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PREFACE 

T h i s  description of t h e  High-Flux Isotope Reactor (HFIR) is intended to serve  t h e  twofold 
purpose of presenting a reasonably comprehensive picture of t h e  system as a basis for other more 
special ized s tudies  and of  providing t h e  necessary background material €or the  “Accident Anal- 
ysis ,”  which h a s  been i ssued  as ORNL-3573. T h e  revised description presented here reflects 
the design as it was about January 1, 1968, a t  which time it does  not appear probable that  there 
will be any further significant modifications. 

jus t  what the HFIR is and  how i t  operates.  Except  where necessary for clari ty,  little emphasis  is 
placed on the  design calculations.  T h e  interested reader will find in Appendix C a list of HFIR 
reports which const i tute  the  detailed basis for t h e  design. T h e  various operating parameters c i ted 
a re  the ac tua l  values;  however they may vary to some extent  during a cyc le  or over a period of 
years.  

Volumes 1A (text) and 1B (figures), will materially a i d  in gaining a n  understanding of the  system. 

various members of the HFIR project, which was  directed by C. E. Winters until  December 1961 
and s i n c e  then by A. L. Boch and T. E. Cole  as Director and Technical  Assoc ia t e  Director re- 
spectively.  Among those  who have contributed ei ther  by supplying descriptive material or by 
a s s i s t i n g  in the review of t h e  manuscript a r e  A. M. Bill ings,  F. T. Binford, T. G. Chapman, R. D. 
Cheverton, H. C. Claiborne, W. G. Cobb, T. E. Cole, B. L. Corbett, E. N. Cramer, J. W. Hill, 
N. Hilvety, J. E. Jones,  R. V. McCord, H. A. McLain, J. R. McWherter, L. C. Oakes,  T. H. Row, 
R. E. Schappel, J. H. Westsik, and their  co-workers. 

Volume 1A is basically descriptive in nature and  is for t h e  purpose of acquainting the reader with 

Volume 2 contains  a se lec ted  group of HFIR design drawings which, i f  used in conjunction with 

T h e  information contained herein h a s  been compiled from reports of s tudies  performed by the 

T h e  Editors 

i ii 



. 

. 



CONTENTS 

P a g e  

PREFACE .......................................................................................................................................... 111 
... 

1 . INTRODUCTION ....................... ........ ......... ................................. 

Brief Description of the  HFIR ........................................................................................ 
2 . REACTOR SITE ........................................................................................................................ 

2.1 Lmcation ............................................................................................................................ 
2.2 Population Density ........ ........ ..... ............................... 
2.3 Geophysical Fea tu res  .................................................................................................... 

2.3.1 iVIeteorology .......................................................................................................... 

1.1 
1.2 

Histor ical  Background and Motivation .......................................................................... 

(a) Temperature . .......................................................................................... 
( b )  Vertical  Tern ture Gradient ........................... 
(c) Precipitation ................................................................................................ 
(4 Wind ............ ............................................. 
(e> Atmospheric Diffusion Character is t ics  ............. 
(f) Environmental Radioactivity ...................................................................... 

2.3.2 Geology and I-Iydrology ............... 
2.3.3 Seismology .......................................................................................................... 

3 . BUILDINGS .... ........................................................................................... 
3.1 Introduction .................................................................................................. 
3.2 Reactor Building .............................................................................................................. 
3.3 

3.3.1 Reactor Bay (Second Floor, Main Building) . ............................. 

3.3.4 Subpile Room ................... ........................ 

3.4 Control and Water Wing .... ....................... 

Envelope Construction and Containment ...................................................................... 

3,3.2 Experiment Room (First- Floor, Main Buildin ............................. 
3.3.3 &am Room (Ground Floor, Reactor Building) ................................................ 

3.3.5 Primary Pump and Heat  E 

3.4.1 Reactor Control K oorn .................................. 
3.4.2 First-Floor Control and Water Wing .................................................................. 
3.4.3 Ground-Floor Control and Water Wing ....................................... 

3.5.1 Electr ical  Building .................................................................................... 

3.5.3 Office and Maintenance Building ...................................................................... 
4 . CONTAINMENT, VENTILATION, AND AIR CONDI'L'IOMING ............................................ 

4.1 Introduction 
4.2 Ceneral Containment Philosophy .................................................................................. 

3.5 Auxiliary Buildings .......................................................................................................... 

3.5.2 Cooling Tower Equipment Building and  Fan Shed .. .............. 

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

4.3 Air-Conditianing Systems .............. ........................................................................... 
4.4 Ventilation System .............................................................. ..................... 
4.5 Special  Building Hot Exhaust System (SRHE) ..................................... .............. 

4.6.1 Closed Hot Off-Gas System (CHOG) ............ ........................................... 
4.6.2 Open Bot Off-Gas System (OHOG ) ..... .......................... 

4.6 Hot Olf-Gatj Systems (HOG) ............................................................................................ 

1-1 
1-1 
1-2 
2-1 
2-1 
2-1 
2-5 
2-5 
2-5 
2-6 
2-6 
2-6 
2-8 
2-8 
2-8 

2-1.4 

3-1 
3-1 
3-1 
3-1 
3 -2 
3-3 
3-3 
3 4  
3-4 
3-5 
3-5 
3-5 
3-5 
3-6 
3-6 
3-6 
3-6 
4-1 
4-1 
4-1 
4-3 
4-4 
4-4 
4-5 
4-5 
4-5 

.. 
V 



4.7 Fi l ters  and Exhaust Equipment ...................................................................................... 
4.7.1 SBHE Filters and Fans  ...................................................................................... 
4.7.2 HOG F a n s  and Fi l ters  ........................................................................................ 

4.8 Gaseous Waste Stack ...................................................................................................... 
4.9 Exhaust Systems Instrumentation and Control ............................................................ 

4.9.1 SBHE Instrumentation and Control ................................................................... 
4.9.2 HOG Instrumentation and Control .................................................................... 

5 . REACTOR AND EXPERIMENTAL FACILITIES .................................................................. 
5.1 
5.2 

5.3 
5.4 

5.5 

5.6 

Introduction ...................................................................................................................... 
Core Components .............................................................................................................. 
5.2.1 Target Assembly ................................................................................................ 
52.2 Fue l  Elements ................................................ ............................................... 
5.2.3 Beryllium Reflector ............................................................................................ 
5.2.4 Control P l a t e s  .................................................................................................... 
Core Support and Assembly ............................................................................................ 
Reactor P res su re  Vesse l  ................................................................................................ 
5.4.1 Vesse l  Design and Inspection .......................................................................... 
Pools .................................................................................................................................. 
5.5.1 Pool  Cover and Personnel Bridge .................................................................... 
Experimental Fac i l i t i es  .................................................................................................. 
5.6.1 Horizontal Beam Tubes ...................................................................................... 
5.6.2 Engineering Fac i l i t i es  ...................................................................................... 
5.6.3 Irradiation Facilities .......................................................................................... 

6 . COOLING SYSTEMS .................................................................................................................. 
6.1 
6.2 

6.3 

6.4 

Introduction ...................................................................................................................... 
Primary Coolant System .................................................................................................. 

(a) Reactor Vesse l  ............................................................................................ 
6.2.1 High-pressure System ........................................................................................ 

(b)  Piping and Strainer ..................................................................................... 
(c) Heat Exchangers .......................................................................................... 
(CY) Circulation Pumps ...................................................................................... 
(e) Pressurizer  Pumps ...................................................................................... 

6.2.2 Low-Pressure System ........................................................................................ 
(a )  Description of Flow .................................................................................... 
(b)  Deaerator ...................................................................................................... 
(c) Fi l ters  and Demineralizers ........................................................................ 

6.2.3 Makeup, Fill, and Drain Systems ...................................................................... 
Secondary Coolant System .............................................................................................. 
6.3.1 Introduction .......................................................................................................... 
6.3.2 Cooling Tower .................................................................................................... 
6.3.3 Cooling Tower F a n s  .......................................................................................... 
6.3.4 Water Treatment .................................................................................................. 
6.3.5 Pumps .................................................................................................................. 
Pool Water Systems .......................................................................................................... 
6.4.1 Pool Coolant System .......................................................................................... 

(a) Pool Overflow .............................................................................................. 
(h )  Pool Surge Tank .......................................................................................... 
( c )  Pool Coolant Pumps .................................................................................... 
(d) Pool  Coolant Fi l ter  .................................................................................... 
(e) Heat  Exchangers ....................................................................... 

4-6 
4-6 
4-7 
4-7 
4-8 
4-8 
4-9 

5-1 
5-1 
5-2 
5-2 
5-3 
5-3 
5-4 
5-5 
5-6 
5-6 
5-8 
5-9 
5-9 
5-9 

5-10 
5-11 

6-1 
6-1 
6-1 
6-2 
6-2 
6-2 
6-2 
6-3 
6-4 
6-4 
6-5 
6-5 
6-5 
6-6 
6-6 
6-6 
6-7 
6-7 
6-7 
6-8 
6-9 
6-9 
6-9 

6-10 
6-10 
6-10 
6-10 

8 



vii 

b 

7 . 

6.4.2 Pool  Cleanup System .......................................................................................... 

( b )  Demineralizer Pumps .................................................................................. 
(a) Deaerator ...................................................................................................... 

(c) Fi l te rs  and Demineralizers ........................................................................ 
Pool  Fill and Drain Systems ............................................................................ 

6.5 Emergency Cooling Requirements .................................................................................. 
6.4.3 

6.5.1 Startup of Vital  Pumps ...................................................................................... 
c o w  PHYSICS, NUCLEAR DESIGN, AND HEAT TRANSFER ........................................ 
7.1 Introduction ...................................................................................................... 
7.2 Selection of Reactor Type and Materials ...................................................................... 
7.3 Nuclear Design ................................................................................................................ 

7.3.1 Gen.era1 Considerations ...................................................................................... 
7.3.2 F u e l  and Burnable-Poison Loadings and Distributions ................................ 
7.3.3 Fuel. Cycle  Analysis ........................................................... 
7.3.4 
7.3.5 
7.3,6 Nuclear Character is t ics  of Control Plate ........................................................ 
7.3.7 Summary of Reactivity Accountability ............................................................ 
7.3.8 Method of Nuclear Analysis  .............................................................................. 

7.4.1 General Design Considerations ........................................................................ 
(a) General Criteria .................................. ................................................. 

Teinperature, Void, and F u e l  Coeff ic ients  of Reactivity .............................. 
Reactivity Associated with the  Plutonium Target  ........................................ 

7.4 Fuel  Element Design and Analysis .............................................................................. 

( b )  Selection of F u e l  Element Type  ................................................................ 
(c) Basic Design Problems and General Method of Analysis ...................... 
(4 Summary of Pertinent Design Data for the  HFIR Fue l  Elements .......... 

7.4.2 Mechanical and Hydraulic Analysis ................................................................ 
7.5 Heat Transfer Design ................................................................. ................................ 

7.5.1 Heat-Removal Analysis  Method ........................................................................ 
7.5.2 Experimental Program ........................................................................................ 
7.5.3 Resu l t s  of Heat-Removal Analyses  .................................................................. 
7.5.4 Transient  Hot-Spot Studies ................................................................................ 

8 . NSTRUMEN'I'ATlON AND CONTROL .................................................................................... 
8.1 Introduction ...................................................................................................................... 
8.2 Control Plate Drive Mechanisms .................................................................................... 

8.2.1 Introduction .......................................................................................................... 
8.2.2 Shirn-Safety Drives .............................................................................................. 
8.2.3 Shim-Kegulating Cylinder Drives ...................................................................... 

8.3 Control System .................................................................................................................. 
8.3.1 Introduction .......................................................................................................... 
8.3.2 Modes of Operation ............................................................................................ 

(a) Operation in Mode 1 .................................................................................... 
( b )  Other Modes of Operation .......................................................................... 

8.4 Safety System .................................................................................................................. 
8.4.1 Introduction .......................................................................................................... 
8.4.2 Operation of the Safety System ........................................................................ 

8.5 Nuclear Instrumentation .................................................................................................. 
8.5.1 Introduction .......................................................................................................... 
8.5.2 Safety System Instrumentation .......................................................................... 

(b)  Neutron-Flux Amplifier .............................................................................. 
(a) Ionization Chambers .................................................................................... 

(c)  Flux Rese t  Fea tu re  .................................................................................... 

7-1 
7-1 
7-2 
7-2 
7-2 
7-4 
7-5 
7-5 
7-6 
7-7 
7-9 

7-10 
7-11 
7-11 
7-11 
7-11 
7-12 
7-12 
7-12 
7-14 
7-14 
7-16 
7-17 
7-13 
8-1 
8-1 
8-4 
8-4 
8-4 
8-5 
8-6 
8-6 
8-8 
8-8 
8-9 

8-10 
8-10 
8-10 
8-12 
8-12 
8-12 
8-13 
8-13 
8-14 



viij 

(d) Afterheat Correction .................................................................................... 
(e)  Flow and Ra te  Scrams ................................................................................ 
( f )  Tes t ing  and Monitoring of the  Flux Channels ........................................ 

8.5.3 Regulating System Instrumentation .................................................................. 
8.5.4 Wide-Range Counting (Startup) Channels ........................................................ 

(a) Neutron Source ............................................................................................ 
8.5.5 Miscellaneous Instrumentation .......................................................................... 

8.6 Reactor P rocess  Instrumentation .................................................................................. 
8.6.1 Introduction .......................................................................................................... 
8.6.2 Process  Instrumentation for Safety Channels ................................................ 

(a) Reactor Heat Power .................................................................................... 
( b )  Primary Coolant Pressure .......................................................................... 
(c) Low, Low Primary Coolant Flow .............................................................. 

8.6.3 Process  Instrumentation for Control Channe1.s .............................................. 
(a) Reactor Inlet, Outlet, and Differential Temperature .............................. 
( b )  Primary Coolant Flow Rate ........................................................................ 
(c) Heat-Power Multiplier ................................................................................ 
Primary Coolant Pressure Control .................................................................... 
(a) Pressurizer  Pumps ...................................................................................... 
(h )  Letdown Valves .......................................................................................... 
Primary Coolant Temperature Control .............................................................. 
Primary Coolant Circulation Pumps ................................................................ 
Miscellaneous Primary System High-pressure Instrumentation .................... 
(a) Reactor and Inlet Strainer Differential P res su re  .................................... 
(b )  Temperature Measurements ........................................................................ 
(c)  Reactor Vessel  Venting .............................................................................. 
(6) Pressu re  Gages ............................................................................................ 
Primary Coolant Cleanup System ...................................................................... 
(a )  Deaerator ...................................................................................................... 
(b)  Cleanup Pumps ............................................................................................ 
(c)  Fil ter  and Demineralizers .......................................................................... 

(e) pH Control System .. ................................................................. 

8.6.9 Secondary Coolant System ................................................................................ 
( a )  Cooling Tower .............................................................................................. 
(b )  Secondary Coolant Pumps .......................................................................... 
(c)  Secondary Coolant t o  Primary Heat Exchangers .................................... 
(d) Secondary Coolant to the  Pool Coolant Heat  Exchanger ...................... 

8.6.10 Pool Coolant System .......................................................................................... 
(a) Poo l s  ............................................................................................................ 
(b )  Surge Tank .................................................................................................... 
(c)  Pool  Coolant Circulation Pump ................................................................ 
(d) Fil ter  and Heat Exchanger ........................................................................ 

8.6.11 Pool  Cleanup Systein .......................................................................................... 
(a) Defective Fuel  Element Storage ................................................................ 
(b )  Pool  Cleanup Deaerator .............................................................................. 
(c) Pool  Demineralizer Pumps ........................................................................ 
(d) Pool  Demineralizer ...................................................................................... 
(e)  Return Lines ................................................................................................ 

8.6.12 Reactor Primary Coolant and Pool Water Storage Tanks .............................. 
8.6.13 Demineralizer Regeneration .............................................................................. 
8.6.14 Plant  Process Water Supply .............................................................................. 
8.6.15 Plant  Demineralized-Water System .................................................................. 

8.6.4 

8.6.5 
8.6.6 
8.6.7 

8.6.8 

(d) I-lead Tank .................................................................................................... 

8-14 
8-15 
8-15 
8-16 
8-16 
8-18 
8-18 
8-19 
8-19 
8-19 
8-19 
8-20 
8-20 
8-21 
8-21 
8-21 
8-21 
8-21 
8-21 
8-22 
8-22 
8-22 
8-22 
8-22 
8-23 
8-23 
8-23 
8-23 
8-23 
8-23 
8-23 
8-23 
8-24 
8-24 
8-24 
8-24 
8-24 
8-25 
8-25 
8-25 
8-25 
8-25 
8-2.5 
8-26 
8-26 
8-26 
8-26 
8-26 
8-26 
8-26 
8-26 
8-27 
8-27 



i x  

8.6.16 Caust ic  and Nitric Acid Supply Systems ........................................................ 
8-6.17 Instrument Air System ........................................................................................ 

8.7 Radioactivity Monitoring ................................................................................................ 
8.7.1 
8.7.2 

8.7.3 

8.7.4 

8.7.5 

............... Introduction .......................................................................... 
Health Phys ic s  Monitoring ........................... ................................................ 
(a) Part iculate  and Gas Activity Monitors ................................. 
(b )  Radiation Monitors ...................................................................................... 

Gaseous-Waste Monitoring ..................................... 
(a) Stack Monitoring Channels ........................................................................ 

(c) OKNL Waste Monitoring Control Center  ............................... 

(a) Cooling Tower Blowdown Monitor ................. 
(b)  Process-Waste Drain Monitor .................................................................... 
(c)  Intermediate-Level-Waste Monitoring ........................................................ 
(d) OKNL Waste Monitoring Control Center  ....... 
Coolant Activity Monitoring ........................................ 
(a) Primary Coolant Monitoring ........................................................................ 

(c)  Secondary Coolant Monitoring ....................................... 

(c)  Miscellaneous .............................................................................................. 

(b)  Intended Operation .......................... ................. ..................... 

Liquid-Waste Monitoring .................. .......................................................... 

(b )  Pool Water Monitoring ... .................................................................... 

8.8 Control and Safety System Analysis  ......................................................................... 
8.8.1 Introduction .......................................................................................................... 
8.8.2 Performance Criteria .......................................................................................... 

(a) Normal Operations .... ........................................................................... 
(b )  F a s t  Excursions .......................................................................................... 
Safety System Speed of Response .................................................................... 

8.8.4 Regulating System Response  ................................... .............................. 
L o s s  of Primary Coolant P res su re  .................................................................. 

9 . HFIR SI-XIELDING ...................................................................................................................... 

8.8.3 

8.8.5 

9.1 
9.2 

9.3 

9.1 

9.5 
9.6 

9.7 

General Criteria ............................................... ............................................................ 
Main Reactor Shielding .................................................................................................... 
9.2.1 Reactor Top Shield ............................................................................................ 
9.2.2 Lateral  Shield ................................. ...................................... 
9.2.3 Bottom Shield . ........................................................................... 
Experimental Fac i l i t i es  ............................. ............................................................. 
9.3.1 Engineering Facilities ...................................................................................... 
9.3.2 Beam Holes  ......... ......................................................................... 
9.3.3 Cri t ical  Faci l i ty  ................................. ........................................................... 
Coolant System Shielding ................................................................... 
9.4.1 Primary Coolant Loop Shielding ......................................... 
9.4.2 Primary Cleanup System Shielding ...................................................... 
9.4.3 Pool Cleanup System ........................ ...................................................... 
Ventilation System Shielding ..................................................................... 
Spent Fuel Shielding ........................................................................................................ 
9.6.1 Estimated Dose Hates  ........................................................................................ 
9.6.2 Gamma Sources and Attenuation Parameters .................................... 
Shielding During Maintenance ........................................................................................ 

10 . IJTILITIES .................................................................................................................................. 
10.1 Electr ical  Systems .......................................................................................................... 

10.1.1 Normal-power System ........................................................................................ 

8-27 
8-27 
8-28 
8-28 
8-29 
8-29 
8-30 
8-30 
8-30 
8 3 1  
8-32 
8-32 
8-32 
8-33 
8-33 
8-33 
8-33 
8-33 
8-33 
8-3 4 
8-34 
8-35 
8-35 
8-35 
8-35 
8-35 
8-36 
8-38 
8-38 

9-1 
9-1 
9-1 
9-1 
9-2 
9-1 
9-5 
9-5 
9-5 
9 6  
9-6 
9-7 
9-9 

9-10 
9-11 
9-12 
9-12 
9-13 
9-14 

10-1 
10-1 
10-1 



X 

10.1.2 Normal-Emergency Systems .............................................................................. 

10.1.3 Instrument-Power System .................................................................................. 

10.2 P lan t  Water Systems ........................................................................................................ 

10.2.2 P r o c e s s  Water System ........................................................................................ 

(a )  Diese l  Generators ........................................................................................ 
(b)  Load Switching ............................................................................................ 

10.1.4 Failure-Free System .......................................................................................... 

10.2.1 Potable  Water System .......................................................................................... 

10.2.3 P lan t  Demineralized Water System .................................................................. 
10.2.4 Sprinkler System .................................................................................................. 

10.3 Instrument Air System ...................................................................................................... 
10.4 

10.4.1 Area F i r e  Alarm System .................................................................................... 
Alarm and Communications Systems .............................................................................. 

10.4.2 Area Intercom System ........................................................................................ 
10.4.3 Sound Powered Phones ...................................................................................... 
10.4.4 Dial Phones  ........................................................................................................ 
10.4.5 Publ ic  Address System ................................. ................................................ 
10.4.6 Evacuation Alarms .............................................................................................. 

11.1 Gaseous Waste Disposal  ................................................................................................ 
11.2 Solid Waste Disposal  ...................................................................................................... 
11.3 Aqueous Waste Disposal  ................................................................................................ 

11.3.1 P r o c e s s  Waste Drainage .................................................................................... 
11.3.2 Intermediate-Level-Waste System .................................................................... 

11.4 Resin Transfer System .................................................................................................... 

11.7 Crit ical  Faci l i ty  .............................................................................................................. 

11.9 Poison Injection System .................................................................................... 

12 . ORGANIZATION AND ADMINISTRATION ............................................................................ 
12.1 Introduction ...................................................................................................................... 
12.2 Organization ...................................................................................................................... 
12.3 Training and Qualification of Operations Department Personnel  .............................. 
12.4 Technical  Support Organizations .................................................................................. 
12.5 Method of Operation ........................................................................................................ 
12.6 Test ing and Startup Procedures .................................................................................... 
12.7 Internal Safety Reviews .................................................................................................. 

11 . SPECIAL SYSTEMS AND PROCEDURES .............................................................................. 

11.5 Decontamination Fac i l i t i es  ............................................................................................ 
11.6 Fuel Storage and Handling .............................................................................................. 

11.8 ‘Testing of P r o c e s s  Instruments for Safety Channels  .................................................. 

Appendix A HFIR DESIGN PARAMETERS .................................................................................. 
Appendix €3 MANUFACTURERS SPECIFICATIONS .................................................................... 
Appendix C HIGH FLUX ISOTOPE REACTOR REPORTS ........................................................ 
Appendix I) BIBLIOGRAPHY ON FLUX-TRAP REACTORS .................................................... 

10-2 
1 0 4  
1 0 4  
10-5 
10-5 
10-6 
10-7 
10-7 
10-7 
10-8 
10-8 
10-9 
10-9 

10-1 0 
10-1 0 
10-1 0 
10-10 
10-10 

11-1 
11-1 
11-1 
11-1 
11-2 
11-3 
114 
11-4 
11-4 
11-5 
11-5 
11-5 

12-1 
12-1 
12-3 
12-4 
12-5 
12-8 

12-10 
12-11 

A-1 
B-1 

c-1 
D-1 

. 

. 



Y 

TABLES 

Table  No. Page 

2.2.1 
2.2.2 
2.2.3 
2.2.4 Estimated Population Distribution ........................ ~ ..................................................... 2-4 
2.3.1 ORNL Climatological Standard Normal Temperatures (1931-1960) . .-... 2-5 
2.3.2 ORNL Average Monthly Precipitation Data ......................... . ........................ 2-6 

Population of the Surrounding Towns, Based  on 1960 Censu 

Kural Population in  Surrounding Counties ....... ...... ............... I ...... ... ... ....... . 2-3 

Number of Employees in Specific Oak Ridge Area (June 1963) ............. 

2.3.3 
2.3.4 Atmospheric Stability Constants a t  Oak Ridge . . . . . . . . . . . . . I . . . . . . . . .  ...*..........-.-.. 

Frequency of Wind Patterns B e t w e n  Bldg. 7500 and X-10 Areas ........................ 2-7 

2.3.5 Summary of Seasonal Frequency of Inversions .................... .................... 2-9 
. 2-10 2.3.6 Concentration of Radioactive Materials in Air - 1962 ..... ~ ........................... 

2.3.7 
2.3.8 
2.3.9 
2.3.10 

2.3.11 
4.9.1 
4.9.2 
4.9.3 
5.4.1 
7.3.1 
7.3.2 

7.3.3 

7.3.4 
7.3.5 
7.4.1 
7.5.1 
8-3.1 

8.4.1 
8.5.1 
8.8.1 
9.1.1 
9.2.1 
9.2.2 

Radioparticulate Fallout - 1962 ...... ..........._._._..... ........_..._..l.. ....... ".......,.,.,... 
Concentration of Radioactive Materials in Rainwater - 1962 .. ._............... 
Radioactive Content of Clinch River - 1962 _..... ~ ....................... 
Community Water Systems in Tennessee  Downstream from OR 

by Intakes on the Clinch and Tennessee  Rivers or Tributari 

Flows in Clinch, Emory, and Tennessee  River;, 1945-1951 , 

SBHE Pressu re  Switch Data .................................. _........... ".................. 

Differential Pressure  Gage Data ................................................... "... 
HOG Pressure Switch Data ~ .......................... 

...... "..... . 
...._............... "..._........"... ....... 

Reactor Pressure  Vesse l  Penetrations ................... 
General Nuclear Characterist ics of the  HFIR .............." ..... 
Predicted Temperature Coefficients of Reactivity for the  Clean Core . ............... 
React iv i t ies  Assoc ia ted  with a n  Island Target Initially Containing 300 g of 

Shutdown Margins for the 9.4-kg flFEIi Care  (with 2.8 g B1') ........................... _..." 
FuL4 and 5.3 kg of Aluminum ............... .......................................... 

Summary of Reactivity Accountability for the 9.4-kg Core .... ....................... 
............ Summary of Pertinent Design Data for t h e  HFIR Fue l  Elements ..... 

Princ:ipat Fac tors  Used in the  Heat-Removal Analysis ............................... ........... 
Control System Action .............................................................. ............................. 
Scram Parameters ........_.... 
Ion Charuber Sections _....... .."..... 
Consequences of Primary Coolant System Leaks  .......................... 
Shielding Criteria .._,._........... .._........_.,. ........................ 
Gamma Sources for Shielding Calculations. .  .. . . . . . . . . . . . . . , _ . . . . I  

........ ~ ...... ",.. .. I.'....... ..... ...,..."........... 
. .............................. 

. . . . . . . 

Mass Attenuation Coefficients ~.~.~.~.~.~...~.~.........~ _....._.......... 

xi 

2-11 
2-1 2 
2-13 

2-14 
2-15 
4 -9 
4-9 

4-1 0 
5-7 
7-3 
7-6 

7-7 
7-8 
7-9 

7-13 
7-15 

8-7 
8-11 
8-13 
8-39 

9-2 
9-3 
9-4 



xi i 

9.2.3 
9.4.1 

9.4.2 
9.4.3 
9.4.4 
9.4.5 
9.5.1 
9.6.1 
9.6.2 

9.6.3 
10.1.1 

nose Ra tes  a t  Lateral  Reactor Shield Surface Midplane ........................................ 
Fis s ion  Product Fractions Released to the Primary Coolant Systern 

Primary Coolant System Shielding Requirements ...................................................... 
Following a Major Core Meltdown ............................................................................ 

N '  Activity at Various Locations ............................................................................ 
Characterist ics of Na2 ', Mg2 ', and A I z 8  .................................................................... 
Primary Coolant Clean up S y s  tern Shielding Requirements ...................................... 
Filter P i t  Shielding ...................................................................................................... 
Estimated Dose Ra tes  from Spent Cores .................................................................... 
Gamma Energy Re lease  from Spent Cores. Following Fifteen Days 

Operation a t  100 Mw .................................................................................................. 
Mass Attenuation Coefficients .................................................................................... 
Normal-Power Distribution System .............................................................................. 

9-4 

9-7 
9-8 

9-8 
9-9 

9-10 
9-11 
9-12 

9-13 
9-13 
10-3 

.. 



1. INTRODUCTION 

P 

1.1 Historical Background and Motivation 

On December 6, 1957, discitssions were inaugurated at the Oak Ridge National Laboratory 
(ORNL) concerning the need for thermal-neutron fluxes an order of magnitude greater than were 
then available,  As a result  of the  init ial  meeting, a series of informal seminars w a s  conducted to  
explore further this  need and to examine in some de ta i l  the technical problems assuc ia ted  with the 
des ign  and construction of a reactor capable of producing s u c h  fluxes,’ The  primary conclusion 
reached was  tha t  the most press ing  need for high thermal-neutron fluxes (Lea9  3 to 5 x I O 1  neu- 
trons an-’ sec-’) e x i s t s  i n  connection with the  production of transuranium elements and other 
isotopes.  

The  s t a t u s  of the transuranium production program was  cri t ically reviewed by the  AEC Di-  
vision of Research a t  a meeting on January 17, 1958. At that t i m e  i t  was decided to embark on 
a program designed to meet the anticipated needs for transuranium isotopes by undertaking certain 
irradiations in ex is t ing  reactors. By late 1958 it became apparent that  acceleration of this  program 
was  desirable.  Accordingly, a meeting w a s  held i n  Washington, D, C., on November 24, 1958; i3nd, 
it was  recommended2 that a high-flux reactor be designed, built, and operated a t  ORNL with COE- 

struction to s t a r t  in F Y  1962. 
As a result  of th i s  decision ORNL, in  March 1959, submitted a proposal to the U. S. Atomic 

Energy Commission (AEC), Authorization to  proceed with the design of a high-flux reactor was  
received i n  July 1959, and a preliminary conceptual design of the reactor was  published in February 
1959,’ Th i s  design was  based upon the “flux-trap” principle, i n  which the reactor core consists 
of a n  annular region of fuel surrounding a n  unfueled moderating region o r  “island,” Such a con- 
figuration permits f a s t  neutrons leaking from the fuel to be moderated in  the  island and thus  produces 
a region of very high t hermal-neutron flux at the center  of the island.” 

Development of des ign  criteria for the facility was begun by ORNL in 1959, and by March 1%0 
a general description of the proposed High-Flux Isotope Reactor (HFIR) was  p ~ b l i s h e d . ~  The firm 
of Singmaster and Breyer was retained in  March 1960 as archituct-engineer for the purpose of han- 
dling the detailed design of the non-nuclear portions o f t h e  plant, Responsibil i ty for design of the  
reactor core and the control and safe ty  sys t ems  w a s  retained by ORNL. 

A review of the proposed reactor design$ was made by the USAEC Hazards Evaluation Branch 
in April 1960 and by the USAEC Advisory Committee on Reactor Safeguards [ACRS) in May 1960. 
These  reviews resulted in a recommendation that either conventional gastight containment be pro- 
vided or that a location be sought which woilld provide some degree of isolation from the main 
body of ORNL employees, Site approvid for construction of the reactor at  a location in adjacent 

* A  bibliography containing references to the numtmxis studies of high-flux reactors is given in Apprndrx D. 

‘J. A. Lane et al., Ultra High Flux Research Reactors, ORNI,-CF-SR7-117 (Jijly 1958). 

’J. €I. Williams to A. M. Wernberg, letter dated Dec. 12, 1958. 
3 

4T. E. Cole, H l g h  Flux Isotope Reactor --- A General Descr ip t ion ,  ORNL-CF-60-3-33 (March 1960). 

J. A. Lane, High Flux Isotope Reactor Prellminary Des ign  Study, ORNGCF-5%2-65 (February 1959). 
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Melton Valley was  requested by ORNL in June 1960. After review a t  i t s  27th meeting (July 20-22, 
1960) the ACKS concluded that  the  proposed reactor could be constructed a t  the Melton Valley lo- 
cation, with reasonable assurance that i t s  operation would not entai l  undue risk t o  the health and 
safety of the  public or of ORNL employees. 

The  architect-engineer completed the preliminary design and cost est imate  (Ti t le  I) in February 
1961 and the f inal  building and non-nuclear equipment design (Ti t le  TI) in  January 1962. The  H. K. 
Ferguson Company of Cleveland, Ohio, t h e  general cost-plus-fixed-fee contractor for the Oak Ridge 
area,  was awarded the const.ruction contract;  and in  June 1961, preliminary construction activity 
w a s  s tar ted a t  t h e  s i t e .  In early 1965 construction was  complete, and final hydraulic and mechan- 
ical  tes t ing was  begun. Crit icali ty was  achieved on Aug. 25, 1965. The lovr-power tes t ing  pro- 
gram was  completed in January 1966, and operational cyc les  at 20 and SO, 75, 90, and 100 M w  
were begun. 

1.2 B r i e f  Description of the H F I R  

The HFIR is a beryllium-reflected, light-water-cooled and moderated,  aluminunislad fuel plate,  
flux-trap type reactor which ut i l izes  highly enriched U Z 3 '  fuel, The design power level  is 100 Mw, 
Figure 1.2,1 i s  a cutaway view of the reactor, showing the major a r e a s  and important equipment 
items. A Summary Data Table  i s  included i r r  Appendix A, 

The  HFIK and i t s  auxiliary faci l i t ies  are  located on the  AEC reservation at Oak Ridge, Tennes-  
see, a t  a point in  Melton Valley approximately 1 mile south of the  main s i t e  of ORNL (X-lo), 

The HFIR was  designed primarily as  a part of t h e  overall  program to produce transuranium 
isotopes for u s e  in the heavyelement  research program of t h e  United States.  

The reactor core,  i l lustrated i n  Fig.  1.2.2, c o n s i s t s  of a s e r i e s  of concentric annular regions, 
each  approximately 2 ft high. A S-in.-diam hole forms the center  of the core. The  target  contain- 
ing Pu242 and other transuranium isotopes is positioned on the reactor vertical  a x i s  within t h i s  
hole. The  fuel  region is cornposed of two concentric fuel elements. The  inner one, which contains  
171 curved fuel plates ,  h a s  an inside diameter of 5 in. and an  outs ide diameter of 10'6 in. The  
outer fuel element contains  369 curved fuel p la tes  and h a s  inner and outer diameters of 11 and 
17.134 in. respectively.  

The fuel p la tes  a re  0.05 in. thick and are  curved in the  shape of an involute, thus providing a 
constant. coolant channel  width. The plates  are  of complex sandwich-type construction composed 
of U,O,-Al cermet held between covers  of type 6061 aluminum. To minimize the  radial  peak-to- 
average power densi ty  ratio, the fuel is nonuniformly loaded along the a r c  of the  involute. A burn- 
ab le  poison is included in  the inner fue l  element to  further flatten the  neutron flux and to  reduce 
the  negative reactivity requirements of t h e  control plates. A typical core  loading includes approx- 
imately 9.4 kg of U Z 3 '  and 2.8 g of B'O. T h i s  provides a rnaxirnurn of 11% avai lable  reactivity,  
and t h e  average core l ifetime is about 23 days.  

The  fuel region is surrounded by a concentric ring of beryllium reflector approximately 1 ft 
thick. This ,  in turn, is backed up by a water reflector of effectively infinite thickness ,  In the  
axial  direction the  reactor is reflected by water. 

The control plates ,  in  the form of two thin poison-bearing concentric cylinders,  a re  located in 
an  annular region between the outer fuel element and the  beryllium reflector. These  plates  a re  
driven in opposite directions by drive mechanisms located beneath the reactor. T h e  inner control 
cylinder h a s  its poison arranged s o  that reactivity i s  increased by downward motion. T h i s  cylinder 
is used for shimming and regulation; it h a s  no f a s t  s a f e t y  function. The  outer control cylinder con- 
sists of four separa te  quadrants, each  having a n  independent drive and safety re lease  mechanism. 
Reactivity is increased as the  outer p la tes  are  raised, All  control p la tes  have three regions of dif- 
ferent poison content designed to  minimize the axial  peak-to-average power densi ty  ratio throughout 
the  core  lifetime. 
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T h e  reactor cnntrol and instrumentation system design ref lects  t h e  very considerable emphasis  
placed on the importance of continuity of operation. Three independent safety channels  are ar- 
ranged in a coincidence system tha t  requires agreement of two of the  three for sa fe ty  shutdowns, 
T h i s  feature is complemented by a n  extensive “on-line” tes t ing  system which permits the safety 
functions of any one  channel to be tes ted a t  any time during operation. In addition to  the independ- 
ent  safety sys tems,  three independent automatic control channels  a r e  arranged so that  failute of 
any one of the channels  will  not significantly dis turb operation. 

Three instrument thimbles nea t  the core  permit access for neutron- and gamma-sensitive instru- 
mentation, Each  thimble contains  an OKNL multisection chamber. These  chambers provide a gam- 
ma level,  and a n  uncompensated neutron level  for the  safe ty  sys tem as wel l  as a second uncompen- 
s a t e d  neutron level  for t h e  servo  control system. Three servo-controlled fission chambers, located 
beneath the core, provide complete neutron flux information from shutdown to full power and thus 
eliminate the need for multiple range or overlapping range instrumenis. ‘To aid in detect ing any 
gross sh i f t s  in reactor power, a small s t ream of the primary water leaving e a c h  quadrant of the 
core  is led past an  N ”  radiation detector, 
rant is a l s o  measured, 

18-ftdiam cylindrical  pool of water, The  top of the pressure vesse l  is 17 ft  below the pool water 
level,  with the reactor center  l ine  27’4 f t  below the pool level. Adjacent to, and connected with,  
the reactor pool is a storage pool 20 ft  deep,  18 i t  wide, and 41:i Et long, Underwater access i s  
a l s o  provided to  a small ( S f t d i a m )  pool intended for a future cr i t ical  facility. 

through the core,  and e x i t s  through an 18-in. pipe beneath t h e  core. The flow rate is about 16,000 
gpm, of which approximately 13,000 gpm flows through t h e  fuel region and the remainder through 
t h e  target,  reflector, and control regions. T h e  system is designed to operate  at an in le t  pressure 
up to 1000 ps i ;  however, normal operation at 100 Mw requi tes  an inlet  p ressure  of only 600 psi .  
Under t h e s e  conditions the inlet  temperature i s  120°F, the corresponding exit  temperature i s  
1 W F ,  and t h e  pressure drop through t h e  core  is 110 ps i .  

lation-pump combinations, e a c h  located in  a separa te  c e l l  adjacent  to  the  reactor and s torage pools. 
Each cell also conta ins  a l e tdown  valve which controls  t h e  primary coolant p re s su re”  A second- 
ary coolant sys tem removes hea t  from the  primary sys tem and transfers it to the atmosphere by 
passing water over a four-cell induced-draft cool ing tower. 

Although t h e  primary purpose of the  HFIR i s  t h e  production of  transuranium isotopes,  several  
other experimental faci l i t ies  h a v e  been provided. 
which originate i n  t h e  reflector;  (2) four s lan t  access faci l i t ies ,  called [‘engineering faci l i t ies ,”  
which a r e  located adjacent  to the  outer reflector at  a n  angle  with the vertical;  and ( 3 )  38 vert ical  
faci l i t ies  of various sizes located in the reflector. 

The  reactor i s  housed i n  a poured concrete  building approximately 128 x 160 x 86 ft high, The  
building is essent ia l ly  airtight, with dynamic containment similar to that  developed for the Oak 
Ridge Research Reactor being employed. Air is exhausted from potentially contaminated a r e a s  a t  
a rate  suff ic ient  to a s s u r e  that all leakage is inward. T h i s  a i r  is passed  through two absolute  
fi l ters,  a s i lver  plated copper mesh fi l ter  and two charcoal  beds before being released to  the at- 
mosphere through a 250-ft s tack.  Small volume r e l e a s e s  of activity result ing from normal operation 
are handled through the  hot off-gas sys tems,  which me equipped with the  same type of a i r  c leaning 
devices  as  the main bui [ding exhaust  system. Uncontaminated liquid effluent is discharged di- 
rectly into a nearby stream. This flow i s  monitored, and automatic: valves  transfer i t  to retention 
ponds if a significant amount of radioactivity i s  detected.  Contaminated liquid was te  is pumped 
to the ORNL liquid-waste-disposal system from the retention ponds and from a hot-waste collec- 
tion tank. contaminated sol id  was te  is col lected and buried in  accordance with the O K N L  solid- 
waste-disposal  procedures. 

The  temperature of the water leaving each  core quad- 

The  reactor core assembly is contained in an  8-ft-diam pressure v e s s e l ,  which is located in  an  

T h e  primary coolant enters  t h e  pressure vesse l  through two 16-in. p ipes  above t h e  core, p a s s e s  

From the  reactor the coolant flow is distributed to three of four identical  heat-exchanger circu- 

T h e s e  include (1) four horizontal beam holes  

In addition to the  reactor building, a 49- x 6 4 4 .  e lectr ical  building housing the  switchgear and 
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an  office and maintenance building containing approximately 13,500 ft  * of floor s p a c e  are located 
a t  the  IIE’IR site. 

The  s i t e  i s  supplied wi th  13.8 k v  electr ical  power, 100 psi  potable and fire-protection water,  
and 220 p s i  steam. All other ina te r ids  and utility se rv ices  a re  shipped i n  bulk or generated at. the  
s i t e .  Two diesel-electric generators are  available t o  furnish emergency power when required. 

Oak Ridge National Laboratory, which is operated by the Nuclear Division of Union Carbide 
Corporation for the  U. S. Atomic Energy Commission, is responsible for the  operation of the HFIR. 



2, REACTOR SITE 

2.1 Location 

The  HFIR and its ancil lary faci l i t ies  are  s i tuated in the Roane County Portia1 of the AEC 
reservation a t  Oak Ridge, Tennessee ,  and are  shown in respectively increasing s c a l e  in Figs .  2.1.1 
to 2.1.5. The HFIR is located in Melton Valley, south of the ORNL X-10 site. The facil i ty is 1500 ft 
directly south of Building 7.503 on the southerly s lope  of intervening high ground. h i t d i n g  7503 
now contains  the  Molten-Salt Reactor Experiment (MSRE) and w a s  previously used for the Aircraft 
Reactor Experiment (ARE). Building 7500, the  location of the original Homogeneous Reactor Ex- 
periment and Homogeneous Reactor Test, is 2000 ft northwest of I-IFKR. The Nuclear Safety P i lo t  
Plant  (NSPP) is  currently located i n  this  building, The Transuranium Process ing  Planf (TRU) 
is located adjacent  to the IIFIK. The  main laboratory area of ORNL is 1 mile to the north, with 
Haw Ridge between i t  and the Melton Valley area. Melton fIill bounds the valley on southern s ide.  
'The main access to the HFIR a t e  is by a road Leading from the e a s t  s i d e  of Building 7503. 

covers the roads and adjacent  a rea  t o  res t r ic t  public a c c e s s  to  certain designated routes through 
t h e  controlled land. Suitable perimeter fencing is util ized t o  protect both t h e  HFIR arid the  adja- 
cent TRU facil i ty,  Adequate personnel and visitor control pol ic ies  a re  followed so that only nec- 
e s sa ry  operating personnel and persons having legihmate bus iness  are permitted within t h e  ex- 
clusion area.  Approximately 40  people a re  present in t h e  reactor area during normal day sh i f t  
houts with only 4 people  normally required for off-shift operation. 

The HFIR site is located within a well-established AECcontrol led area. The AEC Patrol  

2.2 Population Density 

T h e  total  population of the four count ies  (Anderson, Knox, Loudon, and Roane) nearest  the HFIR 
s i t e  is 370,145. Of t h i s  number, 177,255 are  located in c i t i e s  with populations of mote than 2500 
persons. T h e  rural population density in t h e s e  four counties is about 135 persons p e r  square mi le ,  
The  average population densi ty  within a radius of 27-5 m i l e s  of the HFIR site, a s  determined from 
the da ta  in the 1960 census,  is 147 persons per square mile, Tab le  2.2.1 lists the populations of 
the Surrounding communities which have a population of over  2000 together with their dis tance and 
direction from the  HFIR site. The rural population densi ty  in  the four surrounding counties and in 
two other nearby count ies  is given in Table 2.2.2. A number of Pacilities are located within the 
AEC-controlled area;  t h e  approximate number of employees located in  each  plant i s  given i n  Table  
2.2,3, T h e s e  da ta  indicate the  total  employment a1 e a c h  facil i ty and do not attempt to show the 
breakdown according to shif ts .  However, i t  should be pointed out  that  practically a l l  these  e m -  
ployees work the normal 40-hr week. 

An est imate  h a s  been made of the distribution of the resident population in e a c h  oC the  16 ad- 
jacent  22'4" sec tors  of concentric c i rc les  originating a t  the HFIR, Eight different d i s tances  were 
considered from the WFIR site: 0-0.5, 0-5-1, 1-2, 2-3, 3-4, 4-5, 5-10, and 10-20 miles radii. 
The  estimated resident population dis tnbut ion is given in Table  2.2,4. These  data  are representa- 
t ive of the population in  th i s  a rea  at all times, Very l i t t l e  variation is experienced owing to  e i ther  
part-time occupancy or s easona l  variation. Population densi ty  in  the area has  been reasonably 
s tab le  for a number of years  and is expected to remain so, 
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Table 22.1. Populotion of the Surrounding Towns,a Based on 1960 Census 

Distance from HFIH 
(miles) City or Town 

Oak Ridge 
Lenoir City 
Oliver Springs 
Martel 
Coalfield 
Windrock 
Kingstnn 
I1 arrim an 
South Harriman 
Pet ros  
Fork Mountajn 
Emory Gap 
Friendsville 
Clinton 
South Clinton 
Powell  
Briceville 
Wartburg 
Alcoa 
Maryville 
Knoxville 
Greenback 
Rockw ood 
Roc kford 
Fountain City 
Lake  City 
Norris 
Sweetwater 
Neubert 
John Sevier 
Madisonville 
Caryville 
Sunbright 
Jacksboro 
Niota 

7 
9 
9 

10  
10  
10  
12 
13 
13 
14 
15  
15  
15  
16 
16 
17 
1 9  
20 
20 
21 

18-25 
20 
21 
22 
22 
23 
23 
23 
27 
27 
27 
27 
30  
30 
30 

Direction 

NNE 
SSE 
N by 'U 

SE 
NW 
N by W 
wsw 
3v 
w 
NW by N 
NNW 
w 
SE 
NE 
NE 
ENE 
NNE 
NW by W 
ESE 
ESE 
E 
S by E 
\v by s 
SE 
ENE 
NNE 
NNE 
ssw 
ENE 
E 
S 

N by E 
NW 
N by E 
ssw 

Population 

- 

27,121 
4,979 
1,163 

500' 

650h 
550b 

2,010 
5,931 
2,881 

790' 
700b 
500' 
606 

4,943 
1,356 

500h 

800' 
1,217 

6,395 
10,348 

111,827 

5.343 
5,345 

10,365 
1,914 
1,389 
4,145 

950' 

600' 
752' 

1,812 
1,234' 

600b 
5776 
679 

Percent of T i m e  
Downwind 

Night 

5.6 
4.3 
2.3 
1.4 
0.5 
2.3 
9.5 
2.2 
2.2 

1.4 
2.3 
2.2 
1.4 

11.6 
11.6 
8.3 
5.6 
1.4 
2-0 

2.0 
1.5 
5.5 
2.2 
1.4 
8.3 
5.6 
5.6 
8.4 
8.3 
1.5 
5.5 
9.5 
0.5 
9,s 
8.4 

Day 

5.5 
6.0 
2.7 
2.8 
1.1 
2.7 

11.3 
3.7 
3.7 
2,s 

2.7 
3.7 
2.8 
9.0 
9.0 
6.8 
5.5 
2.8 
2.0 
2.0 
2.7 
4.9 
3.7 
2.8 
6.8 
5.5 
5.5 

12.7 
6.8 
2.7 

11.9 
6.1 
1.1 
6.1 

12.7 

-. ___-_ 

E. Beall, K. B. Driggs. and J. H. Westsik, Addendum to ORNL-CF-61-2-46, Molten-Salt Reac tor  EX- 
periment Preliminary Hazards Report, Addendum ORNL-CF-61-21-46. pp. 55, 56 (Aug. 14, 1961). 

b1950 census.  
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Table 2.2.2. Rural Population in  Surrounding Countiesa 

.- --_ - _II__. _.I__ - _I___ --.I_ 

Est imated  Populatiun 
-_I________.- 'rota1 Density (Number 

Rural of People P e r  ''lthln Within Within County Are a '' 
IO-mile 20-mile 30-mile 
Radius Radius Radlus 

(square miles) ~ o p u l a t l o n ~  square rnlle) 

I__x - ll__l__- -11 I_____I__-.. -.I___-____ II - _l__l___ ..__I 

Anderson 338 26,600 79 395 14.200 22,800 

Blount 584 38,325 66 0 5,720 23,200 

Knox 517 138,700 238 13,100 46,400 96.000 

Loudon 240 18,800 78 6,0 80 1G,900 18,700 

Morgan 539 13,500 2 5 225 3,625 8,630 

Roam 379 12,500 33  3,070 9,170 11,110 

"S. E. Bealf, R. 1-3. Rriggs, J. H. Westsik, Addendum to ORNL-CF-61-2-46, MoltenSalt  Reactor  Experi-  

bDoes not include area within Oak Ridge reservation. 
'1960 census  - does  not include communities with population of 500 or more. 

ment Preliminary Hazards Report, Addendum ORNL-CF-61-2-46, pp. 55,56 (Aug. 14, 1961). 

'Table 2.2.3. Number of Employees  i n  Specific Oak Ridge Artlo 

(June 1963) 
-____- _ 1 1 1 _ . _ _ ~  II__. __.-___I -I___ ___I__ 

Distance from HFiK Total  Number 
Are a (miles) Direction of Employees 

I___ - - ~  ._. - ___ I-_. 

