40 d iv ided  ( 0 . 4 3 3  x 1.10) 
= 84 f t ]  . 
opera t ing  p res su re .  

as follows: 

The lower column he tgh t  i s  u s e d  to reduce clic system 

The base pressures necessary to ensure a f u l l  PeiXctoP system are 

r i g i d  standpipe e l e v a t i o n  = 1193.21 

control valve e l e v a t i o n  = 1962 

t o t a l  f l u i d  head 3' 131.21. f t  
minimum system base pres su re  131.21 x 0 . 4 3 3  = 58 p s i .  

Reactor at Altitude 

r e t u r n  s l i n g  ba r  e P e v . 3 6 i ~ n  = 1275 
c o n t ~ o l  valve d e v a t i o n  = 1Q62 
t o t a l  f l u i d  head = 213 f t  

minimum system base p res su re  = 213 x 0 .433  = 92.2 p s i  

Reactor in Big Beam Shield 

top of t u r r e t  e l e v a t i o n  = 1086.25 

c o n t r o l  va lve  e l e v a t i o n  = 1062 
t o t a l  f l u i d  head = 24 ,25  f t .  

miniinurn system base pressure = 24 x 0.433 = 10.5 p s i  

Figure 10.2 shows t h e  i n c r e a s e  i n  t h e  minimum necessary base 

p re s su re  and t h e  r e fe rence  p res su re  as t h e  sling bar e l e v a t i o n  changes 

f r o m  1197 t o  1275. 

The f i l l  and p res su re  pump w i l l  d e l i v e r  approximtately 1 6  gpm 

agajnst 100 psi- p re s su re  and approximately 28 gpm against: 60 p s i  
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pressure .  The capac i ty  of t he  d i f f e r e n t i a l  p ressure  c o n t r o l  va lve  i s  

as fol lows:  

Pressure drop Percent  va lve  

ac ross  va lve  ( p s i )  t r a v e l  (o  pen) _y_ ppow (gpm) 

100 

60 

100 

70 
50 

100 

70 

50 

100 

35 
l e ,  

80 

26 

13 

The c o n t r o l  va lve  has  a t h r o t t l i n g  actLon and ope ra t e s  i n  the  

range of f u l l y  c losed  t o  70% open during normal opera t ion  with the  
excew capac i ty  a v a i l a b l e  i n  case  of an abnormal occurrence* 

Mixlng the Solution - The r e fe rence  f l u i d  may be mixed i n  any 
l a r g e  conta iner .  The e thy lene  g lyco l  ( t e c h n i c a l  grade)  i s  stocked i n  

Laboratory Stares i n  1-kg b o t t l e s .  By mixing four b o t t l e s  o f  e thylene  

g lyco l  and one b o t t l e  of water, t h e  proper s o l u t i o n  is obtained.  

McCormick red food co lo r ing  i s  used t o  COIOP the s o l u t i o n  f o r  v i s u a l  

observa t ion  i n  ob ta in ing  proper f l u i d  l e v e l o  

Filling the System - Refer  t o  schematic of base pressure  regu- 
l a t i n g  system ( s e e  Fig.  10.3) f o r  component i d e n t i f i c a t i o n s  i n  t h e  

fol lowing f i l l  sequence: 

1. Check fill valve  t o  a s c e r t a i n  t h a t  i t  is  closed.  
2. Open vent  valve t o  r c l f e v e  any p res su re  i n  f i l l  tank.  

3 .  Remove p i l e  cap and check fluid l e v e l  in f i l l  t ank  with a d i p s t i c k .  

4. R e i n s t a l l  p ipe  cap. 

5 .  Close vent  valve.  

6 .  Connect n i t rogen  b o t t l e  t o  pressurizing va lvep  
7 .  Open p res su r i z ing  va lve .  

8. Adjust  p re s su re  i n  f i l l  tank t o  80 - 85 p s i  as ind ica t ed  on f i l l  

( F u l l  capac t ty  of fill tank is approximately 2 314 g a l . )  

t ank  p res su re  gauge. 
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9. Crack fill valve and observe fluid rise bn s i g h t g l a s s  o n  tower Leg 
No. I; or, if reactor is in Rig Beam Shield, stop filling and check 

reference pressure gauge; fill stepwise untll gauge reads 40 psi. 

Do not overfill system. A maximum f i l l  level is marked 
on the sightglass to leave an expansion volme. Do not: 
5111 past t h i s  band. 

Rigid tube standpipe 
Flex ib le  tube 

Tower leg reservoir 

Sling bar re servo i r 
Valve diaphragm casing 

release valve) 

160 in.3 (including a i r  release val.ve) 

1060 in.3 0% 4 , g  gal. 

3 80 in. 

teritnls - The more eommon mater-!-als such as rubber or neopre~ie 

which a m  used f o r  gaskets and O-rings deteriorate under prolonged c o n t a c t  
with the reference pressure liquid. To eliminate t h i s  problem, Teflon has 
been used throughout the system as gasket and O-ring material. The 

diaphragm in the differential. pressure regulator whkh i s  in contact with 
the reference liquid is of Viton. 3( 

* A DuPont fluor-elastomer . 
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11. BEACTOR ASSEMBLY, DISASSEMBLY, AND CRITICAL EXPERIMENTS 

11.1 INTRODUCTION 

The procedures  in t h i s  s e c t i o n  are intended t o  ensure t h a t  any 

changes i n  t h e  r e a c t o r  o r  s h i e l d s  which can a f f e c t  t h e  r e a c t i v i t y  are 

made i n  a s a f e ,  p r e c i s e  f a sh ion  which has been formulated and approved 

i n  advance. The work i n d i c a t e d  is performed in f r equen t ly ,  and the 
material h e r e i n  should be cons idered  only as the b a s i s  of procedures 

which w i l l  be formulated and reviewed just prior t o  t h e  a c t u a l  work. 