HFLR 

NSPP 

MSRE 

ORNL 
X-10 area personnel 
Construction personnel 
7000 area personnel 

HPRR 

Tower Shielding Faci l i ty  

EGCR 

Melton Hill  am^ 
Construction personnel 

July 1963 
December 1963 
June 1964 

Normal operation (remotely controlled) 

K-2 5 

K-25 area personnel 
Construction personnel 

0.4 

0.25 

0.75-1.25 
0.75-1.25 

1.0-1.4 

1.1 

1.4 

2.0 

2.25 

5.0 

WNW 

NNW 

NW 
N W  
NNE 

ESE 

S 

ME 

S 

WNW 

40 

6 

35 

3830 

3327 
1% 

309 

12 

15 

150 

350 
i 20 

25 
2 

2751 
2678 

73 
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T a b l e  2.2.3 ( c o n t i n u e d )  

Distance from IIFXR Tota l  Number 
Direction of Employees (miles) 

6.5 

11.25 

N E  

NE 

Y-12 5.75 NNE 

Y-12 area personnel 
ORNL personnel 
Construction personnel 

University of Tenncssee  Agricultural Kesearch Laboratory 

B ~ I I  Run Steam Planta 
Construction personnel 

July 1963 
December 1963 
July 1961 
December 1964 
July 1965 
December 1965 

Normal operation (one unit) 

6866 
5507 
909 

450 

160 

1400 
1655 
1900 
1500 
1100 
700 
190 

~ ~ ~- -~ 

aEstitnated from construction schedules,  ' S V k ,  Knoxviiie, Tenn., June 5, 1953. 

Table 2.2.4, Estimated Populution Distribution 

.... __ .... __.-_ - .~ __ ..___~ .... __...l_~...____l_.. _ _ ~  .... 

Sector Radius ~- .... __..__ .... ~ _ - _ _ _ .  __..__ .... - 
(rnilcs) N NNE N E  E N E  E ESE SE SSE S SSW SW W S W  W WNW NW NNW 

0--0. s 

0.5-1 

1-2 

2-3 

3 4  

4-5 

5-10 

10-20 

0 

29  

309 

0 

0 

n 

7944 

5320 

0 

0 

0 

0 

0 

0 

20,428 

13.318 

0 

0 

15n* 

0 

0 

0 

460 

66snb 

n 

0 

n 

24 

24 

87 

7.706 

56.414 

0 

0 

0 

0 

41 

87 

7.706 

55,914 

0 

0 

1 2  

41  

87  

90 

7.706 

2'3,131 

0 

n 

0 

20 

40 

60 

783 

6388 

0 

n 

n 

0 

20 

40 

6546 

5660 

0 

0 

15 

9Oa 

135 

180 

1567 

4700 

0 

0 

0 

90 

135 

180 

1564 

4700 

0 

0 

0 

90 

135 

180 

781 

1563 

n 

0 

0 

45 

4 5  

45 

781 

3573 

n 

0 

0 

0 

0 

2.751 

781 

16.741 

6 0 35  

0 789 1445 

221 738 18 

0 0 n 

0 0 0 

0 n 200 

781 781 781 

7.542 ison 4190 

eDoes not include Mslton Xi11 Dam (see Tahle 2.2.3). 
bDoes  not include Bull Run Steam Plant ( see  Table 2.2.3) 
*Shutdown of the EGCR rliminates this group. 
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2.3 Geophysical Features 

2.3.1 Meteorology 

Oak Ridge is located in a broad valley between the Cumberland Mountains, which lie to  the 
northwest of the area, and the Great Smoky Mountains, which l ie to the southeast ,  These  mountain 
ranges are oriented northeast-southwest. The  valley between them is corrugated by broken ridges 
300 to 500 ft high oriented parallel to the  tnain valley, The local climate is noticeably influenced 
by topography. 

(a) Temperalure.' - The co ldes t  month is normally January, but differences between the mean 
temperatures of the three winter months of December, January, and February a re  comparatively 
sma l l .  July is usually the  hot tes t  month, but differences between the  mean temperatures of the 
summer months of June, July, and August are a l so  comparatively sma l l .  Mean temperatures of thc  
spring and Fall months progress in orderly fashion from cooler to warmer and warmer to cooler, re- 
spectively, without a secondary maximum or minimum. Temperatures of I O O O F  or higher are un- 
usual, having occurred during less than one-half of the years of the  period of record, and ternpera- 
tures of zero  and below are  rare. 

The  annual mean maximum and minimum temperatures are 69,4 and 47.6OF, respectively, with 
an annual mean temperature of 58,S'F- The extreme low and high temperatures are -5°F and 
+103"F, recorded in December 1962 and September 1954 respectively. Tab le  2.3,1 lists the average 
monthly temperaturc range based on the period 1931 to 1960, adjusted to represent observations 
taken a t  the present standard location of the weather station. 

'u. S. Department of Commerce, Weather Bureau, Local Climatological Data with Comparative Data 1962, Oak 
Ridge, Tenn., Area Station (X-10). 

Table 2.3.1. ORNL Climotological Standard Normal Temperatures 

( 1  93 1-1 960) 
I_ ........... ............ __ . 

Temperature ("F) 

Maximum Minitaum Average 
.. -___ .... _____II_ .--. 

January 48.9 31.2 40.1 

February 51.6 31.8 41.7 

March 58.9 37.0 48.0 

April 70.0 46.3 58.2 

May 79.0 54. 8 66.9 

June 86.1 63.3 74.7 

July 88.0 66.7 77.4 

Aubqst 87.4 65.6 76.5 

September 83. o 59.2 71.1 

October 72.2 47.7 60.0 

November 58.6 36.5 47.6 

December 49.4 31.3 40.4 

Annual 59.4 47.6 58.5 
I__.--. .............. .... 
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(6) Vertical Temperature Gradient. - Information on t h e  temperature gradient, frequency, and 
mean wind speed  for e a c h  month a re  found i n  a recent  report on meteorology of t h e  Oak Ridge 
area.' T h e  s e a s o n a l  and annual  averages  as derived from t h i s  information are presented in Fig. 
2.3.1. 

(c) P r e ~ i p i t a t i c n . ~  - Precipi ta t ion i n  t h e  ORNL area is normally wel l  dis t r ibuted throughout 
the year, with the drier part of the  year  occurring in  the ear ly  fall. Winter and early spr ing a r e  the  
s e a s o n s  of heavies t  precipitation, with t h e  monthly maxiinum normally occurr ing from January to 
March. A secondary maximum, due  to afternoon and evening thimdershowers, occurs  in  t h e  month 
of July. September and October are usual ly  the dr ies t  months. 

T h e  average and maxiniurri annual precipi ta t ions are 51.52 and 66.2 in. respect ively.  T h e  maxi- 
mum rainfall in the  a rea  in  a 2 4 h r  period was  7.75 in. recorded in  September 1944. The recurrence 
interval  of t h i s  amount of precipitation in  a 2 4 h r  period h a s  been est imated to b e  about  70 years .  
T h e  maximum monthly precipitation occurs  normally in March and h a s  a value of 5.44 in. 

T h e  average monthly precipitation is given i n  'Table 2.3.2. 

Table 2.3.2. ORNL Average Monthly Precipi tat ion Data 

Prec ip i ta t ion  
(in.) Month 
............................ - 

January 5,21 

February 

March 

5.39 

5.44 

April 4.14 

May 3.48 

June  

J u l y  

3.38 

5.31 

August 4.02 

September 3.59 

October 2.82 

November 3.49 

Deccmher 5.22 
_ _ _ ~ .  

Light  snow usual ly  occurs in  all the  inonths from November to March, but the  total  monthly snow- 
fall is often only a trace. T h e  total snowfal l  f o r  some winters  i s  less than 1 in. 'The average 
snowfall for t h e  period from 1948 to  1961 w a s  6 . 9  in .  T h e  maximum snowfal l  i n  a 24--hr period w a s  
12.0 in., which occurred i n  March 1960. T h e  maximum monthly snowfall (22.0 in,) also occurred i n  
March 1.%0. 

T h e  heavy fogs that  occas iona l ly  occur  a r e  a lmost  a l w a y s  i n  the  ear ly  morning and a r e  of short  
duration. 

( d )  Winde4 - T h e  va l leys  in  the  vicinity of the IIFBR s i t e  are oriented northeast-southwest, 
and considerable  channel ing of t h e  winds in t h e  va l ley  occurs. This is evident  in Fig. 2.3.2, which 

_____.I 

*W. F. Hilsmeier, Supplementary Meteorological Data for  Oak Ridge, ORO-199 (Mar. 15, 1'363). 

3U. S. Department of Commerce. Weather Bureau, L o c a l  Climatological Data  with Comparative Data  1962, Oak 

4Aircraft  R e a c t o r  Experiment Hazards  Summary Report, ORNL-1407 (Nov. 24. 1952). 
Ridge, Tenn., Area Station (X-10). 
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s h o w s  the annual frequency dis t r ibut ion of winds  in the vicinity of ORNL. 
rose diagrams point in t h c  direct ion from which t h e  wind comes. ‘The prevailing wind d i rec tmns  
a r e  upval ley from southwes t  and west-southwest  approximately 40% of t h e  time, with a secondary 
maximum of downvalley winds from northeast  and east-northeast  30% of t h e  time. T h e  prevailing 
wind regimes ref lect  the  or ientat ion of t h e  broad val ley between the  Cumberland P l a t e a u  and  the 
Smoky Mountains, as  wel l  a s  the  or ientat ion of t h e  local r idges and val leys .  T h e  gradient  wind in 
th i s  la t i tude  is usual ly  southwes t  or wester ly ,  so t h e  dayt ime winds  tend t o  reflect a mixing of t h e  
gradient  winds ,  T h e  night  winds represent  drainage of co ld  a i r  down t h e  local s l o p e s  and the  broader 
T e n n e s s e e  V d b y ,  The combination of t h e s e  two ef fec ts ,  as  well as  the  dai ly  c h a n g e s  in  t h e  pres- 
s u r e  pat terns  over t h i s  area, g i v e s  t h e  elongated s h a p e  t o  t h e  typ ica l  wind roses. 

e x p e n s e  of the  southwes t  and west-southwest  winds. T h e  predominance of l ight  northeast  a n d  east- 
northeast  winds  under s t a b l e  condi t ions is particularly marked in  t h e  summer and  fal l ,  when the 
lower wind s p e e d s  alof t  and the  smal le r  amount of c loudiness  allow the  nocturnal drainage pa t te rns  
to develop, 

Wind r o s e s  prepared from f ive  years  (1956-1960) of d a t a  a r e  shown in F i g s ,  2.3.3 and 2-3.4 
(Ref. 2). These represent  t h e  wind direct ion and frequency and percent ca lm under inversion and  
l a p s e  condi t ions for t h e  ORNL a r e a  and  a r e  appl icable  t o  t h e  HFIR location. 

Bethe l  Val ley and Melton Valley. In general, a t  night or  under s t a b l e  condi t ions the  winds tend t o  
be northeast  or east-northeast  and  rather l ight  in  t h e  valley, regardIess  of the  gradient wind. How- 
ever ,  s t rong  winds alof t  wil l  control  t h e  veloci ty  and direct ion of t h e  valley winds, revers ing them 
or producing c a l m s  when opposing the  local drainage,  During t h e  day, t h e  sur face  winds  tend to 
follow t h e  winds aloft, wi th  increas ing  rel iabi l i ty  a s  t h e  upper wind s p e e d  increases ,  Only with 
s t rong winds alof t  or winds paral le l  t o  the  va l leys  would it be  of value t o  attempt to extrapolate  a i r  
movements for any number of mi les  by us ing  va l ley  winds, In t h e  w e l l d e v e l o p e d  s t a b l e  s i tuat ion,  
however, a very l ight  a i r  movement wil l  follow t h e  val ley a s  far downstream as the val ley re ta ins  
its s t ructure ,  e v e n  though the  prevai l ing winds a few hundred f e e t  above t h e  ground a r e  in a n  en-  
tirely different direction. In a valley locat ion,  wind direct ion wil l  b e  governed by t h e  local va l ley  
wind regime and t h e  d e g r e e  of coupl ing with the  upper w i n d s m 4  

t h e  ARE hazards a n a l y ~ i s , ~  T h e  information is included here  b e c a u s e  of the  close proximity of 
t h e  HFIR to the  ARE s i t e ,  the  present  site of t h e  MSRE. 

over Haw Ridge  to the X-10 a r e a  and  from the  7500 a r e a  w e s t  to White Oak Creek, then northwest  
through Haw Gap, and f inal ly  north t o  the  X-10 area .  

malized to t h e  1444 t o  1951 wind record at the X-10 a r e a  by a ra t io  method. T h e  normalized f r e  
quencies  a r e  shown i n  T a b l e  2.3.3. 

T h e  f lags  on t h e s e  wind 

During inversions,  t h e  nor theas t  and east-northeast  winds occur  most frequently, usua l ly  at t h e  

Considerable  variation is observed both in  wind s p e e d  and direct ion withm small d i s t a n c e s  in  

T h e  wind f low be tween Melton Val ley and t h e  X-10 area w a s  invest igated i n  conjunct ion with 

Two pa t te rns  of wind flow appear  to be of par t icular  s ignif icance:  from t h e  7500 a r e a  northwest 

The f requencies  with which t h e s e  pa t te rns  occurred from September to December 1950 were nor- 

Table 2.3.3. Frequency of Wind Patterns Between Bldg. 7500 and X-10 Areas 

Frequency of Wind Pattern 

(%) 

Over Ridge Through Gap 

2.5 0.4 

4.3 

A l l  observations 

Day (9 AM to 5 PM) 0.6 

Night  (9 FM t o  5 AM) 0.0 0.4 

Light wind (1 t o  4 mph) 2.6 0.4 

Stronger wind ( 5  mph and over) 2.7 0.3 
. _I_c_.__x_____ - ~ ~ ~ - ~ . - ~ ~  
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A comparison of pibal  (pilot balloon) observat ions made throughout 1949 to 1950 a t  Knoxville 
and Oak Ridge s h o w s  t h a t  above  about  2000 f t  t h e  wind F O S ~ S  at t h e s e  two s t a t i o n s  a r e  almost iden- 
t ica l ,  T h i s  s imilar i ty  of d a t a  makes poss ib le  t h e  u s e  of t h e  longer period of record (1927 t o  1950) 
for Knoxville and tends  t o  e l iminate  the  abnormalities introduced by the  u s e  of t h e  shor t  record at 
Oak Ridge. 

2.3.5. Since  pibal  observat ions 
present, they a r e  not truly representat ive of tho upper wind at all times. Three years  of rawin 
(radio wind-balloon) d a t a  for Nashvi l le  (194.7 t o  1950) a r e  avai lable .  T h e s e  a r e  observat ions taken  
without regard to t h e  current weather a t  t h e  time of observation. A comparison of t h e s e  wind r o s e s  
for Knoxville and  Nashvi l le  s h o w s  tha t  t h e  mode for winds above  30QQ m MSL should b e  sh i f ted  to 
t h e  wes t  ins tead  of west-northwest when observat ions with rain a r e  included i n  t h e  s e t .  

T h e  northeast-southwest a x i s  of the  valley between t h e  Cumberland P l a t e a u  and t h e  Smoky 
Mountains cont inues  t o  inf luence the  wind distribution over the  T e n n e s s e e  Valley up to about  SO00 
It, although the  var ia t ions within the Valley do not  extend above about  2000 ft. Above 5000 ft, t h e  
southwester ly  mode g ives  way to the  prevai l ing wes ter l ies  usua l ly  observed a t  t h e s e  la t i tudes.  

Previous invest igat ion of t h e  relation of wind direct ion to precipitation ind ica tes  tha t  the d is -  
tributiori of direct ion is very little different from that  of normal  observation^.^ T h i s  is c o n s i s t e n t  
with t h e  expericriee of precipi ta t ion forecas te rs  that  there is little correlat ion between sur face  wind 
direct ion and rain, par t icular ly  in  nigged terrain, F igure  2.3.5 shows the upper winds measured a t  
Nashvi l le  during t h e  period 19448 t o  1950 when precipitation w a s  occurring at observat ion time. In 
general, t h e  prevailing wind a t  any given leve l  is shif ted to the  southwes t  cx south-southwest from 
from w e s t  or southwes t ,  and t h e  veloci ty  is somewhat higher during the  occurrence of precipitation, 
with the s h i f t  being most marked i n  the winter. 

highly improbable t h a t  winds greater  than 100 mph would ever  occur at t h e  MFIR site. 

t o  c a l c u l a t e  t h e  dispers ion of airburrre w a s t e s  i n  t he  lower atmosphere. T h i s  method requires  a 
knowledge of two parameters  known as the  horizontal  and ver t ical  dispers ion coefficients;, T h e s e  
coef f ic ien ts  h a v e  been tabulated according to the  s tab i l i ty  of t h e  lower atmosphere for s i x  differ- 
en t  condi t ions,  ident i f ied as A to F. Condition A represents  extreme instabi l i ty ,  and  condition F 
represents  extremely s t a b l e  conditions. Table  2.3.4 g i v e s  the  frequency of t h e s e  var ious condi t ions 
a t  t h e  IlFIR si te .  

A s tudy6 h a s  been  made of the  average duration of inversions i f t  the Oak Ridge area,  which in- 
d i c a t e s  a length of 8 hr  during winter, 9 hr during spring, 9 hr  during summer, and 10 hr during fall. 

T h e  percentage of time during which inversion condi t ions e x i s t  is given for the  four s e a s o n s  i n  
Table  2.3.5. 

Annual wind roses a r e  shown for Knoxville (1927 to 1950) and Nashvi l le  (1937 to 1950) in Fig. 
made only when n o  low clouds,  d e n s e  fog, or precipitation a re  

Tornadoes  rarely occur in the  val ley between the  Cumberlands and the Great Smokies, It is 

(e) Atmospheric Diffusion Characteristics. -- T h e  method proposed by Pasqui l15 is widely used  

Atmospheric contamination by long-lived f i ss ion  products and fallout occurr ing i n  the genttial 
environment of t h r  Oak Ridge a rea  is monitored by a nuinber of s t a t i o n s  surrounding fhc area. T h i s  
sys tem provides data t o  a id  i n  evaluat ing local condi t ions and to a s s i s t  i n  determining t h e  spread  
or d i spersa l  of contamination should a major incideiit occur. 

Ridge area’  a r e  given i n  T a b l e s  2,3,6 t o  2.3.9. 
(f) Environmental odioactivity. - Data on t h e  environmental l eve ls  of radioactivity in t h e  Oak 

2.3.2 Geology and Hydrology 

T h e  bedrock beneath t h e  I-IFIH site is a dark-gray ca lcareous  clay s h a l e  with A bear ing value of 
6 tons/f t2 ,  when unweathered. Overburden on top of th i s  f resh unweathered s h a l e  a v e r a s s  20 f t  i n  

’17. Pasquil l ,  “The Estimation of the Dispersion of Windborne Material,” Mcteorol. Mag. 90 (1063). 33 (1961). 

6W. M. Culkowski. AEC-ORQ, to  T. H. Row. ORNL, private conirnuniration, Ju ly  8. 1963. 

’Applied FiealNi Physics  Annual Report for 1962, ORNT.-3490 (Sept. 25, 1963). 
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Table 2.3.4. Atmospheric Stobility Constants a t  Ook Ridgea 

Condition Occurence (70) 

A Never 

B 8 

C 40 

D 2 0  

E 22 

F 19 

aW. F. Hilsmeier, AEC-ORO, to T. H. Row, ORNL, private 
communication, June 27, 1963. 

Table  2.3.5. Summory of Seasonol Frequency of Inversions 

.- .- ._.______ --I__ 

Frequency of Inversion 
(%I Seas on 

Winter 31.8 

Spring 35.1 

Summer 35.1 

Fall 42,s 

Annua 1 35.9 

_____I__...-_. - __I_ 

thickness and cons is t s  of a thin blanket of organic topsoil generally less than 1 ft deep on top of 
weathered shale.  The  latter, if confined, has  a bearing value of 3 tons/ft2, The  strata of the sha le  
are highly folded and faulted, and the dip, although it averages about 35" toward the south,  is irreg- 
ular and may vary from horizontal to vertical. Melton Valley, in  which the WFIR IS located, is un- 
derlain by the  Conasauga shale of the Middle and Upper Cambrian Age. The  more-resistant rock 
layers of the  Rome formation, steeply inclined toward the southwest, are responsible for Haw Ridge, 
which parallels the valley immediately to the northwest, These  layers dip beneath the sha le s  of 
the Conasauga group in klelton Valley. The sha le  layers i n  the  area are in keeping with the general. 
structure of the surrounding region, as reported in a geological survey of the area.' Conasauga 
s h a l e  is a dark-red sha le  containing thin layers and lenses of limestone that are generally irregular 
in distribution. However, there are no persistent limestone beds in the  upper s t ra ta  of the  sha le  
layers and, consequentry, no underground solution channels or caverns to permit rapid and free dis- 
charge of water underground. 

surface runoff of water is rapid, Observations i n  t e s t  wel l s  show that the Conasauga sha le ,  although 
relatively impermeable, is capable of transmitting small  amounts of wa te r  through the  so i l  a dis- 
tance of a few fee t  per week, However, all the radioactive isotopes,  except ruthenium, apparently 
become fixed near the point of entry into the  soil, It is concluded that groundwater flow in the soil 

The  dominantly c lay  soils of the Oak Ridge area are generally of low permeability, so  that the  

'FO. B. Stockdale, Geologic Conditions a t  the Oak Ridge Notional L.aboratory (X-IO Area) Relevant to the 
n i sposa l  of Radioactive W a s t e ,  ORO-58 (Aug. 1, 1951). 
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Table 2.3.6. ConcenTrotion of Rodioactive Materials in Air  .- 1962 

Averaged weekly from filter paper da ta  
__ ..... _ _ _ . ~  ......... .................................................. ..... 

Number of Par t ic les  by Activity Rangesa 
Long-Lived ...... ____... .......__I_ P a r  t ic le s Sta t ion  

No. Location Activity < lo5 105-106 106-107 > I O 7  per 
@c/cm3) dis/24 hr dis/24 h r  dis/24 hr dis/24 hr 1000 f t 3  

____ ...... ____l___..___l ___..__ __... 

Laboratory Area 

HI’-1 S 3587 
HP-2 NE 3025 
HP-3 S W  lo00 
IIP-4 W Settling Bas in  
HP-5 E 2506 
HP-6 SW 3027 
HP-7 W 7001 
HP-8 Rock Quarry 
I-IP-9 N Bethel Valley Kd, 
HP-10 W 2075 

Average 

HP-31 Kerr Hollow Gate 
I-IP-32 Midway Gate 
HP-33 Gallaher Gate 
13P-34 White Wing Gate 
HP-35 Blair Gate 
HP-36 Turnpike Gate 
IIP-37 Hickory Creek Rend 

Average 

HP-51 Noir i s  Dam 
HP-52 Tmidon Darn 
HP-53 Douglas Dam 
HP-54 Cherokee Dam 
HP-55 Watts Bar Dam 
MP-56 Great F a l l s  Dam 
HP-57 Dale Hollow Darn 

Average 

1 0 - l ~  

38 
43  
37 
21 
51 
33 
40 
39  
31 
38 

37 

34 
37  
32 
34 
39  
39  
34 

36 
_m 

4 3  
42 
44 
40 
45 
16 
38 

4 3  
. -  

128 1.6 
122 1.9 
129  2.1 

91  1.2 
115 1.2 
136 1.5 
115 1.8 
132 1.5 
145 1.6 

1.3 126 

124 1.6 
.. . . . . .- 

Perimeter Area 

135 1.6 
132 2.1 
113 1.4 
153 1.5 
168 1.6 
158 2.2 
114 1.6 

139 1.7 
-. 

Remote Area 

139 2.3 
130 2,8 
1 50 2.6 
164 2.4 
157 2-0 
166 2.3 
171 1.6 

154 2.3 
~ .... 

0.00 
0.04 
0.10 
0.04 
0.04 
0.02 
0.00 
0.00 
0.00 
0.00 

0.02 
-. . . . . - 

0.04 
0.02 
0.00 
0.00 
0.00 
0.02 
0.02 

0.01 

0.04 
0.10 
0.02 
0.04 
0.04 
0.00 
0.00 

0.03 
~ 

0.00 
0.00 
0.02 
0.00 
0.04 
0.02 
0.00 
0.02 
0.00 
0.00 

0.01 
~ 

0.04 
0.00 
0.02 
0.00 
0.02 
0.04 
0.00 

0*02 

0.00 
0.00 
0,oo 
0.02 
0.00 
0.00 
0,04 

129 
124 
131 
93 

117 
137 
117 
133 
146 
128 

125 

137 
134 
114 
155 
169 
161 
115 

3.1 
3.5 
2.1 
1.6 
3.9 
2.4 
2.3 
2.5 
2.3 
3.1 

2.7 

2.7 
2.6 
2.2 
3.0 
3-3 
3.2 
2.3 

141 

141 
133 
153 
167 
159 
165 
172 

2.8 

2.6 
2.4 
2.8 
3.0 
2.9 
3.1 
2.9 

0.01 157 2.8 

aDeterrnined by filtration techniques. 
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Table 2. 7. Rodioporticuiote Fallout - 196 

Averaged weekly from gummed paper data 
_I __I_ ...._. ._ _.__._I_ 

Number of P a r t i c l e s  by Activity Ranges Lona-Llved - ll_lll--- I__ Total  - 

Station Location Act ivi ty  <z lo5  105-106 106-107 > l o 7  Total 
(pc/cc) dis/24 hr dis/24 hr dis/24 hr dis/24 h r  N o. 

- _I__ ._ 
Laborotory Area 

HP-1 
HP-2 
HP-3 
HP-4 
HP-5 
HP-G 
NP-7 
WP-8  
HP-9 
HP-10 

s 3587 
N E  3025 
sw 1000 
W Settl ing Bas in  
E 2506 
SW 3027 
W 7001 
Rock Quarry 
N Bethel Valley Rd. 
W 2075 

15 

17 
1 5  
14 
14 
16 
1s 
17 
16 
15 

Average 

HP-31 Kerr  Hollow Gate 
HP-32 Midway Gate 
HP-33 Gallaher G a t e  
HP-34 White Wing Gate 
HP-35 Blair Gate 
HP-36 Turnpike Gate 
HP-37 Hickory Creek Bend 

Average 

HP-51 Norr is  Dam 
HP-52 Loudon Dam 
HP-53 Douglas Dam 
HP-54 Cherokee Darn 
HP-55 Watts B a r  Dam 
HP-56 Great Falls Dam 
HP-57 Dale Hollow Dam 

Average 

1s 

17 
16 
14 
18 
15 
16 
16 
16 
I. 

14 

1 3  
13 
14 
16 
14 
14 

79 
88 
83 
73 
86 

101 
89 
89 
88 

100 

88 

2.1 0.12 
2.3 0.04 
2.0 0*15 
2.3 0.08 
2. 0 0.08 
2.0 0.02 
2.4 0.02 
2.6 0.00 
2.9 0.06 
2.3 0.04 

2.4 0.06 
- __ - 

P e r i m e t e r  Area 

103 2.13 
99 2.6 
82 2.4 

104 2.2 
124 2.0 
109 3.5 

2.3 - 85 
_I-- 

101 2. s 

Remote Area 

86 

70 
77 
81 
81 
98 

90 

I 4 84 

0.13 
0.10 
0.10 
0.19 
0.06 
0.08 
0.04 
0.10 
__ 

2 2  0.12 
2.7 0.06 
2.7 0.06 
2.9 0.13 
2.2 0.14 
2.2 O*Oh 
2.0 0.08 

2.4 0.09 
__ .... -_ 

0.06 
0.06 
0.06 
0.04 
0.04 
0.02 
0.06 
0,08 
a12 
0.00 

81 
91 
86 
75 
91 

104 
92 
91 
91 

103 

Pa r t i c l e s  
per f t 2  

42 
49 
42 
48 
50 
b 1 
49 
46 
41 
55 

0.05 

0.10 
0.06 
0.00 
0.08 
0. ti4 
0.02 
0.08 
0. os 

0.04 
0.06 
0.08 
0.06 
0.08 
0.02 
0.06 

91 

105 
102 
85 

106 
126 
112 
87 

103 

89 
7 3  

80 
84 
83 

100 
98 

48 

47 
46 
42 
‘1 7 
50 
57 
4 7 
48 

___ 

36 
29 
35 
35 
37 

39 
33 

0.06 87 35 
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surrounding the s i t e  wil l  be  smal l  and s low (a few feet  per week)  and that  natural  chemical  fixation 
will reduce t h e  leve l  of the  act ivi ty  of mixed, nonvolat i le  f i ss ion  products by inore than 90%. 

ture  and relntively low in permeability.’ T h e  depth and exter is iveness  of the  formation provide a 
large capac i ty  for decontamination of any radioact ive liquid reaching it, and the  s l o w  rate  of perco- 
lation improves the  eff ic iency of the  decontamination by ion exchange and radioact ive decay .  How- 
ever ,  the  heterogeneity of t h e  formation makes i t  difficult t o  predict  t h e  patt.ern or ra te  of water  and 
radioactivity movement. Most of the  s e e p a g e  is a long  bedding p l a n e s  paral le l  to the  s t r ike,  T h e  
drainage pattern of Melton Valley i s  shown in Fig.  2,3,6. T h e  smaller  s t reams drai-ning Haw Ridge  
and Copper Ridge a l l  terminate i n  Melton Branch, which en ters  White Oak L a k e  af ter  merging with 
White Oak Creek, Several other  smaller  s t reams enter  White Oak Creek at different points  a long  t h e  
shorel ine,  All drainage from the  HFIR wil l  ultimately reach  White Oak Lake.  Release from this 
lake  is continuously monitored, so that  adequate  control of any re leased  material is possible .  
Drainage from the  I-IFIR s i t e  is in three direct ions.  The  two small  s t reams on  t h e  e a s t  and west  of 
the s i t e ,  as shown in Fig. 2.3.6, receive water  from sur face  runoff and roof drainage, ‘The s t ream to 
the e a s t  of the  s i t e  en ters  Melton Branch 300 H south of the  HFIK waste-retention ponds, T h e  
other s t ream enters  Melton Branch 1100 f t  w e s t  of the ponds. Ground contours and plant drainage 
el iminate  any poss ib le  flooding of t h e s e  ponds by storm water  drainage, as shown on Singmaster  
and Rreyer drawing No. 1546-05-U-7101, Area Utility P lan ,  South Par t ,  in Vol. 11. 

T h e  Conasauga s h a l e  formation is an ex tens ive  formation which is qui te  heterogeneous in s tn ic -  

Table X3.8. Concentration of Radioactive Mater ials in  Rainwater ._ 1962 

Averaged weekly by s t a t i o n s  

Stat ion 
No. Loca t ion  

Act ivi ty  in  Col lec ted  Rainwater  

(pc /cm 1 

HI’-7 

HP-3 1 
HP-32 
HP-33 
HD-31 
HP-35 
NP-36 
HP-37 

Average 

HP-51 
HP-52 
HP-53 
HP-54 
HP-55 
HP-56 
HP-57 

Lolora tcry  Area 

W 7001 

Nori i s  Dam 
Loudon Dam 
Douglas  Dam 
Cherokee Dam 
Watts Bar Dam 
Great  F a l l s  Darn 
Dale  Hollow D a m  

x 10-1’ 

10.3 

Perimeter A iecl 

Kerr Hollow G a t e  
Midway Gate  
Gal laher  Gate  
White Wing G a t e  
Bla i r  G a t e  
Turnpike Gate  
Hickory Creek  Rend 

Remote Area 

11 
12 
10 
11 
11 
10 

11  

11 

14 
11 
13 
11 
14 
16 
11 

13 Average 
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Table 2.3.9. Radioactive Content of Clinch River - 1962 

-.......-....._I_ .... ____ I_ ---- _I- -.--__I ... ....... .... 

( M P C ) ~ ~  Percent of 
Concentration of Nuclides of Primary Coricern in Average Concentration of 

Location _I ..... I_I ___ l lnits of lo-' pc/cm3 _I c_ Total Kadioactivity 10-6 pc,cD13 (MPC)w .... ....... ...... .......... 
S F Y O  Ce144 Cs137 Ru103-lU6 c05U ~ ~ 9 5 - ~ ~ 9 5  10-8 

. ......__I......._I. __i _li _L 
_... ___-.. ....... .. ....... ..... 

Mile 41.5 0.16 0.14 0.02 0.78 b 0.42 1.5 0.90 1.7 

21 0.18 0.09 34 4.6 7.4 M i l e  20.8' 0.15 0.02 0.09 

I6 0.32 0.54 17 3.5 4. Y M i l e  4.8 0.34 0.20 0.07 

II__~ ..-_ ....... __ __I _II ._ _I_ _l_--__l_----. ........ ....... 

"Weighted average calculated For the mixture, using (kIPC)w values fot specific radionuclides recommended in NB.3 Hanii6ook 6 %  

bNone detected. 

'Values given for this location a p e  calculated values based on the levels of waste released and the dilution afforded by the river. 

dCenter*s Ferry (near Kingston, Tenn., just above entry of the Emory River). 

Storm drainage will a l s o  be  discharged directly south into Melton Branch. Th i s  water originates 
from surface runoff and roof drainage of the south s ide  of the reactor and electrical building, It 
combines with the cooling tower blowdown and the flow from the process waste pond before dis- 
charging into Melton Branch through a connecting ditch. The  storm drainage system is based on a 
runoff coefficient of 30% for unpaved or seeded areas.  The high runoff coefficient applted to the 
unpaved areas  is justified by the highly impervious characterist ics of the soils,  

In addition t o  expected rainout of airborne waste,  there are other sources of contaminated ground- 
water flow from the HFIR. The  HFIR process waste systcm i s  designed to receive liquid was tes ,  
other than sanitary and storm system drainage, having s m a l l  amounts of radioactivity, Flow from the 
process waste system will normally be to a holdup pond which provides an opportunity for sampling 
as well a s  sett l ing and decay time for short half-life fission products, thus permitting the effluent 
to be discharged into Melton Branch. Process  waste which has  a significant level of contamination 
is automatically diverted to a second retention pond, from which it is pumped to  the ORNL liquid 
waste system for treatment and disposal. The  retention ponds are excavated in a sha le  area where 
seepage i s  not of importance because of the ion exchange properties of the shale,  The  ponds are 
not lined; however, the embankment s lopes  a re  stabil ized against  erosion with a layer of crushed 
stone, 

Cooling tower blowdown, approximately 240 gpm, wil l  normally bypass the process waste sys- 
t e m  through the storm and sanitary drain system to Melton Branch, The activity level of the blow- 
down is rnonitoted as it leaves  the cooling tower area, Should this activity exceed the low-level 
set point, the  flow will be diverted to the process waste system. 

T h e  intermediate leve l  waste (ILW) is stored in a 13,000-gal tank, from which it is pumped to 
the ORNL liquid waste system for treatment and disposal, 

Downstream from ORNL numerous u s e s  are made of the Clinch River water by both rnunicipali- 
t i e s  and industries, as shown in Table 2.3.10. The  first downriver water consutner is the K-25 
plant, whose water intake is located a t  river mile 14.4. Representative flows of the Clinch, Emory, 
and Tennessee Rivers a re  shown in Table 2.3.11. The  local flow pattern in the Watts Bar reservoir 
during the period May to  September is profoundly modified by the differences in  water temperature 
between the Clinch River and Watts Bar reservoir. When the Clinch River is considerably cooler, 
stratified flow conditions due to density differences may ex is t  (the cooler water flowing on the 
bottom beneath the warmer). This  phenomenon markedly affects the trave! t i m e  of water through the 
reservoir and complicates the  ana lys i s  of flow. In addition, during the period of stratified flow, 
s o m e  Clinch River water may flow up the Emory River a s  far as  the Harriman water plant intake. 
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There  is very l i t t l e  probability of groimdwater colltamination in areas removed froin the ORNL 
s i te .  There a re  no developed groundwater resources  in the  mea ,  due to the  fac t  that formations 
present  a re  for  the most part too impermeable to hold or transmit any s ignif icant  quantity of water, 

2.3.3 Seismology 

Information on the frequency and severi ty  of ear thquakes in  the  E a s t  T e n n e s s e e  area i s  reported 
in the  A R T  Hazards Summary Repor tO9 Earthquake forces  generally have  not been  eonsidered in  t h e  
design of fac i l i t i es  e i ther  at ORNL or by the  'Tennessee Valley Authority (I'VA) i n  t h i s  region. T h e  
Oak Ridge area  is currently c lass i f ied  by t h e  U, S. C o a s t  and  Geodet ic  Survey as subject to earlh- 
quakes  of intensi ty  6, measured on the  Modified Mercalli Intensi ty  Scale .  

of TVA indi- 
c a t e  tha t  such  ear thquakes as occasional ly  occur  i n  thc  East T e n n e s s e e  area a r e  qui te  common lo 
the  res t  of the world and are not indicat ive d undue s e i s m i c  activity. 

Both Lynch of the Fordham University P h y s i c s  Department and Moneymaker' 

_I_ ........ 

'W. €3. Cottrell e t  a]., Aircraf t  Reactor T e s t  H a z a r d s  Summary Xzport ,  ORNL-1835, pp. 78-79 (January 1955). 

"Letter f rom J. Lynch to M. Mann, Nov. 3.  1948, quoted i n  a report  on the S a f e t y  Aspects  of the Homogeneous  

"B. C:. Moncytuaker, to W, B. Cottrell, pr ivate  communication, Oct. 27. 1952. 

Reactor Experiment ,  ORNL-731 (Aug. 29, 1950). 

Table 23, lO.  Community Water Systems i n  rcnnossae Downstream from ORNL, Supplied by lntokes on the 

Cl inch and Tennessee Rivers or Tributariesa 

Community Population 
......... ............. ~ 

ORGDF (K-25 area) 2.678' 

Harrirnan 5.931' 

Kingston Steam P lan t  sood 

Kingston 2,000d 

Watts Bar Dam 1.000d 

(TVA) 

(Kesort village and 'I'VA steam p l a t )  

Dayton 3.500" 

Cleveland 16.19Gc 

Soddy 2,000d 

Chattanooga 130,009' 

South Pi t tshurg 4,130' 

Total  168,061 

Lntake Source 
Stream 

Approxinate 
Locat ion Remarks 

Clinch River  

Eiiiory R i se r  

Clinch River 

Tennessee  River 

Tennessee  River 

Richland C r r r k  

H i w s s s r e  River 

Tennessee  River 

Tennessee  River 

Tennessee River  

CR mile 14 

E R  mile 12  

CR mile 4.4 

TR mile 570 

TR mile 530 

RC mile 3 

KR mile 1 5  

TR mile 488  

TR niile 465 

T R  mile 435 

.. 

Industrial plant  water  system 

Mouth of Ernorv River  is a t  CR mile 4.4 

River  used  for supplementary supply 

Opposi te  TR mile 505 

Xouth of Iti*dusee River  is a t  TR mile 500 

Metropolitnn area served by City Water Company 

aEGCK Hazards Summary Report, ORO-586, Qct. 10, 1962. 
b. 

'1960 Report of U. S .  Bureau of the Census. 

d13ased on piil)lished 1957 estimates. 

t3as-d on M a y  1963 data. 
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Table 23.11. Flows in Clinch, Emory, and Tennessee Rivers, 1945-1951" 

Measured in cubic feet per second 

Clinch River Emory River Tennessee River ........................ ...... .............................. 
Miles 20.8 L l h 2  Mils 4.4' M i l e  12.8 Mile 529.9 Mile 465.3 _.__ I_ .............. 

W a x .  Mean Mill. Max. Mean Yin. Max. Mean Min. Max. Mean Min. Max. Mean Mia. 

Jatluaw 22.900 8.960 1620 70,700 14,400 2120 so.ooo #so 178 181.000 47.700 15.800 z i ~ o c m  63.900 

February 27.700 in,ioo 1230 88.800 is.800 2250 69,000 4550 468 204,000 50.800 17,900 19s.000 67,900 

March i z . 7 ~ 0  5,850 fiw 26.700 9.450 1830 15,400 m n  507 ioo,oon 32.400 13.300 i4ij,n00 44.200 

April 8.540 3,400 306 13.300 5.620 752 6,600 1800 249 43,700 23,800 5,200 82.000 27,700 

M W  8.080 2.7~0 29s 19.700 4,700 520 13.100 1610 58 ~8,300 20.000 3,000 9 5 . ~ 0  28.800 

June 7.420 2.820 214 g.280 3.320 zrjz 5.300 396 14 J 2 . m  i8.m 8.200 3z,~oo zs,snn 
July 7.630 2.930 as9 12.~00 3.400 281 9.230 360 21 87.~00 iq.6oo 6,500 io6,noo 26.400 

Allwst 8.390 4,520 374 8,760 4.800 378 3.060 177 4 (7.600 21.400 y.900 43.300 28,100 

September R.450 4.620 341 i3,ooo 4.940 462 5.500 224 2 39.900 22.200 6,900 54.400 30.100 

a t o b e r  9,200 5,130 i5nc i4.200 s , m  is# 5,040 93 1 67.100 23,500 9.~00 72.800 29.700 

November 12.700 4,430 453 40,500 5,830 556 27,800 1100 2 iz8.ono 25,401) 10,300 167.000 34,000 

December 27.000 8.360 569 6n.300 11,700 593 33,300 2720 2-2 iiz.oon 41.000 11,800 i ~ , o o o  53.600 

October 

Apr'rlld 6.600 9,730 2520 34,900 45.900 

May 

Septembere 3,530 4.230 55 3 ~0 ,400  27,800 
. . - ___.I 

"EGCR Wozards Sunlmaty Report. ORO-586 (Oct. 10. 1962). 
bFlows shown for Clmch River mde 4.4 mclcd.de Ernurg Rmur flows. 

L13y agreement with TVA. a flow of not less than 150 cfs h a s  been mamtained m the ClmLh River at Oak Rid@ ante Aug. 28. 1943. 
dNonstratified flow pemod. 
'Saatified flow p e r ~ o d  

23.200 

19,700 

19,500 

i3.2011 

17.900 

18.900 

15.400 

17.800 

17,100 

16,300 

13.600 

21.100 

An average of one  or two earthquakes a year occurs i n  the  Appalachian Valley from Chattanooga, 
Tennessee,  to Virginia according to TVA records, The  maximum intensity of any shock recorded is 
6 o n  the Woods-Neuman Scale. A quake of th i s  magnitude w a s  experienced in the Oak Ridge area on 
September 7, 1956, and was barely noticeable by either ambulatory or stationary individuals. Struc- 
tures were completely unaffected. Disturbances of th i s  type  a re  to be expected only once every few 
years in the  Oak Ridge area. 

magnitude of the observed quakes is approximately the same. Lynch indicates that "it is highly 
improbable that a major shock wil l  be felt in the area (Tennessee) for several  thousand years to come." 

The  Fordham University records indicate a quake frequency below that of TVA. However, the 





3. BUILDINGS 

3.1 Introduction 

Three principal buildings are located a t  the  reactor sire. These  are the reactor building, the 
office and maintenance (0 and M) building, and the electrical  building. Another large building, the 
Transuranium Processing Plant,  is approximately 250 ft north of the reactor building. In addition, 
severa l  small  buildings, including the  cooling tower equipment building and a shed  to house the 
s tack  fans,  a re  located nearby. The  area is suitably fenced and is a controlled-access area. The  
general layout is illustrated in Fig. 2.1.5 and the  frontispiece. Figures 3.1.1 and 3.1.2 iilustrate 
the equipment arrangement within the  reactor building. 

3.2 R e a c t o r  Bui ld ing  

The  reactor building contains approximately 57,200 ft2 of floor area and h a s  a total volume of 
approximately 1,329,000 f t ” ,  as determined by AEC criteria, 
ft a t  the ground floor and extends from an elevation of 793 ft a t  the subpile room floor to an  eleva- 
tion of 903 ft 9 in. at  the reactor bay roof. Construction conforms to the provisions of the South- 
ern Building Code’ and the applicable requirements of the National F i re  Protection Association, 

The  main portion of the reactor building is enclosed by a poured concrete envelope within 
which lie the reactor bay, experiment room, beam room, and the primary coolant loop. The  remainder 
of the building, which is located outs ide  the  envelope and on the north s ide  of i t ,  is constructed of 
concrete block, Since this wing contains the water treatment equipment and control room, i t  is re- 
ferred to as the “water and control wing” or simply the  “water wing,” The general arrangement is 
shown in F igs .  3.2.1 to  3.2.6. 

The  main building h a s  floors at elevations of 817  ft (ground floor), 833 ft  (first floor), and 851 
ft 2 in. (second floor). The second floor has  a high bay structure to  accommodate the  50-ton crane 
which serves  the reactor. The  reactor building i s  located on a slope between original ground ele- 
vations 850 and 820 ft, thus permitting truck a c c e s s  to each  of the  three major levels,  

third floor a t  elevation 865 ft 2 in. contains the reactor control room. 

It measures approximately 128 jc 160 

The  first three floors in the  water wing correspond to those  in the  main building; however, a 

3.3 E n v e l o p e  Construct ion a n d  Containment  

Those  portions of the reactor system which contain significant quantit ies of radioactive ma- 
terial  are enclosed within a reinforced concrete envelope capable of containing fission product re- 
leases. Specifically, the  envelope contains the reactor bay, experiment a reas ,  heat exchanger 
cells, and pipe tunnels, The major a reas  a re  isolated from each other and are ventilation-controlled 

‘“AEC Manudl of Instructions,” Chap. 6302, Subsection 17. 

”‘Southern Standard Bulldmg Code,” Southern Standard Building Code Congress ,  1960-61. 

3“Standards of the Nat iona l  Board 01 Fire Underwriters,” Nat iona l  Fire Protection Assoc ia t ion ,  pamphlets 
such as: 
and N S F U  13, June 61, Sprrnkler Systems.  

N B F U  72, June 60, Protectrvr SignnHlmg System; NBFU 14, Dct. 52, Sfandpipe  and Nose Systems; 

3- 1 
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to  reduce the poss ib le  spread  of contamination. Concrete  s u r f a c e s  have  smooth f in i shes  and are  
coa ted  ivith acid-resis tant  paint t o  fac i l i t a te  decontamination. 

thick reinforced concrete. T h e  wal l s  and  roof a r e  designed t o  withstand a n  internal  pressure  of 0.5 
ps i  above the  outs ide  pressure.  Jo in ts  a re  protected hy s tops .  Utility penetrat ions,  s u c h  as pipes ,  
conduits, and louvers, a re  s e a l e d  t o  t h e  eiivelope i n  s u c h  a way a s  t o  a l s o  withstand a differential 
presc;ure of 0.5 psi  around the  openings., Doors and dampers which will inaintain an internal  pres- 
s u r e  of 0.5 p s i  c a n  b e  instal led but a r e  not inc!uded in  t h e  present  ciesign. 

t h e  s ta i rways,  Doors 1-eading t o  the outs ide  or  to  a r e a s  external  to  t h e  containment a rea  a r e  fitted 
with door c l o s e r s  and a r e  weather-stripped to control leakage of air. T h e s e  doors wil l  b e  normally 
c losed  during reactor operation. 

room (see Fig. 3.2.6). T h i s  gallery is provided with fixed wiiidows i n  the wall of t h e  containment 
envelope which permit a view of the  ac t iv i t ies  in t h e  reactor hay. T h e s e  wirrdows a r e  also de- 
s igned t o  withstand a differential pressure of 0.5 psi .  

gency air  lock e x i t s  to the roof above the first-floor extension a t  the  southwes t  corner of t h e  rc- 
actor  bay. T h e  truck en t rance  on the  northeast  corner of the  reactor bay is an  air  lock des igned  to 
accommodate a 65-ft-long low-boy tractor-trailer, T h e s e  air  locks d o  not provide for absolu te  s e a l -  
ing hut  a r e  designed to e n s u r e  in-leakage of a i r  cons is ten t  with t h e  containmerrt requirements ( s e e  
Sec. 4). 

T h e  wal l s  of the main building a r e  of S-in.-thick reinforced concrete ,  and t h e  roof is of 5j/2-iRa- 

Separation between diEferent floors is provided by concre te  floor s l a b s  and by su i tab le  doors  a l  

An observat ion gallery, which overlooks t h e  reactor bay, is located j u s t  rouih of t h e  control 

An a i r  lock type of personriel en t iy  is provided a t  the  north wall of the  reactor bay. An erner- 

3.3.1 Reactor Bay (Second Floor, Main Building) 

T h e  main operating floor at e levat ion 851 f t  2 in. surrounds t h e  reactor pool (see Figs .  3.3.1, 
3.2.5, and 3.2.6). Immediately above is the  high bay a r e a  i n  which is located a 50-ton t ravel ing 
bridge crane. T h e  top of t h e  c rane  track is a t  e levat ion 889  ft 6 in., giving a n  8-ft 9-in, c learance  
below the  roof. Hook t ravel  ex tends  to  5 f t  9 in. from the north wall columtis, t o  8 ft 6 in. from t h e  
south  wall columns, and t o  9 ft 1 in. and 10 f t  6 in. from t h e  e a s t  and wesl wills respect ively.  The  
vertical. t ravel  of the  c r a n e  hook ex tends  from 37 ft above to 19 ft below the  851 f t  2 in. floor level ,  

on the  building a r e  des igned  to  withstand a l ive  load of 20 psf,  T h e  reactor bay roof i s  79 ft wide 
by 110 f t  long, 

equipment access ha tches  for t h e  primary pumps and h e a t  exchangers ,  s i x  chilled-water air-con- 
ditioning uni ts ,  and a s t a i n l e s s  s t e e l  decontamination pad. 'The area in t h e  northeast  corner be- 
tween column l ines  5 and 6 is reinforced to s e r v e  RS a loading area  for t rucks enter ing at  the a i r  
lock in  t h e  e a s t  wall, A %-ton truck load can  be  supported in th i s  area. 

T h e  decontamination s ta t ion  is located at t h e  northwest corner of the  reactor bay. T h i s  s ta -  
tion, which is provided primarily for decontamination of carr iers ,  i s  22 ft long  by 19 ft 6 in. wide. 
It c o n s i s t s  of a curbed s t a i n l e s s  s t e e l  drain pad with provis ions for temporary enclosure i f  required 
during decontamination operat ions.  T h e  pad is fabricated of 304 s t a i n l e s s  s t e e l ,  T h e  floor support- 
ing t h e  decontamination pad is designed to support  a load of 50 tons  on 9 eo2 

Elsewhere in the reactor bay t h e  reinforced concrete  s l a b  floor i s  designed for a l ive  load of 
500 psf  p lus  an addi t ional  l0-ton movable load on  6 f t2 .  F loors  a r e  level  and provided with floor 
drains ,  both near  t h e  columns and a t  the pool perimeter. 