In t h i s  manner, t h e  personnel  involved w i l l  develop t h e  c h e c k l i s t s  

which they w i l l  use .  

11.2 REACTOR DISASSEMBLY NECESSARY TO REMOVE A CONTROL MECHANISM 
HOUSING 

The fol lowing procedures for removing a c o n t r o l  mechanism housing 
from t h e  TSR-I1 a p p l i e s  only t o  the case where none of the annular ,  

upper,  or lower f u e l  elements are to be rep laced  with new f u e l  elements. 

T h i s  procedure i s  o u t l i n e d  t o  avoid any p o t e n t i a l l y  dangerous 

cond i t ion ,  and t o  t h i s  end t h e  s e n i o r  ope ra to r s ,  ope ra to r s ,  and o t h e r  

staff members are t o  follow t h e  procedures e x p l i c i t l y .  I n  p a r t i c u l a r ,  

i t  must be emphasized t h a t  t h e  i n s e r t i o n  of an upper f u e l  element i n t o  

t h e  c e n t r a l  cyc l inde r  when no c o n t r o l  mechanism housing is  p resen t  

would r e s u l t  in a c a t a s t r o p h i c  nuc lea r  excursion.  As o u t l i n e d  i n  t h e  

procedure,  t h e  c e n t r a l  c y l i n d e r  is  never t o  be l e f t  open i f  a c o n t r o l  

mechanism housing is  no t  i n  p o s i t i o n  i n  the  c e n t r a l  c y l i n d e r  un le s s  

some work is being performed i n  t h a t  reg ion  with t h e  r equ i r ed  super- 

v i s i o n .  

The minimum personnel  r equ i r ed  t o  perform the  work o u t l i n e d  i s  

s p e c i f i e d  i n  Sec t ion  9.9. C r a f t  personnel  are t o  be scheduled as 
requi red .  

t i o n  of t h e  pressure vessel  whenever the system is opened. 

i n  a c h e c k l i s t  form wi th  appropr i a t e  i n d i c a t i o n s  f o r  t h e  cond i t ions  a t  
hand and approved by the  TSF Supervisor  each L i m e  i t  i s  used. 

The Qua l i ty  Department w i l l  be n o t i f i e d  t o  make appropr i a t e  inspec- 

Thls  procedure i s  meant t o  be a n  o u t l i n e ,  and i t  must be w r i t t e n  
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11.2.1 Preparation and ~ ~ ~ ~ ~ ~ e ~ b ~ ~  Prior t o  Re~~t~pral of Upper Fuel 
Elements -.- -_.,-.-.- --- 

The following is a checklist for disassembly p r i o r  to removal of 

the upper fuel elements: 

1. 

2. 

3. 

4 .  

5. 

6 .  
7. 

a. 
9. 

10. 

11. 

12. 

Check aut the reactor hoisting system (see Chapter 6 ) ;  then use 
the hoists to move the iron frame over the meek of the reactor 
handling pool to the west end of the tap of the dabs covering the 
pool ,  and use the motor crane t o  remove the slabs from the neck of 

Connect hoist t o  shed over the reactor, unbolt the shed from the 
concrete, and remove shed from the shield. 
Turn off and t a g  out all TSX-IT water pumps. Drain the reactor 
cooling system i n t o  the hot dump tank. 
Disconnect the control cables at t h e  turret and lay the cables on 
the concrete shield. Remove the chambers and the fission chamber 
drive. 
Remove the pressure differential cell and the shim and seat filters. 
Plug all open connections. 
Remove the scram solenoids. 
Mark the alignment between the pressure vessel and the ionizatfon 
chamber guide assembly and then remove hold-down bolts. 
Unbolt and remove the turret. 
Disconnect G i n .  pipe sections at reactor and use the motor crane 
to place them on experimental pad, cover pipe openings. 
Disconnect the shim-line hose at the reactor and remove section 
of pipe to the flange at west of the shield. 
Operate the hoist and position the reactor support platform so that 
the reactor can be disconnected from the shield. Connect control 
line to hydraulic putup and rotate the bearing on the support  plat- 
form so that the support platform w i l l .  pick up the reactor; then 
disconnect control line. 
Clear unnecessary personnel from the area, attach a long soft line 
to east and west sides of reactor support structure and monitor 
the radiation level while carefully raising the reactor out OF the 
shield. Suspend the pressure vessel in the neck handling pool on 
the special reactor support platform wlrh removable end. 

the POOI.. 
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13. 

14. 

15. 

16 . 
17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 

25. 

26 e 

27. 

2%. 
29. 

With reactor sitting on support pins, reconnect control cable and 
rotate support ring to disengage reactor and support platform; 
move support platform away and disconnect from hoists. 
Suspend lifting yoke from motor crane and connect yoke to the 
ionization chamber guide assembly (use special eye bolts). 
Position beams in neck of pool to support ionization guide assembly 
in the pool. 
Carefully ease up ionization guide assembly. 
stop and check for control mechanism housing support tube binding. 
If assembly is free, carefully raise it and check the  radiation 

level as it is raised. 
Suspend ionization guide chamber assembly in the pool through 4-ft- 
diameter opening in slab shields. 
Using main hoists, position iron frame wLth chain fall over the neck 
of the handling pool; connect reactor support frame to chainfall. 
Suspend fuel storage rack in the reactor handling pool, 
Calibrate a fission chamber that can be submerged in water above 
the fuel. 
Place calibrated fission chamber and reactor fission chamber 
above fuel and determine the count rate. 
Place Americium source on fuel in a position remote from the 
fission chambers and obtain count rate. Note positions of chambers 
and source so they may be reproduced. 
The neutron source may be removed if the count rate is hLgh enough. 
Measure and record the distance from the top of the central 
cylinder to several positions on each fuel element. 
Connect speaker and microphone so that neutron counts are audible 
at the pool. 
At some point In procedure, have the Quality Department inspect 
central cylinder and pressure relief valves. 
Loosen one fuel element. 
If above items were accomplished without difficulty, proceed 
according to procedure for Removal of Upper Fuel Elements. 

If binding occurs, 

11.2.2 Removal of Upper Fuel Elements 

The following is a procedure for removal of  the upper fue l  
elements : 

1. Attach handling t o o l s  to fuel element. Note position and get 
element number from logbook. 
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2. 

3. 
4 .  

5 .  

6. 
7. 
8. 
9. 
10. 
11. 
12. 

P u l l  t he  top  of t h e  c o n t r o l  mechanism housing support  tube t o  one 
s i d e  and t i e  i t  o f f .  

Suspend r e a c t o r  from support frame so i t  can be lowered i n t o  pool. 

Work the fuel element f r e e  and lower t h e  reactor whAle holding the 
fuel element. 

Transfer  fuel. to rack, placing element i n  lef t -hand p o s i t i o n  

100l~ing nom.  

Make s u r e  element i s  locked in rack and tlneia remove kntandling tools. 
Raise  reactor. 

Repeat steps 1-7 f o r  2nd element.  

Repeat s teps  1-6 €or 3rd element. 

Repeat steps 1-6 f o r  4 t h  element- 
Leave controL mechanism housing in t h e  cerrtra2. cyclinder. 
Attach rape t o  t h e  fuel element s t o r a g e  rack  and lower the rack t o  
t h e  bottom of the pool.  

The fol lowing procedure is f o r  the removaP of t h e  c o n t r o l  mecha- 

nisln housing : 

1. 

2. 
3. 

4 .  

5 .  

6 .  

Attach motor c rane  h o i s t  t o  stem of con t ro l  mecharrbsm housing w i t h  

adaptor .  

Remove hold-down bolts from the  control olechartism tioustng. 

Retain hand e o n t r a c t  th stem of c o n t r o l  mechanism housing t o  

d e t e c t  any b i n d i n g  and proceed t o  r a f s e  t h e  control mechanism 

housing wEth the motor c rane  and observe r a d i a t i o n  l e v e l -  Halt 

movcment when r a d i a t i o n  approaches 20 mR/h. 

WLse reactor s l i g h t l y  w i t h  chainfall, remove I-beam suppor t s ,  

r e t a i n  hand c o n t a c t  w i t h  stem and proceed t o  lower r e a c t o r  wl th  

chainfall. Maton: crane should be kept  ope ra t ing  whi le  the r e a c t o r  
i s  being moved. 

Move c o n t r o l  mechanism housing s o u t h  w€th niotror crane and, with 
special adap to r s ,  hang t h e  c o n t r o l  mechanism housing i n  t h e  neck of 

t h e  pool.  

Raise the r e a c t o r .  W i t h  t h e  c h a i n f a l l ,  p lace  it on I-beam across 

the top of t h e  overflow d r a i n ,  and d isconnec t  c h a i n f a l l .  
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7. Using underwater l i g h t ,  i n s p e c t  t he  b a f f l e  p l a t e  i n  t h e  c e n t r a l  

c y l i n d e r  f o r  d e b r i s .  Clean wi th  s u c t i o n  l i n e  from pump i f  necessary.  

Bol t  s p e c i a l  cover p l a t e  on c e n t r a l  c y c l i n d e r  o r  proceed t o  i n s t a l l  
t h e  new c o n t r o l  mechanism housing according t o  reassembly procedures.  

8. 

11.3 P R O C E D W  FOR INSTALLING A CONTROL MECHANISM HOUSING AND 
REASSEMBLY OF WEACTOR 

The procedures f o r  r e p l a c i n g  a c o n t r o l  mechanism housing i n  t h e  

TSR-I1 when none of t h e  annu la r ,  upper,  o r  lower elements are t o  be 

replaced i s  e s s e n t i a l l y  t h e  r e v e r s e  of t h e  disassembly procedures and 

t h e  s a m e  cond i t ions  apply.  

1. 

2. 

3. 

4.  

5. 

6.  

7. 

8. 

9. 
10. 

11. 

Remove t h e  c e n t r a l  c y l i n d e r  cover.  (If t he  c o n t r o l  mechanism 

housing which is t o  be r ep laced  i s  s t i l l  i n  p l ace ,  r e f e r  t o  

removal procedures.)  

U s e  an underwater l i g h t  and i n s p e c t  b a f f l e  p l a t e  above t h e  lower 

c e n t r a l  elements.  ( I f  necessary,  c l e a n  the  b a f f l e  p l a t e  w i th  jet 

Attach c h a i n f a l l  (hand ope ra t ed )  t o  the  new c o n t r o l  mechanism 

housing s t e m .  