'The area immediately ahove the pools  is open except  for t h e  three movable 18-ft-wide by 10-ft- 
long t ransparcnt  p l a s t i c  pool covers  and  the  personnel  bridge which t raverses  the  length of the  
pool. T h e  bridge moves on ra i ls  supported i n  t h e  pool s t ructure .  T h e  floor of the bridge i s  a t  e le -  
vatioir 851 f t  2 in., f lush  with t h e  second floor. T h e  floor west of the reactor pool h a s  a r e c e s s e d  
a r e a  t o  accommodate o n c  half of the  pool cover. "rhis recess is covered with steel p la te  overlaid 

T h e  5'/-in.-thick roof s l a b  i s  covered by insulated,  built-up roofing, T h i s  roof and the  o thers  

Loca ted  in t h e  reactor bay a r e  the  personnel  bridge spanning  the rcactor and s torage  pools, 
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with vinyl-asbestos tile, Removable sec t ions  of the s t e e l  plate provide access to an experiment 
facility hatch. The  water leve l  of the pool is normally a t  elevation 848 ft ,  approximately 3 ft be- 
low the  floor of the personnel bridge and the  reactor bay floor. 

Entrance into the  area is provided through a personnel decontamination room which a l so  se rves  
a s  an  a i r  lock. It is located i n  t h e  north wall between column l ines  E and F. Two emergency p e r -  
sonnel ex i t s ,  which are normally closed during reactor operation, open into the corridor behind the  
north wall. An emergency-exit personnel air  lock leading to the roof of the first floor i s  located in 
the southwest corner. A door is provided from th is  roof into the water wing, 

3.3.2 Experiment Room (First Floor, Main Building) 

Space is provided for experimental work in the experiment room located at  elevation 833 ft t o  
the west and south of the  reactor pool structure directly below the main opcrating area (see Figs ,  
3.3.2, 3-3.3, 3.2.2). The ground and first  floors are extended 17 ft to the west and 15 ft to the 
south to  provide this additional working space. 

and the  vertical access holes to  the shutter region o f  the beam holes terminate in the experiment 
room. This shown in F ig .  3 . 3 . 3  
t ial ly,  so the a c c e s s  penetrations w e r e  blanked off and shielded. Vertical a c c e s s  holes to  the 
beam tube shutter region are shielded, when not in u s e ,  by concrete plugs encased in carbon s t ee l  
and by s tacked  concrete block Blanked-off 2-in pool water inlet snd return l ines  and an interme- 
diate-level-waste tap  a re  provided a t  se rv ice  s ta t ions  adjacent to the s lan t  tube locations. Process  
waste floor drains are a l so  provided at these  locations. The  primary coolant flow, temperature, and 
pressure monitoring devices  a re  located in  th i s  room and extend along the west wall adjacent t o  the  
primary pump and heat exchanger cells. Also located i n  tho experiment room is the hot-water-in- 
jection system for tes t ing  the hea t  power temperature sensors .  

column lines A and 13 which permits access to the first floor of the water wing. The  stairway lo- 
cated in the  south wall between column l ines  E and F allows access to the ground floor, In addi- 
tion, there is a 10-ft truck door opening to the outside located in the wes t  wall between column 
lines 8 and 9. A personnel door IS located directly south of th i s  truck door, Although these  doors 
into the experiment toom are equipped with c losers  and are normally closed when the  reactor 1s 
operating, they may be u s e d  during operation. 

Exposed structural s t e e l  is used for framing the reactor bay floor (the experiment room ceil ing) 
and the experiment room floor. This  wi l l  facil i tate future programs by making it possible to readily 
attach experimental equipment to  the structural members in the experiment room. 

the removable shielding blocks located around the pool wall  are borne by the concrete beam hole 
shieId below. 

T h e  oblique experiment facil i t ies which penetrate the biological shield around the  reactor pool 

It was  not planned to install  the s lan t  experiment tubes Ini- 

The  experiment room may be entered through a personnel door located in the north wall between 

Floors in the  experiment room are designed to withstand l ive  loads of 750 psf, Static loads from 

3.3.3 Beam Room (Ground Floor, Reactor Building) 

T h e  beam room i s  located on the ground floor of the reactor building at elevation 817 ft and 
immediately beneath the  experiment room (scc Figs. 3.3.4 and 3.2.5). This  a rea  contains the ports 
for the  horizontal beam tubes and thus is located approximately on the  s a m e  level as  the reactor 
core. The  general arrangement of these  experiment facil i t ies is shown in Fig. 3.3.5. 

ments. It is arranged to permit the future construction of a 400-m flight tube beyond the face of the 
building wall. A 48-in.-diam concrete pipe, which will enc lose  the flight tube, is installed on the 
west s ide  of the building. It extends from the building wall to the HFIR perimeter fence. 

The  radial beam tube, oriented in the eas t -wes t  direction, provides for time-of-flight experi- 



E a c h  beam hole  is designed to b e  equipped with a barrel shut te r  and a high-density-concrete 
beam hole  plug. R a i l s  covered with removable s t e e l  p la te  are provided at e a c h  port t o  facilitate 
movement of future beam hole  sh ie lds ,  During ini t ia l  operation without experiments, concre te  
blocks will be  placed in  the  beam hole  cavi ty .  A connection to  t h e  hot off-gas sys tem is provided 
at each  beam port. Appropriate s e r v i c e s  and u t i l i t i es  a rc  led direct ly  to  the  cavi ty  ad jacent  to t h e  
beam hole. 

s ta i rwel l  located on t h e  south wall between column l i n e s  E and F a l lows  access to the  f i r s t  floor. 
Direct access from outs ide  is provided by a IO-ft truck door and a personnel  door located in t h e  
south wall ad jacent  to  columri l ine  E, T h e  doors  in to  the  beam room, except  for the  truck door, a r e  
equipped with c l o s e r s  and a r e  normally c losed  w h e n  the reactor  i s  operating. They may, however, 
b e  used  during operation, 

Two equi-pment rooms located in the  southeas t  coiner  of the ground floor house  the pony motor 
bat ter ies  (see Sec. 10) and  a portion of the  e lec t r ica l  equipment. 

F loors  in the  beam room a r e  designed for a l ive load  of 2500 psf plus  rolling load capac i ty  ade-  
qua te  t o  handle  the  heavier  equipment such  as  the beam hole  shielding. T h e  al lowable floor load 
in t h e  equipment rooms is 200 psi .  Floor s l a b s  at ground leve l  are  underlain by a polyethylene 
s h e e t  vapor barrier. 

la t ion of experimental equipment. 

T h e  beam roOIi1 i s  normally entered from personnel  doors  lead ing  from tile v a t e r  wing, T h e  

As i n  t h e  case of the  experiment room, exposed s t ructural  s t e e l  framing fac i l i t a tes  the  ins ta l -  

3.3.4 Subpile Roam 

T h e  subpi le  room, located direct ly  beneath the reactor, h o u s e s  t h e  reactor control p la te  dr ive 
mechanisms and the  N monitoring sys tem.  T h e  arrangement and location can b e  s e e n  i n  F i g s .  
3 .2 .1  and 3.2.5.  A work platform is provided to fac i l i t a te  inspect ion and maintenance of t h e  equip-  
ment instal led in  t h i s  locat ion.  T h e  floor and wal l s  of the subpi le  room a r e  formed of I - f t - thick 
reinforced concrete .  A stai rway and equipment ha tch  from the  beam room provide access to the 
subpi le  room. 

Although t h e  subpi le  room may be entered during operation for inspect ion of equipment, the 
radiation background (-10 mr/hr) i s  higher than that  in  t h e  r e s t  of the  building. It will not b e  
continuously occupied while  t h e  reactor is operating. 

3.3.5 Primary Pump and Heat Exchanger Cel ls  

T h e  pumps and hea t  exchangers  for the reactor primary cool ing  sys tem are  located in four rec- 
tangular c e l l s  ( s e e  Fig. 6.2.4) ad jacent  to t h e  north wal l  of the  reactor pool. The  cells extend 
vertically from elevat ion ‘793 ft to  the  reactor bay floor a t  e levat ion 351 f t  2 in. T h e  pump bases 
are  located a t  e levat ion 826 ft. Three of t h e  cells have  a square  c r o s s  sec t ion  11 ft 6 in. on a 
s i d e  and the  fourth h a s  a c r o s s  sec t ion  of 11 ft 6 in. by 16 f t  x 9 in, In addition t o  t h e  h e a t  ex- 
changer  and pump,  t h e  larger ccll conta ins  the  flow measuring element  for the  secondary coolant. 
T h e  cells are  provided with floor drains a t  e leva t ions  793 and 826 ft. 

Personnel  a c c e s s  to each  of t h e s e  cells is provided from t h e  north s i d e  by means of sh ie lded  
labyrinths and rubber gasketed doors located a t  e levat ion 838 ft 4 in. ( s e e  F i g s .  3.2.2, 3.2.6, and 
4.22) .  T h e s e  doors  have  adjustable ,  gravity-operated backdraft dampers to  prevent reverse  airflow 
and t o  a s s i s t  in pressure control  of the cells. Platforms i n  t h e  cells at e leva t ions  826 and 809 ft 
are  reached by ladders  located i n  t h e  c e l l s ,  

A separa tc  hatch in  t h e  reactor bay floor is provided for e a c h  heat  exchanger  and e a c h  pump, 
T h e  h a t c h e s  a re  of reinforced concrete  5 ft 6 in. thick. T h e  hea t  exchanger  ha tches  measure 7 f t  
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2 in. by 6 ft 4 in, at the top and s t ep  down to 6 f t  2 in. by S f t  4 in, at the bottom. The pump 
hatches are S ft  11 in, square a t  the top and 4 ft 11 in. square at the bottom. 

ce l l s  a t  elevation 818 ft (see Fig. 3.2.1). 
The pipe tunnel containing the primary coolant l ines is located just  north of the heat exchanger 

3.4 Control and Water Wing 

The control and water wing is located jus t  north of the Itlain portion of the building outside of 
the poured concrete envelope. This  section of the building is of concrete k a m e  construction with 
concrete floors and roof, The exterior ~aalls are concrete block with wire reinforcelnerit In the 
horizontal joints, The  floors in this section of the building correspond in elevation to those within 
the main building. Xn addition, there is a third floor a t  elevation 865 ft 2 in, for the reactor control 
room, 

we11 emerges onto the roof above the third floor. A second stairwell is located in the southeast 
corner. The  elevator which serves  the four floors travels at 75 fpm uiider full load capacity of 
10,000 Ib. Overall dimensions of the elevator platform are 6 ft 9 In. by 7 ft. I t  is capable of carry- 
ing a concentrated rolling load o f  10,000 Lb on a dully with wheel spacing 4 ft wlde by 6 f t  wheel- 
base. The elevator 1s controlled by push buttons in the car. 

An elevator and stairwell  in the southwest corner provide access to all  four floors. The stair- 

3.4.1 Reactor Control Room and Amplifier and Relay Room 

The  control room is  located on the third floor at elevation 86s ft 2 in. Also located at this 
level are the observation gallery, two offices, toilet facilities, and rooms for parts and instrument 
storage. The general arrangement is shown in Fig. 3.4.1. A stairway between i h e  amplifier and 
relay room and control room is located at the center of the north wall. 

A 66-ft-long observation gallery extends along the south wall arid overlooks thta reactor bay. 
The fixed g l a s s  panels which penetrate the main building envelope are designed to withstand a 

differential pressure of 0.5 psi. The gallery i s  separated from the control room by a glass  wall 
panel, and control room operations can hc viewed from the observatory gallery. Visitor traffic is 
muted into the  building through the northwest door, Located on the f i r s t  floor of the  water wing, 
and up the west stairs or the  elevator to  the observation gallery. 

The  amplifier and relay mom,  which contains most of the  electronic equipment, relays, and 
recorders collecting information not requiring display in the control room, is located on the second 
floor at elevation 851 f t  2 in. directly beneath the control room, Also located a t  this elevation are 
the instrument-battery room, a health physics office, toilet facilities, and locker room. A personnel 
decontamination room extends into th i s  area on the south wall between column lines E and IF, This  
room, however, is within the  poured concrete envelope and serves  as the main personnel entrance 
to the  reactor bay. 

3.4.2 First-Floor Control and Water Wing 

At elevation 833 Ct the water wing widens to an  area measuring 127 ft by 82 Et. IIousud on th i s  
level (the first floor) are the heating and ventilating equipment, the pool equipment, the fire alarm 
equipment, and a number of plant uti l i t ies as shown in Fig. 3,4,2. Shielded cells for the p o l  
deaerator, the pool demineralizer, the pool coolant filter, and the primary coolant deaerator are lo- 
cated on this floor. Access to the primary pump and heat exchanger ce l l s  is a l so  provided in th i s  
a rea  via s ta i r s  to a platform located along the south wall, 
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3.4,3 Ground-Floor Control and Water Wing 

The primary and pool c leanup equipment c e l l s  cont inue clown t o  t h e  ground floor a t  e levat ion 
817 ft. T h i s  floor a l s o  conta ins  a large equipment a rea  a long  the  north end and a s taff  shop  and 
toi le t  fac i l i t i es  a t  t h e  soiithwiest corner ,as  shown i n  Fig.  3.4.3. A 14 Et by 8 f t  6 in. equipment- 
removal ha tch  ex tends  out from t h e  north w a l l  of t h e  building. A 7 4  6-in.-wide equipment-removal 
corridor ex tends  along the south wall of th i s  wing. 
t r ical  manhole a r e  provided a t  the east end of t h i s  corridor. 

A c c e s s e s  to  the  pipe tunnel  and to t h e  elec- 

3.5 Auxiliary Buildings 

3.5,l Electr ical  Building 

T h e  elert.rica1 building is of masonry construction with 3136 f t 2  of g r o s s  floor s p a c e  which con- 
t a i n s  a switchgear  battery room, two d i e s e l  generator rooins, and a high-voltage switchgear  room 
(see Fig. 3.5.1). 

tery room floor h a s  a vinyl coa t ing  on top of the concrete .  T h e  roof is made of 3411, light concre te  
covering Corrufomi roof decking. Walls a r e  %inemthick concre te  block. 

A roof fan vent i la tes  the  battery room and switchgear  area.  'Two louvered penthouses  a r e  pro- 
vided (one in  e a c h  d i e s e l  generator room) t o  exhaus t  cool ing air  pulled in through combination 
fixed and automatic louvers  by the d i e s e l  engines .  

T h e  floor i s  made of 6-in. s l a b  concre te  poured upon a b i n .  layer  of crushed s tone.  T h e  bat- 

An acid-proof sink and safe ty  shower a r e  provided i n  t h e  bat tery room. 

3.5.2 Cooling Tower Equipment lsildirig and Fan Shed 

T h e  cool ing tower equipment bui lding is of masonry construct ion with a to ta l  of 640 f t 2  of floor 
space .  T h e  floor plan is shown in Fig.  3,5.1. 
t r iea l  equipment, including t h e  cool ing  tower fan and pump controls. T h e  remaining a r e a  is ut i l ized 
by the cool ing tower spr inkler  sys tem dry-pipe valves ,  and by t h e  chemical  treatment equipment and 
chemical  s torage.  T h i s  inc ludes  dual  a c i d  metering pumps, an ac id  mixer, a chromate-phosphate 
mixing tank, and dual  chromate-phosphate metering pumps. T h e  roof of t h e  cool ing tower equipment 
building i s  constructed of lightweight concrete-,filled corrugated steel decking. 

the fan control instrumentation. It provides 1420 f t 2  of floor s p a c e  under a t t ans i te  roof. Provi- 
s ion  i s  made for shielding the hot off-gas  fans  and duc ts  to a height of 5 ft 8 in .  by s tacked  so l id  
concrete  block 2 f t  thick.  The  building is loca ted  jus t  southwest  of, and ad jacent  to ,  t h e  s t a c k .  

Of this ,  approximately 310 f t 2  i s  occupied by elm- 

T h e  fan s h e d  is an open, roofed s t ructure  except  for a 13- by 8-ft a r e a  which is enc losed  to house  

3 3 - 3  Office and Maintenance 

'The office and maintenance building, shown i n  Fig. 3.5.2, is a one-story masonry s t ructure ,  It 
is approximately 13,500 f t 2  i n  gross  area,  including 4200 f t 2  of shop  area.  T h e  off ice  block con- 
ta ins  21  offices, a conference room, a lunchroom with s p a c c  for vending machines ,  a locker rooiii, 
toi le t  faci l i t ies ,  and a building fac i l i t i es  room. 

Cool ing and hea t ing  systeiiis for a l l  air-conditioned rooms except  t h e  lunchroom c o n s i s t  of 
packaged fan co i l  u n i t s  with fresh-air intakes.  Approximately 75% of the a i r  is recirculated. T h e  
lunchroom is equipped with a self-contained package air-conditioning uni t  having a capac i ty  of 7 '4 
tons. 



AIR COWDITlONlNG 4. CONTAINMENT, VENTILATION, AND 

4.1 Introduction 

The a i r  and gas handling facil i t ies a t  IIFIR have been specifically designed to  minimize the 
spread of contamination inside and outside the building in the event of an accidental  release of 
activity and t o  provide maximum safety during normal operation. Two separa te  sys tems (Fig. 4.1.1) 
are provided for the disposal of gaseous waste: the spec ia l  building hot exhaust system (SBHE), 
which provides dynamic containment in the event of an  abnormal release of activity, and the hot 
off-gas system (HOG), which handles the  routine disposal of gaseous activity from the various 
system components. Certain areas,  such as the control room and offices which a re  normally clean 
areas,  a r e  isolated from the  other portions of the building and a re  served by a separate air- 
conditioning system. 

building which contain components capable of releasing significant quantities of activity. These  
a reas  include the piimary heat exchanger cells and pipe tunnel, the reactor bay, the primary 
coolant deaerator and demineralizer ce l l s ,  and the primary coolant demineralizer pump cell. 
Certain other a reas ,  including the beam room, experiment room, and the cells containing the pool 
cleanup equipment, are a l s o  served by the SBHE system because of the configuration of the 
building and convenience i n  locating the equipment. By maintaining appropriate pressure gradients, 
clean a i r  flows into the  a reas  served by the SBHE system, then through ducts to appropriate 
filtering equipment, and finally into the atmosphere from the  top of a 2 5 0 4  stack. 

Although the  HOG system is actually a gaseous-waste-disposal system, its description is 
included in th i s  section for convenience, because i t  is very similar t o  the  SBHE in arrangement, 
components, and  operation. An understanding of th i s  system will provide background information 
for the material presented in succeeding sections.  

accompany operations with radioactive material. It is connected directly t o  the components (de- 
aerators, demineralizers, etc) which release the gaseous activity. There a re  actually two such 
systems: the closed hot off-gas system (CHOG), which collects gas from components which may 
be  pressurized, and the open hot off-gas system (OHOG), which collects gas  only from unpres- 
surized components. Both the CHOG and OHOG systems discharge through fi l ters to the  stack. 

Both charcoal and absolute filters, designed to reduce the potential activity in the effluent 
streams to  tolerable discharge levels, are included in the filter assemblies of the SBHE and HOG 
systems. Silver-plated copper-mesh filters ate located j u s t  upsticam from the SBHE sild HOC; char- 
coal f i l ters .  The  primary purpose of these  si lver fi l ters is to retain the  bulk of the iodine, thus 
preventing an  excess ive  heat load in the charcoal. 

The  SBHE system is designed to provide a constant flow of air  through those portions of the 

The HOG system is designed to handle low-volume high-concentration re leases  which normally 

4.2 General Containment Philosophy 

The  general concept of dynamic containment has  been adequately described elsewhere. 
Briefly i t  cons is t s  in maintaining an inward leakage of a i r  into the contained region by creating 

‘F. T. Binford and T. €1. J. Burnett, A Method for !he Disposal  oi Volat i fe  Fission Products froni an 
Accident zn the ORR, ORNL-2086 (Aug. 2 ,  1956). 
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a partial vaculirn in that  region. The  a i r  exhaus ted  from the  contained region is decontaminated 
by su i tab le  f i l ter ing equipment and i s  discharged to the  atinosphere in a manner designed to cli- 
minate e x c e s s i v e  environmental pollution. 

internal a i r  movement. T h e  building as a vrhole is under dynamic containment. In addition, the  
flow of a i r  within t h e  building is a lways  f rom an area of low containination potential into a n  area 
of greater contamination potential. For convenience,  the  inovenent of a i r  wil l  b e  descr ibed in 
terms of pressure differentials; however, i t  should b e  clear ly  understood that  the  important para- 
meters are the direction and flow of the  air ,  not the  measured pressure different ia ls  which may 
or may not be  a true indication of flow. Moreover, it must be  realized that  leakage  - controlled 
leakage  of a i r  from outs ide the building and  from cer ta in  designated regions i n  the building i s  
necessary  if t h e  sys tem is to function properly. 

For containment purposes the building is divided into four major ventilation-control a r e a s  or 
zones  as follows 

Zone  1 opera tes  under s l igh t  posi t ive pressure with respect  t o  the  ambient a tmospheric  
pressure; i t  inc ludes  t h e  control rooms, off ices ,  and other faci l i t ies  which a r e  normally occupied 
and which contain no  s ignif icant  potential s o u r c e s  of act ivi ty .  Z o n e  1 includes the second and 
third floors of t h e  control and water wing. 

Zone 2 is a generally c lean  area but operates  at a sl ight ly  negat ive pressure (approximately 
-0.1 in. WG). It inc ludes  t h e  process  equipment rooms on the ground and f i rs t  floors of t h e  
water  wing. 

mary h e a t  exchanger  cells and the  pipe tunnel. It also includes those  portions of the  water  wing 
that  contain t h e  primary and pool c leanup ce l l s .  I t  is directly connected t o  the SRHE sys tem 
and  is designed t o  operate  a t  negat ive pressures  up to  0.3 in. WG. 

Z o n e  4 includes t h e  primary h e a t  exchanger  cells and the main pipe tunnel. It too is con- 
nected directly t o  t h e  SRHE sys tem and designed to operate  a t  p ressures  s l ight ly  lower than 
t h o s e  for zone  3. 

Two rooms i n  t h e  southeas t  corner of the  ground floor ( G I 2  and G-13, which contain elec- 
tr ical  equipment a n d  bat ter ies)  require ventilation only by siipp1.y and exhaus t  fans. They  a r e  
not considered t o  b e  within t h e  contained a r e a  and a r e  maintained at  approximately atmospheric  
pressure. 

large chilled-water air-conditioning unit which maintains a s l ight  posi t ive pressure with respect  
to  t h e  outs ide  atmosphere. 

Zone 2 h a s  i t s  own supply and exhaust  fans .  T h e  desired pressure i n  zone 2 is maintained 
by regulation of t h e  amount of a i r  suppl ied and control of leakage into ad jacent  z o n e s  3 and 4. 

T h e  negat ive pressure i n  zone 3 is maintained by t h e  operation of various individual supply 
dampers. A manually operated volume control damper located in  the main SBHE exhaus t  duct  is 
periodically ad jus ted  t o  maintain a fixed volume of exhaus t  air. The volume of intake a i r  
(controlled inward leakage) ,  which en ters  through t h e  fresh-air in takes  on the various air- 
conditioning uni ts ,  is controlled by pressure-regulated dampers to maintain t h e  required negat ive 
pressure in  the area.  T h e  fresh-air intake regulators a r e  electropneumatically controlled and wil l  
c l o s e  on e lec t r ic  o r  pneumatic failure. Duplication of equipment and automatic swi tch ing  upon a 
drop in airflow protect a g a i n s t  SBI-IE exhaus t  fan failure; shonld a l l  exhaus t  fans  fa i l ,  in ter locks 
wil l  s h u t  t h e  supply dampers  and deenergize the  supply fans  to prevent pressurizat ion of t h e  build- 
ing. By proper regulation of airflow, zones  3 and 4 a r e  kept  a t  the appropriate pressures  with re- 
s p e c t  to  zone  2. T h e  only zone  3 a r e a s  that  c a n  normally b e  occupied a r e  the reactor bay, beam 
room, and experiment room. Of these ,  t h e  reactor bay is the  m o s t  likely location for an act ivi ty  
re lease ,  and  the  containment philosophy is most rigidly appl ied here. Air locks  from t h e  bay a r e  
provided for all routinely used  personnel and vehicle  p a s s a g e s  t o  t h e  outs ide  or to t h e  water  wing. 

In t h e  FIFIR t h i s  concept  h a s  been appl ied and modified s l ight ly  t o  obtain bet ter  control of 

(F igs .  4.2.1 to 4.2.4): 

Z o n e  3 inc ludes  all the  a rea  ins ide  the main reactor building with the  except ion of the  pri- 

Zone 1 is self-contained from a ventilation and exhaus t  standpoint. It is equipped with a 
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It should be noted, however, that  one of the advantages of dynamic Containment is that i t  will pro- 
vide protection even i f  there is a large opening in the building. 

Containment for individual experiments in the experiment and beam rooms will be provided 
as  needed by small ventilated cells. Blanked-off SRHE connections a re  available for this pur- 
pose, Although these  rooms  are in zone 3,  their inclusion is primarily for convenience rather 
than because of a real containment requirement. 

clude the pressure difference between the reactor bay and the atmosphere outside the building, 
the pressure difference between the beam room and outside, the difference between the experi- 
ment room and outside, and fan operating information. 

Various system conditions are remotely indicated in the reactor control room. These  in- 

4.3 Air-conditioning Systems 

The  second and third floors of the control and water wing a t e  air Conditioned by a single, 
package type, multizone air-conditioning unit, designated AC-15. The unit is s ized  for approxi- 
mately 18,360 cfm. I t  cons is t s  of a fresh-air intake louver, replaceable a i r  filters, heating coils,  
chilled-water cooling coils, a slow-speed centrifugal fan, and hot and cold deck dampers. 
Pneumatic controls a re  used to automatically regulate the zone temperatures and humidity. Up 
t o  9865 c f m  may be  recirculated. The areas  served are maintained a t  a slight positive pressure 
with respect to the reactor bay. The  conditioned a i r  supply is conveyed throughout the area by 
ducts to a system of diffusers in order to provide even distribution. The  AC-15 unit is located in 
room 101 at the northwest corner of the first floor of the water wing. 

conditioning units requiring a minimum of distribution duct work. Equipment cells, such  a s  those 
containing the demineralizers, depend upon cool air  from the surrounding corridors fot cooling. 
Each heat exchanger cell h a s  three cooling units because of the larger heat load. The reactor 
bay is air conditioned by s i x  floor-mounted individual package units. Two of  these draw fresh 
air  from outside the building through intake louvers and prefilters. The other four units reclrculate 
air and have no fresh-air intakes, and units a re  equipped with individual filter chambers con- 
taining banks of prefilters and absolute filters. The  filter chambers are of galvanized shee t  metal 
with a l l  joints sealed airtight. Access doors are provided through which the filters can  be sprayed 
with a particle-confining coating aiid removed. No special  shielding is required. Pressure- 
differential gages are mounted on thc chambers to  indicate the condition of the filters. These 
units are s ized  to handle a total of 38,400 cfm, of which approximately 26,400 c f m  is recirculated. 
The  remaining 12,000 c f m  is removed by the SBIIE system. 

Air conditioning in the experiment and beam rooms is handled in a similar fashion by package 
units: one fresh ouiside air  unit i n  each room, four recirculating units in the experiment room, 
and two recirculating units in the beam room. The experiment room units a re  s ized  to handle a 
total  of 32,400 cfm, with 26,400 cfm being recirculated. The beam room units handle 19,200 cfm, 
with a recirculation of 13,200 cfm.  The  SBHE system removes approximately 6000 cfm from each 
of these  rooms. 

has  a capacity of 4 x lo6  Btu/hr. The  heat collected is dumped to the secondary coolant system 
(see Sec. 6) through the chiller located in room 101. Low-pressure (15 psi)  steam for the air- 
conditioning units is obtained by pressure reduction from the 125-psi s t e a m  supply. Work areas  
where spec ia l  heating is required a re  supplied with unit heaters employing heating coil-fan com- 
binations. Semi-isolated stairwells, vestibules, offices, etc., ate provided with steam-heated 
finned-tube radiators. 

The  zone 3 areas (teactor bay, beam room, and experiment room) utilize small packaged air- 

Chilled water ai. 40°F is supplied to the various air-conditioning units by a large unit which 
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Although iiraintained at a posi t ive pressure  with respec t  to t h e  main reactor building and t h e  

(see 
sh ie lded  portions of t h e  water  wing, portions of zone  2 (including the  electr ical ,  mechanical, and 
process  equipment rooms) are vent i la ted by a sys tem which u s e s  100% outs ide  a i r  supply 
Fig. 4.4.1). Exhaus t  f a n s  d ischarge  approximately 18,500 c f m  direct ly  t o  t h e  atmosphere from the 
water  wing. T h e  ventilation sys tem for the  e lec t r ica l  equipinent and battery rooms G-12 and 6-13 
is a packaged hea t ing  and vent i la t ing uni t  cons is t ing  of a fresh-air intake- louver, replaceable  
filter, hea t ing  coi l ,  and a s l o w s p e e d  fan. Approximately 5000 c f m  of a i r  is exhausted fronl t h e s e  
rooms direct ly  to the  atmosphere. ’l’hese rooms,  originally intended t o  house  lead-acid bat ter ies  
( s ince  replaced by nickel-cadmium batteries), a r e  considercd to be  outs ide  t h e  containmerit. 

4.5 Special Building Waf Exhaust System (SBHE) 

T h e  SBHE sys tem is a maxiinuin reliability sys tem which provides secondary containnlent to 
prevent t h e  uncontrolled re lease  to  the atmosphere of airborne act ivi ty  from t h e  primary coolant  
sys tem or from f u e l  or other  components s tored  i n  t h e  reactor pool. It also provides secondary 
protection for the experiment and beam roonis. 

T h e  sys tem h a s  two main branches which discharge into the 250-ft s tack .  Each  branch coti- 
ta ins  a f i l ter  sys tem designed to remove par t iculate  and gaseous  contaminants  (see Fig.  4.5.1). 

One of t h e s e  branches serves the reactor hay arid the primary coolant  h e a t  exchanger  cells. 
T h i s  header  is embedded in t h e  concrete  building s t ruc ture  for shielding.  T h e  other bianch ex- 
haus ts  a i r  from the  beam room, experiment room, pipe tunnel, and the  sh ie lded  equipnrent rooms 
which house  the  c leanup equipment in the  water  wing. The arrangement crf the  SBME ducts  i s  
shown in Fig.  1.5.2. 

T h e  duc ts  for the  reactor bay system ate embeddedin the  concrete  a t  t h e  periphery of the pool 
wal ls .  They  a r e  provided with inlet  reg is te rs  immediately above the pool scuppers .  Air i s  drawn 
into some of t h e s e  regis ters  from the  reactor bay through a n  aperture in  the reactor pool cover. 
(Fig. 5.5.1). T h e  duc ts  a r e  s i z e d  and  are controlled by a manual damper t o  remove a minimum 
of 5000 c f m  of air from under the  pool cover, corresponding t o  a minimum flow veloci ty  of 100 
fpm through the  50-ft2 pool cover  aperture. T h e  movable reactor pool cover  is so arranged that  
during fuel handl ing manipulations in the reactor pool, the  aperture wil l  move with the  bridge 
and s t i l l  l e a v e  t h e  reactor  pool coversd.  ‘The remainder of the  peripheral duct draws approxi- 
mately 6000 cfm of reactor bay air over t h e  s u r f a c e  of the c lean  pools and the  c r i t i ca l  pool. 
T h e  defect ive element  fue l  s torage  tanks  a r e  continuously vented into the pools ide SWIIE 
duct  above  pool water  level. T h e  sorith portion of the  duct  se rv ing  the c lean  pools may be  c l o s e d  
with a manual damper to permit t h e  diversion of part of the reactor bay exhaus t  capaci ty  to  the 
h e a t  exchanger  ce l l s .  In th i s  fashion a flow of a i r  from t h e  bay into the  c e l l s  is assured  during 
maintenance operat ions which require one of the Ireat exchanger cell sh ie ld ing  plugs to  be  
removed. 

A header  from t h e  pools ide SBHE branch s e r v e s  t o  exhaus t  1000 c f m  direct ly  from t h e  north- 
w e s t  cornei  of t h e  bay  ad jacent  t o  the  decontamination pad. Another header  s e r v e s  the  four pri- 
mary h e a t  exchanger  cells, with a total  flow of 2300 cfm.  T h e  main reactor bay branch is run 
within t h e  pool s t ructure  below the  beam room, w e s t  out of the reactor building, and then north to 
t h e  e a s t  sec t ion  of t h c S B I E  filter pit. 

T h e  second main branch of the  SSHE system, which is not shielded,  runs paral le l  to the 
f i r s t  branch under t h e  beam room floor and t o  the  filter pit. It s e r v e s  the  experiment room, beam 
room, and  the  sh ie lded  equipment a reas .  Approximately 6000 c f m  is drawn from the beam room, 
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including 500 c f m  from the subpile room. An additional 6000 c fm is exhausted from the experi- 
ment room, and 2300 cfm from the equipment cells in the water wing. 

The  pool peripheral exhaust duct and inlets, the exhaust from the pump and exchanger cells,  
the ductwork embedded in the pool structure, and all  other ducts embedded i n  concrete are con- 
structed of welded type 304 s ta in less  s tee l .  The pool concrete structure contains supplementary 
shielding where required to compensate for the concrete displaced by the ductwork. All  this 
ductwork was pressure tested to  assure airtightness before it was ernbedded in the concrete. 
Exposed ductwork is galvanized shee t  iron in accordance with standard sheet-metal duct con- 
struction. All  joints a re  sea led  airtight. 

Ductwork laid underneath soil bearing floor-slabs or buried i n  earth outside of the reactor 
building structure is constructed of extra-strong Transite pipe joined with a gastight sea l ing  
compound. The  Trarisite pipe is coated with two-ply tar and felt  to prevent water seepage  
into the ducts. A chevron-type baffle is installed at the filter pit to remove entrained water 
from the air  to protect the filters. 

4.6 Hot Off-Gas Systems (HOG) 

The HOG systems collect  and decontaminate gaseous effluent from various vesse ls ,  lines, 
and other equipment. They also serve local areas into which highly concentrated radioactive 
gases may b e  discharged. T h e  decontaminated gases  are then relebsed through the SRHE filter 
to the 250-ft stack. Two systems are provided: the closed hot off-gas system (CHOG), connected 
to components from which the gases  may escape  under pressure; and the open hot off-gas system 
(OHOG), connected to unpressurized equipment (see Fig. 4.6.1). The CWOG and OHOG systems 
are each  constructed of type 304L s ta in less  s tee l ,  sched-5 pipe except where heavier gage pipe 
was required for embedment. Piping within the pool structure h a s  additional shielding where 
necessary to compensate for the  concrete removed to allow pipe space .  Embedded pipe is 
pressure tested before concrete is poured to assure  an airtight system. 

4.6.1 Closed Hot Off-Gas System (CHOG) 

The @HOG system services those components which may become pressurized, initially the 
primary coolant and pool deaerators. Stations designed for future connections to the CHOG 
system ari: located in the experiment room on the shield wall above each beam tube a c c e s s  and 
a l s o  high on the shield wall to permit connection to pool experiments through s l eeves  in  the 
pool structure. 

to  the CWOG section of the filter pit. Those ducts located in occupied areas are shielded by 
the  equivalent of 1 i n .  of lead. The system is sized to handle up to 500 cfm, with in le t  pres- 
sures  of -30 in. WG with any four of the functional connections in use. 

The  CWOG ducts which originate a t  the collection points run to a commor, header arid thence 

4.6.2 Open Hot Off-Gas System (OHOG) 

The OHOG system serv ices  those connections which cannot be pressurized, and a l s o  vents 
the intermediate-level-waste system. The following components are directly served by the OIIOG 
s y s  tem: 

1. 
2. 
3 .  
4. 
5. 

primary coolant demineralizers and filters, 
primary coolant head tank, 
pool coolant demineralizers and filters, 
pool coolant filter, 
pool surge tank. 
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In addition, va lve  s t a t i o n s  permitting future access t o  the OHQG sys tem a r e  provided in  the  
following locat ions:  

1. in t h e  experiment room on t h e  sh ie ld  wal l  ad jacent  t o  each  engineering faci l i ty  a c c e s s ,  
2. in the  experiment room high 011 the sh ie ld  wal l  t o  permit connection to  pool experiments  

through s l e e v e s  i n  t h e  pool structure, 
3. a t  each  of t h e  beam hole  ports in  the beam room, 
4. in the  floor of the  reactor bay (two f lush connect ions,  onenorth and one south near  t h e  

pool rim), 
5. on t h e  wal l  of t h e  reactor bay ad jacent  t o  t h e  decontamination pad. 

Ductiiork for t h e  OHOG sys tem runs separa te ly  from the CHOG duct. In occupied a r c a s  i t  also 
i s  sh ie lded  by t h e  equivalent  of 1 in. of lead.  L i k e  the CHOG sys tem,  the OHOG sys tem is 
s i z e d  t o  col lect  SO0 c f m  with in le t  pressures  of .---30 in. WG wben any four of t h e  functional con- 
nec t ions  a r e  in  use.  

4.7 Filteis and Exhaust Equipment 

Air f rom the  SBHE and the  two HOG s y s t e m  is led from the  various headers  to s e p a r a t e  
underground f i l ter  p i t s  which contain both absolu te  and charcoal  f i l ters  ( s e e  Fig.  4.7.1). After 
p a s s i n g  through the  f i l ters ,  the  a i r  i s  monitored and forced rip a 250-it s t a c k  so  that  any  residual 
act ivi ty  is d iss ipa ted  by dispeis ion,  diffusion, and decay .  Separate  filter banks  and fans are 
provided for e a c h  of t h e  three s y s t e m s ;  however, t h e  two HOG s y s t e m s  d ischarge  through a corn- 
inon header  t o  the suc t ion  s i d e  of t h e  SBIPE filters. Backdraft dampers on e a c h  fan prevent re- 
circulation. 

T h e  filter pit, which includes s e p a r a t e  s e c t i o n s  for e a c h  system, is a n  outdoor, below-grade, 
waterproofed: concrete  s t ructure  designed to  withstand pressure d i f fe rences  between -i-Q.5 ps i  
and --57 in. WG. At grade leve l  t h e  SBHE sys tem is sh ie lded  with 2 ft of concre te  a n d  the  HOG 
sec t ion  with 4 f t  of concrete .  Removable concrete  plugs permit a c c e s s  t o  the  f i l ters .  To 
fac i l i t a te  decontamination: the ins ide  of the  pi ts  is painted with a smooth protective coa t ing  
which prevents radioact ive material from soaking  into the  concrete. 

4.7.1 SBME F i l t e r s  and Fans 

T h e  SIME sec t ion  of t h e  filter pit contains  three filter c e l l s  in parallel. Each  branch of the  
sys tem is served  by a s e p a r a t e  cel l .  T h e  third (central) c e l l  s e r v e s  an a standby which c a n  be  
put into s e i v i c e  on ei ther  branch without necess i ta t ing  a plant shutdown. A diagram of the  s y s -  
tem is shown in F ig .  4.7.2, 

array; (2) a 3 x 4 bank of 12 glass-fiber absolu te  f i l ters ;  ( 3 )  a s i lver  plated copper mesh f i l ter ;  (4) 
two 3 x 4 banks of 12 charcoal  absorption units, now 11; in. thick; arid (5) a 3 x 4 bank of ab- 
so lu te  f i l ters .  'The filter sys tem i s  designed to remove 99.97% of t h e  par t iculate  matter greater 
than 0.3 p and to  remove more than 99.99% of the  elemental  iodine and more than 99.5% of 
methyl iodide. 

T h e  f i l ter  pit is  designed for a filter-removal method i n  which the f i l ters  a r e  withdrawn into 
lead  sh ie ld ing  c a s k s .  After removal of t h e  concrete  access plugs, the  c a s k  is placed over t h e  
opening. Wedging devices  which seal the  filter to t h e  filter frames are removed remotely. F u l l  
sys tem airflow during filter changes is maintained by diverting the flow t o  the s tandby ce l l .  

T h e  f i l ter  frames a r e  of corrosion-protected carbon s t e e l .  Drainage and condensa te  from all  
low points  i n  t h e  exhaus t  duc ts  and  the  filter pit a r e  col lected and drained by gravity t o  the  
process-waste-disposal  sys%em. 

from the  SBHE fi l ters  t o  t h e  s tack .  T h e s e  areof carbon s t e e l  construction with s c r o l l s  and 
wheels  painted with corrosion-resistant paint. 

Each  filter ce l l  conta ins  an assembly of  (1) a bank of 12 glass-fiber prefilters mounted i n  a 3 x 4 

Three  28,600-cfm exhaus t  fans  driven by 75-bp squirrel-cage induction motors convey the a i r  

Normally only fan 3 i s  operated, with t h e  other  

1 I 

\ 
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two in standby, The  single duct from the SBHE section of the filter pit is sp l i t  to supply the 
tans.  Each standby fan is fed from a different generator in  the normal-emergency power system 
to provide reliability during a normal-power outage. The automatic changeover from the operating 
fan to a standby fan i s  actuated by airflow switches which detect malfunction of the operating 
unit. Once a fan is started,  i t  can only be shut down manually. Backflotv through a standby fan 
is prevented by a gravity damper. 

Pitot  flow elements are installed in the SBHE ducts upstream of the filter pits to  monitor 
flows. These  flow signals are transmitted to,  and displayed in, the control room. On a signifi- 
can t  loss of flow, the standby fans are automatically started; 011 a further loss of flom, the air- 
conditioning intake fans are stopped. The  fan outlet duct and the s tack  are monitored for radio- 
active material which h a s  escaped the filters; however, high s tack  activity will not cause  auto- 
m a t i c  shutdown of the s y s t e m  fans. 

4.7.2 HOG Fans and F i l t e r s  

The filters for the  c1-10~ and OHOG systems are located in a section of the filter pit sep- 
arated from the SBHE filters by a concrete wall. Three filter cells (see Fig. 4.7.3) a re  used: 
one  for the CHOG system, one for the OHOG system, and a canmon standby for use  during filter 
changes. The  filter arrangement in each cell cons is t s  of a glass-fiber prefilter, an absolute 
filter, a silver-plated copper-wool filter, two charcoal absorbers in series,  and a final 
absolute filter (now identical to SBHE filters except for overall dimensions). All exposed metal 
in the ce l l  is s ta in less  steel. 

Changeover to  the standby cell is accomplished by means of externally operated manual 
dampers. The filters may be changed, without interrupting plant operation, in a manner s i m i l a r  
to that described for the SBHE system. Air  from the HOG systems enters the f iker  pit through 
two ducts,  one  for each  system. These  may be suitably dampered to permit full system airflow 

Four identical 500-cfm exhaust fans  driven by 7 1/2-hp squirrel-cage induction motors a re  
\ duting a filter change. 

provided for off-gas service. Each system is equipped with two fans, one of which is normally 
operating while t he  other is in standby. The outlet ducts from the  filters arc? sp l i t  to  permit 
automatic fan changeover. One fan from each  system is connected to normal-emergency power 
system No. 1, and the other two are  connected to normal-emergency power system No. 2 .  
Pressure  controllers ere used to detect malfunction of the normally operating fan and to s ta r t  the 
standby fan. The fan  changeover is actuated automatically; but, once started,  a fan must be 
manually shut down. Gravity dampers prevent backflow through the standby unit. Various 
system parameters are displayed i n  the control room. 

to provide an added measure of decontamination. 

c 

'I'he common exhaust header for the HOG fans is returned to the inlet of the SBHE filter pits 

4.8 Gaseous Waste Stock 

The  HFIK stack is a free-standing, reinforced concrete stack lined with acid-resistant 
brick. T h e  connecting breeching to the exhaust fans i s  constructed of carbon s t ee l  plate 
painted with corrosion-resistant paint. The s t ack  is 250 f t  high with its discharge at eleva- 
tion 1085 ft. The  inside diameter at the top of the s tack  is 5 ft;  the inside diameter at the 
base  is 1 0  ft  9 in. 

The s tack  provides for 30,000-cfm exhaust capacity and has an additional capacity of 30,000 
cfm to handle TRU requirements. It was  designed t o  discharge 60,000 c f m  at 130°F. Under de- 
s ign  conditions the discharge velocity is h,3050 fpm. With only the --30,000-cfm 1IFIR load, 
the discharge velocity is 1525 fpm. Provisions are made for sampling gas and measuring flow 
in the main ducts and in the s t ack  itsetf. Installed radioactivity monitors continuously indicate 
the amount of activity discharged to the atmosphere. Detectors include P-y and u particulate 
monitors, an inert-gas monitor, and a n  iodine monitor on t R e  s t ack  and a 8 - y  particulate monitor 
in the HFIR s t ack  breeching. 
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An open-shed-type s t ructure  near the b a s e  of the  s t a c k  provides weather piotection for t h e  
fans,  and a smal l  enclosure in t h i s  s h e d  h o u s e s  the  instrimentation. 

4.9 Exhaust systems lnstiumenratiafl snd Control 

It is necessary  that  t h e s e  exhaus t  s y s t e m s  retain a high degree of reliability even under 
abnormal conditions. Therefore, considerable  effort h a s  been experided to provide adequate  
instrurrientatioii and control and to ensure  the  avai labi l i ty  of power t o  dr ive t h e  fan motors. 
‘The normal-emergency e lec t r ica l  suppl ies  a r e  descr ibed in  some de ta i l  in  Sec. 10.1; and,  in 
t h e  following descr ipt ions,  s o m e  familiarity with t h e s e  s y s t e m s  is assumed.  Additional in- 
formation concerning radioactivity monitoring may b e  found in Sec .  8.7. 

4.9.1 SBHE Instrumentation and Control 
E a c h  of the SBI-IE standby exhaus t  fans  ( F N  1 and 2) is provided with a n  “on-off-standby” 

se lec tor  swi tch  located a t  t h e  fans.  In normal operation fan SBHE-3 opera tes  cont inuously and 
is provided only with a loca l  “on-off” switch.  Indicating l ights  on the panel  board, operated 
by motor contac ts  and the s tandby swi tch ,  provide information concerning the  condition of the 
fans.  

Twelve airflow monitoring swi tches ,  s i x  in  each  of the  main branches of t h e  SWXlE sys tem 
upstream of the  f i l ter  pit, provide two-stage a l a r m  and  control ac t ion  (see Fig.  4.9.1). A drop 
in  airflow t c  <85% of normal in  e i ther  branch wil l  c a u s e  a flow swi tch  in that  branch t o  oper? 
and ac tua te  a v isua l  and audib le  alarm in t h e  control room. A drop in airflow io <80% of normal 
in  e i ther  duc t  wil l  c a u s e  one or more of four swi tches ,  two i n  e a c h  branch, t o  open, T h i s  con- 
di t ion s t a r t s  a s tandby fan and sounds  a n  alarm in the  control room. A further d e c r e a s e  of 
flow t o  <75% of normal will c a u s e  one or more  of four other  s w i t c h e s ,  two ia each branch, to 
open. T h i s  condition s h u t s  down t h e  air-conditioning uni ts  which draw f r e sh  a i r  into t h e  zone 
3 containment a reas .  When normal flow i s  restored,  the  air-conditioning uni t s  wil l  res ta r t  auto-  
matically. T h e s e  control c i rcu i t s  a r e  designed so that  a loss i n  control power or the opening 
of a relay co i l  will s imula te  a loss of  airflow. A gravity relief damper (BDD) in the  freshlair  
intake unit wil l  s t a r t  to open a t  a pressure of -0.4 in. WG t o  provide protection a g a i n s t  ex- 
c e s s i v e  negat ive pressures .  N o  coincidence c i rcu i t s  a r e  used  in  t h e s e  flow swi tches ;  any  one  
of the  swi tches  can  c a u s e  a n  alarm, a s tandby fan star tup,  or a n  air-conditioning unit shutdown. 
T h e  operating condi t ions and frinctions of t h e s e  pressure s w i t c h e s  are l i s ted  in T a b l e  1.9.1. 

T h e  SBHXI: fans  FN-1 and F’N-2 are connected to iiomal-emergency power s y s t e m s  No. 2 and 
No. 1 respectively. T h e  circui ts  a r e  arranged so tha t  t h e  s t a c k  fans  receive high priority on 
both emergency d i e s e l  generators. SBlJE fan  SEFIE-3 i s  connected to normal. power. 

the outs ide atmosphere is given a t  t h e  gaseous-waste-system panel  board in  the  control room.  
T h i s  is obtained from three pressure gages (Table  4.9.2) which monitor the  experiment room, 
beam room, and the  reactor  bay. T h e  nominal differential pressure is  -0.3 in. WG. Because 
neither the  beam room nor the  experiment room a r e  provided with a i r  locks,  it is expected tha t  
the differential pressure in t h e s e  rooms wi l l  f luctuate  t o  a greater extent  than t h a t  i n  the  re- 
actor  bay. Modulating dampers a r e  provided in the  fresh-air in takes  to minimize t h e  fluctua- 
tions. T h e  reactor bay i s  provided with air-lock entrarices for both personnel  and motorized 
equipment. T h e s e  a r e  not true air locks,  s u c h  a s  those  found in “ s t a t i c  containmeiit2’ s y s t e m s ,  
but a r e  s m a l l  antechambers  which s e r v e  a s imilar  purpose. A visua l  and audible  alarm is given 
i n  t h e  control room should the different ia l  pressure in  the reactor bay fa l l  below -0.10 in. WG. 

Four pitot tubes,  two in each  branch, a r e  provided to monitor the  flow through t h e  SHIlE 
system; they a l s o  provide the  airflow s i g n a l s  which operate  t h e  twelve flow-monitoring swi tches .  
T h e  flow indicators  a r e  located on the gaseous-waste-system panel  in the control room. 

A continuous display of t h e  different ia l  pressure between the  zone 3 containment a r e a s  and  
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Table 4.9.1. SBHE Pressure Switch Data 
II_ _- ___I._. - ~ -  _.__I-- -__- 

Duct Normal Setpoint 
Location messureu Pressurea Type of Action Switch No. 

__... - . ..- -__._I_ - - . ~  - 
PS-914B and 904R Eas t  0.55 0.375 (857'4 f l o V J )  Alarm 

PS-913B and 903B West 0.55 0.375 (8SX flow) Alarm 

PS-914.41 and Y04A1 East 0.5s 0.30 (80% flow) Starts standby fan and alarms 

PS-Yl3Al and Y03A1 W e s t  0.55 0.30 (80% f l o ~ )  Starts standby fan and alarms 

PS-914AL and 901A2 East 0.55 0.375 (75% flow) Shuts down AC unl t s  2,  5. 10, 

dnd 14 

PS-913A2 and 903A2 West 0.55 0.275 (75% flo'H) Shuts down AC units 2, 5, 10, 
and 14 

"Indicates velocity head 111 Inches of H,O. 

Table 4.9.2, Differential Pressure Gage Data 

Normal  Pressure 
Alarm Setpoint 

(in. WG) 
Gage Ne. Arra Monitored Readitig 

(m. WG) 

PdI-900 Reactot bay 0.30 0.10 

PdI-901 Beam room 0.30 Nolie 

PdI-902 Experiment room 0.30 Nene 
-__ - -- _____l __I._ ______ ____I_ l_ll_ - -- - -- 

4.9.2 HOG Instrumentation and Control 

The instrumentation for the HOG systems (Fig. 4.9.2) IS quite similar to  that utilized by 
the SBHE; however, s t a t i c  vacuum is monitored instead of flow. The  fan controls a re  s i m i l a r  
t o  those in the SBIIE. The  CHOG instruments and controls are identical to the OI-fOG instru- 
ments and controls except that the setpoints a re  different. 

The  CHOG fans FN-3 and FN-4 are each provided with an "on-off standby" switch a t  the 
fans. Normally one fan is running while the other is on standby, Indicating l ights on the  panel 
board indicate the condition of each  fan. 

play in the control room, provide alarm and standby fan startup signals. A drop in  the  CIIOG 
vacuum on the inlet side of the filters (from -48 to -43 in. WG) will cause  an alarm in the  con- 
trol room. The loss of vacuum may be due  tu fan fa i lure  or filter plugging. Should it be due  to 
fan failure, a pressure switch located in the fan in1c.t will be  affected by the loss ot v x u u m  and 
will actuate a relay, start ing the standby fan. An a l a r m  is also given in  the control room. The 
fan vacuum is displayed at the fan house, and the fan running lights will indicate in the  control 
room which of the two conditions has  occurred. A similar pair of switches in the OIIQG system 
controls fans FN-5 .ind FN-6; only the setpoints may differ. The  pressure switches in the HOG 
system are listed in Table  4.9.3. 

T w o  electropneumatic pressure sensors in the CHOG duct, which transmit a signal for dis- 



4- 10 

Table 4.9.3. HOG Pressure  Switch Data 

Swiich Duct  
Vacuum (in, WG) 

Normal Setpoint 
Act ion 

PS-905-1 OHOG (inlet to  f i l ter)  -48 -4 3 Alarm 

PS-915-1 OHOG (inlet to  fan) -51 - 4 1  Alarm, s tandby fan  s t a r t s  

PS-306-1 CiloG (inlet t o  f i l ter)  -48 -43 Alarm 

PS-926-1 CMOC (inlet  to fan) -54 -4 1 Alarm, standby fan  s t a r t s  

N o  other s y s t e m s  are affected by t h e s e  low vacuum alarm a n d  fan s t a r t u p  sigmals.  J u s t  a s  
in  the SBHE sys tem,  the  s w i t c h e s  and i e l a y s  are des igned  to “fail safe” on loss of control  power 
or  relay failure.  

The CHOG fan FN-3 and  OHOG fan FN-5 a r e  connec ted  t o  normal-emergericy power s y s t e m  
No. 2; CMOG fan FN-4 and O H 0 6  fan FN-6 are connected  to normal-emergency power s y s t e m  No. 
1. A s  in t h e  case of the  SBHE fans,  the  HOG fans  rece ive  high priority on both emergency d i e s e l  
generators.  



5. REACTOR AND EXPERIMENTAL FACILITIES 

5.1 Introduction 

The prime purpose of the HF1R is to establish,  within a limited volume, an unperturbed thermal- 
annually. neutron flux of 5 x 10 ‘s neutrons cm- 

Analysis of the  transplutonium production schemes ’ and design studies 2 , 3  led to the conclusion 
that this could be accomplished, within the scope of existing technology, with a light-water flux- 
trap type of reactor fueled with uranium highly enriched in U 235 and reflected by beryllium The  
reactor power level was established a t  100 Mw by a combination of economic considerations and 
flux requirements. The  s i z e  and configuration of the core were determined by nuclear and heat- 
removal optimization studies.  These ,  together with thermal and hydraulic considerations, determine 
the power density to be achieved 

The  reactor core, shown in Fig.  5.1.1, cons is t s  of four concentric regions, each approximately 
2 ft high The  central region, often called the “island,” has  the highest thermal-neutron flux and 
constitutes the flux trap. The  island is approximately 5 in in diameter and will contain the P u 2 4 2  
target, which is in the form of a bundle of rods. 

5 in. and an outside diameter of approximately 17 ‘/R in. It cons i s t s  of two cylindrical fuel elements 
containing initially 9 4 kg of U 2 j S  contained in  vertically oriented curved plates. To minimize the 
radial peak-to-average power density ratio, the fuel concentration is radially graded. To further 
flatten the power distribution and aid in reactor control, the inner element typically contains 2.8 g 

of B io .  
The  control region, with control plates in the form of two thin poison-bearing concentric cylin- 

ders, is located between the outer fuel element and the beryllium reflector. Each cylinder contains 
an axially varied poison to minimize the axal  value of the peak-to-average power density ratio 
throughout t he  core lifetime. 

The reflector region is a concentric ring of beryllium reflector approximately 1 ft thick 
in turn, i s  reflected by water of effectively infinite thickness. Water above and below the core 
serves a s  an end reflector. 

addition to the flux trap. These  include two horizontal beam tubes,  one  extending radially and the 
other tangentially from within the  beryllium reflector; a horizontal tangential beam tube which passes  
completely through the reflector; four s lan t  access facil i t ies to t h e  outside edge of the reflector; and 
38 vertical ho les  in the reflector. Various thimbles and access facil i t ies for nuclear instrumentation 
penetrate the reactor vesse l .  

water which, under normal conditions, is pumped through the system at the rate of about 16,000 

sec- ’ for producing milligram quantities of Cf 2 s  

The  fuel region, located immediately outside the island, h a s  an inside diameter of approximately 

This,  

To increase the usefulness of the reactor, certain experimental facil i t ies have been provided in 

The reactor core is contained in an 8-ft-diam pressure vesse l .  It i s  cooled by demineralized 

J. A. Lane et fit., High Flux Isotope Reactor Preliminary Design Study, OKNL-CF-59-2-65 (Mar. 20. 

2R. D. Cheverton, H F I R  Preliminary Physics Report, ORNL-3006 (Oct. 4, 1960). 

3N. Hilvety and T. 6. Chapman. ‘‘Thermal Design of the HFTR Fuel Element,” in Research Reacfor Fuel 
Element Conference, September 17-1 9 ,  1962, Gaffinburg, Tennessee.  TID-7642, Book 1. 

1 

1959). 
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gpm. 'This coiresponds to  a veloci ty  of 51 f p s  through the fuel region and 40 fps  through t h e  target  
array. T h e  pressure v e s s e l  is loca ted  in a pool of water (Fig. 3 1 . 1 )  18 ft i n  diameter and  36 ft 
deep. T h i s  water s e r v e s  a s  a biological sh ie ld  and also provides  a c c e s s  t o  t h e  reactor. T h e  
reactor pool is connected to a rectangular s torage  pool 41 $2 ft long,  20 ft deep,  and 18 ft wide. T h e  
general arrangement of  the reactor components i s  shown in F i g s .  5.1.2 and 5.1.3,  with a de ta i led  
assembly shown in Fig.  5.1 .4 .  

5.2 Core Components 

T h e  reactor core  coinponents, which include the  target  array, fuel  e lements ,  control p l a t e s ,  and 
beryllium reflector, a re  contained in  t h e  reactor v e s s e l .  They  a r e  supported on two concentr ic  
cyl inders  (Fig. 5 . 3 .  l ) ,  ca l led  pedes ta l s ,  which are bol ted to  a cyl indrical  member cal led t h e  fuel  
and reflector support s l e e v e  assembly.  T h i s  is in turn bol ted t o  t h e  lower part of t h e  pressure  
vesse l .  A pair of cyl indrical  shrouds  extend above the  top sur face  of the  fuel e lement .  These 
shrouds e n c l o s e  the  upper par t  of t h e  control cyl inders .  T h i s  p r o v i d s  t h e  required coolant  flow 
charac te r i s t ics  and pro tec ts  the  coritrol cyl inders  from the turbulence of t h e  v e s s e l  inlet  coolant  
stream. 

5.2.1 Target Assembly 

T h e  target assembly,  shown in F i g .  5 .2 .1 ,  i s  located iii the  i s l a n d  and. conta ins  the  P u  2 4  

target material. It c o n s i s t s  of 30 rods (?8 in. OD) s p a c e d  i n  a triangular pattern. T h e  rods contain 
pellets fabricated from a mixture of PuOZ and aluminurn powder. T h e  p e l l e t s  are then packed i n  
aluminum t u b e s  and capped,  and t h e  tubes  a re  co l lapsed  onto t h e  p e l l e t s  t o  provide good h e a t  
transfer. Appropriate l e a k  t e s t s  are appl ied to  e a c h  completed tube.  T h e  target t u b e s  a r e  centered 
ins ide  1/32-in. diameter circular shrouds,  thereby providing each  rod with i t s  own cool ing  channel .  
T h e  shrouds change to a 5/,-in. hexagonal s h a p e  n e a r  tho ripper end in  order io  provide for s p a c i n g  
and clamping. A typical  target rod i s  shown in Fig.  5.2.2. The  target holder s e r v e s  t o  securely 
hold t h e  array of target rods, to  accurately position t h e  assembly,  and to fac i l i t a te  removal and 
maintenance operat ions.  T h e  hydraulic tube is descr ibed in  Sec. 5.6.3. 

Optimization s t u d i e s '  indicate  that  a n  ini t ia l  charge of 310 g of P u ~ ~ ~ O ,  i s  desirable . ,  'I'his 
will resul t  in  a maximum heat-generation rate  in the  target of approximately 900 kw. T h e  array of 
rods provides adequate  h e a t  t ransfer  charac te r i s t ics  when positioned on a 5/-in. triangular pitch. 

A dcsign water  flow rate  of approximately '788 gpin i s  maintained through t h e  i s land  region of 
which 675 gpm flows around t h e  target rods, 'This flow corresponds to  a coolant  velocity of about  
40 f p s  in  the  target region and i s  more than suff ic ient  for adequate  hea t  removal, T h e  average heat  
flux at the  target  rod sur face  i s  ca lcu la ted4  to be  about 0.6 x l o 6  Btu f t -2  hr- ' .  T h i s  average oc- 
curs  during heat-generation peaks,  a s  i l lustrated in  Fig.  5.2.3. With a hot spot  h e a t  flux of 1 x 
l o 6  Htu ft-' hr-- '  and a 0.1-mil gas  gap between t h e  pel le t  and t h e  rod wall, the  internal tempera- 
t u r e  is not expected t o  exceed  900°F a t  the  900-kw heat-generation rate. 

Calculat ions indicate  t h a t  215 STP c m 3  of g a s  containiug 91.6% Xe, 6% He, and 2.4% Kr will be 
produced during a n  18-month irradiation of a target rod initially containing 10 g of P I I ~ ~ ~ O ,  with 1% 

and 1% P u Z 4 ' .  Approximately half th i s  volume would be produced in s l lbsequent  curium re- 
cyc le  rods, T h e  rods a re  designed with a 6.5-cm3 void to  accommodate the  g a s e o u s  f iss ion prod- 
ucts .  The target  tubes  have  suff ic ient  strength to  res i s t  t h e  1000 ps i  external  coolant  pressure  or 
the internal  pressure resul t ing from 100% f iss ion  gas evolution. 

imposed condi t ions,  exceed  0.005 in./yr. 
Corrosion s t u d i e s  indicate  tha t  t h e  corrosion ia te  of the  X-8001 alumilium will not, under the  

__- - _____~ 
4T. G. Chapman, ZFlR I'arget Deszgn Study, ORNL-TM-1084 (Sept. 3 ,  1965). 
'H. C. Claiborne and M. P. Lietzke, Calzforriiurn Productzon I I I  the Hzgh Flux I so tope  Reactor,  ORNL-CF- 

59-8-125 (August 1959). 
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5.2.2 Fuel Elements 

T h e  fuel region of t h e  HFIR,  shown i n  Fig.  5 . 2 . 4 ,  is composed of two concentr ic ,  cyl indrical  
fuel e lements  containing ver t ical ly  or iented curved p l a t e s  ex tending  i n  the  radial direction. T h e  
inner e lement ,  which c o n t a i n s  171 p l a t e s ,  is ini t ia l ly  loaded  with 2.6 k g  of U 2 3 5  and 2.8 g of B'O. 
T h e  inner  diameter  is 5.067 in , and t h e  outer  diameter is 10.590 in.  The outer  e lement  conta ins  
369 p l a t e s  and ini t ia l ly  c o n t a i n s  6.8 k g  of U235 but no butnable  poison.  Its inner  diameter  is 
11.250 in . ,  and t h e  outer  diameter  is 17.134 in. 

hermetically sealed between c o v e r s  of t y p e  6061 aluminum. T h e  fuel-bearing cermet js a mixture 
of U,O, and aluminum, approximately 30 wt % U,O, i n  t h e  case of t h e  inner  annulus  and 4 1  wt % 
U 0 i n  t h e  case of t h e  outer  annulus  
Ini t ia l ly  each inner  annulus  p l a t e  conta ins  15.18 g t 1.0% of U 2 3 5 ;  e a c h  outer  annulus  p l a t e  con- 
ta ins  18.44 g i 1% of U235. In addi t ion,  e a c h  inner annulus  p la te  ini t ia l ly  conta ins  0.0164 g of 
B'O. T h e  f inished p la tes  a r e  0.050 in. thick a n d  2 f t  long, with a nominal a c t i v e  length of 20 in. 
The t h i c k n e s s  of t h e  fue l  p la te  core  is 0.030 in., and t h e  cladding th ickness  is 0.010 in. T h e  
p la tes  are curved in  the  form of a n  involute  which provides a cons tan t  cool ing  channel  width be- 
tween p la tes ;  the  width is 0.050 in. Before bending, t h e  inner annulus  p la tes  a r e  approximately 
3.6 in. wide,  and the  outer annulus  p l a t e s  ate approximately 3.2 in. wide. T h e  fuel  cores are 
centered to  provide adequate  e d g e  cladding.  Both inner and outer p la tes  a r e  fas tened  between 
cyl indrical  aluminum s i d e  p la tes  by welding. 

p la te  is varied along the  arc of t h e  involute  curve.  T h e  E'' included in  t h e  inner p l a t e s  in  the 
form of B,C, is added to  a n  aluminum filler piece,  which together with the  fuel-hearing cermet  
makes up  a composite, rectangular fuel  p la te  core ,  a s  shown schematical ly  i n  F i g s .  5.2.S(a) and 

T h e  individual p l a t e s  a r e  of a sandwich-type construct ion composed of a fuel-bearing cermet  

Uranlum conta in ing  at least 93% U235 is u s e d  as  fue l .  
3 .a 

To minimize t h e  radial  peak-to-average power densi ty  ratio, the  fue l  sur face  dens i ty  in  e a c h  

(b). 

condi t ions,  flow through t h e  fuel is ,'-13,000 gpm, which corresponds to a veloci ty  of 51 Eps. 
T h e  c o r e  pressure  drop a t  t h i s  veloci ty  is "2110 p s i .  At  a to ta l  hea t  power of 100 Mw, t h e  
average h e a t  flux is 0.78 Y l o 6  Btu f t W 2  hr-', and t h e  ca lcu la ted  maximum hot spot  h e a t  flux is 
1.97 x l o 6  Btu ft-' hr- ' .  T h e  minimum incipient  boi l ing power leve l  under ant ic ipated condi- 
t ions - in le t  p ressure ,  600 psi ;  flow, 51 fps;  in le t  temperature, 120'F - is ca lcu la ted  t o  be  1 4 2  
Mw at t h e  beginning of t h e  operat ing cyc le .  T h e  pertinent thermal charac te r i s t ics  of the  core  a t  
d e s i g n  condi t ions a r e  given in Appendix A. 

A fue l  e lement  h a s  a typ ica l  l i fe t ime at 100 Mw of about  23 d a y s .  Under normal operating 

5.2.3 Beryllium Reflector 

T h e  fuel  region is radial ly  ref lected by a 1-ft-thick beryllium reflector. T h e  beryllium reflector, 
i n  which a r e  loca ted  t h e  experiment fac i l i t i es ,  is shown i n  F igs .  5.1.1, 5.2.6, and 5.2.7. T h e  inner 
portion of t h e  reflector is readi ly  removable t o  permit replacement, when necessary  due  to tadia-  
tion damage or o ther  c a u s e s ,  and  to a l low access to t h e  control  p l a t e  dr ives .  The reflector is 
water cooled; but i n  order t o  avoid e x c e s s  neutron absorpt ion,  t h e  volume of water in t h e  reflector 
is held  to t h e  minimum c o n s i s t e n t  with t h e  cool ing requirements. 

The inner  portion of t h e  ref lector  c o n s i s t s  of a 3.689-in.-thick beryllium sec t ion  composed of 
four concentr ic  cy l inders  with cool ing  water  flowing axial ly  between them. T h e  outer  par t  of t h e  
reflector is a n  8.37S-in.-thick beryllium annulus  provided with ax ia l  c i rcu lar  coolant  channels .  Three  
of t h e  four inner  cyl inders ,  c a l l e d  t h e  removable reflector, may b e  removed from the  reactor  as  a 
unit, t h u s  permitting access to t h e  control p l a t e  shock  absorbers ,  T h e  fourth cylinder, c a l l e d  the  
semipermanent reflector, is removed only when n e c e s s a r y  b e c a u s e  of radiation damage. 
p i e c e s  of the semipermanent  beryllium, ca l led  control  p l a t e  access plugs,  a re  e a s i l y  removable to 
faci l i ta te  access to t h e  control dr ives .  Although t h e  thick outer  annulus ,  called t h e  permanent re- 
flector, may b e  removed, it is ant ic ipated t h a t  t h i s  would b e  d o n e  very infrequently. 

Four small  



'To minimize t h e  chance ,  should t h e  beryllium crack ,  of interference with t h e  control p l a t e s  
which a r e  located between t h e  removable reflector and the fuel  region, a >,,-in.-thick aluminum 
liner covers  the  inner sur face  of t h e  removable beryllium. Coolant for t h e s e  reiilovable reflector 
cyl inders  i s  provided by water  flowing through &-in. ax ia l  grooves on t h e  sur faces  of t h e s e  
cyl inders .  A >l 6-in.-thick water  gap  between t h e  removable and semipermanent ref lectors  facili- 
t a t e s  removal and replacement of the removable reflector, furn ishes  cool ing,  and provides for ex- 
pansion of the removable reflector. Eight  '/,-in.-diam vert ical  irradiation fac i l i t i es  a r e  provided 
i n  t h e  middle reriiovable reflector cyl inder ,  and eight  others  a r e  located in t h e  removable control 
p la te  access plugs. They a r e  provided with beiyllium plugs which wil l  be  in  p lace  when the 
fac i l i t i es  a r e  not in  use.  

a r e  s p a c e d  on c i r c l e s  concentr ic  with t h e  reflector. 'There z re  f ive  s u c h  c i rc les ,  e a c h  containing 
80 cool ing holes ,  except  where t h e  coolan t  h o l e  pattern i s  intermpted by t h e  experimental  fac i l i t i es .  

'The permanent reflector i s  penetrated by 16 vert ical  1.58-in.-diarn and 6 ver t ical  2.83-in.-diam 
experimental fac i l i t i es  s imilar  t o  t h o s e  i n  t h e  removable reflector. 'l'wo 4 i n .  beam tubes  penetrate  
the permanent reflector and terminate in  the  semipermanent beryllium. One 4-in.-diam tangent ia l  
beam tube penet ra tes  all t h e  way through the  reflector assembly.  Four  s lan ted  grooves in  the  outer  
surface of t h e  reflector accommodate t h e  engineering t e s t  fac i l i t i es .  

T h e  perinanent reflector i s  cooled by water which f lows axially through %-in.-diam h o l e s  which 

5.2.4 Control Plates 

T h e  control p la tes  a re  located in  a 0.869-in.-thick annular region between t h e  outer  fuel e le-  
merit and t h e  removable beryllium. T h e  control p la tes  c o n s i s t  of two '/,-in.-thick concentr ic  cyl-  
inders. The  coolant  p a s s a g e s ,  l is ted radially outward, a re  0.104-in., 0.17Q-in., and 0.095-in. 
The coolant  water  velocity in  t h c  control region i s  about  16 fps. T h e  inner cyl inder ,  which i s  a 
s ingle  piece,  i s  used  both as  a shim and a regulat ing rod. T h e  outer cylinder i s  divided into four 
quadrants, each used  a s  a shim-safety rod and e a c h  having i t s  own drive rod and s c r a m  mechanism 
( s e e  Secs. 8.1 and 8.6 for complete  descr ipt ion of control action). T h e  general arrangement i s  
shown i n  F i g s .  5.1.1 and 5.2.8. 

trol p la tes  a re  moved ver t ical ly  between t h e  c o r e  and t h e  reflector. 
driven downward, thus  driving the  poison out of t h e  reactor  to i n c r e a s e  react ivi ty ,  while  the outer  
quadrants are driven upward out of t h e  reactor to i n c r e a s e  react ivi ty .  

In order t o  reduce ax ia l  var ia t ions in t h e  power djstribution and t o  prolong the l i fe  of the  con- 
trol e lements  the cyl inders  a re  divided in to  three longitudinal s e c t i o n s ,  e a c h  of which h a s  different 
neutron absorbing character is t ics .  'The lower sec t ion  of the  inner cylinder and  the  upper sec t ion  of 
the outer cylinder contain 33 vol % Eu,O, d i spersed  in  aluminum. T h e s e  s e c t i o n s  a r e  highly neil- 
tron absorbing and a r e  cal led t h e  black regions. T h e  cent ra l  sec t ion  of e a c h  p la te  conta ins  40 vol 
% tantalum dispersed i n  aluminum. They a r e  l e s s  absorbing than  t h e  Eu,O, s e c t i o n s  and  a r e  
cal led the gray regions. T h e  upper sec t ion  of t h e  inner cylinder and the lower sec t ion  of t h e  outer  
cylinder a re  made of aluminum and are  cal led the  white  regions. In normal operation cr i t ical i ty  i s  
achieved by driving in  unison the  inner cyl inder  down and the  outer quadrants  up. A s  shown in 
Fig.  5.2.9, the  two control cyl inders  a re  then gradiially withdrawn to compensate  for fuel  burnup 
throughout the  core life and are maintained symmetrical about t h e  core  midplane so as  to  maintain 
symmetry of the power densi ty  in  t h e  a x i a l  direction. A servo  control sys tem maintains  constant  
powcr by moving t h e  inner cylinder. 

In each  control element t h e  black region i s  22 in. long, "/, 6-in.-thick and i s  c lad  with %,-in.- 
thick aluminum. 'The gray regions a r e  5 in.  long and have t h e  s a m e  th ickness  of absorber  and 
cladding as  i s  the case in the  black region. T h e  white regions a re  of sol id  aluminum. In order t o  
balance the  hydrauljc forces ,  a large number of ?4-in. ho les  are drilled through t h e  white and the 
gray regions of the f ive control e lements .  Corrosion s tudies  indicate  tha t  e d g e  cladding around 
these  holes  i s  not necessary  in the  gray region. 

T h e  chain reaction is controlled by al ter ing t h e  eff ic iency of t h e  beryllium reflector a s  t h e  con- 
T h e  s ingle  inner cy l inde i  is 
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The  inner control cylinder h a s  an  outer radius of 8.921 in. and an inner radius of 8.671 in. The 
overall length i s  68% in. The  lower end of the  black region i s  14?1, in. above the  lower edge of 
the cylinder, and the  upper end of the  white region is 7 ",, in. below the  upper edge of the cylinder. 
The  outer control p la tes  have an outer radius of 9.300 in. and an  inner radius of 9.050 in, The ovet- 
all width of each  is 13'y/, in., and the  overall length is 66% in. T h e  upper end of the black region 
is 8 2  in. below the  upper end of t he  plate, and the lower end of the  white region is in. above 
the lower end of the plates.  

The  cylinder and p la tes  a re  driven from beneath the  reactor by drive rods which extend into the 
subpile room, where the  drive mechanisms are  located. These  mechanisms are  described in detail  
in Sec. 8. Guidance for each outer control plate is furnished by s i x  ball bearings. Four  bearings 
are attached to each  outer control plate, two a t  each end, and are  run in stationary tracks which ex- 
tend above and below the  core. The other two bearings are attached t o  the  lower track assembly 
and bear against  the control plate. The  inner control cylinder is guided by eight bearings, four of 
which are attached to  the track assemblies a t  each end of the reflector and extend through the 
s lo t s  between the four outer plates.  

5.3 Core Support and Assembly 

The reactor core is supported by pedes ta l s  which a re  fastened to the  bottom of the pressure 
vessel .  An exploded view of the  various components showing their  arrangement is shown in Fig. 
5.3.1. The  main support member i s  the  s t a in l e s s  s t ee l  fuel and reflector support and s l eeve  assem- 
bly whlch rests on the core support ring and extends into the lower tank extension (see Fig. 5.4.1). 
It is held in place by bolts and provides support for three pedestals,  which in turn support aiid 
guide the co te  components and track assemblies.  

The  reflector container and support pedestal  is a 6061 aluminum hollow cylinder approximately 
3'/L ft in  diameter by 292 f t  high. It is bolted to  the edge of the support assembly. The  reflector 
rests on top of t h i s  cylinder and is clamped between the  pedestal  and outer shroud by external t i e  
plates.  A second pedestal ,  the fuel  grid support pedestal ,  is also in  the  form of a hollow cylinder. 
It i s  located inside,  and concentric with, t he  reflector pedestal; it is bolted to the  center of the fuel 
and reflector support assembly and is slotted to accommodate the  inner control plate drive. Th i s  
pedestal  is approximately 1 ft 3 in. in  diameter and 3 f t  high. The  s t a in l e s s  steel fuel grid provides 
mounting surfaces for the  fuel elements. It r e s t s  on the fuel grid support pedestal. 

low the core region. 'The lower track assembly is supportcd by the fuel  and reflector support and 
is aligned by the track pedestal. The  upper track assembly is supported and aligned by the outer 
shroud. 

to protect the control cylinders from the high-velocity water, and to furnish support and alignment 
features for various components above the core. The outer shroud is clamped to  the reflector support 
pedestal. A 3-ft-long cylindrical extension surrounds the control region. The  lower portion serves  
as a flow-distributing plenum for the reflector. The  inner shroud is a l so  cylindrical and fi ts  over the 
outside edge  of the outer fuel element. It extends upward ins ide  the  control p la te  region. A 304L 
s ta in less  steel flange c loses  the  top between the  two shrouds. The  inner shroud is easily remov- 
able and must b e  lifted out to change fuel. To provide access to the control p la tes  and the remov- 
able beryllium, the  shroud flange must a l so  be removed. The  outer shroud may h e  removed but re- 
mains in  p lace  during all routine core manipulations. Suitable orifices in  the  shroud flange and 
between the  shroud flange and inner shtoud ensurc adequate cooling to the  reflector and control 
plate regions. The  outer shroud is fabricated of 6061 aluminum and the  inner shroud of type 347 
s t a in l e s s  steel. 

The  components are designed to withstand the applicable combination of loads, including a 
125-psi pressure drop, hydraulic loads,  dead weight, and any extra loads  resulting from control 
drive malfunction. iMechanica1 and thermal stresses have  been analyzed and found in  all cases to 
be  well within the elastic l i m i t s .  

is located in the  primary coolant loop at thc  point where the  loop branches to  form the  two inlet 
liiies to the reactor vesse l .  

The control element guidance system cons is t s  of two track assemblies;  one above and one be- 

Two concentric shrouds a re  located above the  core to provide proper distribution of coolant flow, 

To minimize the  probability of blocking the coolant channels in the  reactor core, a strainer 

The strainer, a multilayered s t a in l e s s  steel wire <:loth, is deslgned 
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to retain foreign o b j e c t s  larger  than 0.023 in. in  diameter. I t  is loca ted  i n  a spec ia l  spool  p i e c e  in  
the primary coolant  supply l i n e  within the reactor  pool. Vertical access to the  s t ra iner  baske t  is 
provided by means  of a quick-opening hatch. T h e  s t ra iner  is loca ted  suff ic ient ly  far below t h e  pool 
surface to  provide adequate  shielding.  

5.4 Reactor Pre5580re Vessel  

T h e  I-IFIH core is contained in  a 94-in.-ID pressure v e s s e l  constructed of carbon s t e e l  which is 
clad on both s i d e s  with aus ten i t ic  s t a i n l e s s  s t e e l .  T h e  general airangetnent i s  shown in Fig.  5.4 .1 .  
A s t a i n l e s s  s t e e l  extension is a t tached  to the lower end  of t h e  v e s s e l  to permit drive cod access to  
the core  through t h e  7-ft-thick subpi le  room cei l ing.  T h e  carbon s t e e l  v e s s e l  mall is 2'/8 in. thick. 
A minimum cladding th ickness  of '/8 in. i s  provided on t h e  ins ide ,  with a minimum of 0.1 in. on t h e  
outs ide.  T h e  mater ia ls  and construct ion a r e  descr ibed  in Appendix A.  

T h e  f la t  top head  of t h e  v e s s e l  i s  inade of 14-in.-thick carbon s t e e l  c lad  with s t a i n l e s s  s t e e l  
(F ig .  5.4.2). I t  is secured to the  v e s s e l  with bol t s  and s e a l e d  with a n  elastomer O-ring. A 30-in.- 
diaiii quick-opening access hatch h a s  been provided i n  the  head  for ease of access in routine opera- 
tion. I t  is designed with a breech lock type of c losure  and s e a l e d  with an elastomer O-ring pis ton 
seal. In t h e  center  of t h e  quick-opening hatch i s  a 12-in.-diarn target  access plug with a sheer -  
block type c losure  and  an e las tomer  O-ring pis ton s e a l .  

'The bottom head  for the  conirol p la te  dr ive rod access extension is a 6 '/,-in.-thick fiat bolted 
head with an elastomer O-ring seal (Fig.  5.4.3). All other  c l o s u r e s  a r e  s tandard ASA bolted f langed 
jo in ts  with metal l ic  riiig joint  seals. 

vided with 56 penetrat ions ('Table 5.4.1). 
Aside  from t h e  quidk-opening hatch and t h e  three water in le t  and e x i t  l ines ,  t h e  v e s s e l  i s  pro- 

Materials have  been spec i f ied  it1 accordance with the ASPAE P r e s s u r e  Vesse l  Code. To eljrninate 
corrosion caused  by n o m a 1  operation and by t h e  action of decontamination solut ions,  s t a i n l e s s  s t e e l  
h a s  been utilized for s u r f a c e s  exposed  to the  primary dnd pool water. 

Vesse l  Code and Nuclear  Code  C a s e s  1270N, 127bN, and 1273N. T h e  operating, design,  and t e s t  
condi t ions for the  v e s s e l  are: 

T h e  v e s s e l  h a s  b e r n  des igned  i n  accordance with Section VI11 of t h e  ASME Boiler  and P r e s s u r e  

Operating Design Tesll 

Temperature ( O F )  120 - 167 200 -7 5 

P r e s s u r e  (psig) 650 1000 1558 

Structural ana lys i s  h a s  been per fomid  by the methods descr ibed  in  t h e  Department of Comrnexe 
Bulletin, PI3 151987, "Tentat ive Structural Design B a s i s  for Reactor  P r e s s u r e  Vessels and Directly 
Associated Components," December 1958 revision. T h e  loading condi t ions evaluated and t h e  E- 
s u l t s  of t h e  a n a l y s i s  a re  given in  t h e  Allis-Chalmers Design Report for t h e  vesse l .  

T h e  v e s s e l  w a s  inspec ted  i n  accordance wiih the requirements of the ASME code  and Nuclear  
Code C a s e  1273N. Additional inspec t ions  performed inc lude  dye-penetrant and, as  appl icable ,  inag- 
net ic-par t ic le  inspect ion of a l l  welding, including overlay cladding,  both before and af ter  stress 
relief. Additional t e s t s  included impact  t e s t i n g  of ferritic mater ia ls  and ul t rasonic  t e s t i n g  of p la tes ,  
forgings, and other  v e s s e l  parts. To verify the  adequacy of t h e  v e s s e l ,  hydrostat ic  t e s t s  at 1550 
p s i g  and supplementary t e s t s  a t  1000 p s i g  following 17 c y c l e s  from atmospheric  pressure  t o  1000 
p s i g  were performed. Measurements were made of the top head bolt t e n s i l e  s t r e s s  under preload 
and a t  1550 and 1000 psig. 
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Tuble 5.4.1. Reoctor Pressure Vessel Penetrutions 

Nomenclature Number Size 
---___ --_1_ _._ __ - 

Cooling water inlet 

Cooling water exit 

Slant engineering facility 
penetration 

Ion chamber penetration 

Kabbit-hole penetration 

Radial horizontal beam tube 
penetration 

Tangential horizontal beam tube 
penetration 

Vertical experimental penetrationd 

Vent penetration 

Vertical experimental penetrationa 

Bottom head 

N l 6  and quadrant thermocouplex 

Fission chamber' 
b Drive rod shafts 

Top head 

Quick-opening hatcha 

Target access  plug' 

b 

2 

1 

4 

3 

8 

1 

3 

12 

1 

9 

1 

4 

3 

5 

1 

1 

1 

GO 

- 

16-in.-OD pipe 

18-in. -OD pipe 

6 in. 000 11, 
RJ flange 

4 m. 600 lb  
KJ flange 

3 in. 600 lb  

KJ flange 

14 in. 600 lb 
KJ flange 

8 in. 600 Ib 
RJ flange 

2 in. bo0 Ib 
RJ flange 

4 in. 600 lb 
RJ flange 

1 in. 600 lb 
RJ flange 

30-ui. flange 

1,080 in. d iam 

1.080 m. diam 

1.938 in. diam 

103 in. OD 

30 in. diam 

12 in. darn 

-- - - _I-.__- _-._I 

aLocated in top head. 
bLocated in bottom head. 
'Located in quick-openlng hatch. 

T h e  sizmg of nozzle openings and t h e  arrangement of t h e  water  annulus  outs ide  t h e  core have 
been f ixed to limit t h e  fast-neutron d o s e  to  t h e  p r e s s u r e  v e s s e l .  On t h i s  bas i s ,  v e s s e l  mater ia ls  
were used which a s s u r e  t h a t  t h e  nil duct i l i ty  temperature, a s  determined by Charpy V notch  impact 
tests, of any  portion o f  t h e  v e s s e l  will never  exceed +1WF af te r  20 yr. T h e  operat ing procedures 
require that t h e  v e s s e l  temperature  be maintained above  70°F whenever the s t r e s s  leve l  is more 
than SO00 ps i .  

As a further precaution, radiat ion damage is monitored by t h e  inser t ion of a number of actual  
pressure  vessel steel s a m p l e s  a t  loca t ions  corresponding to the a r e a s  of h ighes t  exposure. Spec- 
imens a r e  removed per iodical ly  and t e s t e d  for s t rength and notch toughness .  
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5.5 Pools 

The reactor v e s s e l  and t h e  s p e n t  fuel s torage fac i l i t i es  are located in a sys tem of water-filled 
pools  which furnish biological shielding,  and, in  t h e  case of the s p e n t  fuel  e lements ,  also provide 
a mechanism for removing h e a t  generated by t h e  decaying f iss ion products. T h e  B F I R  pool con- 
s i s t s  of four s e p a r a t e  compartments (see Fig.  3.1.1): 

1. A 36-ft-deep reactor  pool, t h e  lower portion of which i s  an 18-ft-diam by 16-ft-deep cylinder. 
T h e  upper portion is an 18-ft-wide by 20-ft-long rectangle. 

2. Two  20-ft-deep c lean  pools ,  e a c h  of which is 18 ft wide by 205' ft long. 

3. A 25-ft-deep by 8-ft-diam cr i t ical  pool for futrire use .  

T h e  reactor  pool conta ins  the  reactor vesse l ,  two defec t ive  fuel  e lement  s torage  tanks ,  and two 
normal spent  fuel  s torage  racks.  
( s e e  Sec. 11.6). 

l e s s  s tee l .  T h e  l ining on t h e  s i d e s  of the  c l e a n  pools ,  the  c r i t i ca l  pool, and t h e  rectangular portion 
of the  reactor  pools  is 1/4 in. thick. T h e  l ining on t h e  pool floors and t h e  wal l s  of the  cyl indrical  
sec t ion  of  t h e  reactor pool i s  $8 in. thick. T h e  reactor and c lean  pools  a r e  separa ted  by iemovahle 
aluminum gates  which a re  provided with h a t c h e s  near  t h e  bottom to fac i l i t a te  t h e  t ransfer  of s p e n t  
fuel e lements  between pools. A concrete  wal l ,  with a t ransfer  ha tch ,  s e p a r a t e s  the  c lean  pool and 
the  c r i t i ca l  facility pool. 

T h e  wal l s  of t h e  cyl indrical  sec t ion  of t h e  reactor pool (Fig.  3.2.5) a r e  of 12-ft-thick ordinary 
concrete. Four  beam tube  access h o l e s  penetrate  t h e  reactor  pool wall at elevat ion 820 f t  6 in.; 
and i n  these  regions the  wall i s  of high-density concrete  7 $2 f t  thick. Additional movable sh ie ld ing  
is provided, a s  required, around t h e s e  openings. 
(that sec t ion  above elevat ion 833 ft) ate of 3-ft-thick ordinary concrete .  Concrete  block, supported 
by t h e  12-ft-thick portion of t h e  wall, may b e  s tacked  aga ins t  t h e s e  wal l s  as required to sh ie ld  the 
vertical access fac i l i t i es  to t h e  beam t u b e s  and t h e  s l a n t  access penetrat ions to the pool. 'The 
floor of the  reactor  pool, which is a l s o  the  cei l ing of the  subpi le  room, is of high-density concre te  
and is 7 ft thick. 

T h e  south wall of t h e  c l e a n  pool is constnicted of Sift-thick ordinary concrete, and t h e  north 
wall, which a l s o  s e r v e s  as the  south  wal l  of t h e  h e a t  exchanger  cells, i s  4-ft-thick ordinary con- 
crete. T h e  wal l s  of the  cr i t ical  pool a r e  a l s o  of ordinary concre te  a miniinurn of 6 f t  thick,  with 
barytes  concrete  a t  t h e  leve l  of a future core. Except  for the  s ta i rwel l  l ead ing  to  t h e  subpi le  room, 
tho area under the c lean  pool and cr i t ical  pool is unexcavated.  
ordinary concrete;  t h e  floor of the  c lean  pool i s  3 f t  thick and the floor of t h e  cr i t ical  pool i s  2 f t  
thick. T h e  pool floor above t h e  s ta i rwel l  to t h e  subpi le  room i s  of high-density concre te  (1 f t  10 
in. thick) backed up by 14 in. of s t e e l  ariiior plate. 

Three  3-in.-diarii pipe s l e e v e s  through the  north wall of t h e  c l e a n  pool at e levat ion 837 f t  furnish 
access to three Qf the  h e a t  exchanger  ce l l s .  In addition to the  experiment fac i l i t i es  (see Sec. 5.6), 
six &in.-diarn p ipe  s l e e v e s  a t  e levat ion 8 4 1  ft permit access to t h e  reactor pool from the  experiment 
room. Four  similar s l e e v e s  a t  t h e  same elevat ion provide access to t h e  c lean  pools. When not i n  
u s e  t h e s e  s l e e v e s  are  c l o s e d  with blank f langes and are  shielded with bags  of shot. 

to the  concrete  by s t a i n l e s s  s t e e l  rods which a re  welded t o  t h e  underside of t h e  l iner  and vahich 
penetrate  the  concrete  walls. 
T h e s e  at tachments  se rve  the  double  purpose of holding the l iner  i n  p lace  and of providing conduct ing 
pa ths  for the removal of h e a t  generated by gamma-ray absorption in t h e  concrete .  

S ta in less  s t e e l  scuppers  a re  provided a long  t h e  inner  e d g e s  of t h e  pool a t  e levat ion 848 ft, which 
is 3 ft 2 in. below the reactor bay floor. 
vey t h e  overflow from t h e  pools  to t h e  pool cool ing system. T h i s  s m a l l ,  constant  flow prevents  d u s t  
from col lect ing on the pool surface.  

T h e  c lean  pools  contain t h e  long-term s p e n t  fuel s torage  fac i l i t i es  
T h e  cr i t ical  pool is designed to  accommodate a future H N K  cr i t ical  facility. 

T h e  pool wal l s  and floor a re  constructed of reinforced concre te  and a r e  l ined with type 304 s ta in-  

The  w a l l s  of t h e  rectangular sec t ion  of the  pool 

'The f loors  of t h e  pools  a r e  of 

The pool l iner  is fabricated of s t a i n l e s s  s t e e l  s h e e t s  welded together. T h e  wall l iner  is fas tened  

T h e  floor l iner  i s  plug welded t o  s t e e l  b a r s  s e t  i n  the  concre te  floor. 

T h e s e  scuppers ,  which a re  1.0 in. wide and 19 in. deep,  con- 
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5.5.1 P d  C O V ~ ~  and Personnel Bridge 

The personnel bridge spans  the pool from north to south (see Fig. 5.5.1). It is a 6-ft-wide 20-ft- 
long platform covered with vinyl asbes tos  t i l e  and surrounded by a suitable railing. The bridge i s  
mounted on wheels and is driven on a track in  the eas t -wes t  direction by a I-hp motor and gear 
train a t  a speed of 10 fpm. The  tracks extend the entire length of the pool, thus permitting the 
bridge to b e  positioned over any point in them. Although the bridge drive i s  designed to stop the 
movement within 2 to 4 in. after the power i s  switched off, a manual drive is provided to facil i tate 
accurate positioning. A small manually driven carriage mounted on tracks on the bridge permits 
accurate positioning of tools or equipment in the north-south direction. 

The  reactor pool is covered by '/2-in.-thick P lex ig lass  panels supported by aluminum beams to 
provide additional containment and protection (see Fig. 55.1). There ate two covers, each 19 ft 
7 in.  wide and 10 ft 4'4 in. long, separated by an aperture which extends across the pool under the 
personnel bridge. Air from the reactor bay is drawn through the aperture and into the special  
building hot exhaust (SOHE) system ducts  (see Sec. 4) which are located jus t  above the scuppers 
in the pool walls. In th i s  way any vapor or gas  originating in the pool is prevented from escaping 
into the reactor bay. 

covet itself is carried on a wheel-and-track arrangement. Two long p ins  operated from the bridge, 
one on the eas t  and one on the west s ide ,  engage i t  so that it will follow the bridge a s  it is moved 
during fuel handling. The reactor bay floor at the west end of the reactor pool is a s t ee l  plate 
supported on beams with sufficient room underneath to accommodate the west end of the cover, 
thus  permitting the aperture to traverse the  entire reactor pool. 

The  aperture i s  nominally 3 ft wide but i s  adjustable to  provide adequate air  velocity. The 

5.6 Experimental Facilities 

Although the primary purpose of the HFIR is the  production of transuranium elements, i t s  
usefulness is increased by a number of experimental facil i t ies which are located in, or terminate 
in, the reflector. These  include three horizontal beam tubes, four s lan t  access tubes called 
engineering facil i t ies,  and 38 vertical holes. 

5.6.1 Horizontal Beam Tubes 

'The reactor i s  provided with three nominally 4-in. -ID horizontal beam tube experimental facili- 
ties which extend outward from the  reactor core at the midpIane (elevation 820 ft 6 in.), a s  shown 
in Fig. 5.6.1. One beam tube, HB-2, extends radially from the reactor center line, with its inner 
end penetrating the permanent reflector. Another tube, HB-3, extends tangentially from the core, 
offset approximately 10 '/z in. from the reactor center Iine. It a l so  penetrates the permanent reflector. 
The remaining tube is aligned on a tangential l ine approximately 15 & in. from the reactor center line 
with both ends  extending outward from the reactor. It is arranged to allow the installabon of either 
two individual facil i t ies or  a s ing le  through tube, The two ends  of this tube are designated tlB-1 
and HB-4. The  beam 
pressure region are designed i n  accordance with ASME Boiler and Pressure Vessel Code, Unfired 
Pressure Vessels,  Section VITI, 1962 edition. 

clamped and bolted flanged joints. F rom the flanged connection a t  the pressure vessel ,  each tube 
continues through the reactor pool and pool wall and terminates i n  a recess located i n  a large 
cavity in the reactor pool wall, where i t  is fastened to the outside of the pool wall by a bolted 
flanged joint. Th i s  joint is sea led  to a continuation of the pool liner by a double-bellows, 
flexible joint. 

tubes themselves are of GS 1 lA-T6(6061-T6) aluminum and i n  the high- 

Each of the t u b s  is sea led  to, and supported by, the  reactor pressure vessel by a system of 
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Because  of the  double-bellows joint ,  the outer  e n d s  of t h e  b e a m  tubes  a r c  free to  move axially, 
to coinpensate for c h a n g e s  i n  pretjsure and teiiiperature, but are fixed to prevent movement in  other  
direct ions to maintain alignment That  portion of  t h e  t u b e s  which t r a v e r s e s  t h e  pool and pool wall 
iiiay flex freely to  absorb v e s s e l  movemerris which may occur. T h e  inner e n d s  float freely in  r e c e s s e s  
in t h e  r e f k ~ t o ~  and have  suff ic ient  c learance  to prevent s t r e s s e s  due to diffeiential expansion. T h e  
through-tnbe assembly ex tends  continuously without jo in ts  through the  pressure  vessel. To accom- 
modate expansion and contract ion,  the  f langed jo in ts  which connect  t h e  through tube to  t h e  n o z z l e s  
of t h e  pressure v e s s e l  a r e  flexibly s e a l e d  by s t a i n l e s s  steel bel lows expansion joints .  Each of 
the beam tubes is provided with a relief valve which vents  lo the  reactor pool to  re l ieve pressure 
inside t h e  l u b e s  in tile event  of a leak from t h e  high-pressure region. 

Each  of the beam tubes p a s s e s  through t h e  pool wall and terniinates in a r e c e s s  loca ted  i n  a 
large beam port cavi ty  i n  t h e  sh ie ld  wall. A s t a i n l e s s  steel, s tepped sleeve cast  in  the  concrete’ 
provides a c c e s s  through the  wall, which at t h i s  point is of 4-ft-thick high-density concrete .  This 
14-in.-OD s l e e v e  i s  s tepped  to 18 in. O P  a t  the  outer  end. S ta in less  s t e e l  sh ie ld  blocks surrounding 
the outer  end  of the beam tube fill t h e  s tepped  region. The  remaining voids  a re  coiiipletely filled 
with water, and the s l e e v e  foims an extension of the  pool liner to which t h e  outer  beam tube  flange 
i s  sea led .  

Additional rollaway shield-  
ing  o r  s tacked  block will b e  provided i n  and outs ide  t h e  cavi ty .  T h e  flared portion of t h e  cavi ty  h a s  
an acid-resis tant  paint  applied to the  concrete  surfaces, and carboi-r s t e e l  angles are provided 2t all 
exposed corners. The remaining portion is l ined  with >4-in. carbon s t e e l  plate. The  cavi ty  is 6 f ;  f t  
high and f lares  in  width from 3 f t  at t h e  beam poit face to 13 ft 9 in. a t  the  outer  face of the  ieactor 
pool wall. Ra i l s  covered with steel grating a re  provided in  t h e  floor a t  e a c h  beam port to facilita.te 
movement of shielding. 

T h e  r e c e s s  i n s i d e  the  cavi ty  is provided with a 2Y2-in. SBHE vent, a l$2-in, drain, s t a i n l e s s  
s t e e l  p ipe  s l e e v e s ,  conduit s l e e v e s ,  and a 110-v duplex instrument and normal-power receptacle .  
T h e s e  s e r v i c e s  are brought out to valve s t a t i o n s  and to quick-disconnect coupl ings a t  the sh ie ld  
face  b e s i d e  the  beam port. Other s e r v i c e s  a t  each bean port inc lude  60 p s i g  air, demineralized 
water, reactor pool water  (supply and return), p r o c e s s  drain, and an open hot off-gas (OHOG) vent  
line. Additional e lec t r ica l  o u t l e t s  a r e  elso provided. 

beam port cavi ty  through the  r iac tor  pool sh ie ld  and Leminates  iii the experiment. pooi in floor at 
e levat ion 833 A. 
permit a vertical beam to b e  taken from the beam port, o r  they may b e  used fur other access to t h i s  
regjon. 
service.  

At the reactor end, each  of the  beam tubes  i s  force-convection cooled by water flowing through 
24 paral le l  milled grooves cut  longitudinally into, and equal ly  s p a c e d  around, the periphery of t h e  
tubes. Defined flow p a s s a g e s  a r e  formed by covering the tube  with a c lose- f i t t ing  jacke t .  Driving 
force for the flow i s  obtai-ned by ut i l iz ing the  hydraulic pressure  drop through t h e  reactor  core .  As 
shown i n  Fig. 5.6.2, water flows into t h e s e  passages through annular  s p a c e s  between t h e  j a c k e t  tube 
and the reflector. I t  flows outward to t h e  flanged joint ,  where t h e  tube  is at tached to t h e  pressure  
v e s s e l  nozzle ,  reverses  direction, flows through an annular p a s s a g e  outs ide  t h e  j a c k e t  to a col lec-  
tion ring inside t h e  pressure  v e s s e l ,  an3  then to a l ine  which d ischarges  into the low-pressure region 
beneath the  reactor core.  

T h e  r e c e s s  a l lows the instal la i ion of a shut ter  or  s tacked  shielding.  