Check t o  see i f  a neutron source is i n s t a l l e d  i n  t h e  c o n t r o l  

mechanism housing. 

Lower t h e  c o n t r o l  mechanism housing i n t o  p o s i t i o n  i n  t h e  c e n t r a l  
c y l i n d e r "  

Orient  t he  housing according t o  logged p o s i t i o n  of previous c o n t r o l  

mechanism housing i n t o  p o s i t i o n  on t h e  fou r  l u g s  which are on t h e  

i n s i d e  of t h e  c e n t r a l  c y l i n d e r .  

Measure t h e  d i s t a n c e  from t h e  t o p  of t h e  support ing lugs on the  

c o n t r o l  mechanism t o  t h e  top of t h e  c e n t r a l  cy l inde r .  It must be 

7 f t  10-3/16 i n .  (Consult  previously logged va lues  in a l l  cases 

where a measurement i s  ind ica t ed . )  

Measure t h e  d i s t a n c e  from t h e  t o p  of t h e  upper f u e l  element support  

r i n g  t o  t h e  top  of t h e  c e n t r a l  cy l inde r .  It must ag ree  with pre- 
vious measurements. 

Install b o l t s  t o  hold c o n t r o l  mechanism housing i n  place.  

P o s i t i o n  a c a l i b r a t e d  fisson counter  i n  t h e  void t o  be occupied 

by t h e  last upper f u e l  clement t o  be i n s e r t e d .  

I f  necessary,  p l a c e  an a d d i t i o n a l  neutron source i n  t h e  space t o  be 

occupied by t h e  second f u e l  element t o  be i n s e r t e d .  

Pump 1 

(Its number must be recorded i n  t h e  log.) 
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12. 
13. 
114* 

15. 

16 

17. 

18. 

19. 

20. 
21. 

22. 

23 

24. 

25. 
26. 
27. 

28. 

29. 

Take s e v e r a l  counts  w i th  t h e  f i s s i o n  chamber and record them. 

Make t h e  f i s s i o n  chamber r e g i s t e r  a u d t b l e  a t  t h e  r eac to r .  
S l i g h t l y  d e f l e c t  and anchor the  s t e m  of c o n t r o l  b a l l  away from 

p o s i t f o n  where t h e  f i r s t  element is t o  be i n s e r t e d .  

Lower the  r e a c t o r  Ear enough t o  move f u e l  i n t o  the  v e s s e l  under 
s u f f i c i e n t  water t o  keep r a d i a t i o n  l e v e l  below permissible  levels. 
b i s e  t h e  f u e l  element storage rack Erum t he  bot tom of t h e  pool 

and suspend i t  from t h e  edge of the pool. 

Connect handling tools t o  t he  f u e l  element, which i s  on t h e  r i g h t  

looking down on t h e  r ack .  (Elements should be replaced i n  the 

r e v e r s e  o rde r  from whFc11 they were removed froin t h e  r e a c t o r . )  

Remove f u e l  element from s t o r a g e  rack.  One person must hold element 

release while another  l i f t s  the element. 

Check t h a t  the c o n t r o l  mechanism housing i s  i n  the c e n t r a l  cy l inde r  

and only then move t he  fuel element i n t o  p o s i t i o n  over c e n t r a l  

cytlnder and lower i t  i n t o  i t s  o r i g i n a l  p o s i t i o n  i n  t h e  c e n t r a l  

c y l i n d e r  

Raise the r eac to r .  

Engage t h e  f u e l  element w h t h  - I ts  beveled guide and seat the fuel. 

element f i rmly  i n  i t s  o r i g i n a l  p o s i t i o n  on the  c o n t r o l  mechanism 

housing s t e m .  

Observe count ra te ;  record the  count r a t e  ilnd i n d i c a t e  on the  

recorder the t i m e  t he  f u e l  element was i n s e r t e d .  

Measure and record the d i s t a n c e  from the t op  of t he  f u e l  element 
t o  the  top  of the c e n t r a l  eyc l inde r ,  The d i s t a n c e  must ag ree  w i t l a  

t h a t  measured i n  t h e  r e a c t o r  disassembly. 

P l ace  t h e  source on t h e  i n s e r t e d  f u e l  element i n  a p o s i t i o n  most 

remote from t h e  f i s s i o n  chamber. 
Take several counts with t h e  f i s s i o n  counter  and record them. 

Again, lower reactor t o  i n s e r t  f u e l .  

Connect handling t o o l s  t o  t h e  f u e l  element which is in the  second 

p o s i t i o n  from the  r i g h t  i n  tine r aek .  
Remove the f u e l  element from t h e  storage rack. One person must 

hold element release while  another lifts t h e  element. 

Move t h e  f u e l  element i n t o  p o s i t i o n  over c e n t r a l  cy l lndc r  and 

lower i t  i n t o  c e n t r a l  cy l lnde r .  

Raise t h e  r e a c t o r .  

Supervisor  w i l l  observe the count ra te  as t he  f u e l  element 

approaches p o s i t i o n  and d i r e c t  t h a t  i t  be lowered i n t o  p o s i t i o n .  

( D o  n o t  release handling t o o l s  from the  element.) P o s i t i o n  

element i n  i t s  o r i g i n a l  pos i t i on .  
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32. 

33. 