A stepped hole  18 in.  from t h e  inner edge  of e a c h  beam port r e c e s s  ex tends  vertically from the 

These holes a r e  l ined  with carbon s t e e l  and a r e  s tepped  from 6 to 8 in. 01). They 

Wen not i n  u s e  they will b e  plugged. Shielding is provided as  required when they a r e  in 

5.6.2 Engineering Faci l i t ies 

Provis ion i s  made for the  futuce instal la t ino of up to four engineering fac i l i t i es  to accommodate 
These  fac i l i t i es  c o n s i s t  of .?-iti.-OD tubes experiments which require a re lat ively low neutron flux. 

which en ter  t h r  pressure  v e s s e l  a t  e l rva t iun  825 ft and extend downward at an angle  of approximately 
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41" to provide a c c e s s  to the flux a t  the  outer periphery of t he  beryllium. The upper ends  of the  tubes 
terminate a t  the outer face of the pool wall in the experiment room. The  proposed arrangement is 
shown in  Fig.  3.3.3. These  facil i t ies a re  similar in structural de ta i l s  t o  the  radial beam tubes 
except that cooling of the high-pressure region may he  provided by natural convection. Appropri- 
ate nozzles on the pressure ves se l  and lined a c c e s s  holes through the pool wall are included in 
the system design. 

ment for other types of experiments can b e  housed as needed in the  experiment room. A variety of 
service connections a re  provided near the  point where each  of the  experiment facil i t ies penetrates 
the pool wall. These  include instrument air, normal and normal-emergency electric power, process 
water, pool water, CHOG and OHOG outlets,  and both process-waste and intermediate-level-waste 
drains. 
also serve  future experiment cells a s  required. 

Pumps, heat exchangers, and other such equipment required for loop experiments or  similar equip- 

The entire experiment room is served by the spec ia l  building hot exhaust system which can 

5.6.3 Irradiation Faci l i t ies 

The permanent reflector is penetrated by 22 vertical ho le s  which extend completely through the  
beryllium. The  vertical ho le s  are lined with 6061 aluminum. Sixteen holes  have  an ins ide  diameter 
of 1.584 in. They are located concentric with the core and on two c i rc les  of radii 15.437 and 17.344 
in. respectively. The  other s i x  holes  have a 2.834 in. ID and are  located on a concentric circle of 
radius 18.219 in. In addition, 16 similar but unlined !i-in.-ID vertical ho les  a re  provided, eight i n  the  
removable beryllium and eight in the control plate access plugs. T h e  general arrangement i s  shown 
in Fig. 5.1.3. 

These  vertical ho les  provide space  for various types of s t a t i c  irradiations. In addition, it is 
anticipated that several of them will be  utilized as locations for future hydraulic facil i t ies which 
will permit the insertion and removal of samples  during reactor operation. When not in  use, the 
vertical fac i l i t i es  will b e  filled by beryllium plugs which will b e  provided with adequate cooling 
passages.  

Access to these  fac i l i t i es  is by means of spec ia l  penetrations through the  plenum cover. The  verti- 
ca l  facilities in the  control p l a t e  access plugs may b e  reached by removing the inner shroud which 
is also necessary for fuel replacement. Those  in  the  removable reflector are access ib le  through 
removable plugs in the upper shroud flange. 

occupying the position otherwise filled by the central target rod. The  system is designed to the  
same criteria as the reactor vesse l  and u t i l i zes  the  primary coolant for cooling and driving the 
irradiation capsules.  T h e  tube can  contain up to nine Y2-in.-diam, 29/b-in,-long capsules  a t  a 
time. T h e  usual control valves and flow monitors are located in  the e a s t  pool. 

The vertical fac i l i t i es  in the  permanent beryllium a re  located beneath the  upper plenum cover. 

A hydraulic tube penetrates t he  quick-opening hatch and goes into the central target region, 





6. COOLING SYSTEMS 

6.1 Introduction 

The  cooling requirements for power operation of the  HFIR are sa t i s f ied  by two separa te  cooling 
systems. One of these, the  reactor cooling system, is designed to remove virtually all the energy 
from the  core. In th i s  system demineralized water as the  primary coolant is pumped through the  
reactor tank a t  a flow rate of about 16,000 gpm. I t  then p a s s e s  through the  tube s ide  of three of 
the four primary heat exchangers; at  th i s  point i t  gives up its heat to the  secondary coolant, which 
is circulated through the  she l l  s ide  of the  heat exchangers. T h e  secondary coolant, treated process 
water, is then circulated through a conventional induced-draft cooling tower which d iss ipa tes  the 
heat to the atmosphere. 

from heated sur faces  and a s  the  result of absorbed radiation. To accommodate th i s  and up to 
0.5 Mw of heat released b y  stored spent fuel elements, a second cooling system, the  pool coolant 
system, permits circulation of 1000 gpm of pool water through the  she l l  s ide  of two heat exchang- 
ers. The same secondary coolant system i s  used  a s  in the  case of the  reactor cooling system. 

Because  of the heat generated by the  fission product inventory i n  the core, it is necessary to 
provide cooling to the  core for some time following shutdown. Under normal circumstances th i s  is 
handled by the  primary circulation pumps. In the  event of a failure of power to the  main pump motors, 
adequate coolant flow is maintained by battey-powered d c  motors attached to the shaf t s  of the mairi 
coolant pumps. Any one  of t hese  motors can provide coolant flow sufficient to prevent damage due 
to afterheat. Th i s  dc-powered circulation system can a l so  be used  for operation at 10 Mw during a 
normal-power outage. 

aerating, and flow measuring. Most of t hese  components are located in the  water wing of the 
building. 

Approximately 0.3 Mw of reactor heat will be  transferred to the  reactor pool by conduction 

In association with each  of the water sys t ems  are various components for demineralizing, de- 

6.2  Primary Coolant System 

The  reactor primary coolant is demineralized light water maintained a t  a pH of 5.0 kO.1 to 
minimize formation of an insulating oxide film on the aluminum-clad fuel element. The system is 
designed to operate at a maximum reactor inlet  pressure of 1000 psi;  however, t h e  normal oper- 
ating condition i s  with an inlet  pressure of 650lpsi. 

two &in. inlet  l ines  located near t he  top of the vessel .  It p a s s e s  in  parallel flow paths  through 
the fuel elements, control region, target, and reflector and l eaves  the  pressure ves se l  through an 
P8-in.-diam l ine  a t  the  bottom of the  vessel .  The  inlet temperature is usually maintained a t  llO"F, 
although the design provides for operation at 120°F. At 10-Mw operation with 16,000-gpm flow, 
the exit  temperature i s  154"F, and  the core pressure drop under these  conditions is about 110 psi. 

A s  i l lustrated in  Figs. 6.2.1 and 6.2.2, t he  primary coolant enters the  pressure vesse l  through 
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From the  pressure v e s s e l ,  t h e  ex i t  l i n e  p a s s e s  through t h e  pipe tunnel, where i t  branches into 
four paral le l  headers  tha t  l e a d  t h e  hot  water to  t h e  four h e a t  exchanger  cells (Fig. 5..2.3). 
l l O o l ;  vater leaving e a c h  h e a t  exchanger  en ters  the assoc ia ted  main circulat ion pump. F lows  from 
the  circulation pumps combine i n  t h e  p ipe  tunnel and return to t h e  reactor  v e s s e l  through a s t ra iner .  
Sensing devices  for measuring temperature and pressure,  as  well as t h e  main venturi for measuring 
flow, are  loca ted  in the return l i n e  within the  p ipe  tunnel. 

A 200-gpun b y p a s s  flow i s  taken from the  main coolant  flow stream at the  h e a t  exchanger  ex i t s .  
T h i s  b y p a s s  flow is s e n t  to  t h e  primary coolant  c leanup sys tem,  which c o n s i s t s  of a deaerator ,  
f i l ters ,  and a demineralizer. 
va lves  located in t h e s e  b y p a s s  l i n e s  at the h e a t  exchanger  exit. 
water p a s s e s  through t h e  primary coolant  pressurizer  pump and returns to t h e  main sy5tein in  t h e  
pipe ilinnel j u s t  upstream of t h e  monitoring devices .  T h i s  return flow is adjusted manually by 
varying the  pressurizer  pump rotor s p e e d  u s i n g  a magnet ic  coupling. 
the  system is provided with three  relief valves:  one: s e t  at 25 psi  below design pressure,  dis-  
charges  to  t h e  primary coolarit letdown header;  and two, s e t  at 25 ps i  above design pressure,  
discharge t o  the  primary coolant s torage  tank.  

system, which h a s  a capaci ty  of approximatdy  11,000 gal  and inc ludes  the r eac to r  pressure  v e s s e l ,  
high-pressure piping, primary hea t  exchangers ,  pressurizer  pumps, and main coolant  pumps and (2) 
the low-pressure system, which h a s  a capac i ty  of approximately 7000 gal and inc ludes  the c leanup 
system deaerator, filteIs, and demineral izers .  
and the  pressurizer  pumps. 

T h e  

Pi icnay  coolant  pressure  i s  maintained by pressure-controlled letdown 
‘The 200-Wrn retur~n flow of c l e a n  

The  high-pressure portion of 

I t  is convenient to divide t h e  primary coolant  sys tem into two subsystems:  (1) the  high-pressure 

The  s y s t e m s  a r e  separa ted  by the  letdown va lves  

6.2.1 High-Pressure System 

( 0 )  6?esllcOor ’gesssl. - T h e  reactor v e s s e l ,  descr ibed in de ta i l  in  Sec. 5, is designed to  operate  
a t  internal  pressures  up t o  1000 p s i  a t  temperatures below 200°F. It is fabricated of 27/,-in. thick 
carbon s t e e l  with 0. 1-in.-thick weld-overlaid s t a i n l e s s  s t e e l  on t h e  outs ide  and >,-in.-thick s ta in-  
less s t e e l  c ladding on the inside. T h e  v e s s e l  top head i s  14 in. thick,  a l s o  of s ta in less -s tee l -  
c lad carbon s tee l .  Drive components  for control  p la tes  and f i ss ion  chambers  en ter  through a 
bottom head. Various s l a n t ,  ver t ical ,  and horizontal openings a r e  provided f o r  experiment instal la-  
tion. ‘l’he top head includes a cent ra l  quick-opening hatch through which fuel e lements ,  targets ,  
reflector p ieces ,  and control p la tes  c a n  k moved. In addition, there  are nurncrous flanged openings 
in  the top head to  permit access t o  the  ver t ical  expcriment posi t ions in  the  beryllium. 

(b) Piping and Strainer. -.- High-pressure s t a i n l e s s  s t e e l  piping connec ts  t h e  reactor  v e s s e l  with 
t h e  hea t  exchangers  and pumps. Water en ters  the  top of t h e  reactor v e s s e l  through two diametrically 
opposed &in. l ines .  
bottom of the tank through t h e  pool l iner  and biological shield t o  t h e  pipe tunnel. F r o m  t h i s  point  
the header  cont inues i n  the tunnel to feed t h e  four individually compartmented h e a t  exchanger-pump 
combinations. A 10-in. in le t  l i n e  branches  f rom t h e  main header  to  t h e  t u b e  s i d e  of each h e a t  ex- 
changer. 
to  a 20-in. return header  i n  t h e  p ipe  tunnel. T h i s  20-in. return header  r u n s  paral le l  to the  out le t  
header  i n  the  pipe tunnel and cont inues into t h e  reactor  pool. P I ~ F c  i t  p a s s e s  through t h e  in le t  
s t ra iner ,  which conta ins  a wire-mesh baske t  with a maximum opening of 0.023 in., before branching 
into t h e  two 16-in.  reactor  in le t  l i n e s  and enter ing the  reactor v e s s e l .  T h e  general arrangement is 
showii i n  Figs. 6.2.3 to  6.2.5. 

(c) Meat Exchangers. - T h e  primaTy h e a t  exchangers  are of t h e  shell 2nd U-tube type, mounted 
vertically and designed t o  permit tube-bundle removal. 
assoc ia ted  circulation pump and letdown valve,  i s  located in  a n  individually sh ie lded  compartment. 
Each h e a t  exchanger  is designed to t ransfer  “117 million Btu/hr (31 !,; Mw) froin t h e  primary coolant  
loop to the  secondary coolant  loop. 

‘The out le t  from t h e  reactor v e s s e l  is a s ingle  18-in. l i n e  which m n s  from the  

From t h e  h e a t  exchanger  out le t ,  the  l ine  cont inues to t h e  m a i n  c i rculat ion pump and then 

Each heat  exchanger, together with i t s  

T h u s ,  only three h e a t  exchanger-pump combinat ions a re  re-- 
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quired for full-power operation, The  nominal design flow rates a r e  5000 gpm a t  167°F in the  primary 
system and 6667 gpm at 85°F i n  the secondary system, f o r  each  hea t  exchanger. 

in. in diameter. The  
tube s ide  is designed to operate a t  up to 1000 ps i  a t  200”F, and the  she l l  s i d e  is designed for 150 
psi  a t  the same temperature. T h e  tube  bundles can be  removed by the reactor bay crane through 
normally plugged and shielded ha tches  in the top of the  hea t  exchanger cell (reactor bay floor). The  
heat exchanger support channel is a t  the 826-ft level,  with the  remainder of t he  heat exchanger ex- 
tending into the pit  to the 7 9 6 4  elevation. All primary coolant system valves are located in the 
heat exchanger cells. Each hea t  exchanger-pump combination can  be  isolated from the  system by 
motorized valves on the  heat exchanger inlet  and pump discharge lines. Personnel may enter the 
cell  containing an isolated unit while the  reactor is a t  power. Access  to the ce l l s  is from the first 
floor of the  water wing. 

(d) Circulation Pumps. - The vertical  shaf t  centrifugal primary coolant pumps t a k e  their suction 
from individual heat exchangers. Each pump is located in the  s a m e  cell as its associated heat ex- 
changer. The  hatches in the reactor bay floor permit pump or motor removal by the reactor bay crane. 
Each  main pump (PIJ-IA,  -1B, -IC, -11)) will deliver about 5000 gpm agains t  a 365-ft head of water 
when three pumps are  operated in parallel. They are driven by 2300-v, ac ,  600-hp squirrel-cage in- 
duction motors coupled to the pump shaft  (Fig. 6.2.6). 

motor.” These  motors are supplied with 120-v power from a failure-free system (see Sec. lo), and 
each  one is capable of supplying 1300 gpm to the  reactor. 
the limited-leakage mechanical type. Curves showmg the  p u m p  characterist ics are given In Fig. 
6.2.7. 

In normal operation, both t h e  main a c  motor and the  pony motor a re  energized and supply torque 
to the  pump rotor. Because  only three main pumps are normally required a t  full power, a selector 
switch in the control room is provided to permit selection of the spare  iic motor, which is not to be 
included in the  automatic startup sequence. T h e  corresponding pony motor must be  locked out by 
means of a manual circuit breaker. The  s t a r t s t o p  pushbuttons and “running” l ights for the main 
pump motors are located in  the control room, and a stop pushbutton is located outside each of the  
pump cells. The  main pump motors a re  automatically stopped by any one  of the following conditions: 
1. overload (relay must be  hand r e se t  in order to restart), 

2. ground fault (relay must b e  hand rese t  t o  order to start), 

3. opening of the door to the  2400-v motor starter, 

4. excess ive  vibration, 

5. low pressure in the  primary loop, 

6. loss of 2.4-kv normal-power. 

The  hea t  exchangers are ”34 f t  long and contain 1190 U-tubes, each  

Directly coupled to each  ac motor shaft  is an auxiliary 3-hp series-wound dc  motor called a “pony 

Shaft s e a l s  for the pumps are  of 

Whenever a main circulation pump IS on the l ine,  the assoc ia ted  pony motor will be energized. 
The pony motor may be shut down only by opening a saEety switch located in  the  battery room. An 
ammeter i n  the  metering cabinet ind ica tes  current supplied to, or taken from, the battery bank. The  
d e  pony motor also h a s  a shunt field which permits a test at full load current with the main motor 
in operation. The  test push button which energizes the shunt field is located in  the control room, 
a s  is the ammeter indicating the test current. The  t e s t  circuit is shown in Fig. 6.2.8. The t e s t  is 
prevented on l o s s  of a c  power to the main motor. 

at t he  primary coolant pumps: 
Alarms are received in the  control room should any of the  following abnormal conditions ex is t  

1. winding temperature higher than normal, 

2. winding temperature approaching insulation damage point, 

3. excess ive  vibration, 
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4. high motor bearing temperature, 

5. charger fa i lure  o r  d c  ground in  battery charger, 

6. abnormally high current to t h e  pony motor s e r i e s  field, 

7. abnormally low current to  t h e  pony motor s e r i e s  field, 

8. low inject ion water flow to t h e  mechanical  s e a l s .  

(e) P F ~ S ~ U ~ ~ Z W  Pumps, - T h e  two main pressurizer  pumps, PU-4.4 and PU-4B, a r e  nine-s tage 

A 
horizontal shaf t  centrifugal pumps. A variable-speed dr ive e n a b l e s  e a c h  pump to del iver  up to  300 
gpm a t  p ressures  up to  1000 psi .  The charac te r i s t ics  of t h e s e  pumps a r e  shown in Fig. 6.2.9. 
small  30-gplii centrifugal pump, operated by t h e  normal-emergency power supply, maintains  
primary loop pressure and circulat ion pump s e a l  inject ion water  flow during a fai lure  of the 
normal--power. T h e  pressurizer  pumps ate loca ted  on ttle ground floor of the  water wing. They take  
water from t h e  pr ihary water  head  tank (see Sec. 6.2.2) and d ischarge  in to  the  high-pressure sys tem 
between the main circulation puiiips and t h e  i n l e t  to t h e  reactor v e s s e l .  

T h e  flow rate  of water bypassed  into t h e  low-pressure cleanup sys tem is d e t e m i n e d  by t h e  
speed  of the  pressurizer  pumps. T h e  s e t  point of t h e  pressure-controlled letdown va lves  controls  
the  pressure  in the  primary system. 
300-hp squirrel-cage induction motor and an “eddy current” coupling. A se lec tor  switch in  the  con- 
trol room permits the se lec t ion  of a pressurizes  pump to be s ta r ted  i n  t h e  “automatic sequence”  
mode. Each  pump h a s  a spr ing  return “stop-neutral-start” se lec tor  swi tch ,  a standby push button, 
and a “running” l igh t  i n  t h e  control room. In normal operation o n e  pump is running while the  other  
is i n  standby. T h e  s tandby pump will automatically s t a r t  upon an abnormal reduction of primary 
coolant sys tem pressure.  T h e  pressurizer  pumps are  autornaticallv s topped by t h e  following condi- 
tions: 

1. overload (relay must b e  band rese t  to  start), 

2. ground fault (relay must b e  hand r e s e t  to start), 

3. opening of the  door t o  t h e  2400-v motor s tar ter ,  

4. low coolant  flow to the var iable-speed coupl ing unit, 

5. l o s s  of voltage, 

6. low leve l  in  primary coolant  head tank. 

T h e  eddy-current coupling var iable-speed dr ive uni t s  a re  automatically s ta r ted  and s topped 

l’he pressur izer  pump variable-speed uni t  c o n s i s t s  of a 2300-v 

whenever the corresponding dr ive motor is s ta r ted  and stopped. E a c h  unit is provided with a 
inanually operated potentiometer and a s p e e d  indicaton; both a r e  loca ted  i n  t h e  control room. 

tion of t h e  mode of operation. In t h e  automatic m o d e  t h e  pump is automatically s ta r ted  by a low-  
flow s e n s i n g  element i n  t h e  d ischarge  l i n e  of t h e  main pressurizer  pumps or  by an auxiliary contac t  
i n  normal-emergency switch-gear  unit No. 1 during a failure of normabrpower. Once  s ta r ted ,  t h e  
pump will cont inue to  run until manually s topped.  
the  loca l  “run-off-auto” switch and a t  a “remote-conteo1 off” se lec tor  switch in the control room, 
from which t h e  pumps may h e  s h u t  down. When ei ther  t h e  “remote-control off” switch or t h e  “run- 
off-auto” switch is i n  the “off” posi t ion,  an alarm is sounded in  t h e  control room. 

T h e  emergency pressurizer  pump h a s  a local ly  mounted “run-off-auto” switch to  permit s e l e c -  

“Running” l igh ts  for the  pump a r e  loca ted  at 

6.2.2 Low-Pressure System 

T h e  low-pressure portion of the  primary cool ing system is t h e  primary cleanup system, separa ted  
from t h e  high-pressure cool ing  loop by t h e  letdown va lves  and t h e  pressur izer  pumps. 
conta ins  the  following equipment: deaerator, pumps, prefilters, demineral izers ,  afterfilters, and 
primary coolant  h e a d  tank with interconnect ing piping (Figs .  6 .2 .10 and 6.2.11). T h e  arrangement 
of t h i s  equipment, located in  the  water  wing, i s  shown in F ig .  5.2.12. 

This sys tem 
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(a) Description of Flow. - Primary coolant discharged through the  letdown valves is sen t  through 
the primary coolant cleanup system before being returned to the  high-pressure system by the  pres- 
surizer pumps. The  nominal design flow rate through the cleanup system, controlled by varying 
the  pressurizer pump speed, is 200 gpm. T h e  flow from the letdown valves is joined by small flows 
of primary coolant from the N L 6  monitoring system, the primary circulation pump s e a l s ,  the  
reactor tank top vent (to remove trapped gases),  the cladding failure detector, and the hot-water 
injection system. The  composite of these  flows p a s s e s  through ii 48-It section of 32-in.-diam 
pipe located in  the pipe tunnel. At a flow of 200 gprn this provides -90 sec for the decay of 
NI6  before the watet l eaves  the pipe tunnel. F rom the  N I 6  decay line, the  water enters the 
primary coolant deaerator. Mere most of the  dissolved gases  ate removed and sen t  to the 
closed bot off-gas (CHOG) system. T h e  deaerator also serves  as a surge tank to handle 
changes i n  the  letdown flow rate. 

the remainder of the cleanup system to the  primary coolant head tank. A control valve throttles the 
flow from these  c l e m u p  pumps to maintain a constant level in  the deaerator. The  cleanup flow 
p a s s e s  through one of the  two prefilters into one  of the two demineralizer systems. These  systems 
are identical; each  cons is t s  of a cation bed followed by an anion bed. The  common discharge l ine  
from the  demineralizers p a s s e s  through the afterfilter before discharging into the  primary coolant 
head tank. An afterfilter located in the ex i t  l ine  from the demineralizers prevents t he  resin from 
escaping. 

primary coolant cooldown or as required by leakage. The  primary coolant head tank provides the 
suction head for the  pressurizer pumps. 

concentration of dissolved g a s e s  i n  the primary cooling water. During normal operation these  in- 
clude Ax, 02, H2, CO,, and t races  of fission gases.  In the  event of a fuel element meltdown or 
leak, the gaseous fission products a re  removed from the  water and discharged into the CIJOG system 
The deaerator and its associated s t e a m  j e t s  and condensers a re  located on the first  floor of the 
watet wing. 'I'his equipment is enclosed in a ce l l  shielded by 3 ft of high-density concrete or i t s  
equivalent. Inlet and exit primary water l i nes  and off-gas l ines  are also shielded. 

decay l ine located in the pipe tunnel. 
A s  the water enters the deaeraior, it falls  through a bed of Kaschig rings and is collecied in the 
bottom of the tank. T h e  primary cleanup pumps, PU-2A and PU-2H, take  their suction from the  
bottom of the deaerator vessel .  A pneumatic level s enso r  transmits a deaerator vessel liquid- 
leve l  signal to the  control room and to the  flow control valve located on the  discharge s ide  of the 
cleanup pumps. The pH is monitored by a cell which receives a sample from the common discharge 
of these  pumps and returns i t  to the pump suction. Water conductivity is also monitored at this 
point. Both conductivity and pH a re  recorded in the control room. 

a precondenser, high-vacuum ejector, lo w-vacuum ejector, and an  aftercondenser. 'The evolved 
gases are discharged to the  CWOG system. T h e  condensers are cooled by secondary coolant. Con- 
densa te  from both pre- and aftercondensers is returned directly to the deaerator tank. A deaerator 
overflow line is provided which discharges into the  intermediate-level-waste system (see Sec. 11.3.2). 

remove particulate and dissolved material from the  primary coolant. During normal operation the  
prefilters prevent particulate material from reaching the  demineralizers. 
remove dissolved contaminants from the  water. The afterfilter removes demineralizer-resin f ines  
from the water before i t  IS returned to the  high-pressure system. In the  event of a fuel meltdown, 
particulate and dissolved fission products in the water will be removed by the fi l ters and demineral- 
izers. T h e  prefilters, demineralizer units, and afterfilter, shown in  Fig. 6.2.13, a re  located in  a 
pair of shielded c e l l s  on the  ground floor of the  water wing. 

Each  of the  two prefilters h a s  a nominal flow capacity of 200 gpm and cons i s t s  of 28 porous 
tubes (23/, in. in diameter by 19 $., in. long) made of sintered s t a in l e s s  steel. Water flows from the  

One of two 200-gpm centrifugal pumps, PU-2A or PU-2B, pumps water from the deaerator through 

A l eve l  control valve suppl ies  plant demineralized water t o  the  primary coolant head tank during 

(b) Deaerator. - The  primary molan t  deaerator, shown in Fig. 6.2.13, is designed to reduce the 

Primary water enters the deaerator tank from the  N 

A vacuum is maintained in t h e  deaerator tank by a steam-jet  ejector system which cons is t s  of 

(c) Filters and Demineralizers. - The  primary coolant filters and demineralizers are designed to 

The  demineralizer res ins  
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outs ide  to  t h e  i n s i d e  of the tubes  thmugh 20-p pore openings. T h e s e  f i l ter  e lements  can withstand 
a pressure  drop o f  150 ps i ;  however, t h e  pressure  drop a c r o s s  a cleain f i l ter  e lement  is 2.5 psi .  
Additional sh ie ld ing  is provided by 3 in. of  l e a d  around t h e  filter shel l .  Both pref i l ters  a r e  vented 
to the open hot  off-gas  (OHOG) sys tem through ball-float t raps .  Each  uni t  can  b e  remotely f lushed 
and c leaned  from outs ide  t h e  sh ie lded  ce l l s .  

T h e  demineralizer sys tem c o n s i s t s  of two uni t s  in  paral le l ,  each  capable  of a flow ra te  o f  200 
Each  cat ion bed conta ins  35 gpin. 

f t 3  of cat ion resin in a v e s s e l  4 ft iti d iameter  by 6 f t  high. 
res in  in a s imilar  v e s s e l  5 ft in  diameter by 6 ft high. Under normal operating condi t ions,  one  unit is 
in serv ice .  Some of t h e  ca t ion  effluent may b e  bypassed  around t h e  anion bed to aid in maintaining 
a sys tem pH of 5.0 + 0.1. Additional local  shielding is provided by 3 in. of lead  surrounding t h e  
cat ion tanks. T h e  anion tanks  a r e  not direct ly  shielded.  

T h e  afterfilter is designed for a 200-gpm flow rate. T h e  filter e lement  is 100-mesh s t a i n l e s s  
s tee l  screen with a mean pore opening of 120 p. T h e  f i l ter  e lement  c a n  withstand a maximum pres- 
sure  differential of 150 psi ,  t h e  total discharge head (TDH) of the  cleanup pumps. P r e s s u r e  drop 
across  a c lean  f i l ter  is 1.5 p s i  a t  a 200-gpm flow. T h e  afterfilter c a n  b e  operated, bypassed ,  and 
cleaned from outs ide  t h e  sh ie lded  cel l .  

first floor of the  water wing. I t  i s  a 2300-gal horizontally mounted s t a i n l e s s  s t e e l  tank 6 ft 6 in. in  
diameter by 11 ft 8 in. long. 

required t o  maintain t h e  high pressure sys tem a t  pFI 5.0. 

Each  unit c o n s i s t s  of a cation bed  and an anion bed in series. 
Each anion bed conta ins  60 f t 3  of anion 

From the afterfilter the  c lean  water i s  s e n t  to t h e  primary coolant  head tank, located on the 

The p1-I i s  controlled by a sys tem which adds ni t r ic  acid to  t h e  primary coolant  head tank as 

6.2,,3 Makeup, Fill, and Drain S y s t e m s  

During routine operation at  p ressure ,  makeup water to replace tha t  lost by leakage  from t h e  s y s -  
tem is furnished by the plant  demineralized water pumps, PU-18A and PU-18B. T h i s  is autornati- 
cal ly  suppl ied to  the  primary coolant  head tank through a water ieve l  control valve. 

Several l i n e s  are  avai lable  to permit filling, draining, and f lushing of the sys tem at low pres-  
s i r e ,  as shown in Fig. 6.2.14. A sh ie lded  20,008-gal primary coolant  s torage  tank is loca ted  under- 
gmurrd a t  t h e  northeast  corner of t h e  building. T h e  ent i re  conten ts  of the  primary coolant  sys tem 
can b e  s e n t  direct ly  to  t h i s  tank or c a n  be  routed through the primary coolant  demineral izers  by 
means of a 2-in. l ine  which b y p a s s e s  t h e  pressure  letdown v a l v e s  and deaerator. A 3-in. l i n e  con- 
n e c t s  the  d ischarge  of t h e  primary coolant  af terf i l ter  to  t h e  d ischarge  l i n e  of the pressur izer  pumps, 
perinitling t h e  priniary coolant  c leanup pumps to s e n d  water to the primary coolant  system. Thus, 
i t  is not necessary  t o  u s e  the  la rge  pressur izer  pumps to c i rcu la te  primary coolant  through t h e  
f i l ters  and demineralizers while  the  reactor is depressurized.  

T h e  roof top of t h e  underground water s torage  tank i s  a t  grade level .  I t s  wal ls ,  floor, and roof 
are of 14-in.-thick concrete .  T h e  i n s i d e  is l ined  with p l a s t i c  sheets. bonded together to form a 
watertight shel l .  A 4-in. l i n e  e x i t s  from t h e  bottom of the s torage  tank,  en te rs  the  e a s t  s i d e  of the  
water wing, and l e a d s  to t h e  primary coolant  c leanup pumps. T h e  t ransfer  l i n e  c a n  b e  valved into 
the  suct ion or discharge of e i ther  or both t h e s e  puinps to t ransfer  water  to and from t h e  underground 
s torage  tank.  

6 .3  Secondary Coolant S y s t e m  

6.3.1 introduction 

Heat  from t h e  HFIR complex i s  d i ss ipa ted  t o  t h e  atmosphere by a conventional indueed- 
draft cooling tower. T h e  secondary coolant  pumps circulate  water through t h e  cooling tower and 
t h e  various heat  exchangers, t h u s  removing heat from t h e  different sys tems.  Of t h e  nominal 26,000 
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gpm circulated i n  the system, -~,20,000 gpm p a s s e s  through the primary coolant heat exchangers, 
..42M) gpm through the auxiliaries in the  water wing, and ”1800 gpm to the adjacent Transuranium 
Processing Facility (TRU). The  secondary coolant system i s  shown in Figs.  6.3.1 to 6.3.3. 

A fire hose  connection is available to supply emergency secondary coolant. 

6.3.2 Cooling Tower 

The  cooling tower is a four-cell induced-draft tower located southeast  of the reactor building. 
I t  is deslgned to transfer 375 million Btu/hr by cooling 26,000 gpm of 1 1 5 T  water to 85°F at an 
ambient wet bulb temperature of 77OF. Of th i s  total heat transferred, 350 million Ctu/hr is supplied 
by the primary coolant, 10 million by the pool coolant, 8 million by the air-conditioning system, 3 
million by other loads,  and 4 million is reserved for future operations. The  cooling tower i s  com- 
posed of four individual cells mounted as one unit over a concrete basin approximately 120 ft long 
by 54 ft wide. The basin IS  divided into four separa te  compartments, each  with a capacity of 
100,000 gal. This  400,000-gal storage capacity is sufficient for ‘-8 hr of full-power operation 
without makeup water. Each compartment can be  drained and cleaned individually while the rest  
of the tower is operating. Potable water is supplied to the tower basin through il float valve to  
make up for evaporation, drift loss, and blowdown. 

6.3.3 Cooling Tower Fans 

Each cell is equipped with two 50-hp two-speed fans  which can b e  reversed for deicing the 
tower. Operation of the cooling tower fans is controlled by a “run-off-auto” mode switch on the 
control room process panel board. When in the run mode, each  fan is controlled by a three-unit 
push-button station located in the  control room. This  station provides alternatively for (1) fast  
speed-forward direction, (2) slow speed-forward direction, and (3) slow speed-reverse direction. 

forward. Mechanical interlocks permit only one starter coil  to be energized at  a time. The  different 
speeds  are designated by l ights located on process control panel E in the control room. 

In the automatic mode the fan speed is controlled by a temperature controller through sixteen 
switches. Each of these  switches operates time-delay relays for fas t  forward speed and for slow 
forward speed. The time-delay relays are adjustable and perform the following functions: 

1. Provide different t i m e  sett ings for the  relays, allowing the fan load to  be  added to the motor 
control center in a stepped sequence. T h i s  l i m i t s  the voltage drop to permissible leve ls  when 
voltage is restored under maximum cooling requirements following a power outage. 

2. Limit the number of starts,  s tops ,  and speed  changes by adjustment of the time delay, thus 
preventing motor overheating due to  cycling. 

3. Permit (by the relays) the u s e  of low-voltage switches to operate the  high-voltage fan starters. 

A time-delay relay provides for automatic deceleration when transferring to  slow speed 

In the automatic mode the  fans will automatically restart after a power failure. A typical re- 
sponse to an automatic startup is shown i n  Fig. 6.3.4. In the run mode the  fans must be  restarted 
manually following a power failure. All the fans are automatically shut down by a fire alarm from 
the cooling tower. A vibration switch near each fan shu t s  down only the affected fan. These  de- 
vices must be manually reset  before the fans can  be restarted. 

6.3.4 Water Treatment 

The blowdown and chemical treatment of the secondary coolant system are designed to inhibit 
corrosion, s ca l e  formation, and microbiological growth. The water  in the secondaty coolant loop 
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i s  chemically t reated by (1) automat icd ly  regulated addition of I-I,SO, to  conti01 pR; (2) automatic 
addition of phosphate  or ctirornate chemica ls  to inhibit corrosion; and ( 3 )  maneaal addition of non- 
oxidizing b ioc ides  to control a lgae.  

T h e  acid- inject ion system c o n s i s t s  of a 5000-gal H,S04 s torage  tank,  two proportionating chemj- 
cal  feed pumps, an acid-water mixer, and a n  instrumentation sys tem which mensures  PI-1 and controls  
the pumps. Phosphate-chromate t reat ing equipment c o n s i s t s  of a d isso lv ing  tank and a pair of 
manually adjustable  proportionating feed pumps. 

6.3.5 P u m p s  

T h e  three main secondary coolant  pumps (PU-GA, 6B, and 6C) are  vertically mounted centr i fugals  
with a corrlbiried capac i ty  of 26,000 gprri. T h e  charac te r i s t ics  of these  pumps  are  shown in Fig. 
6.3.5. A smaller  fourth pump (PU-14) h a s  a capac i ty  of 6000 gpiii and provides shutdown and c m e r -  
gency water circulation. These pumps a r e  mounted i n  a separatepump bas in  along t h e  north s i d e  
of t h e  cool ing tower. T h e  puli~p bas in  is fed by a flurne which c o l l e c t s  waster from thc  individual 
tower bas ins .  A chemical treatment distribution header  above  t h e  pump basin mixes the  chelnicals  
with the bas in  water. 

6000-gpm pump is then put into serv ice ,  and the  main pumps are  s topped,  
cool ing for t h e  auxiliaiy sys tems.  It also provides ail emergency flow of 3000 g p m  during a normal- 
power outage when a second winding rece ives  power from t h e  auxiliary diesel-motor-generator set, 

A se lec tor  switch in the  control room permits  choice  of a m a i n  secondary pump t o  h e  excluded 
from the automatic s ta r tup  sequence .  A spr ing  return “start-ncutral-stop” swi tch  for e a c h  pump is 
located i n  the control room. T h e  pumps are  automaticully s topped by the  following condi t ions:  

During per iods when the  reactor is s h u t  down, t h e  cool ing demaiid is greatly reduced. ?’he 
?‘his pi.rmp maintains  

1. overload (relay m u s t  b e  hand set to res tar i ) ,  

2. ground fault (relay must b e  hand s e t  to restart), 

3. opening of 2400-v motor s ta r te r  door, 

4. normalTower failure. 

T h e  auxiliary 6000-gpm circulation pump, PU-14, is driven by a two-.winding motor. T h e  high- 
s p e e d  winding provides suff ic ient  secondary coolant  flow (6000 gpm) to handle  .he normal require- ~ 

ments a t  t h e  s i t e  when t h e  reactor  is not operat ing a t  power. 
from the  normal-emergency power sys tem,  provides  suff ic ient  cool ing (3000 gpm) lo permit reac to i  
operation a t  10 hlw during a normal-power outage  b e c a u s e  other  h e a t  s o u r c e s  a r e  inoperative. 
spr ing return “stop-neutral-start” switch for t h e  high-speed winding and a “running” light a r e  
loca ted  in  t h e  control room. Elec t r ica l  and mechanical  inter locks between t h e  high- and low-speed 
s ta r te rs  perriiil only o n e  to be energized at  a time. A “run-off-auto” node switch and a “running” 
light a r e  loca ted  in  the  control room. T h i s  permits  selectjoti of t h e  inc,.!e of +peration for the slow- 
1 pt.c.d winding and ind ica tes  t h e  mode chosen.  An alarm is sounded i n  t h e  control room when t h e  
switch i s  placed i n  the  “off” position. 

In the  automatic mode the s l o w - s p e e d  winding is energized upon loss of normal-power by a 
contact  in normal-ernergency t ransfer  switch No. 1. T h e  contac t  is c l o s e d  when t h e  transfer switch 
i s  i n  t h e  emergency posi t ion ( i . e , ,  t h e  d i e s e l  generator is supplying power to t h e  No. 1 normal- 
emergency circuit). 

After normal-power h a s  been restored, the  pump will cont inue t o  nin until nianually shut  off. 
-he slow-speed starter is inter locked with a solenoid valve so that  return flow is routed through 
a b y p a s s  directly to  t h e  tower b a s i n  when t h i s  winding is energized. 

e a s t  s i d e  of the  reactor  building, where i t  d iv ides  into a 36- and an 18-in. l i n e  (see Fig.  6.3.3). 

The  s low-speed winding, si-rpplied 

A 

T h e  secondary coolant  pumps d ischarge  water into a 42-in. p ipe  which runs underground to the  
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The  36-in. l ine  carries approximately 20,000gpm of coolingwater to the  primary coolant hea t  ex- 
changers. The  18-in. l ine  suppl ies  the  pool hea t  exchangers, air-conditioning units, other auxiliary 
equipment, and the  T R U  facility. Return water l i nes  to the  cooling tower run parallel to the  supply 
headers. Remotely operated motor-driven control valves on the in le t  and ex i t  of each primary heat 
exchanger throttle the flow to the  individual heat exchangers and permit them to be isolated for 
cleaning and repair. An automatic flow control valve regulates the  flow of secondary coolant to 
the heat exchangers, as required to maintain a constant primary coolant temperature at  the 
reactor inlet. 

6.4 Pool Water Systems 

The reactor pressure ves se l  is located in  a cytindrical pool 18 ft in  diameter and 36 ft deep 
which contains approximately 80,000 gal of water. The  general arrangement i s  shown in  Figs.  
3.1.1 and 6.2.4. Connected to th i s  pool is a rectangular storage pool, 415. ft long, 20 ft deep, 
and 18 ft wide, which contains approximately 114,000 gal of water. A smaller cylindrical pool 
8 ft in diameter and 25 ft  deep is located at the  e a s t  end of the rectangular pool. This is provided 
to accommodate a future cri t ical  assembly. The critical assembly pool contains approximately 
10,000 gal of water. 

pool, called the clean pool, is divided into two 20-ft sec t ions  by a second removable gate. All  the 
pools are lined with s t a in l e s s  s t ee l  to prevent leakage, to facil i tate decontamination, and to help 
maintain the  water purity. 

from the reactor gamma radiation, hot primary coolant system components, and stored spent fuel 
elements. Moreover, to reduce corrosion and to maintain a low contamination level,  i t  is necessary 
to circulate a fraction of  the  pool water through a cleanup system. Flow diagrams are  shown in  
Figs.  6.4.1 and 6.4.2. 

The  reactor pool is separated from the rectangular pools by a removable gate. The  rectangular 

The  pool water requires circulation and heat exchange to d ispose  of up to 0 . 8  Mw of heat absorbed 

6.4.1 Pool Coolant  System 

A l l  the pools a re  provided with overflow scuppers at the  848-ft level. Pool water overflowing 
into these  scuppers flows by gravity into t h e  pool surge tank, as shown in Fig. 6.4.3. The  pool 
surge tank maintains a posit ive suction head on the  two pool coolant pumps, PU-9A and PU-gB, 
each rated at 1000 gpm. Coolant flow leaving the  pumps goes through the  pool filter and 
then enters the she l l  s i d e  of the pool heat exchangers. Either exchanger can handle up to 1000 
gpm. Secondary coolant entering the tube s i d e  of the heat exchangers i s  automatically regula! ed 
by a valve to maintain the  preset  temperature of the pool water leaving the  exchangers. 

From the  heat exchangers the  cooled water may be diverted to the  various pools a s  required by 
the heat load distribution. 
scuppers, indicate the temperature distribution i n  the pools. 

adjusting the valves in the  return l ines to the pools. A level control valve supplies plant de- 
mineralized water to the surge tank as makeup for evaporation and leakage. 

The  pool coolant pumps a l so  se rve  a s  pool water transfer pumps. They can transfer water to 
and from the underground s torage  tank. 

(a) Pool Overflow. - The  reactor pool ovetflow of approximately 500 gpm flows by gravity through 
two l ines  to the  8-in. .diam common pool overflow collection l ine.  
clean pool and 100 gpm from the  cri t ical  pool also flow into th i s  line. The  collection l ine d ips  below 
the level of the pool surge  tank before entering i t ,  thus providing a water s ea l  for the scupper drains. 

Various temperature sensors,  located i n  the  overflow l ines  from the pool 

The system is balanced to achieve the desired flow distribution between the pools by manually 

Approximately 400 gpm from the 
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T h e  temperature of the water  overflowing from e a c h  pool i s  monitored by thermocouples and is , 

displayed i n  t h e  control rooin. 
alarm in t h e  control room i f  an abnormally high o r  low leve l  is detected.  T h e  pool c o o l m t  pumps 
are  automatically s h u t  off i f  a high water level  i s  detec ted  i n  t h e  reactor or c r i t i ca l  pool. 
monitor i s  located in  t h e  common col lect ion line; the  act ivi ty  leve l  of the  water is recorded in  t h e  
control room. An alarm is a l s o  received in  t h e  control room if a high-radiation leve l  is de tec ted  by  
th i s  instrument. 

(b) Pool Surge Tank. - T h e  pool s u r g e  tank,  w i i i ~ i i  c o l l e c t s  t h e  overflow fioin t h e  pools ,  h a s  a 
capaci ty  of 1250 gal. It i s  loca ted  on t h e  f i rs t  floor of t h e  gmter wing a t  the  west end of t h e  pool 
demineralizer c e l l s .  A water leve l  sensor  t ransmits  t h e  water  leve l  indicat ion to t h e  control roo1u. 
If a low water leve l  i s  de tec ted  in t h e  surge  t ank ,  an  alarm i s  received i n  the  control room, and the  
pool coolant  pumps are automatically s topped.  T h e  leve l  s e n s o r  also controls  an automatic make- 
up valve which permits demineralized water  to flow into t h e  tank in  order  t o  maintain a rrilnimuiii 
level .  
to provide a water s e a l .  Other  l i n e s  connected to  t h e  surge tank a r e  (1) a vent  to t h e  OHOG system, 
(2) an overilow l ine  from the pool deaerator ,  ( 3 )  a normally unused  c r o s s t i c  to t h e  pool coolant c lean-  
up deaerator, and (4) a l i n e  t o  t h e  suc t ion  of the pool coolant  pumps. 

A f loat  switch in each  pool monitors t h e  water leve l ,  actuat ing a n  

A radiation 

Any overflow runs  to the  p r o c e s s  w a s t e  drain. T h e  uverflow l i n e  is equipped with a 6;ft l e g  

(c )  Pool C o d a n t  Pumps. -- T h e  pool coolant  pumps, PLJ-9A and PU-gB, e a c h  have a rated capac i ty  
of 1000 gpm. ‘They are loca ted  on the  ground floor of the  water wing o u t s i d e  the pool demineral izer  
pump ce l l .  An “on-off-reset” selector switcii and a ‘Lmun11ing7’ l ight  for e a c h  pump a r e  located on t h e  
p r o c e s s  panel  i n  t h e  control room. A “stop-reset”  button is loca ted  a t  ea& pump. T h e  punips a re  
stopped automatically by a high ivater leve l  i n  t h e  reactor or cr i t ical  p o o l s  and by a low leve l  i n  t h e  
surge tank. When a pump is shut  down by a leve l  swi.tr:h for more than 45 S E C ,  i t  musf. b e  r e s e t  
before i t  c a n  b e  restar ted.  T h e  pumps are connected to the  normal-power sys tem and wil l  auto- 
matically res tar t  when power is applied following a normal-power failure. 
mounted on t h e  in le t  and e x i t  of e a c h  pump. ’The pool coolant  pumps normally take  their suc t ion  
from t h e  pool surge  tank and d ischarge  in to  the  hea t  exchangers  through or  around t h e  pool water  
filter. They  c a n ,  however, a l s o  be  used for various filling and draining operations. 

Pressure  gages  a r e  

-. 

(d) Pool Cosalsant Filter. - T h e  pool coolan t  filter h a s  R nominal flow capac i ty  of 1000 gpm. It 
c o n s i s t s  of 70 porous tubes  2”/, i n .  i n  diameter hy 19$2 in. long  m a d e  of s intered s t a i n l e s s  s t e e l .  
Water f lows from outs ide  to i n s i d e  through pore openings having  a mean diameter  of 20 p. 
f i l ter  is located i n  a sh ie lded  c e l l  on t h e  first floor of t h e  water wing. 
may carry a n  e x c e s s  coolant  flow. T h e  filter c a n  b e  c leaned  with ac id ,  c a u s t i c ,  or stearn by 
countercurrent flow. A vent a t  the top of t h e  filter is connected t o  t h e  GHOG sys tem through a 
ball-float trap. 

T h e  
A b y p a s s  around the  f i l ter  

I 

4 

(e) Meat Exchangers. - Each of t h e  pool h e a t  exchangers  (EX-2A and EX-2B) i s  designed to  

In normal operation each exchanger opera tes  with a flow of 500 gpm of pool water but 
remove 5 million Btu/hr (1.5 Mw) from &he system. They e a c h  h a v e  5.50 fixed tubes  :; in. in  diani- 
e te i .  
c a n  accommodate 1000 gpm. P o o l  water makes two p a s s e s  on t h e  she l l  s i d e  of each  exchanger, 
and the  secondaay cool ing water  makes two p a s s e s  in  the  tubes.  N o m a l l y  t h e  secondary water  
flow to each exchanger  is dpproosimately 1600 g p .  T h e  temperature of t h e  water  in t h e  common 
pool water  exi t  !ine from t h e  h e a t  exchangers  is monitored by a theirnocouple and is displayed in  
the  control room. A temperature-control s e n s i n g  element  is also loca ted  i n  t h e  common e x i t  l ine.  
T h i s  e lement  contro!s the flow of secondary coolant  to  the exchangers  in  order  to  maintain the 
exit temperature constant. Each  exchanger  is equipped with a manually operated s h e l l  vent to the 
atmosphere and a she l l  drain to  p r o c e s s  waste. Pool water  may b e  routed around the h e a t  ex- 
changers  by a b y p a s s  l ine,  which rejoins  the exi t  l i n e  ahead of t h e  temperature s e n s i n g  elements .  

which cont inues to  t h e  cr i t ical  pool. 
ind ica tes ,  in  the control room, t h e  return flow to each pool. T h e s e  h e a d e r s  returning to  e a c h  pool 
contain remotely operated va lves  which throt t le  t h e  f l o w  from t h e  control room. 

T h e  headers  to the  reactor and c lean  pools  branch off t h e  common exi t  from t h e  h e a t  exchangers  
Each  header  i s  equipped with a flow-measuring or i f ice  which 



6.4.2 Pool Cleanup System 

In order to maintain high-purity water, it is necessary to p a s s  approximately 200 gpm of pool 
water through the pool cleanup system, which cons is t s  of a deaerator, a prefilter, a demineralizer, 
and an afterfilter in series. ‘The task  of cleaning the  pool water i s  made more complex by the  
possibility that one o r  more defective (leaking) fuel elements will be stored in the reactor pool. 
The system, shown schematically in Figs.  6.4. 4 and 6.4.5, is designed to handle th i s  situation 
but will function equally well if no defective element is present. The  equipment arrangement is 
shown in Fig. 6.4.6. 

Pool water flows through the defective f u e l  element storage tanks, described i n  d e t d  in Sec. 
11, into the pool deaerator. F r o m  here i t  is forced through the pool cleanup s y s t e m  and returns to  
the reactor and storage pools in common with the pool coolant flow. As indicated in Fig. tj.q.7, 
the normal flow path of the pool water is into the bottom of the defcctlve element tanks, up 
through the element, and out the  bottom through a hollow, cadmium-lined post to the pool cleanup 
system. Should the cleanup system flow be interrupted, coollng for the fuel element is provtdcd 
by natural circulation through a small heat exchanger immersed in the pool. 

Approximately 200 gpm ot pool water flows from the defeckve element storage tanks into the 
deaerator. T h e  flow is adjusted by a remotely operated valve according to a flow inchcator in the 
control room. The  deaerator removes the  dissolved gases  and provides surge capacity for the system. 

these  pumps is automatically regulated by a valve to maintain a constant level in the deaerator. 
Water leaving these  pumps p a s s e s  through a prefilter, an anion bed, a cation bed, and an afterfilter 
beiore returning to the reactor and clean pools. There i s  only a s ing le  set of  pool deminerallzers. 
The pool volume is sufficiently large so that water conditions will not chatige to any great extent 
during the time required for regeneration. During regeneration, the demineralizers can be bypassed 
without affecting the operation of the deaerator and filters. A radiation-detection device located in 
the l ine  to  the deaerator indicates (in the  control room) the  amount of contamination in the  water 
leaving the defective element storage tanks. 

the dissolved gases  from the pool water a t  a flow of 200 gpm. Together with i t s  associated con- 
densers and steam ejectors, it is located in a 1-ft-thick normal-concreteshielded cell on the first 
floor of the  water wing. Water enters the  top of the  deaerator tank and p a s s e s  down through a bed 
of Kaschig rings. The  high vacuum maintained by the steam-jet ejectors removes dissolved gases  
from the water. Gases  from the  deaerator p a s s  through a precondenser, a hi&-vacuum ejector, a 
low-vacuum ejector, and an aftercondenser before entering the CHOG system. Condensate from 
the condensers is returned to the  deaerators. A level sensor de tec ts  the water level in the deaerator 
and transmits a signal to a flow control valve on the discharge of the pool demineralizer pumps to 
hold the level constant. The  demineralizer pumps are automatically shut down i f  a low level set-  
point is reached and are automatically restarted when the low level switch is cleared. They are 
 SO shut down by a high water level that  lasts longer than 45 sec in the clean pools and must, 
in this ca se ,  b e  manually restarted. The  deaerator level signal is a lso  displayed in the control 
room. A separate level sa fe ty  switch on the deaerator transmits an alarm t o  the control room if a 
high level is detected and c loses  a block valve in the steam supply line to the ejectors to  prevent 
the discharge of water into the CHOG system. Each condenser is equipped with vacuum and 
pressure gages to aid in adjusting the vacuum. A pressure sensor transmits the deaerator vacuum 
to an indicator in the control room and sounds an alarm i f  high pressure is detected. 

pumps PU-7A and P U - 7 B  and i s  discharged to the pool demineralizer prefilter. These  pumps are 
located in a shielded cell on the ground floor of the wa te r  wing. Each pump h a s  a capacity of 200 
gpm. The  pumps discharge into a common lrne containing the  deaerator level control valve. Com- 
pound pressure gages are located on the suction s ide  of each pump, and normal gages are located 
on the discharge side. An “on-off-reset” selector switch and a “cunning” light for each pump 

1 From the  deaerator, water flows to the pool cleanup pumps, PU-7A and PU-7B. ’The discharge from 

(a) Deaerator. - The pool deaerator, shown i n  Fig. 6.4.8, is designed to remove essentlally all  

(b) Demineralizer Pumps. - Water from the deaerator enters the suction of the  demineralizer 
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motor a r e  located on t h e  process  panel  in  t h e  control room. A “stop-reset”  button i s  loca ted  at 
each pump. High water leve l  i n  t h e  c lean  pool lasting longer than 45 sec will shut  down t h e  
pumps, and they mus t  b e  restar ted manually. A low leve l  in  the  pool deaerator  will a l s o  s t o p  
the purnps; but, in  this c a s e ,  R restoration of the  leve l  s t a r t s  the  pumps automatically. 

power systerxi and will res tar t  ailtomatically when power is restored following an outage.  

200 gpm with a 2.5-psi p ressure  drop. I t  is s imilar  to t h e  other  pref i l te is  and conta ins  28 porous 
s intered s t a i n l e s s  s t e e l  f i l ter ing t u b e s  with a mean pore size of 20 p. Water flows from t h e  outs ide  
of t h e  t-ubes to  t h e  center. 
shielded c e l l  as t h e  pool demineralizers. I t  is covered with a 2-in.-thick lead  sh ie ld  and is vented 
through a ball-float t rap to t h e  Ok{OG system. T h e  filter, which is also equipped with a bypass ,  c a n  
be  c leaned  by backwashing with acid,  caus t ic ,  or steam. P r e s s u r e  g a g e s  are loca ted  on t h e  in le t  
and out le t .  

After p a s s i n g  through the  prefilter, water  e n t e r s  the pool demineral izers ,  showii i n  Fig. 6.4.8, 
which c o n s i s t  of s e p a r a t e  cation and anion beds. They  are  loca ted  on t h e  f i rs t  floor of the  water  
wiving in  a shielded cell. The cation column conta ins  50 ft3 of cat ion resin and is surrounded by 2 
in. of supplementary lead  shielding.  T h e  anion column contains 50 f t 3  of anion resin but h a s  no 
supplementary shielding. Water e n t e r s  t h e  top of t h e  cat ion column, p a s s e s  through i t ,  and in to  t h e  
top of t h e  anion column. From the  bottom of  t h e  aniou bed t h e  water  f lows to t h e  afterfilter. Both 
demineralizer columns are vented to t h e  OWOG system through bal l - f loat  t raps .  
caus t ic ,  and backwash l i n e s  are provided. A demineralizer recyc le  pump, PU-12, is ava i lab le  for 
recycl ing water during regeneration. Sample t a p s  a r e  loca ted  on the i n l e t  and out le t  of each  column. 
The sample lines run outs ide  the  cell t o  a sampling s ink.  

saine sh ie lded  ce l l  as t h e  pool demineralizers. T h i s  filter h a s  a rated flow capaci ty  of 200 gpm 
with a 2.5-psi p ressure  drop when clean.  T h e  filtering medium is 100-mesh s t a i n l e s s  steel screen.  
P r e s s u r e  g a g e s  are located on t h e  i n l e t  m d  exi t  l ines .  ‘The f i l ter  is vented to t h e  OHOG sys tem 
through a ball-float trap. I t  c a n  h e  backwasbed to t h e  interme$iatc?.-lev91-waste sys tem u s i n g  water 
from t h e  pool demineralizers. Water leav ing  t h e  afterfilter c a n  b e  returned to any pool through l i n e s  
common with those  returning watct  from t h e  pool cool ing system. 

Ei ther ,  or both, pumps may b e  operated a t  one time. T h e  motors are connected to the  normal- 

(c) Filters and Demineralizers. - T h e  pool deniirteralizer prefilter h a s  a rated flow capaci ty  of 

The  f i l ter  is loca ted  on t h e  f i rs t  floor of t h e  water wing i n  t h e  same 

Appropriate ac id ,  

From the  demineral izers  t h e  water  flows io t h e  pool demineralizer afterfilter, loca ted  i n  the  

8.4.3 Pa01 Fi l l  and Brain Systems 

Each sec t ion  of t h e  c lean  pool has o n e  3-in. line enter ing below the sur face  of t h e  water; t h e  
critical pool h a s  a s i n g l e  4 i n .  l ine enter ing below t h e  surface.  T h e s e  l i n e s  terminate  a t  t h e  835- 
f t  level  (i.e.,  a t  a water depth of 7 ftj. T h e  reactor pool conta ins  two h e s  which en ter  below t h e  
surface. One is t h e  normal &in. return from the pool coolant  sys tem which te rmina tes  at the 828 52- 
f t  l eve l  a t  a water depth of 16 ?; ft (i.e., 8 ft above t h e  core  center  line). These l i n e s  also s e r v e  
as f i l l  and drain l i n e s  for t h e  pools .  T h e  second l i n e  i s  the  4-in. feed l i n e  to t h e  ~ C M A  deaerator  
from the defect ive element  s torage  tanks .  T h i s  is loca ted  a t  t h e  817 ?y€t Ievel ,  3 ft below t h e  c o r e  
center  line. 

A 55,000-gal underground s torage  tank  h a s  been provided to  rece ive  pool water when draining i s  
necessary .  T h i s  tank i s  concre te  l ined with p l a s t i c  and i s  loca ted  o u t s i d e  t h e  e a s t  wall of t h e  
water wing. T h e  top of t h e  la-in.-tbick concre te  sh ie ld  i s  flush with the  finished grade a t  t h i s  
point. A second sec t ion  of th i s  tank provides  t h e  20,000-gal primary coolant  s torage  mentioned i n  
Sec. 6.2.3. Both s e c t i o n s  of t h e  tank are vented t o  the atmosphere through t h e  SBIlE filters, and 
the overflow i s  connected t o  the process  w a s t e  sys tem ( s e e  Sec. 10.3). 

in a p ipe  tunnel on t h e  ground floor. By an appropriate sys tem of valving, this header  can b e  routed 
into t h e  suct ion or d ischarge  of ei ther  of t h e  pool coolant  pumps (P17-9A and PU-9B). 

T h e  fill and drain l i n e s  from the individual pools  run t o  a comiiion f i l l  and drain header  loca ted  

Similarly, 
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the l ine from the  underground storage tank can  b e  connected to either s i d e  of t hese  pumps to  fulfill 
any fill o r  drain requirement. 

6.5 Emergency Cooling Requirements 

It i s  possible to distinguish three types of emergency cooling requirements which a r i se  from the 
following causes:  (1) failure of a component (e. g., a pump) i n  the cooling systems; (2) loss of both 
normal 13.8-kv electrical  feeders;  and (3) reactor shutdown due  t o  some cause  such  as multiple 
component failure, power failure, human error, or a combination of these  events. 

has been anticipated. Al l  vital  components have standby counterparts which are available to  
assume the  load. Such a situation would result  in, at most, the necessity for a s m a l l  reduction 
in power. 

t ime,  the  system can s t i l l  operate at 10 Mw. However, t he  auxiliary power systems must operate 
normally, and no  vital mechanical components may fail concurrently. 

Because  of t he  shor t  life and  high cost of the  lIFIR fuel and t h e  high rate of gtowth of xenon 
and samarium following shutdown, i t  is des i rab le  to keep the teactor a t  a power as high as possible, 
even during abnormal conditions. For th i s  reason, certain of the emergency sys tems have  been de- 
signed to permit short-term operation a t  10 Mw even thou& the normal-power h a s  been interrupted. 
The design features incorporated to permit 10-Mw operation during th i s  condition a re  as follows: 

1. Two diesel-motor-generator sets share  the burden of supplying emergency power to the  sys- 
tem. Certain crucial  i t e m s  a re  included in duplicate with one unit on each  diesel;  others are 
connected to the power source through a failure-free battery system which suppl ies  power for 
sufficient time even though the  d iese l  sys t ems  do  not operate. 

fer or a normal-power failure, failure-free battery sys tems supply power continuously to vital 
instrumentation. A flux-to-flow ratio computer (see Sec. 8) in i t ia tes  an automatic reduction in the 
reactor power to match the primary coolant flow and prevent flux-to-flow ratio o r  high-temperature 
scrams. 

pump, both supplied by a diesel,  have been provided. 

dc  pony motor supplied from a battery system. These  motors a re  energized at all times during op- 
erahion and take  over t he  load upon failure of t h e  main motors. 

The flows developed by the  pony motors a re  a s  follows. 

The  occurrence of a component failure, as in c a s e  1, is not too unlikely; however, th i s  event 

In case 2, where t h e  normal 13.8-kv electrical  supply is interrupted, presumably for only a short 

2. In order t o  prevent a scram during the  switching transient caused  by a 13.8-kv feeder trans- 

3.  An emergency pressurizer pump and emergency windings for the  auxi lrary secondiary coolant 

4. As described in Sec. 6.2.l(d), each  of t h e  primary coolant pumps is equipped with a 3-hp 

Number of pumps operating 1 2 3 

Flow (gpm) (apptox) 1300 2100 2500 

The  sequence of automatic operations in the  cooling system following a 13.8-kv power outage is as 
follows: 

I. T h e  primary punips coas t  down and ,  iluc to fhe pony motors, flow s tab i l izes  at -2500 gpm after 
"-10 see. Simultaneously, the flux-to-flow ratio computer reduces the  power in an  orderly fashion 
to -10 blw, the letdown block valves close, the pressurizer pumps coas t  down, and the  sccond- 
ary coolant pumps coas t  down. 

2. Approximately 10 sec after the power failure, d iese l  power is available to tun the  emergency 
pressurizer pump and the  emergency winding of the  auxiliary secondary coolant pump, to open 
the  cooling tower bypass  valve, and to maintain charge on the various battery systems. 
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Following t h e  loss of the  2400-v bus,  t h e  s a m e  s e q u e n c e  is followed except  t h a t  the  d i e s e l s  need  
not b e  s tar ted.  In t h i s  case, t h e  13.8-kv sys tem would supply power to t h e  normal-emergency s y s -  
tem and the  normal winding of t h e  auxiliary pump. 

multiple component failure, power failure, ne some combination of events ,  it is necessary  to shut  
the reactor down. In t h i s  case, only af terheat  need b e  considered. 

T h e  heat-generation rate  as a function of time af ter  shutdown following a 2 5 4 3 ~  operat ing 
cyc le  a t  100 Mw i s  given in  F ig .  6.5.1. T h e  hea t  generation drops from 100 to 7 MW virtually 
instantaneously a t  shutdown. One pony motor will supply adequate  cool ing followiing shutdown 
although there  a re  normally three pony motors energized,  and t h e  coastdown of t h e  ma in  pump 
motors provides additional flow during the f i rs t  8 to  10 sec. Forced convection, suppl ied by one 
or more of t h e  pony motors, is required for approxirnately 4 hr af ter  shutdown i n  order t o  provide 
reasonable  a s s u r a n c e  aga ins t  fuel melting. E a c h  of the four pony motor battery hanks c a n  
supply power for a minimum of 2 hr, even i n  t h e  unlikely event  tha t  both d i e s e l  generators  fail 
to s tar t .  Operation of ei ther  d i e s e l  generator c a n  provide power to  the battery chargers ,  thus 
allowing flow to b e  maintained indefinitely. At the  end of 4 hr t h e  heat-generation ra te  h a s  
dropped to <0.7 Mw and natural  convect ion cool ing is adequate. 

T h e  third type  of emergency cool ing requirement, case 3, is tha t  in which e i ther  b e c a u s e  of 

6.5.1 Startup of Vital Pumps 

A s  a resul t  of a normal-power outage  of t h e  preferred 13.8-kv feeder, t h e  l a r g e  2.4-kv pump 
motors will s top.  When s e r v i c e  is restored by t ransfer  to t h e  lower-capacity a l te rna te  feeder, over- 
zea lous  operator action in restar t ing t h e s e  motors could c a u s e  overcurrent s u r g e s  which would 
trip protect ive d e v i c e s  i n  the  a l te rna te  feeder ,  c a u s i n g  a further delay.  

To prevent th i s  s i tuat ion and to  minimize operator time away from t h e  control. console ,  an 
auto process  s t a r t ”  push button is located on the  console .  T h i s  button starts t h e s e  pump m o t o r s  L t  

in an  orderly sequence  t o  prevent unnecessary  overcurrent surges .  

N o  delay - One primary coolant pressur izer  pump PU-4 motor 

12-sec de lay  - Two secondary coolant  pump PU-5 motors 

72-sec delay - Two primary coolant  pump PU-1 main m o t o r s  

84-sec delay - One primary coolant  pump PU-1 main motor 

T h e  s tandby pressurizer  pump and primary coolant pump, having been designated at t h e  begin- 
ning of the  cycle ,  would remain idle. T h e  d c  pony motors are unaffected by th i s  procedure. Ihe 
emergency winding of secondary coolant  pump PU-14 remains energized,  and t h e  cool ing tower 
b y p a s s  va lve  remains open about 15 sec af ter  restoration of n o m a 1  power - long  enough for restora- 
tion of nortrial service.  

necessary  water  s e r v i c e  equipment to  obtain the  rreun’7 condition is restar ted by the  (‘auto 
process  s ta r t”  button p lus  t h e  normal button for PlJ-2 primary coolant  c leanup pump. 

Should t h e  reactor control sys tem have  reverted to t h e  “s ta r t”  condition (see Sec. 8), all 



7. CORE PHYSICS, NUCLEAR DESIGN, 

7.1 introduction 

The primary purpose of the  HFIR i s  to produce yearly 

AND HEAT TRANSFER 

“research quantities” of various trans- 
uranium isotopes,  with CfZ5 
abundance. A secondary purpose of the  reactor is to provide a s  many additional irradiation and 
experimental facil i t ies a s  possible without adversely affecting the production oE the transuranium 
isotopes. 

that a thermal-neutron flux of 2 to 3 x 1 0 I S  neutron cm-’  sec-’ would be requited in the target to 
achieve the  desired production rate. Since such high flux leve ls  implied high power levels, a 
survey study was conducted to determine what type of reactor would provide the  highest thermal- 
neutron flux per unit of power and which in other respects would be  economically and physically 
suitable for transuranium production. The  reactor selected was  the flux-trap type with light 
water in the  flux trap (island), th i s  being the region in which the  plutonium target is to be  irradi- 
ated. The  power level required for the desired flux level was  100 illw. 

The high thermal-neutron flux in  the island of a flux-trap reactor results from the leakage of 
nonthermal neutrons from the fuel region to the island, where many of the neutrons a re  slowed to 
thermal energies. The  actual magnitude of the flux on a unit reactor power bas i s  depends on 
many parameters, the more important of which are the island diameter and moderator, the average 
power density, and the length-to-diameter ratio of the core. Many nuclear s tud ies  were made, 
using various reactor codes  and information from appropriate cri t ical  experiments, to investigate 
the various parameters. Results from these  s tud ies  i n h c a t e  that (1) light water was  the best  
island moderator; (2) the island had an  optimum diameter; ( 3 )  the fuel region had an optimum 
length-to-diameter ratio; and (4) the core volume should be  as small as possible for the specified 
100-Mw power level. 

To help achieve a s m a l l  core volume, the following features were incorporated in the core 
design: cylindrical geometry, nonuniform radial distribution of the fuel, flux suppressors at t he  
core ends ,  and a symmetrical reflector control system which is supplemented by a burnable 
poison in the  fuel. In addition, very extensive analytical  and experimental s tud ies  were made in 
connection with the  mechanical, hydraulic, and heat-removal characterist ics of the  core in  an 
effort to achieve the  maximum possible heat transfer surface area-to-core volume ratio. These  
studies,  in  conjunction with fabrication considerations, resulted in the  se lec t ion  of O.OSO-in.-thick, 
involute geometry coolant channels and fuel plates. The plates a re  assembled in two concentric 
fuel annuli. T h e  heat-removal analysis,  which very conservatively considered detrimental inechani- 
cal ,  hydraulic, thermal, and nuclear deviations from the  nominal to ex is t  a t  the s a m e  time and 
place in a consistent manner, indicated that a core volutne of only 51 liters was required to re- 
move the 100 Mw of heat. The  corresponding peak thermal-neutron flux in the  island was found to 
be about 5 A 1015 neutrons c m - 2  sec- ‘ ,  with a corresponding steady-state incipient boiling power 
level of about 140 Mw. With the proposed fuel loading of 9.4 kg of IJZ3’,  a typical fuel cycle was 
calculated to he about 14  days. 

The  following sec t ions  d i scuss  the nuclear design and heat transfer primarily from fhe steady- 
s t a t e  point of view. Additional information concerning the kinetic behavior of the system is con- 
tained in  Sec. 8, particularly Sec. 8.8 and in ORNL-3573. It should be  noted that th i s  section of 
the report pertains mainly to design consideration rather than an analysis of actual reactor 

being the  heaviest  isotope that can be produced in significant 

Preliminary investigations of transplutonium production from Pu  2 4  feed material indicated 
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behavior. Generally speaking,  the  reactor d o e s  function as was intended; however, some of the  
numbers and curves  included herein a re  not completely cons is ten t  with ac tua l  operat ing charac-  
te r i s t ics .  For ins tance ,  t h e  calculated fuel  c y c l e  for an arbitrary s e t  of average condi t ions w a s  
14 days ;  the ac tua l  fuel  c y c l e  being achieved i s  23 days .  

7.2 Selection of Reactor Type and Materials 

Preliminary a n a l y s e s  of t h e  transuranium iso tope  production scheme indicated that  t o  
achieve  a sat isfactory Cf ” ‘ production ra te  - generally def ined a s  tens  of milligrams per year  - 
a perturbed thermal-neutron flux of about  2 t o  3 x 10 l 5  neutrons cm-‘  sec” 
T h e  assumption used  in the  a n a l y s i s  w a s  that  only 100 g of P u ~ ~ ’  feed material would b e  avail- 
a b l e  for the  f i rs t  year  o r  so  of reactor  operation. 

of various types of reactors  and considerat ion of t h e  plutoniuni target  design 
indicated that a flux-trap-type reactor, operating a t  about  100 M w ,  rould produce the  necessary  
thermal-neutron flux in  the  i s land  region (flux trap) of t h e  reactor, Thus ,  a flux-trap geometry 
w a s  se lec ted ,  and the design power leve l  w a s  spec i f ied  as  100 Mw. 
i s  shown in F i g .  7.2.1; typical  radial  neutron flux dis t r ibut ions are shown in F ig .  7.2.2; and 
typical  ax ia l  thermal-ncutron flux dis t r ibut ions a re  shown i n  F ig .  7.2.3. 

T h e  se lec t ion  of aluminurii-clad fuel p la tes ,  light-water a s  coolant  and moderator, and a 
beryllium reflector w a s  b a s e d  primarily on t h e  proposition that  t h i s  would resul t  in  minimum re- 
search ,  development, operating, and capi ta l  cos ts .  Furtheirnore, there  w a s  no indicat ion that  
t h e s e  mater ia ls  would not b e  sat isfactory from a nuclear  and heat-removal point of view or tha t  
t h e  use of more exot ic  mater ia ls  would s ignif icant ly  improve perfoimance i n  th i s  regard. 

light water, heavy water, beryllium, and various combinations of l ight  water  and beryllium for USE 

i n  the is land.  With and without t h e  plutonium target in  t h e  i s land ,  the  calculat ion showed that 
light water resul ted i n  the  highest  thermal-neutron flux in t h e  i s land  per  unit of reactor power. 

would b e  required. 

Invest igat ions 

A coic of th i s  general type 

T h e  eventual  se lec t ion  of l ight  water for the  i s land  w a s  b a s e d  on an a n a l y s i s 4  tha t  considered 

7.3 Nuclear Design 

7.3.1 General Consi drrrntinrns 

As shown in  Fig.  7.3.1, the  production of C f 2 5 z  from I7“uz4’ requires ten s u c c e s s i v e  neutron 
captures ,  and thus  t h e  production rate, a t  l e a s t  during t h e  f i rs t  year  of irradiation, is qui te  sen-  
s i t i v e  t o  the thermal-neutron flux. Figure 7.3.2 ind ica tes  tha t  for thermal-neutron f luxes  less 
than about 4 x 10 l 5  neutrons cm-‘ set'-' the  total  C f Z 5 ’  production during t h e  f i rs t  year  of 
irradiation is proportional to about  t h e  third pourer of the  flux. T h i s  dependency provided a s t rong  
incent ive to achieve  the  h ighes t  pract ical  thermal-neutron flux i n  the  plutonium target a t  the  
specif ied 100-Mw maximum power leve l  and just i f ied t h e  development of severa l  design features  
that  significantly increased  the maximum achievable  neutron flux. A brief summary of typical  
HFIR nuclear  charac te r i s t ics  is given in Tab1.e 7.3.1. 

T h e  high thermal-neutron flux in  the  i s land  of a flux-trap reactor  resul ts  from the  l e a k a g e  of 
nontherinal neutrons from the  fuel region to  the  is land,  where many of the  neutrons a r e  thermalized. 
T h e  diffusion length of the  thermalized neutrons i s  less than t h a t  of the  neutrons leaking from the  
fuel; so in a s e n s e  the neutrons are trapped in  the i s land  moderator. T h i s  descr ipt ion of the  flux- 
trap principle i s  attributed to Wigner.’ 

.................... ~ - .................... 
‘PI. C. Claiborne,  Cal i fo fn ium Production in the High Flux Isotope Reactor, OHNE-CF-59-8-125 (August 

’H. C. Claiborne, E f f e c t  o f  Di f ferent  Se ts  of Cross Sect ions  on C f Z 5 ’  Production in the H F I I ,  OKNL- 

3H. C. Claiborne, E f f e c t  of Non-Thermal Capture on Californium production in the  H F I R ,  OISNI,-CF-SQ- 

4R. D. Chevertun, H F I R  Preliminary Physics Repor t ,  OKNL-3006 (Oct. 4. 1960). 

5B. P. Wigner, Nucl.  Sci .  Eng. 6(5) ,  420 (November 19.59). 

1959). 

CF-59-10-19 (October 1959). 

12-16 (December 1959). 
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fab le  7.3.1, General Nuclear Characteristics of the H F l R  
- 

R e a c t o r  power, Mw 100 

Neutron flux, neutrons cm-2 sec-’ 

Maximum unperturbed thermal  flux in  i s l a n d  
Average thermal  flux in i s l a n d  ta rge t  (300 g of P u 2 j 2 )  
Average nonthermal  flux in i s l a n d  ta rge t  
Maximum nonthermal  flux i n  f u e l  region 
Maximum unperturbed thermal flux in beryllium ref lector  

Beginning of f u e l  c y c l e  
End of fue l  c y c l e  

Maximum u n p e r t u r b e d  thermal  f lux  at Be-H 0 re f lec tor  in te r face  2 
Beginning of fue l  c y c l e  
End of h e 1  c y c l e  

Prompt-neutron l i fe t ime,  p e c  
Beginnmg of cycle 
End of c y c l e  

Effec t ive  d e l a y e d n e u t r o n  fract ion 

5.5 x 10” 
2.0 x 10’’ 

4.ox 1015 

2.4 X 10” 

1.1 x 10’5 
1.6 X lo1’ 

1.4 x 

1.7 x l o i 4  

3.5 

7 0  

0.0071 

Length  of typ ica l  fuel cycle ,  d a y s  2 3 
-- I_ 

There a r e  bas ica l ly  t h r e e  fac tors  that  control t h e  magnitude of the  i s l a n d  thermal-neu tron flux. 
T h e s e  a r e  (1) t h e  ex ten t  of  neutron leakage  from t h e  fue l  to the  i s land ,  (2) t h e  slowing-down and 
absorption charac te r i s t ics  of the  i s land  moderator, and ( 3 )  t h e  diameter of the  is land.  An optimum 
is land  diameter e x i s t s  because  of t h e  confl ic t ing requirements for complete  moderation (large 
i s land)  and for smal l  volume (high neutron density). T h e  u s e  of an i s l a n d  moderator with the 
shor tes t  slowing-down length resu l t s  in  t h e  h ighes t  thermal-neutron flux because ,  for an equal  
number of neutrons moderated, t h e  diameter  (and t h u s  volume) a r e  t h e  smallest .  Even though 
l ight  water  h a s  a relat ively high thermal-neutron absorption c r o s s  sec t ion ,  i t s  slowing-down 
length is short  enough to resu l t  i n  a higher  neutron flux i n  t h e  i s land  than that  achieved with t h e  
othet moderators considered.  

represents  a compromise between achiev ing  the  maximum flux with and without t h e  target  in  t h e  
Island. Since the  ta rge t  d i s p l a c e s  some of t h e  i s l a n d  water, t h e  optimum is land  diameter  1s de- 
pendent  upon the plutonium loading (target s ize) ,  the diameter  being greater  for larger  targets .  
However, over  t h e  range o f  target  loadings being considered (0-300 g of P U ~ ~ ~ ) ,  t h e  ca lcu la ted  
var ia t ions in  optimum i s l a n d  diameter  and corresponding maximum thermal-neutron f luxes were 
small .  F o r  th i s  reason no at tempt  w a s  made to optimize the  i s l a n d  diameter  for any s p e c i f i c  
target  design.  

Neutron leakage  from t h e  fuel  to the  i s land  is a function of t h e  c o r e  shape ,  the c o r e  s i z e ,  t h e  
metal-to-water ratio, t h e  power distribution, and t h e  amount of paras i t ic  absorption. Decreas ing  
t h e  cote s i z e  and  increas ing  t h e  metal-to-water ratio increased  t h e  c o r e  leakage. Optimizing the 
length-to-diameter ra t io  of a given volume fuel  region for a t a rge t  length chosen  equal  to the a c t i v e  
core length increased  to a maximum t h e  total  l e a k a g e  p e r  uni t  core  height  into the is land.  

The limitation on reduction of t h e  c o r e  volume w a s  a s s o c i a t e d  with heat-removal considera-  
tions. In t h i s  regard a very s ignif icant  improvement i n  reactor  performance w a s  achieved  by in- 
corporating des ign  features  that  resul ted i n  a ratio of maximum-to-average power dens i ty  of only 
1.45 (exclusive of hot-spot factors). T h e s e  features  included cyl indrical  c o r e  geometry, a sym- 
metrical reflector control sys tem,  extension of t h e  aluminum e n d s  of t h e  fuel  p la tes  to  suppress  
Ihe  neutron flux at the ends  of t h e  a c t i v e  fuel  region, and radial  var ia t ions in  t h e  fuel  and burn- 
able-poison concentrat ions. 

The optimum i s l a n d  diameter  s e l e c t e d  for t h e  IIFIR, us ing  l ight  water  as the i s l a n d  moderator, 
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A s  explained in  greater detail. in  Sec. 5.2.2 and shown in F ig .  5.2.5(a), t h e  radial var ia t ions 
i n  fuel and poison concentrat ions were achieved by varying the  th icknesses  of t h e  fue l  cores and 
burnable-poison cores a c r o s s  the  width of the  involute fuel p la tes .  A disadvantage a s s o c i a t c d  
with th i s  technique is that  a t  the thin par t s  of the  fuel-plate cores ,  t h e  fuel and poison concen- 
tration inaccurac ies  due  t o  segregat ion and inhoinogeneity i n c r e a s e  with increases  in  t h e  ratio of 
nominal maximum-to-average fuel-plate core  contour he ights  (decreasing th ickness  of the  tliiri 
parts). To compensate  t o  s o m e  extent  for t h i s  t iend,  a 1-cm-thick water  annulus  w a s  added be- 
tween the  two fuel annuli. 
thus  the  fuel-plate core  COntOUitj b e c a u s e  thermal neutrons were added in t h e  otherwise minimum 
thermal-neutron flux region, and because  the  a s s o c i a t e d  permissible d e c r e a s e  i n  fuel  loading de-  
c reased  the  radial thermal-neutron flux depression.  T h i s  d e c r e a s e  in  fuel  loading had  t h e  further 
advantage of decreas ing  fuel segregat ion,  which i s  a function of fuel densi ty  within t h e  core. 
Although the addition of the  water  decreased  by a few percent  the  i s land  thermal-neutron flux per  
uni t  of reactor power, i t  appeared necessary  in order to obtain reasonably accura te  fuel  and poison 
distributions. 

T o  ensure  tha t  experimental fac i l i t i es  other  than t h e  i s l a n d  target did not impair t h e  i s land  
neutron fluxes, a l l  but a few rather small  experimental fac i l i t i es  were relegated to  a position in  
t h e  beryllium reflector a t  l e a s t  3 in. from t h e  fuel region. At t h i s  and further removed locat ions 
t h e  effect  of the  beam holes  and other  ant ic ipated experiments  on power distribution w a s  deter- 
mined experimentally to  b e  negligible; their  to ta l  e f fec t  on reactivity w a s  est imated t o  b e  l e s s  
than 1%. 

for a reflector containing no experimental faci l i t ies .  T h i s  w a s  done  to provide adequate  high- 
neutron-flux s p a c e  for t h e  experimental fac i l i t i es  and a l s o  t o  he lp  nullify their  nega t ive  reactivity 
effect. T h e  beryllium reflector th ickness  s e l e c t e d  was  approximately 30 cm. 

T h i s  helped to flatten the  radial thermal-neutron-flux distribution and 

T h e  radial th ickness  of the  beryllium reflector was made somewhat  greater than that  needed 

7.3.2 Fuel and Burnable-Poison Loadings and Distributions 

Detailed HFIR fuel c y c l e  ca lcu la t ions  6 * i  and cr i t ical  experiment r e s u l t s 8  indicated that  in 
order to achieve t h e  des i red  average fuel c y c l e  time of about 14 days ,  a fuel loading of 9.4 k g  
would b e  required. Enough boron burnable poison w a s  added t o  achieve ,  in  conjunction with the  
reflector control sys tem,  reasonable  reactivity control. I t  w a s  necessary  that  t h e  resul tant  con- 
centration of fuel and poison b e  cons is ten t  with fabrication and reactor perfomiance considera-  
t ions.  

The  radial dis t r ibut ions of t h e  fuel and poison were es tab l i shed  on the  b a s e s  of providing the  
minimum and essent ia l ly  cons tan t  value of peak-to-average power densi ty  during a fuel cyc le  and 
providing a sat isfactor i ly  high and cons tan t  thermal-neutron flux in  the  is land.  As shown in Fig.  
5.2.5(a), the  burnable poison w a s  included only in t h e  filler p i e c e  of t h e  fuel-plate cores in the  
inner annulus; by doing th i s ,  t h e  poison w a s  added in  t h e  h ighes t  poss ib le  thermal-neutron f lux  
a reas  cons is ten t  with t h e  l imitat ions imposed by fuel-plate c o r e  fabrication considerat ions.  
resulted in  the  smal les t  poison loading for a desired amount of reactivity control, had the  grea tes t  
effect on f la t tening of t h e  thermal-neutron flux, and resul ted in the  grea tes t  fractional bumup of 
t h e  poison a t  the  end of t h e  cyc le .  Furthermore, t h e  resul tant  overal l  neutron-flux depress ion  in 
the  inner annulus  permitted shif t ing some fuel from the outer  to the  inner fuel annnlus  to help 
compensate  for the  very rapid burnup of fuel in th2 la t ter .  All t h i s  helped to  maintain a constant  
theimal-neutron flux in t h e  i s land  and a cons tan t  peak-to-average power densi ty  ratio i n  t h e  fuel 
region; the  absolu te  va lue  of the  la t te r  ratio w a s  a l s o  sat isfactory.  

T h i s  

6R. D. Cheverton. F u e l - C y c l e  A n a l y s i s  a n d  P r o p o s e d  Fuel  a n d  Burnable  Poison Dis tr ibut ion  and Load- 

'12. D. Cheverton, IlFIR F i n a l  P h y s i c s  Repor t ,  t o  b e  publ ished.  

'D. W. Magnuson ( internal  memorandum), N i g h  F l u x  I so tope  R e a c t o r  Cr i t ica l  Experinient  N o .  2 (September 

ing for fhe H F I R  and BFCE-2, 0RNL.-CF-61-2-36 (February 1961). 

196 1). 
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7.3.3 Fuel Cycle Analysis7 

Fuel cyc le  calculations were made to help determine the  proper fuel and b u r t ~ a b i e - p o ~ s o ~ ~  
loadings and distributions and to investigate variations with time in such parameters a s  neutron 
flux and power distitbaitions and reactivity. Figure 7.3.3 shows typical radial power distrlbutions 
calculated for different t i m e s  in the fuel cycle,  Fig. 7.3.4 s h o w s  how the average thermal-neutron 
flux in a typical island target varies with lime; and F i g .  7.2.2 shows,  in addition to several  clean- 
core radial flux distributions, a comparison between clean-core and end-of-cycle radial thermal- 
neutron flux distributions. As indicated by these  curves,  the  island flux dnd the  peak power 
density are a maximum at thc beginning of the  fuel cyc le  and decrease  2 or 3% during the fuel  cycle. 

length of the core. At the horizontal midplane the  relative power density near the outer edge of 
the  outer annulus is somewhat greater because ot a syrnmetrlcal longitudinal flux peaking that 
takes p lace  a s  the control p la tes  are withdrawn from the core. Also, a t  the outer corners of the 
core the re labve  power density a t  the  end  of t he  fuel cyc le  tends to be greater than shown in  
Fig. 7.3.3. During a major portion of the fuel cycle,  the  thermal-neutron flux a t  t hese  cottier 
regions is depressed by the  presence of the black regions of the  control plates,  resulting in a 
relatively low local percentage of fuel burnup. At the  end of the  fuel cycle,  when the platcs a re  
fully withdrawn, both the fuel concentration and neutron flux a re  high, resulting in a somewhat 
higher power density than indicated. Additional calculations have been made whlch indicate that 
these longitudinal peaking ef fec ts  will not produce relative peak power dens i t ies  greater than 
those shown In Fig. 7.3.3. 

and D, at the beginning of the fuel cyc le  the  burnable poison controls about 0.04 Ak; a t  the end 
of a 14- to 15-day core life i t  is worth about 0.007 I k ,  thus resulting in a loss  of about two days 
ot core lifetime. A s  previously mentioncd, t he  actual fuel cyc le  IS about 23 days, and therefore 
the burnable poison is worth less at the end of the cyc l r  than indicated by these  calculations. 

the reactivity of the core will increase  as someof the poison burns out. Curve A of Fig. 7.3.5 
shows that this is not t rue in  the c a s e o f  HFIR operation. Curve A ,  however, does not represent 
the maximum possible reactivity. During the first  seven  days  of full-power operation, t h e  maxi- 
mum kefr,  with the control p la tes  out, occurs approximately four days  after a shutdown from full 
power, a t  which time the combined poisoning effect of xenon and samarium is at a minimum. 
Curve R of Fig. 7.3.5 is a plot of keff achieved in th i s  manner vs t h e  time rn the cyc le  at which 
the power was stepped from 100 to 0 Mw. Even in th i s  case, kt,lf is never greater than a t  the be- 
ginning of the fuel cycle. If, after being stepped froin 100 to 0 Mw, the core is maintained down 
for ten days  or more  insteed of just  four days, the xenon is essentially gone and &e promethium 
(Ptn'") has  nearly a l l  decayed to Srn 14', resulting in somewhat lower values of kerf a s  depicted 
by curve C. 

The radial power distribution curves in Fig. 7.3.3 are  typical for an average position along thp 

Reactivity variations during the  f u e l  cyc le  a re  shown in Fig. 7.3.5. A s  indicated by curves A 

T h e  inclusion of a burnable poison 111 a reactor core  often gives rise to  a situation where 

7.3.4 Temperature, Voi ~ and Fuel Coefficients of Reactivity 

Temperature, void, and fuel coefficients were determined experimentally, ' except in a few 
cases where calculations"* l o  were used to predict the coefficients for core conditions that could 
not be adequately simulated i n  the  critical experiments. 

Temperature coefficients predicted for the clean-core condition a re  l isted in Table 7.3.2. 
At 108'F and without a target in the island, the predicted overall isothermal coefficient was 

0.0; the  change in k associated with an  overall isothermal increase in temperature from 79OF to 
108°F was  - 2 1  0.0007. ___ ^ll-______l_ .- 

'13. W. Wagtiuson (inttvnnl memorandum), 

'OR. D. Chrverton, Vord Coefficient <I€ Reactivity Associated witti the Island Regrori of the HFIR, 

Flux Ibotope Reactor Critzcal Expermwrtt NO. 2, Pert  
(January 1961). 

ORNL-TM-114 (Nov. 15, 1961). 

. . . . . . . 



7- 6 

Table 7.3.2. Predicted Ternperuture Coeff ic ients of  React ivi ty  for the Clean Core 
-__.__.__I_.. .~ ..... ___..__.__.__.__ __._.....~...-..-__.__.____.I_ .... __ 

Condition 

( W W /  %, 
Temperature Coefficient 

At 79OF At 155OF 

With 310 g of PuO:, target in island 
Overall isothermal -1.16 x 1 0 - ~  -3.1 x 10 -4 

Fuel  region only -7.3 x -10.2 x 
Island + control + reflector regions (by difference) +7.1 x 

Overall isothermal +2.3 X lo-’ -2.1 x 
Fuel rcgion only -6.0 X lo-’ -11.7 x 

+6.1 X 

Without target in i s land  

Island t control + reflector regions (by difference) i-8.3 x f9.6 >: IO.-’ 

N o  experimental va lues  for temperature coeff ic ients  were obtained for c o r e  condi t ions o ther  
than the c lean  condition. 
temperature coeff ic ient  becomes l e s s  negat ive;  even so, t h e  overal l  temperature coeff ic ient  with 
the target  in  the  is land remains negat ive for operation a t  any s ignif icant  power level .  

Void coeff ic ients  for t h e  i s land  with and without t h e  target  ins ta l led  were also determined 
experimentally. As shown i n  Fig.  7.3.6, the void coeff ic ients  w e r e  posi t ive up to void fract ions 
of 70% without t h e  target  and 42% (based on t h e  same total  i s l a n d  volume) with a 300-g P u  target. 
T h e  corresponding maximum changes  in  t h e  neutron multiplication factor  were t 0.032 and 4.016 
respectively. 
without the target appear  to  b e  about +0.05 and +0.06, respect ively,  in  t e n s  of t h e  void fraction 
( V  i s  total volume of tlie particular region). T h e s e  i s land  void e f fec ts  were determined only for 
the clean-core condition. Variations with fuel c y c l e  time a r e  considered to b e  negligible. 

the central water, and t h e  outer  fuel annuli, the void coef f ic ien ts  in terms of the  void fraction 
were -0.188, -0.046, and -0.384 respect ively.  As t h e  fuel  c y c l e  progresses ,  t h e s e  va lues  will 
become somewhat less negat ive.  

F u e l  coeff ic ients  were determined experimentally for t h e  clean-core condition. Average 
va lues  for t h e  inner and ou te r  fuel  aimuli were 0.037 and 0.011 h k / k  per  kg of U Z 3 ’  respectively. 

Measurements made i n  t h e  reactor showed generally good agreement with the predicted va lues .  
Small differences were observed,  d u e  to c h a n g e s  i n  t h e  control plate  dr ive mechanisms, the water 
content of the control region, and differences between t h e  fuel  e lements ,  Reports  ORNt-CF-65- 
12-2 and ORNL-3573 contain additional information regarding the  experiments in t h e  reactor. 

Analytical resu l t s  ind ica te  that  as  t h e  fuel  c y c l e  proceeds,  t h e  c o r e  

For void fract ions l e s s  than about  20%, the void coeff ic ients  ( A k / k ) / ( h V / V )  with and 

Void coeff ic ients  were also determined experimentally for t h e  fuel region. For t h e  inner fuel ,  

7.3.5 Reactivity Associated with the Plwtani.um Target6 

T h e  addition of an all-aluminum target  to t h e  i s land  i n c r e a s e s  t h e  neutron multiplication 
factor  because  of the  pos i t ive  void coeff ic ient  in  t h e  is land.  However, tho ne t  reactivity effect  
with the  plutonium and subsequent  transplutonium products included in  t h e  target is a function of 
time because  the  neutron cross sec t ion  of the target var ies  with neutron dosage.  A target  con- 
ta ining 1% of P u Z 4 l ,  1% P u ~ ~ ’ ,  and essent ia l ly  98% of P u ~ ~ ~  as  feed material exper iences  maxi- 
mum f iss ion ra tes  a t  t h e  beginning of target  irradiation and aga in  about  0.4 y r  la ter ;  a t  t h e s e  t imes 
the absorption c r o s s  s e c t i o n s  a r e  about t h e  same and so a r e  the f i ss ion  rates. At 0.1 yr t h e  f i ss ion  
rate in the target i s  essent ia l ly  zero ( the P u Z 4 ’  and PuZ3’ a r e  nearly gone and t h e  concentration 
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of C ~ I ? ~ ’ ,  which is primarily rebponsible for t h e  second f i ss ion  rate  peak,  is not ye t  i n  s ignif icant  
abundance), atid t h e  ahsorpt ion ratc is a maximum. After 0.4 yr, at which time t h e  s e c o n d  f i ss ion  
peak occurs ,  both t h e  absorption and f i s  ion c r o s s  s e c t i o n s  d e c r e a s e  ( s e e  Fig. 5.2.3). 

Reac t iv i t ies  a s s o c i a t e d  with the  var ious target  condi t ions a re  l is ted i n  ?‘able 7.3.3. 

Table 7.3.3. Reactivities Associated wi th  an Island Target Init ial ly 

Containing 310 g ot P u * ~ * O ~  and 5.3 kg o f  Aluminum 

Without largrt  u.000 

W i t h  target 
N O  pu2“ or P U ~ ~ ’ ,  t i roa  zero 
1% pu2 ami 1% puZ3’, t ime  zero to .  008 

0--1% Pu241 and 0-170 P U ’ ~ ~ ,  0 . 1  yr (min. /lk) 

’u0.000 

-0.001 
i-ll.008 0--1% Pu2“ and 0-1% P u Z s 9 ,  0.4 yr (inax. I\k) 

7.3.6 Nuclear Characteristics of Control Plate 

T h e  control sys tem u s e d  in  t h e  H F l R  w a s  s e l e c t e d  primarily for i t s  abi l i ty  to adequately con- 
trol reactivity without introducing undesirable  perturbations and  asymmetr ies  i n  the fuel  e lement  
power distribution and  neutron f luxes  in  t h e  target. Bas ica l ly ,  t h e  sys tem cons t r tu tes  a reflector 
control sys tem that regulates  the  f low of thermal and epithermal neutrons from t h e  beryllium re- 
f lector  to the f u e l  region. As shown in Fig. 7.2.1, t h e  narrow annulus  be tween t h e  fue l  region ;urd 
t h e  beryllium ref lector  effect ively conta ins  two, thin, concentr ic  cy l inders  tha t  a r e  separa ted  from 
each  other  and from the  a d j a c e n t  regions by narrow coolant  g a p s ,  as descr ibed  in  Sec. 5.2.4. T h e  
inner cyl inder  h a s  a s i n g l e  dr ive  rod and is used  for both shim and  regulation. T h e  outer cyl inder  
is divlded into quadrants ,  e a c h  with i t s  own drive rod and r e l e a s e  mechanism, t h e s e  Four control 
p l a t e s  a r e  uscd  for  both sh im and  safety.  During normal operation, t h e  four shim-safety p la tes  
a r e  moved in concert  so as to minimize asymmetr ies  in t h e  power distribution, however, when 
u s e d  i n  emergency, they a r e  re leased  separa te ly  and  thus  provide multiplicity. 

In order to maintain the longitudinal power dis t r ibut ion var ia t ions within a c c e p t a b l r  l imi t s  
and  in order to prolong t h e  neutron-absorption l i fe  of t h e  p la tes ,  the control cyl inders  were di- 
vided, with respec t  to neutron-absorption capabi l i ty ,  into three  d iscre te  longitudinal regions: a 
highly neutron-absorbing (black) region, a moderately neutron-absorbing (gray) region, and a c o w  

paratively poor neutron-absorbing (white) region. By loca t ing  the  black regions of the  two control 
cyl inders  a t  oppos i te  e n d s  of the  core,  as shown i n  Fig. 7.2.1, and  by moving t h e  cy l inders  i n  
opposi te  direct ions in a symmetrical fashion, a s  shown in Fig.  5.2.9, it  is poss ib le  to  maintain 
power distribution symmetry about  the  horizontal midplane of t h e  core. 

with aluminum for the  black region, a 
for the gray regions, and s o l i d  aluminum for t h e  white  regions. In view of t h e  s ignif icant ly  larger 
absorption cross s e c t i o n s  of aluminurn and water  re la t ive  to  tha t  for t h e  beryllium reflector, the 
radial t h i c k n e s s e s  of t h e  three  control region coolant  channels  and of the  control p l a t e s  were 
minimized i n  a manner cons is ten t  with mechanical  and hydraul ic  consideratiorzs, i n  order to mini- 
mize the  nega t ive  react ivi ty  e f fec t  of the control  region at t h e  end  of a fuel cycle. 

Materials for t h e  control  p l a t e s  (Fig. 5.2.5) are a -31-vol % Eu20,-A1 dispers ion  c l a d  
-38-vol. % tantalum-aluminum dispers ion c l a d  with aluminum 
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T h e  integral and differential reactivity worths for t h e  control p la tes  were determined experi- 
mentally l 1  us ing  a s e t  of Eu,O,-Ta-A1 p la tes  that  are essent ia l ly  ident ical  to  t h e  reactor grade 
plates .  With a l l  p la tes  fully inser ted,  the  total  control plate  worth w a s  0.191 hk. With the inner 
cylinder fully withdrawn, the  four shim-safety p la tes  had a total  worth of 0.165 Ak. T h e  corre- 
sponding va lues  for a s imilar  s e t  of control p la tes  i n  t h e  IWIR are 0.187 Ak for all p l a t e s  
inser ted and 0.147 Ak for the  four shim-safety p la tes  alone. T h e  difference in  control plate  
worth i s  assoc ia ted  with a difference in  water content and distribution i n  t h e  control region 
of the  cr i t ical  experiment and the  HFIK faci l i t ies .  Shutdown margins for various core  and  control 
plate  conditions a r e  shown in T a b l e  7.3.4 and are d i s c u s s e d  more fully in  ORNL-3573. 

Differential wc.rths (Ak per unit d i s tance  of conti01 plate  travel) were determined for the four 
shim-safety p la tes  with the  four p l a t e s  effectively in  concert  and with t h e  inner cylinder held 
stationary. The  resu l t s  of t h e s e  t e s t s  a re  shown i n  Fig.  7.3.7. Differential worths of t h e  shim- 
regulating cylinder a r e  somewhat greater than those  for the shim-safety plates .  Not shown in 
Fig.  7.3.7 a r e  t h e  differential worths of t h e  control p la tes  for some extreme asymmetrical posi- 
tions of the inner control p la te  re la t ive to  the outer plate. Under SOiilC of t h e s e  conditions, which 
c a n  occur during mode 2 and 3 operation, t h e  differential worth of the  shim-regulating cylinder 
can  be as  large as 0.0142 Ak/in. and that  for t h e  combined s a f e t i e s  as large as  0.0135 hk/ in .  
T h e s e  two maximum condi t ions cannot  OCCIIK simultaneously. When one i s  a maximum, the other 
i s  a minimum. T h e  largest  combined differential worth occurs  with the control p la tes  symmetrical 
and i s  equal  to  about 0.021 hk/in. 

"El. W. Magnuson ( internal  memorandum), Nigh Flux  Isotope Reactor Cr i t ica l  Experiment  N o .  2, Part VlIZ 
(October 1962). 

... 

Table 7.3.4. Shutdown Margins for the  9 , 4 - k g  H F l R  Core (with  2.8 g B'') 
~~ ~ _ _ _ _ _  ___ _ _  

Shutdown Margin (h) 

1. 

2. 

-~ 

Maxirnum react ivi ty  c a s e ,  exc lus ive  of acc identa l  reac t iv i ty  addi t ions,  
with a new fuel  e lement  and  the following condi t ions:  

( a )  Extreme permissible  loadings and d is t r ibu t ions  of fue l  and  burn- 
a b l e  poisons  resu l t ing  in  maximum posi t ive react ivi ty  

0.06 9 0.030 

(b)  Beryllium not  poisoned 
(c)  Maximum target  react ivi ty  

(4 Z'ero power a t  70°F 

Typica l  noininal c a s e .  with a new file1 element  and  the  following con-  
di t ions:  

(a) Nominal loadings  and dis t r ibut ion of fuel  and burnable  poison 
(b,c, and d )  a s  i n  c a s e  1 

0.081 0.042 

eFour  shim-safety p l a t e s  jn, shim-regulat ing cyl inder  out. 
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7.3.7 Summary of Reactivity Accountability 

Pertinent reactivities associated with the  9 . 4 k g  HFIR core are summarized in Table 7.3.5. 