3 4 .  

35 
36 e 

37. 

38 - 
39 L 
40. 

41 

42. 

4 3 .  

4 4 .  

45. 
4 6 .  

47. 

4 8 .  

49 e 

50. 

Observe count rate, and record the  count rate and i n d i c a t e  on the  

r eco rde r  t h e  t i m e  t h e  f u e l  element was i n s e r t e d .  

Release element when Reactor Supervisor  i n  charge has i n d i c a t e d  

t h a t  It is  s a f e  t o  do soI 
Measure and record the  d i s t a n c e  Erom the  top  of t he  f u e l  element 

t o  t h e  t o p  of t h e  c e n t r a l  cyc l inde r .  

t h a t  taken i n  t h e  r e a c t o r  disassembly. 

Lower t h e  r e a c t o r  aga in  t o  i n s e r t  f u e l .  

Connect handl ing t o o l s  t o  t h e  f u e l  element which i s  i n  the  t h i r d  

p o s i t l o n  from t h e  right i n  the rack. 

Remove f u e l  element from t h e  s t o r a g e  r ack .  One person must hold 

element release while  another  l i f t s  t h e  element. 

Move t h e  f u e l  element i n t o  p o s i t i o n  over central c y l i n d e r  and 
lower i t  I n t o  t h e  c e n t r a l  cy l inde r .  

'fiaise t h e  r e a c t o r .  

Supervisor  w i l l  observe t h e  count rate as t h e  f u e l  element 

approaches p o s i t i o n  and d i r e c t  t h a t  it be lowered i n t o  position* 
(Do not relese handl ing t o o l s  from t h e  element.) 

i n  i t s  o r i g i n a l  p o s i t i o n .  

Observe count rate; record t h e  count rate and i n d i c a t e  on the  

r eco rde r  t he  t i m e  t h e  f u e l  element w a s  i n s e r t e d .  

Move and anchor d e t e c t o r  t o  t op  o u t e r  edge of t h i r d  i n s e r t e d  

element. 

Observe count rare; record t h e  count rate and t i m e  on t h e  

r e c o r d e r .  

Lower the  r e a c t o r .  

Connect handl ing t o o l s  t o  t h e  las t  f u e l  element i n  the rack. 

Remove f u e l  element from t h e  s t o r a g e  rack.  

element release while ano the r  l i f t s  t he  element. 

Move t h e  f u e l  element i n t o  p o s i t i o n  over c e n t r a l  c y l i n d e r  and 
lower i t  i n t o  c e n t r a l  c y l i n d e r .  

Raise the  r e a c t o r .  

Supervisor  w i l l  observe t h e  count rate as t h e  f u e l  element 

approaches p o s i t i o n  and d i r e c t  t h a t  it be lowered i n t o  pos i t i on .  
( I n s t a l l i n g  t h e  las t  element i s  very d i f f i c u l t ,  and ad jacen t  

elements m u s t  be f o r c e f u l l y  pos i t i oned  with a wood-scissor type 
t o o l ;  u s u a l l y  s e v e r a l  a t t empt s  are necessary.  When element is in 
p lace ,  do not release handl ing t o o l s  from t he  element.) 

Observe count rate; r eco rd  t h e  count rate and i n d i c a t e  on the  

r e c o r d e r  t h e  t i m e  t h e  f u e l  element was i n s e r t e d .  

The d i s t a n c e  must ag ree  wi th  

P o s i t i o n  element 

One person must hold 
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51 
52 
5 3 .  

54 a 
55. 

5 6 .  

57. 
58 

59. 
6 0 .  

61. 

62 e 

6 3 .  

6 4 .  

65 .  

6 6 .  

67 

68 

69. 

70. 

B o l t  down the f i r s t  f l ~ l  elemeilt installed. 
Bolt  down the second f u e l  element i n s t a l l e d .  
Bol t  down t h e  t h i r d  f u e l  element Ikzstalled.  

Bolt down t h e  f o u r t h  rue1 element i n s t a l l e d .  
Remove chamhers and source.  

Using s p e c i a l  s p r e a d s ,  l i f t .  IonPzatiorn guide chamber asseunbly and 

check radiation level. 
Examine b a f f l e  p l a t e  on t h e  ionizatTon chamber guide assembly. 

Examine cont ro l  stem passageway. 

Check t h a t  a l l  O-rings are i n  place.  

Check the  rubber-nylon seal a t  t o p  of i o n i z a t i o n  guide chamber 
l ead -wa te r  region. 

Move the ion-chamber guide  assembly i n t o  p o s l t i o n  above the 

r e a c t o r .  
Place one l o o p  of l i g h t  rope around s t e m  of t h e  c o n t r o l  rnechantsm 

housing t o  guide t h e  stem i n t o  t h e  central. opening of t h e  ion iza-  
t i o n  gixide chamber assembly. 

Proceed t o  lover the ton-chamber gutde assembly and check cont lnu-  

ous ly  by hand f o r  binding.  i f  b inding occurs ,  s t o p ,  reverse the 

process, and determine and e l imina te  t h e  cause be fo re  proceeding. 

Seat  assembly then ralse s l i g h t l y ,  a l i g n  marks, and examine O-ring. 

Proceed t o  snug down oppos i te  b o l t s ,  as d i r e c t e d  by the supcrvlsor 
i n  charge.  