Table 7.3.5 Summary of React ivi ty  Accountability far the 9.4-kg Core 

Keactivitv (ilk) 
Parameter Time in Cycle (days) 

0 2 14 
11_- 

Fue l  worth with followmg core conditions: no  boron burnable 
poison, no target, no Be poisoning; zero power a t  70% 

Boron burnable poison (2.8 g of B”) 

Temperature deficit  (evaluated with a 310-g PuO,  target): zero 

Plutonium target: 310 g P u ’ ~ ~ ~ , ,  t 3 g P u L 4 ’ 0 2  + 3 g of P u ’ ~ ’ ~ ,  

power a t  7OoF to 100 Mw 

Maximum (time zero  and again a t  0.4 yr) 

Minimum (0.1 yr) 

t SmI4’ (at  power) Xe 1 3 5  

Al l  fission products 

Re poison’ (Li6  + He”)  
Time zero 

0.2 yr 

5 yr 

Ream tube flooding 

Fue l  loading tolerance (+l%) 

Boron loading tolerance ( i l C Y $ G )  

Fue l  distribution tolerance (110%) 

Boron distribution tolerance ( ~ 3 5 % )  

Minimum kerf-1 (clean core, 100 Mw) 

Typical nominala k 

Maximum keff-1 (clean core, 70°F) 

Shutdown margins for typical nominala k e f *  case :  

-1 (clean core. 70°F) 
e f f  

A l l  plates inserted 
Inner cylinder withdrawn. 4 p la tes  inserted 

0.135 

-0.05 -0.03 7 -0.009 

-0.004 

+O. 008 
0.002 

0 

0 

0 

-0.013 
-0.016 

-0 

+0. 00 1s 

i-o.0038 

N. 0054 

Kl.0023 

0.054 

0.093 

0.106 

-0.049 --0.053 

-0.086 -0.053 

0.081 

0.042 

%e Table  7.3.4 for descriptlon of “typical nominal” core. 
’No significant poisoning effect  which could b e  attributed to the bcryllium reflector w a s  observed at the 

mid oi ” 3 0 0  full-power days  of operation. 
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7.3.8 Method of Nuclear Analysis 

Both analyt ical  and experimental a n a l y s e s  have  been u s e d  to arr ive at t h e  f inal  core  design. 
Analytical methods included %group, one-dimensional, d i f h s i o n  theory; 
dimensional, transport theory; ' 
T h e  diffusion theory reactor c o d e s  were used  more extensively b e c a u s e  they provided the only 
pract ical  methods for ana lyz ing  t h e  fuel  c y c l e  i n  considerable  detai l ;  and for t h i s  purpose they were 
sat isfactoiy.  In order to  s imula te  t h e  radial distribution of fuel and  burnable poison, the  fuel 
region was usual ly  divided into 17 d iscre te  radial regions. 

port theory code *' for the  thermal neutrons and a single-region, multigroup, cons is ten t  P 1 theory 
code16 for t h e  nonthermal neutrons. T h e  u s e  of the  thermalization c o d e  made it p o s s i b l e  t o  obtain 
spectrum-averaged thermal-neutron cross s e c t i o n s  a s  a function of radial position in t h e  fuel 
region, thus  account ing for spec t ra l  hardening a s  t h e  thermal neutrons return from t h e  island, 
water  annulus ,  and beryllium reflector and penetrate  the  fuel region. 

FolIr HFIIi c r i t i ca l  experiments have  been conducted,  three in  a cr i t ical  faci l i ty  and t h e  
fourth in  the reactor. In addition, t h e  resu l t s  from Russ ian  flux-trap c r i t i ca l  experiments l 7  were 
used to verify our method for analyt ical ly  determining t h e  optimum diameter for t h e  is land.  

,4 mixture of B 2O and D 2 0  w a s  used  as t h e  di luent  to sirnulate t h e  nuclear  charac te r i s t ics  of t h e  
actual  Ii20-A1 lat t ice .  Heavy water was a l s o  used  as t h e  s i d e  reflector in  l ieu of beryllium. 
With the  exception of  core height, the  core  dimensions were t h e  saine. Cri t ical  m a s s ,  ax ia l  
buckling, power distribution, and i s land  void coeff ic ients  were the  main parameters invest igated.  
Most of t h e s e  d a t a  were used  t o  help e s t a b l i s h  the  adequacy of t h e  analyt ical  techniques.  

T h e  second cr i t ica l  e ~ p e r i m e n t ~ , ~ ~ ~  1--28 more nearly resembled t h e  ac tua l  HFIR core. 
fuel e lements  were essent ia l ly  t h e  s a m e  as  descr ibcd herein, with the  except ion that  t h e  U 2 3 5  

four-group, one- 
and two- and four-group, two-dimensional, diffusion theory. ' 

Neutron c r o s s  s e c t i o n s  for t h e  IIFIR were ca lcu la ted  u s i n g  a midtiregion thermalization trans- 

In the  f i rs t  cr i t ical  experiment, a solution fuel w a s  u s e d  i n  a s ingle  annular fuel  region. 

T h e  

" J .  Replogle,  Modric: A One-Dimensional Neutron Di f fu s ion  Code for the IBM-7090, K-1520 (Sept,  6, 

I3B. G. Carlson, 'The Sn Method and the SNG Code, TAMS-2201 (1959). 
14 

1962). 

M. L. 'l'obias a n d  T. R. Fowler, T h e  Twenty-Grand Program for  the Numerical Solution of FewGroup 

"€3. C. Honeck, Thermos: A Thermalization Transport Theory Code for Reactor L a t f i c e  Calculations,  

16G. D. Joanou and J .  S. Dudek, GAM-1: A Cons is ten t  P Muftigroup Code for  the  Calculation of Fas t  

I7S. M. Feinberg et al., Proc. Intern. Conf .  Peace fu l  U s e s  A t .  Energy, 2nd Geneva, lo,  296 (1958). 
"H. C. Claiborne, Solution Critical Experiments for the HFIR:  Preliminary Calculations,  ORNL-CFY 

" J .  K. Fox. L. 'N. Gilley.  and D. W. Magnuson, Neutron Phys .  Div.  Progr. Rept .  Sept. 1, 1960, ORNL- 

*'J. K. Fox,  L. W. Gil ley ,  a n d  D. W. Magnuson, Preliminary Solution Critical Experiments for  the High- 

'ID. W. Magnuson, T h e  VZ3' Content o f  Foils Punched from H F I l i  Crit icaf Experiment No. 2 Fuel 

2 2 D .  W. Magnuson, High F l u x  Isotope Reactor Critical Experiment No.  2 ,  P a t  I I I ,  OKNL-CF-62-1-53 

23D. W. Magnuson, High F l u x  Isotope Reactor Critical Experiment No. 2 ,  Part IV ,  ORNL-CF-62-5-20 

24D. W. Magnuson, High Flux Zsotope Reactor Critical Experiment No. 2 ,  Part V ,  ORNL-CF-62-5-10 

'%. W. Magnuson, High F l u x  Isotope Reactor Critical Experiment No. 2,  Part VI ,  ORNT,-CF-62-8-25 

2 6 D .  W. Magnuson, High Flux Isotope Reactor Critical Experiment No.  2 ,  Part VU, ORNL-CF-62-9-75, 

2 7 ~ .  R .   ast ten and R. D- C h e - - t o n ,  Rev i sed  Version o f  HFIRCE-2, ORNLCF-61-1-42 (January 1961). 
28D. w. "aenuson and J. K. Fox ,  Neutron Phys. Div.  Ann. Progr. Rep t .  sept. 1 ,  1961, oaluL-3193. 

Neutron Di f fus ion  Equations in Two  Ninzensions, ORNL-3200 (Feb .  7, 1962). 

RML-5826 (September 1961). 

1 
Neutron Spectra and Mrrltigroup Constants,  GA-1850 ( June  28, 1961). 

61-8-37 (August 1961). 

3016, p. 59. 

Flux  Isotope Reactor,  ORNL-3359 (May 28, 1963). 

P l a f e s ,  ORNL-CF-61-7-50 ( J u l y  1961). 

(January 1962). 

( M a y  1962). 

(May 1962). 

(August 1962). 

(September 1962). 
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loading w a s  8.01 i n s t e a d  of 9.4 kg, and the boron burnable poison w a s  dis t r ibuted uniformly i n  
both t h e  f i l ler  and fuel  s e c t i o n  of t h e  inner  e lement  fuel-plate core. T h e  control p l a t e s  were 
different only i n  absorber  mater ia l  and length of t h e  gray region. 

The following parameters  were inves t iga ted  in t h e  s e c o n d  cr i t ica l  experiment: 

Power distribution 
Flux distribution (thermal) 
Control p l a t e  worth 
Control p l a t e  differential worth (Ak/in.) 
F u e l  worth Neutron l i fe t ime 
Temperature coeff ic ients  of react ivi ty  

Void coef f ic ien ts  of react ivi ty  
F u e l  coef f ic ien ts  of react ivi ty  
Plutonium target  worth 
React ivi ty  with fuel  e lements  submerged in  H 0 

Beam tube flooding 

2 

Power dis t r ibut ions were obtained by count ing punchings from the  fuel-beating portion of re- 
movable fuel p la tes .  Most of t h e  c h a n g e s  i n  the  neutron multiplication factor  were  determined by 
means of the  pulsed  neutron technique. 

With the  a id  of ttiese da ta ,  improvements were made in the  calculat ional  methods, the fuel 
loading w a s  increased  from 8.01 to 9.40 kg, and t h e  design of  t h e  control p l a t e s  w a s  modified to  
i n c r e a s e  their differential worth (Ak/in.). 

T h e  third c r i t i ca l  e ~ p e r i m e n t ~ ~ , ~ ~  incorporated ’ all t h e  modifications assoc ia ted  with t h e  9.4- 
kg core,  including t h e  Eu,O,-Ta-Al control  p la tes ,  and w a s  u s e d  primarily to check  t h e  power d is -  
tribution, t h e  control p la te  integral  and different ia l  worth, and t h e  fuel  worth; i t  was  a l s o  used  to 
invest igate  the  react ivi ty  var ia t ions a s s o c i a t e d  with fuel  e lement  handling. 

A fourth c r i t i ca l  experiment31 w a s  conducted i n  t h e  ac tua l  HFIR facility. Many of the  above 
experiments  were repeated for check  purposes .  

7.4 Fuel Element Design and Analysis 

7.4.1 General Design Considerations 

(a) General Criteria. - T h e  de ta i led  design of t h e  HFIR fuel e lements  w a s  of n e c e s s i t y  
strongly inf luenced by the  primary objec t ive  of t h e  reactor. A s  d i s c u s s e d  i n  Scc. 7.3.1, a very 
high power dens i ty  and  t h u s  smal l  core  volume and high h e a t  t ransfer  surface-to-volume ratio a r e  
required to achievc  a high thermal-neutron flux i n  t h e  i s l a n d  per  uni t  of reactor power. To he lp  
achieve  t h e  des i red  smal l  c o r e  volume, t h e  ratio of maximum-to-average power densi ty  w a s  made 
as small as poss ib le .  T h i s  w a s  done in  par t  by spec i fy ing  a cyl indrical  core  geometry and a 
radial variation in  t h e  fuel and burnable-poison distribution, both of which provided addi t ional  
cr i ter ia  for t h e  fuel e lements .  

a high and uniform metal-to-water ratio (-1.0) were  e s t a b l i s h e d  as  important general cr i ter ia  for 
the  fuel e lements .  Additional c r i t t r i a  included the u s e  of aluminum for cladding material, a pro- 
posed 15-day duration a t  100 Mw, and,  of course ,  a n  economical ly  reasonable  design.  

could possibly s a t i s f y  t h e  above  cr i ter ia ,  a cyl indrical ,  annular  t y p e  containing involute  geometty 
fuel  p l a t e s  w a s  se lec ted .  T h e  th ickness  of the fuel  c o r e  in e a c h  fuel p l a t e  w a s  varied a c r o s s  t h e  
width of the  fuel p l a t e  [as shown i n  F ig ,  5.2.5 (a)] to provide t h e  desired radial fuel  and  bumable- 
poison distribution, and t h e  cyl indrical  geometry w a s  in keeping  with the spec i f ied  cyl indrical  
s h a p e  of the core. As shown i n  Fig. 5.2.4, two s u c h  e lements ,  containing s l ight ly  different fuel 
p la tes ,  were u s e d  to  make  up a core  loading. 

T h e  chosen element  adequately s a t i s f i e d  t h e  general  cr i ter ia  and had three further important 
advantages:  (1) the involute  p la te  geometry h a s  des i rab le  charac te r i s t ics  i n  connect ion with 

Also on t h e  b a s i s  of nuclear  considerat ions a s p e c i f i c  length-to-diameter ratio of the  core  and 

(b) Selection of Fuel Element Type. - After ana lyz ing  s e v e r a l  types  of fuel e lements  t h a t  

29R. D. C h e v e r t o n  (mternal memorandum),  ?$FIR Crztzcal Experlrnent N o .  3 (HfTIKCE-3) (December 1962). 
30See also reports C)KNL-CF-64-7-74; ORNL-CF-65-264; OKNL-CF-66-4-10; ORNI,-CF-(ih-8-31; and 

ORNL-TM-1488. 
10KN12-CF-65-1 2-?. 
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hydraulically and therillally induced loads  and def lect ions;  (2) only two types of fuel p la tes ,  both 
involute geometry but differing in  dimensions and fuel loading, are required; and (3) preliminary 
fabrication development work on involute georiletry and var iable- thickness  fuel cores  indicated 
feasibility of construction. 

on  the fuel e lements  required high coolant  veloci t ies ,  narrow coolant  channels ,  thin fuel p la tes ,  
and high temperatures. 
hydraulically and thermally induced loads  and def lect ions,  and with fabrication tolerances;  thus,  
a very thorough a n a l y s i s  of the fuel element w a s  required. In order to  minimize many of the  un- 
cer ta in t ies  encountered in the ana lys i s ,  a n  ex tens ive  experimental program was  conducted. 

(c) Basic Design Problems and General Method ad Analysis. - T h e  high performance demand 

T h i s  combination introduced problems a s s o c i a t e d  with corrosion, with 

Sortie 
of 

1. 

2. 

3. 
4. 

5. 

6. 

7.  

the more important experiments  were related to  t h e  following spec i f ic  subjec ts :  

s t a t i c  and !ong-term (creep)  deflection charac te r i s t ics  of invoIute geometry fuel p l a t e s  sub- 
jec ted  to differential p ressures ;  

longitudinal, thermally induced, s t a t i c  and creep  buckling charac te r i s t ics  of involute  geometry 
fuel p la tes ;  

fuel-plate material physical  properties; 

fuel-plate corrosion ra tes  and thermal res i s tance  of adherent  corrosion product films; 

burnout h e a t  flux, coolant  film hea t  t ransfer  coeff ic ient ,  and friction factors  spec i f ica l ly  for 
HFIR conditions; 

power distribution in core; 

fabrication and assembly  tolerances assoc ia ted  with HFIR fuel elements. 

T h e  a n a l y s i s  of t h e  fuel  e lements  w a s  performed i n  s u c h  a way that  the  mechanical, hy- 
draulic, and thermal parameters were considered s imultaneously.  T h i s  approach faci l i ta ted 
achieving the maximum poss ib le  performance cons is ten t  with 6IFIR operat ing condi t ions.  Insofar 
as s teady  s t a t e  operat ing condi t ions a r e  concerned t h e  power leve l  a t  which hot s p o t  incipient  
boiling occurs  w a s  considered rather than the  power leve l  a t  which burnout occurs .  ?‘he reason 
for this  i s  tha t  near t h e  burnout power level t h e  ca lcu la ted  coolant  channel  gaps became qui te  
narrow, thus making the  appl icabi l i ty  of ava i lab le  burnout correlat ions open to quest ion.  In s o m e  
extreme c a s e s  of channel  narrowing thcre  i s  an indicat ion from a few t e s t s  that  the  burnout h e a t  
flux tends  to  approach t h e  incipient boiling hea t  flux. For very low power and low flow operation, 
such  as  for Mode 3 ,  the burnout da ta  were appl icable  and therefore were used.  Deta i l s  of the 
ana lys i s  are d i s c u s s e d  in  Secs .  7.4.2 and 7.4.3. 

transfer d a t a  related t o  the  final design of t h e  fuel  e lements  a t e  l i s ted  in T a b l e  7.4.1. 
(d) Summary of Pertinent Design Dafo for the HFIR Fuel Elements.  Descr ipt ive and h e a t  

7.4.2 Mechanical and Hydraulic A n ~ ! y s i s ~ ~ - ~ ~  

T h e  fuel p la tes  i n  the  I-IFIR are subjec ted  primarily t o  two types  of loading: (1) that resul t ing 
from hydraulically induced,  la teral  p ressure  different ia ls  a c r o s s  the fuel p l a t e s  and (2) that  re- 
su l t ing  from thermally induced, differential radial and longitudinal expans ions  between ad jacent  
fuel p la tes  and s i d e  p la tes .  

T h e  hydraulically induced loads  e x i s t  b e c a u s e  small  dimensional differences c a u s e  veloci ty  
and pressure differences between ad jacent  coolant  c h a r n e l s .  T h i s  phenomenon was integrated 

32T. G. Chapman,  ‘I’hennal Expansion and Pressure Di f ferent ia l  Induced S tresses  and Def lec t ions  in 

3 3  
H F I R  Involute Contoured Fuel Plates ,  to  be publ ished.  

a Uniform Load, to  b e  publ ished.  

Research Reactor Fuel Element Conference,  TID-7642 (Book 1). 

J. R. McWherter, T. G. Chapinan, and  C. A. Rurschted,  Def lec t ion  o f  a HFIR  Involute Fuel Plate  Under 

34J.  R. McWherter and T. C. Chapman, “Mechanical a n d  Hydraul ic  Design of the  HFIR,” p. 99 in 

35 Cheverton and Kef ly ,  Def lec t ion  Characterist ics of a H F I R  Fuel  Pla te ,  to b e  publ ished.  
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Table 7.4.1- Summary of Pertinent Design Data for the HFlR Fuel Elements 

Type of core 

Type of fuel elements 

Fuel-plate thickness, in. 

Coolant-channel thickness, in. 

Length of fuel plates,  in. 

Length of active core, in. 

Insidc diameter, inner fuel element, in. 

Outside diameter, inner fuel clement, in. 

Insidc diameter. outer fuel element, in. 

Outside diameter, outer fuel element, in. 

Active volume, l i t e r s  

Eleat transfer surface area, f t '  

Fuel element materials 
Side plates  
Cladding and core matrix 
F u r l  
Fuel loading, kg of U 2 3 s  

Inner el etnent 
Outer element 

Burnable poison 
Burnable poison loadlng (Inner element), grams of B 10 

Cylindrical annulus, flux trap 

Cylindrical annuli (2); aluminum fuel plates 1x1 

involute geometry 

0.050 

0.050 

24 

20 

5.067 

10.590 

11.250 

17.134 

50.50 

$28.8 

Aluminum 
Aluniuium 
U,0,(93% U235) dispersed in aluminum 

9.40 
2.595 
6.805 

B C dispersed in alumuium 
4 
2.8 

Heat removal 
Total  reactor power, Mw 
Power density (97.5 Mw in fuel region), Mw/liter 

Average 
Maximum 

Heat flux (07.5 Mw conducted to  coolant), Btu  hr-' f t-  
Average 
Hot spot 

Incipient boiling power level a t  steady state.  Mw 
Beginning of fuel cycle 

600-psi core Inlet pressure 
900-psi core inlet  pressure 

End of  2S-day f u e l  c y c l e  
600-psi core inlet  pressure 
90O-psi core inlet  pressure 

Coolant velocity (average), fps 

100 

1.93 

4.384 

7.76 Y l o 5  
1.97 X 10' 

142 
165 

157 
180 

51 
I I 

into the overall fuel element ana lys i s  by developing analytical  expressions for the local velocity 
distribution, velocity pressure drop, and frictional pressure drop in channels distorted by gradual 
deviations such as  those  shown in Fig. 7.4.1. From these  equations it was possible to calculate 
the lateral pressure differentials across  a fuel plate. 

Deflections and stresses resulting from the  above pressure differentials were studied both 
analytically and experimentally for the involute geometry fuel plate. Resul t s  of these s tudies  
indicated that when the  involute was subjected to  a uniformly distnbuted load, the  deflected 
shape  was i n  the form of an S, relative to the ini t ia l  involute contour; that IS, both positive and 
negative deflections existed,  as shown in  Fig. 7.4.2. T h e  advantage of thls condition is that the 
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Table 7.4.1. (continued) 
....... ........... 

_I - ~- . ....... 

Temperatures ,  O F  (with 121°F i n l e t  water  temperature) 

S ta r t  of C y c l e  

F u e l  Hot- Hot  
Nominal Streak Spot 

Fuel  p l a t e  temperature, O F  158-287 351 426 

Metal-oxide in te r face  temperature ,  OF 152-269 329 387 

Oxide-water in te r face  tcrnperature, O F  152-269 329 387 

Water out le t  temperature, OF 16 4- 196 249 249 

End of 25-day C y c l e  

F u e l  Hot- Hot 
Nominal  Streak Spot  

__ ___ 

620 153-32.5 455 

149-303 436 589 

343 146-257 295 

227 163-188 227 .......... . ............ ......... _ ._ .....___ ...... __ - .............. 

total cross-sect ional  flow area  of a channel  tends  to remain c o n s t a n t  a s  ad jacent  p l a t e s  def lect ;  
t h i s  reduces further changes  i n  the la teral  p ressure  different ia ls  and thus  reduces t h e  p la te  de- 
flection. 
cr i t ical  velocity tends to  b e  qui te  high as compared with a uniformly curved plate. The est imated 
cr i t ical  velocity for buckling-type failure for t h e  HFIR fuel e lements  is well  above t h e  maximum 
operating coolant  velocity. 

Thermally induced defl.ections of the p l a t e s  were  a l s o  s tudied  both analyt ical ly  and experi- 
mentally. 
by far the  more s ignif icant ,  In t h i s  case the  important temperature difference is that  between t h e  
fuel p la te  and t h e  two s i d e  plates .  Sincc t h e  fuel  p la te  is hot tes t ,  i t  is in longitudinal compres- 
sion amd tends  to buckle. Initially t h e  resu l t s  of a n a l y s e s  and preliminary t e s t s  indicated that  
the buckl ing would be  i n  the  form of a s i n e  wave with a length of about  2 in., a s  shown i n  Fig. 
7.4.l(a). T h i s  model was u s e d  i n  t h e  ear ly  thermal-hydraulic ana lyses .  3 9  Later ,  a de ta i led  
experimental program w a s  conducted on fue l  p la te  buckIing which showed that  the p l a t e s  actual ly  
do not buckle  in t h e  form of multiple s i n e  waves  but rather def lect  in  the  s h a p e  of a s ingle  wave, 
as shown in F i g .  7.4.l(b), with all p l a t e s  def lec t ing  in the  same direction. Furthermore t h e  
experiments showed that  much larger axial. differential expansion than ant ic ipated would be 
required to produce the multiple-wave curve, thus  indicat ing a subs tan t ia l  margin of safety.  
T h e s e  la ter  d a t a  were incorporated into t h e  overal l  h e a t  transfer a n a l y s e s  as s e t  forth in  Ref. 
40. 

111 the above pressure  and thermal def lect ion t e s t s  the  c r e e p  behavior of t h e  fuel p l a t e s  at 
appropriate temperatures w a s  a l s o  s tudied,  and the resu l t s  were incorporated into t h e  fuel e lement  
analysis .  

A further advantage  of t h e  above involute-cuive def lect ion charac te r i s t ic  is that  t h e  

Although both radial and  longitudinal expans ions  ex is t ,  the  longitudinal expans ions  a r e  

7.5 Heat Transfer 

7.5.1 He~t-Rernoval Analysis Method 

A more-or-less convent ional  approach to the  heat-removal a n a l y s i s  w a s  adopted, It was 
assumed, in order to  guarantee a n  adequate  burnout margin in  s p i t e  of t h e  lack  of suff ic ient  
s ta t i s t ica l  da ta  on many of t h e  factors  involved, that  a l l  hot-spot factors  would be simultaneously 
superimposed in the worst  poss ib le  way at one  given point  in the reactor. T h e  principal dis- 
advantage a s s o c i a t e d  with th i s  approach is tha t  i t  c a n  resu l t  in  a n  unnecessar i ly  high degree 

.... 

36N. Hilvety. Prel iminary Hot Spot  A n a l y s i s  o f  the  HFIR, OWL-CY-60-3-12 (March 1960). 
3 7  

38N. Hilvety and T. G. Chapman, Summary of H F I R  Hot  Spot  Studies ,  ORNL-CF-62-1-52 (January 1962). 

N. Hilvety, Prelimirrery Hot  Spot  A n a l y s i s  of the  H'IFIR, ORNI,-CF-60-3-12 suppl. (March 1960). 

39N.  Hilvety and T. G. Chapman,  HFIR Fuel E l e m e n t  S t e a d y S t a t e  Weat Transfer  Analyszs ,  ORNL-'I'M- 

4 0 ~ I .  A. McLain, IfFIR F u e l  Element  S t e a d y S t a t e  Heat Transfer  Analys ls ,  Revzsed,  ORNL-TM-1904 
1903 (December 1967). 

(December 1967). 
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of conservatism, thus imposing a significant limitation on reactor performance. For this reason 
considerable emphasis was  placed on understanding and minimizing the uncertainty and tolerance 
factors that are used in such an analysis.  

There were five bas i c  types of factors considered in  this analysis (the individual factors and 
typical values are given in Table 7.5.1): 
1. neutron-flux variations; 

2. fuel element fabrication tolerances (coolant channel dimensions, plate fuel content, fuel dis- 
tri bution, e tu. ); 

3. fuel-plate defects (nonbonds and local fuel segregation); 

4. changes in coolant channel dimensions caused by fuel-plate deflections resulting from hydrau- 
lically and thermally induced loads, 

5. uncertainties i n  plant-operating parameters (neutron-flux peaking, power level, coolant tempera- 
ture, pressure level, circulation rates, etc.). 
The  hea t  transfer system was mathematically so described that each of the  heat ttansfer 

parameters, including flow rates, coolant temperature rises, film temperature drops, etc., was a 
function of the tolerances and the uncertainty and defect factors by which it could be influenced. 
In this way the effect of an individual factor could be conveniently determined, and the  relatively 
crude method of simply adding approximate factors together to obtain an “overall” hot-spot factor 

Table 7.5.1. Principal Factors U s e d  in the Heat-Removal 

Typical V a l u e  

Fue l  Element Fabrlcatlon Tolerances 

Average coolant channel thickness variation. mils 

Maximuill coolant channel thickness variation, m i l s  

Deviation Ln total  plate fuel loading. percent of design values 

Deviation in plate  fuel loadlng ac ross  radial profile, perivnt of design value 

Deviatlon In local  furl plate loadlng, percent of deslgn value 

F u e l  P l a t e  Defects 

Local  heat-flux peaking caused by nonbonds, fractional increase 

Local heat-flux peaking caused by fuel segregaQun, fractional increase 

Uncertainties in Performance and Operating Conrhtions 

Reactor power level  

Total hea t  transfer area 

Power density distribution 

Inlet coolant temperature 

Friction factor 

1,ucel heat t ransfer  correlation 

Burnout correlation 

Incipient hoiluig correlation 

Hot streak factor 

Flux peaking for fuel extending beyond 
normal boundaries 

6 

10 

101 

110 

130 

1.1B 

1.30 

1.02 

1.045 

1.10 

1.01 

1.05 

0.90 

0.80 

1.00 

1.10 

1.23 
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w a s  avoided. 'This method also eliminated inclusion of confl ic t ing factors  in  the  same calcula-  
tion and gave proper advantage-credit t o  o n e  parameter c a u s e d  by a disadvantage to another. F o r  
example, the  s a m e  calculat ion cannot  u s e  t h e  assumption of ad jacent  wide and narrow channels  
for  calculat ing pressure-induced fuel-plate def lect ion while sirnu1 taneously assuming ad jacent  
narrow channels  for ca lcu la t ing  p l a t e  temperature and hnc:kling; l ikewise,  factors  tha t  c a u s e  an 
increase  in  bulk water  temperature a l s o  resu l t  i n  an increased  h e a t  t ransfer  coefficient. In deter- 
mining the incipient  boiling point, all temperature-dependent var iables  were eva lua ted  a t  t h e  
ac tua l  incipient  boiling power leve l  - rather than a t  t h e  normal operat ing power, a s  done  i n  more 
conventional ana lyses .  T h i s  had t h e  advantage of es tab l i sh ing  t h e  maximimi s teady-s ta te  power 
level  (with a constat i t  in le t  temperature of 120"F), rather than t h e  less restr ic t ive case of the in- 
c r e a s e  in loca l  hea t  flux which would c a u s e  incipient  boiling or burnout. 

In analyzing the  core,  four condi t ions were considered:  (1) the  average of t h e  core;  (2) t h e  hot 
and cold p la tes  which include a l l  t h e  factors  which affect s ignif icant ly  large a m a s  of the  p la te  (from 
the  s tandpoint  of p l a t e  s t ructural  integrity and deflections); (3) the  hot s t reak,  which ex tends  t h e  
ent i re  length of t h e  core  and inf luences hulk water  temperature a t  t h e  hot  spot  but d o e s  not affect  
p la te  s t ructural  integrity or deflection; and(4) t h e  hot spot ,  which is very loca l  in nature, provides  
n o  feedback, and i s  t h e  point a t  which incipient  boiling is assumed to occur. 

Experimental d a t a  correlat ions were examined t o  ensure  tha t  they appl ied a t  HFIR operat ing 
conditions and that  t h e  experimental d a t a  spread  was reduced to the  pract ical  minimum. Special  
experiments, as noted in Sec. 7.5.2, were performed to  s imula te  as nearly a s  feas ib le  the ac tua l  
HFIR conditions. 

HFIR analysis .  Loca l  heat-flux peaking factors ,  s u c h  a s  nonbonds and fuel segregat ions,  were 
considered in addition to  t h e  e f f e c t s  of fuel-plate def lect ions.  In the case of t h o s e  fac tors  which 
could be  limited t o  small  p la te  a r e a s  by proper inspect ion techniques,  both heat  conduction i n  t h e  
plane of the  p l a t e  and the e f fec ts  of changes  i n  the loca l  h e a t  t ransfer  coeff ic ient  on th i s  conduc- 
tion were taken into account .  In consider ing t h e  increase  i n  local  h e a t  flux necessary  t o  reach 
burnout it w a s  assumed in  evaluat ing t h e s e  factors  t h a t  t h e  burnout hea t  flux correlat ion w a s  
equally appl icable  t o  large or small  a reas .  T h e  buildup of oxide film on t h e  fuel  p l a t e s , 4  which 
en ters  into the fuel-plate def lect ions by affect ing both the  fuel-plate mechanical  s t rength and the 
temperature differences that  cause thermal def lect ions w a s  considered. 

p la tes  arid hot s t r e a k s  in  addition to hot s p o t s .  Since p la te  def lect ions a re  based on the  average 
plate temperature a t  t h e  hot-spot e levat ion,  anything t h a t  c a n  inf luence th i s  average temperature 
must b e  appl ied as hot and cold p la te  factors. T h e  tolerance on  t h e  average coolan t  channel  
th ickness ,  which determines t h e  channel  flow area ,  is s u c h  a factor  s i n c e  i t  a f fec ts  the ent i re  
channel width. The  tolerance on  t h e  local coolant  channel  th ickness ,  which inf luences only a 
small portion of t h e  channel ,  can,  a t  VJOrSt, inf luence a narrow s t reak  down t h e  p la te  length; so i t  
was applied a s  a hot-streak factor. P l a t e  loading to le rances  c a n  affect an ent i re  plate ,  while a 
tolerance on fuel  contour i s  inf luent ia l  only over a loca l  spot  or, a t  worst, a hot s t reak .  Loca l  
heat  flux peaking caused  by nonbonds and segregat ion c a n  be limited to smal l  p la te  a r e a s  by 
proper inspec t ion  techniques,  and therefore w a s  considered as a hot-spot factor. 

T h e  b a s i c  approach to  t h e  HFIK hot-spot a n a l y s i s  of assuming a l l  factors  to  b e  s imultaneously 
superimposed a t  a given point is conventional. However, t h e  appl icat ion of th i s  approach and  t h e  
degree of de ta i l  involved in th i s  particular s tudy  depart  from, a n d  i s  bel ieved t o  be a n  improvement 
to, the conven ti ona 1.. 

7.5.2 Experimental Program 

Many factors  not normally considered i n  heat-removal s t u d i e s  were included directly in the  

In evaluat ing the factors  that  give r i s e  t o  hot s p o t s ,  i t  w a s  n e c e s s a r y  t o  consider  hot and cold 

T h e  experimental program accompanying t h e  design of t h e  HFIR fuel e lement  may be sum- 
marized under t h e  general headings  of fuel-plate def lect ion expcrirnerits, hydraulic tests, h e a t  

J. C. Griess et al. ,  E f f e c t  o f  Heat Flux on the Corrosion of Aluminum by  Water. Pt. I I I .  Final Report 
4 1  

on Tests Relative to the High Flux Isotope Reactor, ORNJL-3230 (Dec. 25,  1961). 



7 -17 

t ransfer  and burnout experiments ,  corrosion t e s t s ,  c r i t i ca l  experiments ,  and  fabrication develop- 
ment. T h e  hydraul ic  experiments  cons is ted  of flow cal ibrat ion t e s t s  on t h e  labyrinth seal be- 
tween fuel annuli, flow t e s t s  on individual  fue l  annul i  a s s e m b l i e s ,  a n d  reactor hydraul ic  mockup 
t e s t s  which incorporated a complete  core assembly.  Individual annuli were flow t e s t e d  in  order 
to examine s t ructural  iiLLegrity and  to e s t a b l i s h  average  fuel  e lement  friction drop correlations. 
Mockup experiments  included tests on circumferent ia l  flow variation and  total  fuel  e lement  flow 
rate. Labyrinth s e a l  cal ibrat ion t e s t s  were conducted i n  order to es tab l i sh  t h e  length of s e a l  
a r e a  required to control the  flow in t h e  annulus  between fuel  assembl ies .  

H e a t  t ransfer  and  burnout tes t s4 '  were  tun i n  order t o  e s t a b l i s h  t h e  correlat ions and  un- 
cer ta inty fac tors  to be appl ied i n  t h e  hot-spot ana lys i s .  Corrosion experiments  
t h e  feasibi l i ty  of  6061 aluminum as  a fuel e lement  construct ion material and furnished oxide-film 
buildup correlat ions for use in ca lcu la t ing  fuel-plate temperatures. 

Another important experimental program in connection with the  HFIR fuel element design w a s  
tha t  concerned with fabricat ion and  inspect ion of t h e  fuel  e l e m a ~ t s . ' ~ - ~ ~  'The required radial 
fuel distribution with i t s  a s s o c i a t e d  to le rances  required an e x t e n s i v e  development effort, both 
f rom the  s tandpoint  of fabrication and of inspect ion.  T h e  plate-forming and assembly procedures 
also required cons iderable  development work in  order to e n s u r e  that  s u c h  complex e lements  could 
b e  assembled  to t h e  spec i f ied  to le rances  without a l lowing l a r g e  cont ingencies  for re jects .  

es tab l i shed  

7.5.3 Results of Heat-Removal Analyses 

Some of t h e  resu l t s  of t h e  HFIR heat-removal ca lcu la t ions  ate presented i n  T a b l e  7.4.1. H e a t  
flux and operating-temperature va lues  a r e  l i s t e d  for both beginning and end o f  c y c l e  for the  average  
fuel e lement  condi t ions,  t h e  out le t  from t h e  maximum hot  s t reak ,  and  t h e  maximum hot  spot. T h e  
incipient  boi l ing power leve l  i n c r e a s e s  during the  c y c l e  due  to redistribution of t h e  power dens i ty  
(from 142 to 157 Mw). T h e  oxide  buildup resu l t s  i n  an apprec iab le  i n c r e a s e  in  p l a t e  temperatures, 
as evidenced by the hot-spot metal  temperature, which i n c r e a s e s  by about 200OF during t h e  fuel  
cycle .  S ince  p l a t e  s t rength is dependent  upon t h e  hot-plate  temperatures (which are somewhat  lower 
than t h e  hot-streak va lues  l i s t e d  here), i t  a p p e a r s  from t h e s e  da ta  that ,  with t h e  possiblc except ion 
of very local hot  spots, the temperatures  a r e  s u c h  tha t  p la te  s t rengths  c a n  b e  expected to  remain at 
reasonable  v a l u e s  throughout t h e  fuel  cyc le .  

T h e  e f fec ts  of v e s s e l  in le t  p ressure  and coolant  flow ra te  were of s p e c i a l  in te res t  i n  es tab-  
l i sh ing  the  des i red  reactor  operat ing condi t ions and in  examining ef fec ts  s u c h  as  loss of coolant 
flow (Fig. 7.5.1). At low in le t  p ressures  t h e  incipient  boi l ing power leve l  is highes t  for a n  inter- 
mediate  flow ra te  b e c a u s e  a t  higher f lows t h e  pressure  drop a c r o s s  the c o r e  r e s u l t s  in  a lowered 
pressure a t  the  hot  spot .  It is for th i s  reason tha t  power t o  t h e  main coolant  pump motors is, 
during a loss-of-pressure incident ,  s h u t  off af ter  t h e  reactor  is scrammed (stze Sec. 8.8). 

leve l  is shown i n  Fig. 7.5.2. T h e s e  curves  ind ica te  that  for a cons tan t  average channel  th ickness  
tolerance, a change  i n  loca l  channel  th ickness  tolerance of 5 m i l s  r e s u l t s  i n  about  a 9%change  i n  
incipient  boiling power level .  A 5-mil  change  in average  channel  th ickness  tolerance,  with the  
local tolerance cons tan t ,  would resu l t  i n  about  a 11% change  in  incipient  boi l ing power level. 
Studies  s u c h  as t h i s  have  been used  to e s t a b l i s h  t h e  required fue l  element fabrication tolerances.  

T h e  typical  e f fec t  of coolant-channel to le rances  on minimum ca lcu la ted  incipient  boi l ing power 

42W. R .  Cambill and R. 1). Hundy. HFIR Heat Trans fer  Studzes of Turbulent Wafer Flow 117 Thin 

4 3  
Rectangular Channefs ,  ORNL-3079 (June S. 1961). 

M. M. Martm, J .  H. Erwin, end C. F. Leitten, Jr., LIFabricatlon Development of the Involute-Shaped 
Hlgh Flux Isotope Reactor Fuel Plates," p. 268 In Research Reactor  Fuel Element Conference, TID-7642 
(Book 1). 

Element," p. 290 in Research Reactor Fuel Element Conference, TID-7612 (Rook I). 

Fue l  Elements ,"  p. 337 in Research  Reactor  Fuel EIemerit Conferenr e, TID-7642 (Bookl). 

44J. W, Tacket t  e f  al. ,  "Assembly and Welding Development for  the High Flux Isotope Reactor Fue l  

45 R. W. McClung, "Nondestmctlve Testing of High Flux Isotope Reactor and Advanced T e s t  Reactor 
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T h e  resu l t s  of the  fuel  element design a n a l y s i s  indicated tha t  a fuel  e lement  constructed to the 
spec i f ica t ions  employed in  t h e  heat-removal ca lcu la t ions  should h e  capable  of meeting t h e  overal l  
HFIR performance spec i f ica t ions .  Operation of t h e  HFIR for about one year h a s  shown the  design 
to  b e  sa t i s fac tory  a t  t h e  normal full power of 100 Mw. 

7.5.4 Transient Hst-Spot Studies 

In addition to the  s teady-state  hot-spot da ta ,  useful  information w a s  obtained from t h e  heat- 
removal anal.ysis for conducting t ransient  s tudies .  T h e  time constant  for t ransfer  of h e a t  from t h e  
fuel p la tes  to the  coolant  in t h e  HFIR is so smal l  tha t  relatively s l o w  transients ,  s u c h  as  pump 
coastdown, are essent ia l ly  equivalent  to s teady-state  operation so that  t h e  s teady-state  procedure 
can be used  directly. For extremely f a s t  t ransients ,  the s teady-state  resu l t s  give a poss ib le  b a s i s  
for es t imat ing t h e  consequences  of t h e  excursion.  It may be conservat ively assumed t h a t ,  during a 
t ransient ,  film blanketing occurs  when the  hot-spot h e a t  flux reaches the burnout or incipient  boil- 
ing h e a t  flux ca lcu la ted  by t h e  s teady-state  procedure. T h e  safety sys tem c a n  then be  required to 
limit the peak h e a t  flux to th i s  value,  which would probably resul t  i n  no  permanent core damage; or 
i t  can  he assumed t h a t  t h e  hot spot  becomes insulated a t  t h i s  h e a t  flux, and hot-spot melting c a n  
be s e t  as  the  limiting leve l  for t h e  excursion. An excursion of th i s  magnitude would resul t  i n  per- 
manent core damage and would n e c e s s i t a t e  replacement of t h e  fuel  e lement ,  but i t  woiild not b e  
expected to resul t  in e x c e s s i v e  contamination of t h e  reactor sys tem due t o  t h e  s m a l l  area affected.  

HFIR t rans ien ts  resul t ing f rom react ivi ty  acc idents  have  been s tudied in s o m e  d ~ t a i l ~ ~ , ~ ’  
by means of analog computer sirnulation. T h e  resu l t s  indicate  that  the reactor c a n  survive 
all reasonable  react ivi ty  acc idents  without any melting of the  core. See  also Sec, 8.8.3. 
- . ~ ~. ___ - 

4 6 0 ~ ~ ~ - T ~ - 1 7 1 7 .  

470RNI,-3573.  



8. INSTRUMENTATION AND CONTROL 

8.1 Introduction 

The HFIR safety and control sys tems have been designed to provide for safe and orderly oper- 
ation of the  reactor from a central control room. Both of these  sys tems make extensive use  of proc- 
ess information such  a s  coolant flow, temperature, and pressure; thus these  parameters, together 
with others not directly related to control of t he  reactor power, are a l so  regulated from the central 
control room. Essent ia l ly  all routine operations, including startup and shutdown, can  be monitored 
and controlled from th is  location. 

The  control system is designed to  relieve the operator of routine manipulations by enabling the  
instrument which senses a change in the system parameters to a l so  init iate the  required correctivi 
action. Th i s  approach is consistent with the philosophy of utilizing the operator t o  supervise the 
functions of the  control system rather than to include him a s  an  integral pari of it. Nevertheless, 
certain ac t ions  w i l l  s t i l l  be required of the operator. In particular, any increase in reactivity be- 
yond that aklotted to the  automatic power regulation feature will require concurrence of both the 
operator and the control system. The  safe ty  system is designed to seize the initiative from both 
the operator and the  control system and to in i t ia te  immediate corrective action should any of the 
significant operating parameters indicate the  onse t  of a n  unsafe condition. Hecause  of certain 
features incorporated in  the  control system, i t  is not anticipated that the safe ty  system w i l l  often 
be called upon; however, i t  is independent of the  control system and capable of very fast response 
when needed. 

At power l eve l s  above 10 Mw, control of the  reactor is based  primarily upon measurement of 
the heat-power level. Th i s  is accomplished by detecting the rate of coolant flow and its tempera- 
ture rise as it p a s s e s  through the core. T h e s e  two s igna ls  are combined in  heat-power calculators 
which compute and display the actual heat-power level. Although the heat-power instrumentation 
is quite accurate, its t i m e  response is too slow to permit its use  as the sole source  of safety or 
control action. These  actions a re  directly initiated by s igna ls  from neutron-detecting devices 
which are continually and automatically calibrated using the output of the  heat-power calculators. 
Th i s  arrangement permits fast action by the nuclear instrumentation and, at the same t ime,  allows 
a high degree of accuracy regardless of the operating history of the core, the position of the  con- 
trol plates or ionization chambers, or any other effects which may cause the nuclear signal to vary 
in a manner not proportional to the  power. 

Signals from the flow-measuring device are also used to ensure that t he  control system wi l l  
automatically limit t h e  maximum allowable operating power to a level cons is ten t  with the actual 
flow rate and to  automatically s e t  the neutron flux trip levels in the  safe ty  channels at appropriate 
values.  The  necess i ty  for th i s  action is based  upon t h e  design requirements that  for any flow 
rate the reactor operate normally in the  flow-power region well below that point a t  which the onset 
of nucleate boiling occurs,  and that any abnormal power increases  be terminated before the hot- 
spot incipient boiling point is reached. The normal operating range and the  locus of the values at 
which safety action occurs are shown in Fig. 9.1.1. 

The  reactor inlet-temperature and -pressure s igna ls  a r e  incorporated separately into the safety 
sys tems as “on-off” s igna l s  s ince  l i t t l e  variation is anticipated during normal operations. Should 
the inlet temperature exceed, or the in le t  pressure become less than, certain preset  levels,  a re- 
actor scram will result. 
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‘The HFIR control and s a f e t y  systerns  a re  unique a t  ORNL in tha t  i n  e a c h  sys tem three chan- 
n e l s  of instrumentation are used,  with t h e  concurrence of two of t h e  three safe ty  channels  required 
for correct ive act ion (scram) and,  i n  most c a s e s ,  with c o i i c u r m x e  of two out of three of t h e  con- 
trol channels  required for any  ac t ion  by the  control sys tem.  Flow. temperature, computed theimal 
power, and measured neutron f lux  a r e  the parameters ut i l ized;  th ree  channels  a r e  provided i n  the  
control sys tem for e a c h  of t h e s e  parameters. Similarly, three s e p a r a t e  channel.% for e a c h  parameter 
a re  provided in  the  s a f e t y  sys tem.  In order t o  have ava i lab le  reactor power-level information which 
covers  t h e  range from shutdown to ful l  power, three channels  us ing  automatical ly  positioned fis- 
s ion  chainbers a r e  furnished. E a c h  of t h e s e  instruments  provides a s i g n a l  which is displayed and 
recorded, without range switching,  on a s i n g l e  scale covering a range  of ten decades.  Each  of 
t h e  instruments a l s o  provides period information and s e r v e s  as a s ta r tup  channel .  

ina1func:tion to a minimum and h a s  t h e  very great  advantage of permitting e a c h  channel  to b e  l e s t e d  
in turn without disturbing the operation of t h e  reactor. 

Control of react ivi ty  is exerc ised  by t h e  control s y s t e m  through the  act ion of e lec t r ic  motors 
on the  f ive control p la te  dr ives .  As descr ibed i n  Sec. 5.2.4, t h e  control e lements  a r e  in  t h e  fom 
of two concentr ic  cylitiders which a r e  located between t h e  fuel  and reflector regions of t h e  core .  
T h e  control dr ives  enter  t h e  reactor v e s s e l  through seals from t h e  subpi le  room benea th  the  v e s -  
sel, The  inner control p la te ,  which is a complete  cylinder, i s  moved upward into t h e  reactor to 
decrease  reactivity; i t s  motion i s  accomplished only by motor dr ive.  T h e  outer control  cylinder, 
which is divided into four quadrants ,  is moved downward in to  the  reactor to d e c r e a s e  react ivi ty .  
E a c h  quadrant is equipped with a revers ible  e lec t r ic  motor and a fast inser t  air motor a t tached to  
t h e  same drive and a fast-act ing scram latch. 

The  inrier control cyl inder ,  which h a s  no fast shutdown feature ,  i s  motor driven to provide both 
shim and regulatiilg act ion.  Separate  motors and gear  boxes  a r e  provided for t h e  shim function a n d  
for the  regulating function. T h e  outer  control plates ,  ca l led  t h e  shim-safety p la tes ,  a r e  used for 
shim control. R e l e a s e  of the magnets which hold t h e  scram l a t c h e s  i n  position resu l t s  in  t h e  
rapid inser t ion of t h e  p la tes  under the act ion of gravity, water flow, and an accelerat ion spr ing.  
T h e  shim-safety-plate  dr ives  and sezam l a t c h e s  a r e  modified vers ions  of t h o s e  ins ta l led  i r l  the 
OKK in 1964. 

c la ture  wi l l  b e  used .  T h e  word ‘‘insert” will a l w a y s  mean motion of a control p la te  in  the  direc-  
tion which d e c r e a s e s  reactivity. T h i s  is upward i n  the  case of t h e  inner whole cylinder and down- 
ward in  t h e  case of the quadrants .  T h e  word “withdraw” wi l l  a lways  mean motion of a control 
plate  in  the  direction which increases  react ivi ty ,  downward i n  t h e  case of the inner p la te  and up- 
ward in t h e  case of the  outer  plates .  T h e  outer  p la tes  a r e  designated shim-safety p la tes  1 to 4.  
T h e  inner p la te  is des igna ted  the shim-regulating plate; however, b e c a u s e  i t  h a s  two functions, i t  
will b e  d i s c u s s e d  as if two, rather than  one, control elernerits a r e  ins ta l led  and will be  ca l led  the  
No. 5 shim plate ,  or t h e  regulating rod, depending upon the function under considerat ion,  

The  u s e  of the three-channel coincidence c i rcu i t s  reduccs  f a l s e  shutdowns d u e  t o  instriiment 

In referring to the motion of t h e  control cyl inders ,  l a te r  in t h i s  sec t ion ,  t h e  following nomen- 

Normally, the  five movable control e lements  a r e  operated in  concer t  i n  order to maintain sym- 
metiy of the poison distribution in t h e  ve i t ica l  and azimuthal direct ions.  Provis ion is made for 
individual p la te  movement where needed for  trimming t h e  p la te  posi t ions and for cer ta in  s p e c i a l  
operat ions and t e s t s .  

Several  degrees  of correct ive act ion resul t ing i n  control plate  motion a re  ava i lab le  to t h e  con- 
trol sys tem in order to permit i t  to  cope  with abnormal s i tua t ions .  T h e  s a f e t y  sys tem act ion re- 
s u l t s  in  a f a s t  scram by interrupting power to the  s a f e t y  p la te  magnets. 

As previously indicated,  cer ta in  process  sys tem parameters a r e  ut i l ized as integral  pai ts  of 
the  reactor s a f e t y  and control sys tems.  T h e  process  instruments  which fall into t h i s  category 
measure the  primary coolant  flow, primary coolan t  in le t  and differential temperatures, t h e  primary 
coolant  in le t  pressure,  and t h e  reactor thermal power. ’Ike instruments  for e a c h  function a re  fur- 
nished i n  t r ipl icate  i n  order to b e  cons is ten t  with the overal l  two-out-of-three coincidence sys tem 
and t h e  necessary  i so la t ion  of s a f e t y  and control s y s t e m s .  Thus,  there  a r e  six channels  provided 
for e a c h  parameter, three for the control  and three for t h e  s a f e t y  sys tem.  Other process  instrumen- 
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tation which is not directly concerned with the  control and safety systems uti l izes conventional 
components of modern design and is provided singly or in duplicate as necessary to ensure con- 
tinuity O E  operation. 