84 th  n a i n  h o i s t ,  move i r o n  frame from position over the neck of t h e  

pool  t o  t h e  top  o f  s l a b s  over t h e  mafn pool. Set frame 38 f a r  w e s t  
as possible. 
M t h  the  main h o i s t ,  lower support  p la t form over bihe r e a c t o r  

p re s su re  v e s s e l ,  

Connect c o n t r o l  c a b l e  and t u r n  on s p e c i a l  c i r c u i t s ;  t hen  r o t a t e  t h e  

r e a c t o r  support platform main gear  t o  engage the l i f t i n g  lugs;  

remove c o n t r o l  cab le .  

Clezr area a €  unnecessary personnel ,  a t t a c h  long s a f e  lines t o  r ig-  

g ing  aboue the r e a c t o r ,  extend t h e  Bines east and west, and have 

personnel monitor r a d i a t i o n  l e v e l  as t h e  r e a c t o r  i s  moved f r o m  the 

neck of t h e  handl ing pool t o  t h e  B i g  Beam Shie ld .  U s e  p o o l  h o i s t  

s t a t i o n  whlle r a d i a t i o n  l e v e l  i s  l o w  enough; then  move t o  ramp 
s t a t i o n  w i t h  observer  a t  head of the ramp.  

Connect c o n t r o l  cable and r o t a t e  the reactor support pla t form sup- 

~ O K L  r i n g  w i b h  WQIIU gear  t o  disengage the  I.-LCting l u g s  011 the  

reactor  p re s su re  vessel; disengage control cable ts r o t a t i o n  pump; 
then move suppor t  p la t form away. 
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71. L i f t  t h e  t u r r e t  with t h e  motor c rane  and o r i e n t  i t  so  t h a t  t h e  r ack  

f o r  t h e  f i s s i o n  chamber i s  above the  f i s s i o n  chamber w e l l .  This  

p o s i t i o n  should a l s o  be oppos i t e  t h e  e x i t  f l a n g e  from t h e  c e n t r a l  

c y l i n d e r  

72. Check t o  see t h a t  t h e  shim rod d r i v e  s h a f t  i s  set c o r r e c t l y  as 
determined i n  check ou t  of t h e  c o n t r o l  mechanism housing. 

73.  Cheek t o  see t h a t  t h e  shim d r i v e  motor i n  t h e  t u r r e t  is at: i n s e r t  

l i m i t .  

7 4 .  Slowly lower the  t u r r e t  and note  t h a t  t h e  fol lowing a c t i o n s  occur 

properly:  

75. 
76 
77. 

78 

79. 

80 

81. 

32. 

a. Sea t  switch tubes i n t o  proper openings i n  t h e  c o n t r o l  mechanism 

b. Shim d r i v e  s h a f t  s p l i n e s  engage. 

c .  Regulat ing p l a t e  d r i v e  s h a f t  does no t  j a m .  The p o r t i o n  of t h e  

s h a f t  connected t o  t h e  d r i v e  gea r s  should be f u l l y  i n s e r t e d  

( r a i s e d ) .  

r e f e r e n c e  l i n e  must f i t  i n t o  openings i n  t h e  i o n i z a t i o n  chamber 

guide assembly t o p  p l a t e .  

s t e m .  

d .  Bypass header l i n e s ,  seat pump supply l i n e ,  and co re  p re s su re  

Bolt  t h e  t u r r e t  i n t o  place.  
Loosen setscrews i n  coupl ing on r e g u l a t i n g  rod d r i v e  s h a f t .  

Screw the  two mating p i eces  of t h e  r e g u l a t l n g  rod d r i v e  s h a f t  

t oge the r .  

L i f t  and engage t h e  r e g u l a t i n g  rod d r i v e  s h a f t  i n  t h e  coupl ing and 

f a s t en  setscrews. (Regulat ing p l a t e  d r i v e  must be a t  i n s e r t  l i m i t . )  

Reposi t ion and connect t h e  6-in. r e a c t o r  i n l e t  and e x i t  pkpe con- 
n e c t i o n s  and snap t h e  two shim f i n e  hoses t o  t h e  t u r r e t  connect ions.  

H o i s t  t h e  r e a c t o r  shed i n t o  p o s i t i o n  on the Big Beam Sh ie ld  and 

b o l t  i t  i n  place.  

Make up quick-disconnect c o n t r o l  c a b l e s  t o  the t u r r e t  and t h e  

chambers. (All are l a b e l e d  and keyed.) 

Connect dp c e l l  tubing. (Make c e r t a i n  the bypass i s  open be fo re  

opening i n l e t  and o u t l e t  l i n e s  t o  dp cel l ,  t hen  c l o s e  bypass.) 

11.4 PROCEDURES FOR CRITICAL EXPERIMENTS ASSOCIATED WIm SHIELD CIIANGE 

The following i s  a g e n e r a l  procedure €o r  determining t h e  r e a c t i v i t y  

worth of a new s h i e l d  f o r  t h e  TSR-TI. P r i o r  t o  t h e  experiment,  c a l c u l a t i o n s  
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will be performed to predict the expected reactivity change and a complete 
checklist of the experimental procedure will be prepared and approved by 
the TSP Supervisor. The minimum personnel required t o  perform the experi- 
ments is a senior operator and a reactor operator. The checkl.l.st wlll 
incorporate the following items: 

1. 

2. 

3. 

4 .  

5. 

5 .  

7. 

Cadmium strips of known reactivity worth will be added to the annular 
elements. (This is because. the normal shutdown margin is not: very 
great. ) 
Additional sensitive neutron counters will be placed where they will 
give the msst realistic picture of change in neutron multiplication. 
The change in shield configuration will be made w i t h  only the 
necessary number OF persona around the reactor, and the change t s  
t o  be made with complete control of the shield; i.e., it ~ h ~ ~ l r :  

be possible to s t o p  insertion of the reactor into the sl lLeld at any 
time. The change must be made step se and readings should be taken 

on the counters to ascertain if there is a significant change; if 
there is, remove the reactor and notify the TSF Supervisor. 
If the change is made without any significant change in count rate, 
the area should be cleared and a regular critical experiment started. 
The first, reactor operation will be made with all the cadmium 
anchored in place. 
If the reactor does not go critical, all rods will be inserted and 
then 8 cadmium strip w i l l  be removed from the reactor and the process 
repeated. The reactivity worth of the control rods is approximately 
ten times that of each cadmium strip. 
If multiplication appears normal, cadmium may be removed in the above 
manner until all strips are removed and the  reactor is critieaE with 
the shim and regulating plates in a previously noted safe region. 
If the reactor approaches criticality before all poison is removed, 
stop operations and notify the TSP Supervisor. 



APPENDIX A 

TOWER SHIELDING FACILITY CHECK SHEETS 

Typical samples of the log sheets for operation of the TSR-I1 reactor 
and a summary sheet for reactor system readings are shown on the following 
pages. Also included are typical samples of the TSF Weekly Checks, TSR-I1 
Operational Checks, Personnel Protection Checks, End-of-Shift Checks, TSF 
Daily Checks f o r  the reactor cooling system and haist house, and Main Hoist 
Slack-Bar Operational Checks. 
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TOWER SHIELDING REACTOR I1 SUMMARY SYSTEM READINGS 

? 
Lfl 

Above r e a d i n  s t o  be made a t  the i r i i t i a l  operation each day (or orice a week If no operation is scheduled).  
 low - gpm, fressure - psig 
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TOWER SHIELDING REACTOR 11 SUMMARY SYSTEM READINGS 

3 

I I 
i i 

i I i i 1 
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TOWER SHIELDING FACILITY WEEKLY CHECKS 

HOIST CHECK 
1 HOIST 5 AIR I PICO- I 

I I 1 TSR-TT 1 

ALARM I ALARM I ROTATION NORMAL I I SWITCH I DRIER I AMMETER I]/ RECT. 1 
CURRENT 





TOWER SHIELDING FACILITY PERSONNEL PROTECTION OPERATIONAL CHECKS 

A Sen io r  Operator  w i l l  perform t h e  above checks once each week if t h e  r e a c t o r  i s  t o  be ope ra t ed  and i n d i c a t e  t h e  satisfac- 
t o r y  complet ion of each by checking t h e  a p p r o p r i a r e  b lock  and of a l l  by i n i t i a l i n g  t h e  l as t  column. 

When checking t h e  remote manual scrams a t  t h e  pool  h o i s t  c o n t r o l  s t a t i o n  and t h e  guard house a t  t h e  600-ft fence, the 
Operator  w i l l  keep t h e  shim p l a t e s  i n  t h e i r  i n s e r t  l i m i t .  



A-10 

TOWER SHIELDING FACILITY END-OF-SHIFT CHECKLIST 
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TOWER SHIELDING FACILITY DAILY CHECKS 
( S h e e t  1) 

. 
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TOWER SHIELDING FACILITY DAILY CHECKS 
(Sheet: 2) 
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TOWER SHIELDING FACILITY DAILY CHECKS 
(Sheet 3) 
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TOWER S H I E L D I N G  FACILITY DAILY CHECKS 
(Sheet 4 )  
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MAIN HOIST SLACK BAR OPERATIONAL CHECKS 

1. Inspec t ion  

H O I S T  

D I1 I11 I V  B ------ I 

Hoist  Cable Clear Outside Hoist  
Bui ldings ------ 

Hoist  Cable Clear Ins ide  Hoist  
Bui I d  i n g  s ------ 

Drum and Drive Clear 

Cable Lay Correct 

R e s i s t o r  Bank Clear 

Meter on H o i s t  Ba t te ry  Charger 

------ 
------ 
------ 

Reads 

Ba t t e ry  Liquid Level Between 
Marks on Each Bat te ry  

2. Operat ion of Relays and Ind ica t ing  Lights  by Slack Bar 

H O I S T  

D I1 I11 I V  B ------ I 

For Upper Slack Bar: 

Light  On 

Left 

Right 

For Middle Slack Bar: 

L e f t  

Right 

For Lower Slack Bar: 

L e f t  

Right 

------ 
- --I__-- 

------ 
-- --II_- 
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MAIN HQIST SLACK BAR OPERATIONAL CHECKS 
(eontlnued) 

3. Drum InhibP;ion by Operation o f  Slack Relays II_ 

For Lower Test  Button - Station 
No Lowering Motion 

No Hoisting Motion 

Bell Operatee 

Fault Light operates 

Hotst Ligh t  operates 

FOX' Upper Test Bul:toa - Stat ion 

No Lowering Motion 

NO Hoisting Morion 

Bell Operates 

Fault Light Operates 

Hoist  Light operates 

--____.---- 



APPENDIX B 

DESCRIPTION AND ABBREVIATED NOMENCLATURE FOR OUTER SHIELDS 
AND REFLECTORS 

As described in Section 4.1.8, the reflector materials inside the 
pressure vessel and the shield configurations external to the pressure 
vessel may be changed. The shield configurations external to the 
reactor pressure vessel are denoted by names or abbreviations, 
followed by letters that denote modifications in t h e  shield, as shown 
below: 

Bare-A 

Bare-B 

CI-A 

CI-I3 

CI-c 

CI-D 

CII-A 

Only air external to the reactor pressure vessel 

Reactor pressure vessel submerged in water 

COOL-1 shield ( O m  General Engineering Wg. 

M-20858-EJ-126-D) as originally fabricated ( A l ,  1/4 
in.; Pb, 1 1 / 2  in.; A I ,  1/4 in.) with 3/8-in. water 
gap between shield and pressure vessel and with the 
reactor suspended i n  air 

Same arrangement as CI-A but with a 1 1/2-inl-thick, 
appx. 12-in.-high cylindrical shell of lead added 
above the original fixed lead and a B4C and o i l  mix- 
ture placed between the shield and the pressure 
vessel 

Same as CI-B but with the B4C and oil replaced with 
water 

Same as CI-C but with shield submerged in water 

Outer COOL shield (General Engineering Dwg. 
M-20858-EJ-127-D) as originally designed (Al, 1/4 
in.; Pb, 3 in.; A l ,  1/4 in.; Boroxy, l / 4  in.; water, 
7 in-; Al, 1 / 4  in.; water, 2 in.; Al, l / 4  in.) over 
CI-B (General Engineering Pwg. M-20858-EJ-123-D) 
with R4C and oil .  in the 1/2-fn. gap between the COOL 
shields, borated water in the 7-in. inner region, 
and plain water in the outer region; shield can be 
in air or submerged in water 
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CII-B 

CII-c 

Beam-A 

Bemi-B 

PW-A 

Same as CTI-A b u t  with borated water i n  both inne r  
and o u t e r  regions 

Sane as CLP-A bu t  with p l a i n  water i n  both i n n e r  and 
outer r eg ions  

Beam s h i e l d  (General Engineering Dwg. 

M-2C@58-E.J-lQ6-D) , s t e e l ,  1 / 4  i n .  ; Pb-1320 each 50% 

by yolo, 16 5/8 in . ;  steel, 1/4 i n . ;  W E L ~ K ,  31 i n . ;  

s tee l ,  114 i n . ;  p l a i n  water i n  the  inne r  and mi te r  
region and the 1/2-in. gap between the pressure 
vessel and t h e  s h i e l d ;  s h i e l d  can be i n  a i r  o r  sub- 

merged i n  water 

Same as Beam A except with a l l  water drained form 

t h e  s h i e l d  

The refLector is made up of five pieces, with t h e  major one con-” 
sisting of a hemispherical  $hell mounted below the core. The remadning 

four pieces mate with each o t h e r  and the  lower ha l f  t o  form a spheri-  
c a l  s h e l l  t h a t  surrounds t h e  co re  except for a pene t r a t ion  by a per- 

manent lead-water s h i e l d  that i s  mounted directly above the  core. 

Shaped plugs of s h i e l d i n g  m a t e r i a l  may be mounted on the t o p  s i d e  of 

each of t h e  four ~uter-reflector pieces. 

To i d e n t i f y  the  cornlslnacian of s h i e l d  conf igu ra t ion ,  r e f l e c t o r ,  
and shaped plugs,  t h e  number which i d e n t i f i e s  t h e  o u t e r  reflector and 

s h i e l d  plug conf tgu ra t ion  is  a f f i x e d  t o  the  abbreviated nomenclature 

for t h e  s h i e l d  configuration. For example, @I-k3 r e p r e s e n t s  the ori- 
gfnal COOL-I. s h i e l d  with a r e f l e c t o r  t h a t  has a 3/4-in. aluminum s h e l l  

followed by 3 l / 2  i n .  of H20, then 4 i n .  of Pb, 1/4 i n .  of abuminuni, 
and f i n a l l y  H20 for the upper hemisphere amd shaped a h l e l d  plugs.  

The va r ious  combinations of m a t e r i a l s  which have been used f o r  

t h e  re f lec tor  and t h e  shaped plugs  are described i n  Table B.1. 
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Table B.1. Materials ueed i n  various r e f l e c t o r  and shaped plug 

configurations 

No. Lower r e f l e c t o r  Upper ref leetor  Shaped plugs 

1 

2 

3 

4. 

5. 

6 .  

Al, 1 / 4  in.; Pb, Al, 1/4 in.; Pb,  H20 & Pb each 

2 i n . ;  b o r a l ,  I t 4  2 in . ;  boral, l / 4  50% by vo l  

in.; A I ,  118 in.; In.; Al, 118 in.; (Ea-20858-EJ- 
1120, 1 / 2  in. H20, l/2 in. 130-D*) 
(iYI-20858-EJ-132-D*) (PI-20858-EJ-139-D 

and 142-D*) 

Same as No.1 Same as No. 1 N20 

A I ,  3 / 4  in.; A l ,  3 / 4  in.; *20 
H20, 3 112 in. H20, 3 1/2 in. 

Pb, 4 in.; AI-, 
1 / 4  in.; H20 
(M-20858-EJ-125 
-D*) 

Same as No. 3 Same as No. 1 M20 & Pb 
each SOW by 
vaEume 

Same as No. 3 Same as No. 1 B20 

*ORNL General Engineering drawings 
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