The  control a rea  cons is t s  of two rooms, the control room and the amplifier and relay room 
(called the  auxiliary control room on many construction drawings). The control room (Fig. 5.1.2) 
is located above the amplifier and relay room, and a s t a i m a y  for personnel access connects the 
two. Access for interconnecting wiring is provided through conduits and floor slots.  

Cabinet A ,  at the extreme left, is provided for future use  by the  critical facility controls. 
Cabinets B t o  D each  house  portions of one startup channel, one safe ty  channel,  and one control 
channel. Cabinet E contains the  main process system graphic panel. Cabinets F to I are graphic 
panels serving the  liquid was te  system, gaseous  waste system, health physics monitoring system, 
and electrical  system respectively. 

The  console is the  control point for startup and overall system operation and surveillance. 
Operation of essentially all the process system is handled at the graphic panel in the control room.. 
The  safety system t e s t s ,  to he  described later, can  be made by the operator from t h e  console while 
observing the  results on indicators on cabine ts  B to D. 

Instrumentation not requiring direct  observation or manipulation by the  operator is located in 
the  amplifier and relay room. This includes such  equipment a s  control relays, signal transmitters 
and modifiers, high-power servo amplifiers, etc.  An area in th i s  room is set as ide  for spare equip- 
ment and for a n  on-line computer. 

intercom system and a public-address system. The  master control for the intercom system is lo- 
cated i n  the control room and can  be operated from the  console.  If operational problems require 
the undivided attention of the  operator, he  may transfer the  master communications control station 
dut ies  to the operation supervisor’s room, located adjacent to the  control room. These  systems 
are supplied with power from the  emergency..power supply. 

The  most vital information concerning the  operation of t he  system is presented on cabinets B 
t o  E ,  Accordingly, t hese  cabine ts  a re  in  the  m o s t  favorable location to command the  attention of 
the operator. Similar information on the  three channels of safety,  startup, and regulation are pre- 
sented a t  similar positions on cabinets B to D. The graphic panel, cabinet E ,  is incorporated in 
the process system to provide for the  rapid assessment  of the s t a tus  of the plant process system 
and to allow adjustments to be  made as necessary.  

t he  form of annunciators, indicators, and recorders. T h e  four sys tems a re  

1. a health physics monitoring system, consisting of a number of monitors located in  various parts 
of the building which measure the  beta-gamma radiation leve l  and the particulate activity level; 

2. a gaseous-waste monitoring system, which measures the activity of the  off-gas and airflow 
pass ing  through the  exhaust s tack;  

3. a liquid-waste monitoring system which measures the  activity level of the several  liquid-waste 
s y s  t ems ;  

4. a coolant activity monitoring system, which is intended to provide information regarding the 
activity leve l  i n  the  several  coolant systems. 

In addition to providing information to the  HFIR operations staff, t he  gaseous- and liquid-waste 
monitoring sys t ems  also transmit information to the  OKNL central was te  monitoring system, which 
is located in  the  main part of the Laboratory (Building 3105) and which provides overall monitoring 
and handling of all gaseous and liquid was te  in the ORNL area. 

Information from the health physics monitoring system is a l s o  transmitted to  the  ORNL Emer- 
gency Control Center, which coordinates emergency measures for the  Laboratory in the  event of a 
serious incident. 

The  annunciators for all sys tems are located above t h e  relevant control room cabinets, a s  
shown in  Fig. 8.1.2. 

Communication between the  control room and other a reas  of the  building is by means of an 

Information from the  €our radiation monitoring sys tems is also available in the control room in 
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‘The power level ,  as indicated by one  of t h e  wide-range count ing rate  instruments, is indicated 
a t  various points throughout the building to provide information on t h e  operat ing level  of the re- 
actor. 

8.2 Control Pluto Dr ive Mschanisrns* 

8.2.1 Introduction 

Recause  the control p la te  arrangement in  t h e  WFIR is soiiiewhxat diffeerent from tha t  usual ly  en- 
countered, and b e c a u s e  a knowledge of how t h e  control p la tes  function is e s s e n t i a l  in order to 
understarid the  workings of t h e  control  and safe ty  s y s t e m s ,  the  control drive mechanisms will b e  
descr ibed before embarking on a d iscuss ion  of t h e  control and s a f e t y  sys iems.  

cyl inders  located between t h e  fuel  and reflector regions of t h e  reactor (F ig .  5.1.1). T h i s  configura- 
tion w a s  chosen  in order to  minimize the  perturbation of t h e  power dis t r ibut ion c a u s e d  by the  with- 
drawal  of the control p la tes  as burnup of the  c o r e  occiirs. T h e  control e lements  a r e  moved by 
mechanisms located i n  t h e  suhpi le  room benea th  t h e  reactor and sh ie lded  f rom i t  by water, s t e e l ,  
and high-density concrete  ( s e e  Sec. 9.2.3). T h e  connect ing e lements  between t h e  dr iye m c h a n i s m s  
in the  siibpile room and the  control elennents i n  t h e  reactor v e s s e l  are dr ive tubes  of s t a i n l e s s  
s t e e l  which extend upward from t h e  subpi le  room through seals irr t h e  reactor v e s s e l  lower head.  

T h e  inner cylinder, the  shim-regulating plate, moves downward to i n c i e a s e  reactivity. B e c a u s e  
th i s  is t h e  direct ion of gravi ta t ional ,  hydraulic, and flow forces ,  th i s  control elemernt is bolted se- 
curely to the drive tube  and moves only whcn motor driven; i t  h a s  no provision for f a s t  scram a c t i o n  
When used  for shimming, i t  wi l l  b e  referred to as t h e  No. 5 s h i m  plate ,  and when used  for regula- 
tion, as the  regulating rod. ‘l’he outer control cyl inder  i s  divided i n t o  four qiiadrants, e a c h  of which 
i s  provided with a s e p a r a t e  control  drive mechanism and a quick-acting scram latch.  T h e s e  plates ,  
shim-safety p la tes  1 to 4, move downward in  t h e  direction of t h e  gravitational, hydraulic, and flow 
forces  t o  decrease  reactivity. A view which s h o w s  the  overal l  arrangement of t h e  control p la tes  
and drive mechanisms is given in  F ig .  8.2.l(a). 

A s  previously descr ibed,  control of t h e  reactor i s  effected by the movement of two concentr ic  

8.2.2 Shim-Safety Drives 

‘The s a f e t y  r e l e a s e  mechanisms are  of the same general  type a s  t h o s e  used  i n  t h e  BKK and the  
ETR (i.e.,  the  bal l - la tch type), as  shown i n  Fig. 8.2.l(b). T h i s  mechanism c o n s i s t s  of a la tch 
head located near the  top of t h e  dr ive tube,  in  the reactor v e s s e l ,  with a la tch  push  rod extending 
downward into t h e  subpi le  room through t h e  center  of t h e  drive tiibe; a seal between t h e  push rod 
and the drive tube is provided a t  t h e  lower end of t h e  dr ive tube. 
upward relat ive to the  drive tube in  order to engage t h e  la tch  arid is held i n  position aga ins t  the  
force of a re lease  spr ing by  an electromagnet. Shutoff of the  currents  i n  the  magnet resu l t s  in  re- 
l e a s e  of t h e  la tch mechanism. T h e  la tch  head c o n s i s t s  of a n  outer  c a g e  with t h e  sane outer di- 
ameter a s  the  drive tube. T h i s  c a g e  h a s  holes  through which a c i r c l e  of b d l s  may b e  partially 
extended by t h e  tapered sur face  of t h e  la tch  plunger, which is located i n s i d e  the c a g e  and which 
is at tached to  the  upper end  of t h e  la tch  push rod. When t h e  b a l l s  a re  extended, the  la tch is 
“cocked” and is held i n  posi t ion by  t h e  electromagnet. A hydraulic cylinder assembly a l lows  for 
thermal expansion of the  push rod, but  forms a sol id  connection when the  push rod makes  the  rapid 
movement to in i t ia te  a scram. 

Concentr ic  with t h e  dr ive tube,  but entirely within t h e  reactor v e s s e l ,  is a hollow control-plate 
extension tube to t h e  top  of which the bottom of the shim-safety quadrant is a t tached  by means  of 
a self-aligning coupling. Inside of t h i s  control p la te  extension tube, a shoulder  is provided which 
h a s  a n  ins ide  diameter s l ight ly  larger than t h e  drive tube but smaller than the diameter of t h e  cir-  
cle of extended ha l l s .  Since t h e  la tch  is cocked while the  b a l l s  a r e  below t h e  la tch shoulder of 
the  extension tube,  a n  upward movement of t h e  drive tube will l i f t  t h e  ex tens ion  tube and t h u s  

T h i s  la tch push rod i s  moved 

*J- E. Jones ,  Jr., Control Element Drives  for the H i g h  F lux  Isotope Reactor,  ORNJ.,-CF-67-11-34 
(Nov. 10, 1967). 



8-5 

ra ise  or withdraw the  shim-safety quadrant. If, while t h e  shim-safety quadrant is raised, the mag- 
net is de-energized, the  latch push rod is moved downward by pressure forces and springs,  the 
ba l l s  retract, and the control plate and i t s  extension tube a r e  free to  move downward, reducing the 
reactivity. 

a shock-absorber cylinder near t h e  lower end of the  stroke to  decelerate the safe ty  quadrant and 
extension tube following a scram. 

T h e  design criteria specify that the  shim-safety p la tes  start moving within 0.01 sec after a 
safe ty  parameter is exceeded. In addition, the travel of the  safe ty  plates following release sha l l  
be  equal to, or greater than, that  which would b e  obtained i f  they had a n  init ial  acceleration of 
4 x fi  which decreased to 1 x fi  at the  end of 6 in. of travel. 

The  scram la tch  mechanism is designed l o  be t h e  coincidence element in the  two-out-of-three 
s c r a m  circuit. The  output of each  safety channel is the controlled current in one of three electri- 
cally independent co i l s  in each scram-latch magnet. These  magnets are therefore the elements 
which determine the  behavior of the scram latches on the bas i s  of the  outputs of the three safe ty  
channels.  A magnet of this type is shown schematically i n  Fig.  8.2.2, together with curves of the 
magnetic fluxes in the various portions of the  circuit as a function of the excitation ampere turns. 
The first  increment of excitation is provided by any one safe ty  channel and produces flux only in 
the yoke and shunt, the  air-gap reluctance being high enough so  that t he  armature flux is negligible. 
As t h e  excitation is increased, corresponding to the output of two safe ty  channels, the  magnetic 
material in the  shunt reaches saturation, and the  additional excitation increases  the  flux in the 
armature. 
armature, or both saturate.  T h e  resulting force on the armature is quite small when t h e  shunt is 
unsaturated and rises rapidly (approximately as the square of the  excitation) from nearly zero at  
the shunt-saturation point to full force a t  the armature-saturation point. By the  proper choice of 
coil turns and current, it h a s  therefore been possible to  develop a magnet which exerts l i t t l e  
holding force if one coil  is energized and exerts the full force if two or three co i l s  a re  energized. 
Th i s  magnet is thus a two-out-of-three coincidence element and will re lease  i f  any  two of the 
safe ty  channels a re  de-energized but will hold if only one is de-energized. As will be  discussed 
i n  Sec. 8.4.2, one  of the advantages of th i s  system lies in its adaptability to on-stream testing. 

with a rotating nut. The  lead screw angle i s  chosen so  that the drive is self-locking; that is, a 
torte applied to the lead screw will not result  in  rotation of the  nut. The  nut for each  drive is 
driven through su i tab le  gearing by ac motors of the  two phase reversible type. All  drives are 
designed for the same rate of travel s ince  i t  is desired to  operate them in unison. T h e  rate of 
travel is 5.75 in./min with the  drive motors operating steadily at their maximum unloaded 
speed. 

The scram plate drives a re  a l so  provided with a nonreversible air-powered motor coupled 
through appropriate gearing to provide for unidirectional high-speed insertion of the drive following 
a scram or when needed during an ac power outage. The  design speed  is approximately ten t i m e s  
the  speed  developed by the electric motors, or about 60 in./min [see Sec. 8.3.2(a)]. 

m i t  information to the  control room for u s e  in the  control sys tem and for the operator’s information. 
In addition, a variety of l i m i t  swi tches  are provided as necessary to indicate and l imi t  drive posi- 
tion, latch operator position, etc. Seat swi tches  a re  also provided to indicate independently of the 
drive mechanisms when the  shim-safety plate is fully inserted. 

The  lower end of the control plate extension tube forms a shock-absorber piston which enters 

Finally, a t  the  s t i l l  higher excitation produced by three safety channels, the  yoke, 

The  drive mechanisms are of t he  type using a nonrotating lead screw of the  a c m e  thread type 

All drives are provided with position-sensing and -transmitting equipment which is used to trans- 

8.2.3 Shim- Regu loti ng Cy1 inder Drives 

T h e  shim-regulating drive for  the inner control cylinder does  not have a safety release mccha- 
nism. T h e  drive system for th i s  control element cons is t s  of a drive tube which extends from the 
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subpi le  room, through a seal i n  the  v e s s e l  lower head;  t o  a support ring, which is t h e  lower par t  
of the  inner control cylinder. T h i s  support  ring is fas tened  t o  the upper end of t h e  dr ive tube by a 
coupl ing which al lows for some misalignment between t h e  control cyl inder  and t h e  dr ive tube. 

however, no s a f e t y  r e l e a s e  mechanism or fast run-down a i r  motor is provided. T h e  design s p e e d  is 
the  same as for t h e  outer rods ( i ,e . ,  5.75 in./min). The  sys tem is provided with limit swi tches ,  
position s e n s o r s ,  and transmitters s imilar  to  those  for t h e  outer dr ives .  

shim drive to move the shim-regulating cyl inder  under automatic control. As descr ibed in Sec. 8.5.3, 
the  regulating sys tem is unusua l  in  that  three independent channels  a r e  provided, t h e  output of 
each being t h e  angular velocity of a motor shaft. The  three channels  a r e  combined i n  a servo  in- 
put gear  box which h a s  a s ingle  output shaf t  driving t h e  nut of a ball-bearing lead  screw which h a s  
a limited s t roke.  T h e  servo input gear box conta ins  two differential gear mechanisms which provide 
the velocity addition required t o  c a u s e  the shim-regulating p la te  to b e  moved at a velocity propor- 
t ional  t o  t h e  algebraic  sun of t h e  ve loc i t ies  of e a c h  of the  three servo motors. ‘i’he input  gearing 
for e a c h  motor i s  of t h e  worm-worm wheel  type  and i s  self- locking so tha t  a de-energized motor will 
not b e  rotated by the other  hi> motors or by t h e  load. 
printed-circuit type and for normal rated output require 48 v d c  at  16 amp. 

in./min with the  s t roke limited by  mechanical s t o p s  in addition t o  t h e  limit s w i t c h e s  provided for 
normal operation. 
the shim drive position i n  order to  enable  t h e  operator to  superv ise  t h e  servo sys tems.  The  shim 
drive position transmitter a lways  provides information on the p la te  position; however, t h e  regulat- 
ing dr ive position indicator  only s u p p l i e s  the  position of the drive necha~i i s t i i .  

p la te  drive is provided with a “backup cylinder.” T h i s  oil-filled hydraulic cylinder is at tached t o  
the  lower end of the  shim drive lead screw and h a s  t h e  primary function of limiting the  rate  of 
t ravel  of t h e  central  drive rod in  the  unlikely event  of complete fa i lure  of t h e  rotating nut or regu- 
la t ing dr ive gearing. As a secondary  function, t h e  hydraulic cyl inder  is used t o  ba lance  out most 
of t h e  force caused  by  t h e  coolant  pressure  i n  t h e  reactor v e s s e l  being transmitted through the 
drive tube t o  t h e  mechanisms. ‘This force ba lanc ing  s e r v e s  to  reduce t h e  loading on t h e  gears ,  
thereby reducing the  wear  and  a l s o  al lowing bet ter  operation of t h e  automatic power regulation s y s -  
t e m .  T h e  force balancing is accomplished by having t h e  hydraulic cylinder piston rod approxi- 
mately equal  in  a rea  to t h e  guide tube emerging from t h e  reactor v e s s e l  and hy operat ing t h e  hy- 
draul ic  cylinder a t  t h e  s a m e  pressure as  that  i n  t h e  reactor  v e s s e l .  T h i s  pressure  is  obtained by 
interconnecting t h e  cyl inder  and t h e  reactor v e s s e l  through a double  bladder-type accumulator s y s -  
tem, which requires no instrumentation for operation and which wil l  maintain t h e  same pressure 
even i f  the  accumulator bladders  should leak. Two accumulators  a r e  provided in  o ide i  t o  have  a 
buffer z o n e  of water  between the  reactor water  and the hydraulic oi l  so as  to minimize t h e  possibi l -  
ity of contaminating t h e  reactor sys tem with hydraulic o i l .  T h e  speed-limiting feature  of t h e  backup 
cylinder d o e s  not depend on having reactor  pressure in  t h e  hydraulic cyl inder  s i n c e  th i s  is accom- 
plished by  se lec t ion  of t h e  c learance  between t h e  cylinder wal l  and the  piston. 

The  hydraulic piston rod area is somewhat smaller  than t h e  guide tube a rea  in  order that a ne t  
downward force b e  present  in  normal operation. T h e  downward force is chosen  to  b e  suff ic ient  to 
keep t h e  gears  of t h e  gear dr ives  loaded and t h u s  minimize backlash for good servo operation. 

The  drive gearing provided for shim motion of th i s  unit is similar  to that  for t h e  four outer p la tes ;  

’The inner cylinder h a s  a regulating drive of limited s t roke  which opera tes  independently of the 

‘The servo motors a r e  of t h e  low-voltage 

Design s p e e d  of t h e  regulating motion with a l l  three motors driving in t h e  s a m e  direction is 15 

T h e  regnlating dr ive position is transmitted t o  t h e  control rooin i n  addition t o  

In addition t o  t h e  dr ive gearing, amd motors for both shim and regulating funct ions,  the  central  

8.3.1 In?raduction 

As previously pointed out, one  of the  main object ives  of t h e  HFItZ operation is to continuously 
maintain the  reactor at t h e  highest  power leve l  whirh i s  cons is ten t  with s a f e t y  and t h e  avai lable  
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coolant flow. To accomplish this,  heat power has  been chosen as the bas i c  control parameter, al- 
though i t  is used  indirectly. 
compute the heat power a re  quite accurate but are characterized by an  inconveniently long response 
t i m e  - several  seconds.  Even though an exceptionally fast response t i m e  is not required of the 
control system, i t  is desirable that i t  be  ab le  to init iate corrective action sufficiently rapid so that 
fast  sa fe ty  actlon will b e  only rarely necessary. The required speed  of response is obtained by 
utilizing the  accurate, but delayed, heat-power information to continually and automatically Cali- 
brate neutron-flux measuring devices  by adjusting the  gains of the flux amplifiers. The  so-called 
“reset flux” obtained in th i s  way is then employed directly as the  bas i c  control parameter. 

ator and the  instrumentation and to impose certain limitations on t h e  u s e  of th i s  information, thus 
providing an orderly sequence for startup and operation of the  reactor. Four degrees of corrective 
action are available to  the  control system in order t o  permit it to cope  with abnormal situations 
with a minimum of disturbance in operation. In order of decreasing severity,  t hese  are: (1) Fast  
reverse - air motor insertion of the shim-safety quadrants; (2) R e r w s r ?  - a motor-driven insertion 
of all  control p la tes ;  (3) Setback - a reduction in the automatic control power demand; and (4) 
Withdraw lnhrbit - an action which merely prevents further withdrawal of the control plates.  In 
addition, a slow s c r a m  is provided to cause  insertion of the  shim-safety plates by cutting off 
power to the magnet amplifiers. Control system action is summarized in Table  8.3.1. 

The  instruments which measure flow and temperature difference and 

The control system relays and interlocks are designed to accept information from both the  oper- 

Table 8.3.1. Control System Action 

Action C a u s e  
_I______...._.__.-..-.__.__.I ~~~ ........................ 

F a s t  reverse  (a i r  motor) 

Keverse  

Flux to flow > 1.1 (two o u t  of three)  

1.1 N ,  heat-power s i g n a l  i n  Run cx~ncfition (two o u t  of three)  
1.1 N F  flux s i g n a l  i n  Run condi t ion (two out  of three)  
1.5 N 

1.5 Nr, flux s i g n a l  i n  Start  condi t ion (two o u t  of t h r e e j  
Per iod  l e s s  than 5 sec on wide-range count ing channel  

heat-power signal i n  Start condi t ion (two out  of three)  

(CRM) i n  Star t  condi t ion (two out  of three)  

Se tback  Always,  when i n  Start  condi t ion or  key  swi tch  O f f  

Demand-to-Plow rat io  grea te r  than unity 
Control p l a t e  asymmetry greater  than 1.2 In. for shim-safety 

p l a t e  or  2.4 for shim-safety p l a t e  v s  shim-regulating 
c y l m d e r  

Shim withdraw inhib i t  
(mode 1 only) 

Key swi tch  off 
R e g u l a t m p  rod n o t  i n  withdraw l imitB i n  Stdr t  condi t iun 
Log CRNI p e n o d  <30 sec (one o u t  of three)  in  Start  

L,og CRM n o t  in  conf idenceb  (two out  of three)  i n  S h r t  

condi t ion 

condibon 
Shim i n s e r t  r e q u e s t  in  e i ther  Run or Start  

Shim in withdraw limit In either Kim or S t a r t  
F o l l o w m g  s l o w  scram (two out  of three), No. 5 sh im 

p l a t e  only 
Fol lowing  Cast sc ram by s a f e t y  s y s t e m  (two out  01 

three) ,  No. 5 shAm p l a t e  only 

___ Manual inh ib i t  

aAffec ts  only a u t o m a l c  s tar tup.  
’By conf idence  is meant  t h a t  the amplifier s w i t c h  is in t h e  Operafe  ra thcr  than the T e s t  posi t ion,  the 

f i ss ion  chamber  dr ive cont ro ls  art- In au tomat ic  withdraw, and  t h e  count ing ra te  I S  greater  than 10 but less 
than 50,000 counts/spc. 
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T h e  control sys tem block diagram i s  shown in Fig.  8.3.1. N o  attempt is made here  t o  descr ibe  
the  routine features  s u c h  as limit swi tches ,  etc., the  ut i l i ty  of which should h e  obvious; however, 
cer ta in  of thc  more s ignif icant  instrumentation is d i s c u s s e d  in  some d e t a i l  subsequent ly .  

In addi t ion to the three ionizat ion chambers which provide information for t h e  regulation s y s -  
text, three wide-range count ing channels  provide flux leve l  ared period illformatian for u s e  during 
s ta r tup  as  wel l  as during power operation. T h e  control function of t h e s e  c h a n n e l s  is limited to t h e  
s ta r tup  condition; they provide: for automatic correct ive action upon recciving appropriate period 
and flux level  information. 

8.3.2 Mces of Operation 

Two condi t ions,  Start and Run, a r e  provided. Changeover from the Start to t h e  Run condition 
is manually made when t h e  reactor reaches  N r ,  - approximately 1% of ful l  power. T h i s  represents  
the point a t  which the  heat-power instrumentation s t a r t s  to yield reasonably accura te  infoimaticn. 
Moreover, 10% of full power i s  t h e  level above which t h e  cool ing requirenlents e x c e e d  that  provided 
by the shutdown coolant  sys tem descr ibed i n  S e c s .  6.2.1(6) and 6.5. 

In addition to the  normal sequence  required far routine s ta r tup  and operation (mode l), two other 
modes of operation a re  avai lable  i n  order t o  provide for versat i l i ty  and to minimize t h e  n w e s s i t y  
of making teinpoiary changes  t o  t h e  sys tem which r i ~ i ~ t  l a te r  b e  corrected. 'These modes (NOS. 2 
and 3 )  permit operation wiihout pressurizat ion but with shutdown coolant  flow, and operation with 
neither pressurizat ion nor coolant  flow, respect ively.  

(a) Opemtion in Mode 1, - Mode 1 i s  the  normal operating s e q u e n c e  which is used  for s ta r tup  
and operation a t  full power. Iil this mode, t h e  i factor  i s  pressurized and t h e  coolant  system is 
functioning normally. 
s ions  a re  made f o r  manual s tar tup.  

ing  rod remains in i t s  withdraw limit and t h e  wide-range coiinting channels  a re  operating, as indi- 
ca ted  by a s e t  of confidence contac ts ,  and a r e  indicat ing a period of 30 sec or longer. 

act ivi ty  increase  is only about 0.075%/sec in t h e  range from shutdown t o  cr i t ical i ty ,  the  iliaximum 
rate  may b e  as  high as  0.25%/sec because  of the  nonlinear re la t ion between p la te  position and 
sensi t ivi ty .  A s  explained in Sec. 8.8.3, a s ta r tup  acc ident  a t  t h i s  ra te  c a n  e a s i l y  be  handled by 
t h e  c l o s e  coupling of  the  react ivi ty  e f fec ts  with t h e  fuel temperature. T h e  customary in temi t ten t -  
withdrawal feature  vias removed when i t  lengthened a cold s tar tup by a n  hour, and i t  w a s  deter- 
mined tha t  proper adjustment  of the  timing c y c l e  would negate  a n y  of t h e  ques t ionable  protection 
afforded. 

mately 10% of ful l  power ( N , )  by s e i v o  inser t ion of t h e  regulating rod. If t h e  servo f a i l s  to inser t  
t h e  regulating rod, a reverse  is automatical ly  ini t ia ted at 1 .5 N , a .  

N ,  unti l  the  operator manually reques ts  a change. With full coolant  flow, a t  10 Mw the  coolant  
temperature r i s e  f rom reactor in le t  to out le t  is % 4OF, and t h e  heat-power ca lcu la tors  h a v e  suf-  
f ic ient  resolution t o  allow accura te  comparison of the h e a t  power and flux. After  a de lay  suf-  
f ic ien t  t o  allow operator and  instrument orientation, t h e  Rtin condition n a y  b e  obtained,  provided 
tha t  t h e  power leve l  is a t  N , ,  t h e  regulating rod is not i n  its withdraw limit, and the reactor period 
is essent ia l ly  infinite. The operator iuay then r a i s e  t h e  reactor  power by  increas ing  the  se t t ing  of 
the  servo demand. T h e  regulating sys tem wi l l  withdraw t h e  regulating rod and thus  increase  t h e  
power of t h e  reactor  unt i l  i t  equa ls  t h e  demand. The  rate  of i n c r e a s e  i s  se l f - res t r ic ted  to  <4 .5  
Mw/sec. T h e  demand se t t ing  is restr ic ted automatically t o  a va lue  no greeter than tha t  allowed by 
t h e  avai lable  coolant  flow, and n o  i n c r e a s e  i n  demand c a n  occur  u n l e s s  t h e  control p la tes  a r e  sym- 
metrically arranged. 

When in  t h i s  mode, t h e  s tar tup must proceed automatical ly  s i n c e  no provi- 

In t h e  Sfart condition, the  sh ims  a r e  withdrawn automatical ly  i n  concert  as long as t h e  regulat- 

Although t h e  s p e e d  of withdrawal of t h e  f ive  shim p la tes  is s u c h  that  the average rate  of ie- 

T h e  i n c r e a s e  i n  power during automatic  s tar tup i s  terminated when t h e  reactor  reaches approxi- 

When t h e  S far t  p h a s e  is completed, the  reactoi  remains under regulating system control a t  



P 

8-9 

This maximum al lowable control  p l a t e  asymmetry is 1 .2  in .  for t h e  four shim-safety p l a t e s  with 
respec t  to e a c h  other, and 2.4 in .  for any  shim-safety p la te  with respec t  to t h e  shim-regulating 
cyl inder .  Greater asymmetry may c a u s e  undesirable  peaking of t h e  power dens i ty  and must b e  
avoided when operat ing at high power. A comparison of t h e  pos i t ions  of t h e  shim-safety d r i v r s  is 
made u s i n g  vol tages  genera ted  in  potent iometers  driven by the p l a t e d r i v e  Lead screws. Compari- 
son  of t h e  four shim-safety dr ive  pos i t ions  with tha t  of the  shim-regulating cyl inder  i s  made in  a 
l i k e  manner. If e i ther  of t h e s e  comparisons s h o w s  asymmetry greater  than  t h e  spec i f ied  amount, 
a se tback  i n  power to N, is ini t ia ted.  B e c a u s e  i t  is t h e  dr ive pos i t ions  rather than t h e  ac tua l  
p l a t e  pos i t ions  w h c h  ate used ,  t h i s  comparison is inval idated by an indication that  o n e  or  mote 
of t h e  shim-safety p l a t e s  is not connected t o  its drive. 

When the regulat ing rod approaches  t h e  end of i t s  s t roke ,  t h e  shim p l a t e s  must b e  adjusted.  
Automatic shim inser t ion is employed; however, as in  other  ORNL reactors ,  sh im withdrawal is 
permitted only under t h e  supervis ion of t h e  operator. T h i s  limitation is a t  present  dictated by 
safe ty  cons idera t ions .  T h e  regulat ing rod worth is limited to a value of react ivi ty  which c a n  b e  
s a f e l y  inse t ted  as a s t e p  function. In order to prevent greater  amounts being inser ted  automatically 
by the  servo ,  the sh im withdrawal must b e  made only when jus t i f ied  by expla inable  losses in re-  
act ivi ty .  B e c a u s e  of the  compiex interrelat ion of var iab les  affect ing react ivi ty  in  t h e  HFIR core ,  
an on-line computer, which a c c e p t s  s i g n a l s  from t h e  sensory  instrumentation and  ca lcu la tes  t h e  re- 
quired shim act ion,  is being ins ta l led  to eva lua te  i t s  u s e .  Meanwhile, manual shim withdrawal, 
subjec t  to t h e  l imitat ions imposed by t h e  control and safe ty  sys tems,  wil l  continue. 

ing a flow coastdown on e lec t r ic i ty  fa i lure ,  f a s t  shim-safety-drive inser t ion is provided by 
t h e  u s e  of unidirect ional  a i r  motors. Cons iderable  c a r e  h a s  been taken  to  ensure  that  t h e s e  high- 
s p e e d  motors a r e  incapable  of withdrawing t h e  sh ims .  Normally, the f a s t  inser t ion w i l l  be s ta r ted  
only when t h e  affected p la te  is i n  i t s  seat and t h e  scram la tch  is disengaged.  

One condi t ion,  however, d o e s  require f a s t  shim inscr t ion to he lp  control the  reactor. T h i s  
occurs  during a normal-power outage  when ac power is lost to t h e  primary and secondary coolant  
pumps. In t h i s  c a s e ,  i t  is des i rab le  to  cont inue to opera te  t h e  reactor  ut i l iz ing t h e  emergency 
coolant  flow but with t h e  power reduced to approximately 1 0  Mw. F a s t  inser t ion is necessary  to 
prevent a high flux-to-coolant-flow rat io  from tripping t h e  s a f e t y  c i r c u i t s  as  t h e  pumps c o a s t  down. 
This f a s t  inser t ion is provided by  t h e  a i r  motors b e c a u s e ,  on loss of ac power, t h e  e lec t r ic  shim 
drive motors a r e  without power for a short  t ime unt i l  t h e  d i e s e l s  a c c e p t  t h e  load.  When t h e  flux- 
to-flow rat io  e x c e e d s  1.1 in t w o  of three  channels ,  t h e  fast - inser t ion dr ive will inser t  t h e  shim 
p l a t e s  until t h e  error is reduced.  

limit. T h i s  regulat ing rod position is des i rab le ,  b e c a u s e  i t  makes ava i lab le  to t h e  s e r v o  near ly  t h e  
maximum al lowable posi t ive react ivi ty  for u s e  i n  overriding xenon poisoning. T h e  negat ive react iv-  
i t y  inser ted  by t h e  sh ims  during power reduction must also b e  compensa ted  for. T h e s e  requirements 
must b e  handled by  t h e  servo  unt i l  t h e  diesel-dr iven generators a r e  ava i lab le  to supply power to 
t h e  sh im drive motors, thus  enabl ing  t h e  operatot  to withdraw t h e  shim-safety p la tes  and the  shim- 
regulat ing plate. T h e  regulating rod wi l l  reach  its withdraw limit i n  30 to 45 sec, provided no shim 
withdrawal is ini t ia ted.  If t h e  d i e s e l  s ta r tup  is orderly ,ac power to t h e  shim-rod dr ives  wil l  have  
been restored before  t h i s  t ime ( s e e  Sec.  10.1.2). T h e  reactor power leve l  c a n  then b e  maintained 
a t  10 Mw unt i l  t h e  ava i lab le  excess react ivi ty  is consumed by  xenon growth at a negat ive react ivi ty  
ra te  es t imated t o  be 0.2%/min. Should t h e  d i e s e l  s t a r t  b e  delayed,  t h e  reactor wil l  go subcr i t ica l  
after t h e  regulating rod r e a c h e s  its withdraw limit. If- t h e  de lay  is prolonged, the reactor will drop 
from the Run condition to t h e  Start condition when the  power s a g s  below -\,c?OO kw. T h e  dec is ion  
whether to attempt a res ta r t  must b e  taken  on  t h e  b a s i s  of t h e  t ime i n  c y c l e  when the  shutdown 
occurs  and t h e  durat ion of t h e  shutdown.  

s ta r tup  and  operation without pressurizat ion of t h e  primary coolant sys tem.  It is required, and 

In order to expedi te  res ta r t  following a scram or t o  provide rapid reactivity reduction dur- 

When s teady-s ta te  power a t  N, h a s  been achieved,  t h e  regulat ing rod wil l  b e  near  its inser t  

(b) Other Modes of Operation. - T w o  other  modes of operat ion a r e  provided. Mode 2 permits 
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enforced by inter locks,  tha t  a t  least shutdown coolant  flow be maintained. T h e  reactor power level  
is limited by the  safe ty  s y s t e m  to a level  coi is is tent  with t h e  ava i lab le  coolan t  flow and the  low 
pressure.  The control sys tem wil l  remain in the  Start condition, but automatic  group withdrawal 
of the  shims i s  blocked so  that  manual operation of t h e  controls  is necessary .  

out any  forced coolant  flow. .The power leve l  wi l l  be  limited by  t h e  s a f e t y  sys tem ( s e e  Sec. 8.4) 
to  a leve l  at which convect ive flow in and around t h e  fuel  i s  adequate  t o  remove hea t  approxi- 
mately 100 kw. A s  i n  mode 2, t h e  reactor wi l l  remain in the  Start condition, and manual control 
will b e  utilized'. 

'These two modes of operation were provided in  order t o  fac i l i t a te  t h e  various t e s t s  s u c h  a s  
power distribution, control plate  e f fec t iveness ,  and flux dis t r ibut ion invest igat ion,  which must  b e  
done a t  low power. Mode 3 is also that  in which the  initial c r i t i ca l  t e s t s  viere performed. By 
providing t h e s e  modes, t h e  necess i ty  for temporary b y p a s s e s  aiid c h a n g e s  in the  control and 
safe ty  s y s t e m s  i s  largely el iminated.  

Mode 3 permits s ta r tup  and operation of t h e  reactor without pressurizat ion and,  if desired,  with- 

8.4,l Introduction 

'The s a f e t y  sys tem is independent  of t h e  automatic contiol system. Although many safe ty  fea-  
tures  are included in  t h e  ac t ion  of t h e  control sys tem,  i t  is t h e  function of the  s a f e t y  sys tem to 
override the control sys tem and quickly s h u t  t h e  reactor dowrn should any  of t h e  parameters affect-  
ing s a f e t y  exceed  prese t  va lues .  

B e c a u s e  the  s a f e t y  sys tem is provided to protect t h e  reactor aga ins t  damage resul t ing froill thc  
power leve l  exceeding  the  hea t  t ransfer  a n d  temperatrrr:: limitations of t h e  fuel ,  sa fe ty  act ion based  
upon the  power exceeding a pres& fixed power level  is not, i n  i t se l f ,  adequate .  T h e  safe ty  ac t ion  
m i l s t  a l s o  b e  related to coolant  flow; and for t h i s  reason the  neutron-flux level  a t  which the  s a f e t y  
sys tem will s c r a m  the  reactor h a s  been made a function of coolant  flow* Because heat-power in-  
strumentation, similar to tha t  used in  t h e  control system, provides a more accura te  rneasiire of the  
power leve l  than t h e  neutron detect ion instrumentation, heat-power information from t i i s  ins i runen-  
ta t ion is also u s e d  as a scram parameter. Other sa fe ty  parameters ut i l ized a r e  the  reactor in le t  
temperature, the  rate of rise of neutron flux, t h e  main coolant  flow, t h e  primary coolant  sys tem 
pressure arid the primary coolant  sys tem gross  act ivi ty .  

'The accuracy required of the  H F I R  safe ty  systeiii is considerably greater than that  required of 
other ORNL reactors  because  of t h e  diminished margin between t h e  operat ing power leve l  and t h e  
calculated hot-spot incipient  boi l ing power level .  Accordingly, as in the control sys tem,  t h e  s low,  
but accurate ,  heat-power ca lcu la tors  a re  used  t o  continually and automatically rese t  t h e  gain of 
the ncutron-flux safe ty  amplifiers. Independent heat-power calculators  are used  for e a c h  of the  
thrce neutron-flux safe ty  channels  so that  a s ingle  heat-power calculator  failure can d isab le  only 
one of the three channels .  

8,4.2 Operation of $he Safety System 

'Three independent channels  of nuclear and  process  instrumentation comprise t h e  safety sys tem 
of the HFIK. Each  channel  includes a t ransducer  f o r  each  of the  safe ty  var iables  - flux, flow, teiii- 
perature, pressure,  and primary coolant  act ivi ty  -- and the necessary  amplifiers and computers. 
Each of t h e s e  channels  h a s  a s s o c i a t e d  with i t  one of t h e  three s e p s r a t e  battery s y s t e m s  which 
provide failure-free power for the vi ta l  sa fe ty  functions ( s e e  Sec. 10.1.4). A block diagram of t h e  

th i s  figure. 

the three electr ical ly  independent c o i l s  in  e a c h  Scraiii la tch magnet, thus  forming a two-out-of-three 
coincidence system. Scram trip s i g n a l s  f rom two of t h e  three channels ,  even  thmgh ini t ia ted by 
diffeient paraineters, wil l  c a u s e  a s c r a m .  

safety sys tem is shown in Fig.  8.4.1, and t h e  following descr ipt ive material presumes rLf 0 e t e n c e  to  

A s  described i n  Sec. 8.2.2, the  output from e a c h  safe ty  channel  controls  t h e  currenit in one of 
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One of the main advantages of utilizing the  magnet as the coincidence elcment lies in  the abil- 
ity to  test any one channel during operation and to verify that the appropriate co i l  in each magnet 
is deenergizedwithout the t e s t  causing a reactor shutdown. Moreover, the tes t  can be applied in  
turn to each one of the  parameters utitized by the channel. During operation, the tes t  is initiated 
by locally perturbing the parameter so that the transducer is actually exposed to the condition 
which would b e  potentially dangerous i f  it truly prevailed in the process. Thus the entire system 
(except for the  actual dropping of the  shim-safety plates) can be tested during operation, channel 
by channel, from sensor  to magnet without inhibiting the ability to s c r a m  and without interrupting 
operation. Moreover, a single inoperative safety channel c a n  b e  repaired without interrupting re- 
actor operation or Compromising safety. A list of the safety parameters, together with the testing 
method utilized, is given in Table 8.4.1. 

Table 8.4.1. Scram Parameters 
._II-.- l___l 

Parameter Scram Value Test Method 
___I_. __II-_____ _I __l-l- -- 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

Ratio of reset  
neutron flux 
to flow 

Heat-power 

React  or mle t 
l e  mpe r a ture 

Hate of r ise  of 
neutron flux 

Main coolant 
flow 

React or primary 
p r e s s u r e  

Faulty fuel ele- 
ment detector 

> 1.3 la. 

1 b. 

>120 Mw 2. 

135OF 3 .  

> 20 Mrv/sec 4. 

(Shutdown 5. 
f luw 

<..375 psig 6. 

>Normal  7. 

(agprox. 14Wh) 

Neutron flux - connect extra ion chamber 
sect iun 

Flow - bypass differentla1 pressure  cell 
by operung valve 

Gore temperature rise -- spray hot water 
onto outlet temperature sens ut 

Spray hot water  onto inlet  temperature 
sensor 

Same as item la. 

Same as item lh. 

Open blowdown valve a t  sensor; imped- 
ance of tube between sensor and tank 
gives lower sensor pressure 

Rotating shutter 

To provide for testing while the  reactor is in the shutdown condition, electrical  t es t  circuits 
are a l so  built in. By pushing the  appropriate button, the operator can superimpose a scriim signal 
on the transducer and test all the instrumentation except the transducer i tself .  

The electronic instrumentation for one of the three identical sa fe ty  channels is shown diagram- 
matically in Fig. 8.4.2. The  instrumentation from which the signals are derived is described in 
subsequent sections.  After  s u i t a b k  amplification, each  s igna l  is applied to a Fast Trip Compara- 
tor (Q-2609).* This is a bistable device whose aspect is determined by whether the signal repre- 
s e n t s  a Sa fe  or an U n s a f e  condition, as  established by the se t t ing  of the trip level. This Compar- 
ator can  be made to function In any one of a variety of ways - upscale trip, downscale trip, 
positive or negative signal, and algebraic difference of two signals - depending upon the intercon- 
nections between certain terminals. 
into which the comparators are plugged; thus  t tie comparators themselves are interchangeable. The 

These  interconnections are permanently wired on Ihe drawers 

* 
Numbers  with the prefjx Q- are used by the ORNL Instrumentation and Control Division t o  identrfy var- 

ious specific components and provide a n  unambiguoi is  reference to the component. 
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comparators supply normal outpnt s i g n a l s  o l  -10 v ,  which a re  changed to  0 v within 200 psec af ter  
the input signal p a s s e s  into an Unsa fe  region. Readout  re lays  and pilot l ights  a r e  a l s o  provided. 

The  output s i g n a l s  from the s e v e n  comparators of e a c h  safe ty  channel  a re  ut i l ized as  input to 
the  OR gate  ((2-2612) for t h e  channel .  'The output potential of the  OIZ gate  is approximately -10 v 
if a l l  i t s  input s i g n a l s  are  -10 v, but is 0 v i f  any input is 0 v. 

T h e  output s igna l  from t h e  OR gate  turns on and off t h e  regulatcd currents  to the magnet co i l s ;  
for e a c h  coil t h e  necessary  amplification a i d  regulation a r e  provided in  a Magnet Control Amplifier 
((2-2613). T h e  magnet current c h a r g e s  less than 1% for  a 28- t o  36-v variation in  (battery) supply 
voltage or for ambient temperature c h a n g e s  between 20 and 6OoC. 

T h e  magnet current is turned on and off by means of a t rans is tor  which is normally saturated 
by the normal -10 v input s igna l  suppl ied by the OK gate .  When t h e  input s igna l  vol tage goes to 
zero  as  a resul t  of a scram request ,  the  output current of the  Magnet Control Amplifier goes to zem. 
For a r e s i s t i v e  load, the load current c a n  be  turned off by th i s  amplifier i n  less than SO p e c ;  how- 
ever, t h e  inductive e m f  of t h e  magnet when the  amplif ier  is turned off wil l  c a u s e  2 current to flow 
through the Zener  d iodes ,  which limit t h e  surge  vol tage to protect t h e  output transist.or. Experi- 
ments with var ious induct ive loads ,  including t h e  developmental rod-release magnet, have shown 
that  the  current in  t h e  magnet coil is reduced t o  zeio within about  3 m s e c  of a s t e p  c h a n g e  in input 
s igna l  voltage f rom -10 v t o  zero.  P e r s i s t e n t  eddy currents  i n  the yoke arid armature of the  mag- 
net  cont inue to supply  suff ic ient  flux to hold t h e  armature for  another  2 msec or so, and the over- 
a l l  t ime to f i r s t  movement o f  t h e  armature is about  5 Inset. 

T h e  s a f e t y  system borrows many techniques f rom ana log  computers. It c a n  be  s e e n  from Fig .  
8.4.2 that  a b a s i c  bui lding block is the  Operotionat Amplifier ((2-2605). T h i s  i s  a commercial unit 
purchased to meet ORNL performlance and packaging spec i f ica t ions .  I t  i s  chopper-stabilized with 
a n  open-loop gain of i lo7 and u s e s  t rans is tors  throughout. Several  years  of experience with a 
large number of t h e s e  e lements ,  in  computers and on-line process-data handl ing sys tems,  g ives  
confidence tha t  their  performance and reliability are appropriate for reactor control and s a f e t y  use.  

8-5 Nuclear Instrumentotion 

8.5.1 Introduction 

T h e  important instrumentation sys tems employ redundant i so la ted  channels  so t h a t  n o  s i n g l e  
component fa i lure  wil l  render t h e  reactor inoperative. The three  c h a n n e l s  each nf safe ty ,  s tar tup,  
and regulating instruments  rece ive  their  power from three independent banks  of s ta t ion  ba t te r ies ,  
each  hank s e w i n g  a s ingle  channel  i n  e a c h  system. Each  bank c o n s i s t s  of a suff ic ient  number of 
nickel-cadmium c e l l s  to  produce t 3 2  and -32 v. A11 individual charger c a p a b l e  of carrying the full 
load current of t h e  connected iristruments plus  t h e  addi t ional  current t o  recharge the bat ter ies  from 
the fully discharged condition within 8 hr is provided for e a c h  bank. T h e  ba t te r ies  a r e  iinfused 
s i n c e  nickel-cadmiuin c e l l s  a r e  not damaged by shor t  c i rcui ts .  

Al l  t h e  nuclear  instrumentation equipment u t i l i zes  sol id-s ta te  devices  ( t ransis tors ,  diodes,  
e t c . )  rather than vaciium tubes  in order to take  advantage of the i r  potent ia l  for increased  reliability. 
The more important of the  nuclear  components of t h e  control, safety,  and s ta r tup  instr imentat ion 
will b e  d iscussed  in t h i s  sec t ion .  It wil l  be recal led,  however, t h a t  t h e  HFIR is controlled to  a 
large extent  by process  var iab les  s u c h  as flow, tempmature, and  pressure.  The  instrnmrntation 
ut i l ized t o  accomplish t h i s  will b e  d i s c u s s e d ,  together  with other  process  instrumentation, in Sec.  
8.6. 

8.5.2 Sadety System Instrurnewta~ion 

T h e  major  nuclear  components of t h e  MFlR s a f e t y  sys tem a r e  t h e  ionizat ion chambers, which 
de tec t  a n d  t ran.mit  a s igna l  proportional to t h e  neutron flux, and  t h e  flux amplif iers ,  which amplify 
and feed  t h e  s igna l  to t h e  trip comparators. The ac t ion  of t h e  trip comparators and OR ga tes  which 
ac t iva te  the  scram la tches  h a s  a l ready been  d i s c u s s e d  i n  Sec. 8.4.2 
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(a) I o n i z a t i o n  Chambers .  - The fIFIR utilizes three multiple-section ionization chambers (Q- 
2618), each  of which serves  a single safe ty  channel and a single regulating channel. Three of the 
four sec t ions  of each  chamber ate designed to provide neutron-flux signals:  one to the servo, one 
to the safety system, and one for the safety system tes t .  The fourth section is provided to obtain 
a signal proportional to the  gamma flux. An exploded view of the  chamber is shown in Fig. 8.5.1. 
The active sections,  contained i n  the inner housing near t he  front of the chamber, a r e  electrically 
independent or interconnected, 8s required (Table 8.5.1). Although the  g a s  filling is shared by  all 
four sections,  the  safety and conttol functions a re  strictly independent electrically. 

Table 8.5.1. Ion Chamber Sectionsa 

Position 
Neutron Gamma 

Function lnterconnection Sensit ivity" semi it ivit yb 

(amp/nv) (amp-hrh)  

Common high-voltage 4.0 X 1 0 - l ~  1.2 \ 10-l1 

cunriec t i  on 0 2.5 x 

Common high-voltage 2.bY 10-l~ 1.4 x lo-'' 

Front Regulating (servo) 
Gamma 

Safe ty  
R e a r  Safe ty  test c onneotion 1.2 >r 0.8 i( 

dFilling gas: nitrogen at  1000 torr. 
"Referenced to thermal neutron and gamma flux ot  center  of @gravity of the servo section {i.e., corrected 

for attenuation in t h e  chamber). 

The gamma section of t h e  chamber is not at present connected t o  the reactor control s y s t e m .  
It is included in order to obtain information which may later permit the use  of gamma as well as 
neutron flux for the  control or safety sys tems.  

develop these  multisection chambers a rose  largely because  of the  high cos t  of such thimbles and 
associated chamber-positioning devices and the  scarcity of locations which a re  both access ib le  
and relatively unperturbed by changes in beam-hole experiment configurations. 

Connections to the ac t ive  sec t ions  ate made by special  ceramic-insulated conductors which 
pass  through an aluminum scattering and shielding block to  a connector i n  a welded bell housing. 
The  connector is sufficiently radiation resistant with the  shielding provided. From the bell hous- 
ing, shielded and radiation-resistant flexible cables  pass  through $1 welded, waterproof, flexible, 
s t a in l e s s  steel she l l  to a junction box located in a dry position behind the pool parapet. 

The  safety chamber output for normal full-power operation is usually in the range of 20 to  
50 pamp, the  corresponding s c r a m  point being 1.3 t imes  greater. The saturation characteristic 
of the chamber is such  that it is s t i l l  97% saturated at a 500-pamp output current with the normal 
chamber high voltage of 250 v .  

The chamber assemblies ate held in the reactor ves se l  thimbles with the remotely adjustable 
positioriers shown in Fig. 8.5.2. The  drive mechanisms position the ion chambers as required over 
a range of 12 in. The drive mechanism assembly is supported from the pool wall by a vertical mast 
which is also used to bring the  electrical  leads above the surface of the pool for routing to the 
junction box. A flexible shaft  permits manual operation of the drive mechanism from above the 
water level. 

(b) Neutron-Flux Amplif ier .  - Each of the safety channels is equipped with a flux amplifier 
(Q-2602), which receives a signal proportional to the neutron flux from the ionization chambers and 
amplifies this current so that it c a n  be utilized in the safety system. 

The  ion chambers are located in thimbles which penetrate the reactor vesse l .  The incentive t o  
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The nvai labi l i ty  of t h e  f ie ld  effect  t ransis tor  h a s  made poss ib le  the  development of this  low 
input leakage-current operat ional  amplif ier .  The back-biased g a k  electrode of t h e  input  transi-stor 
h a s  a dc leakage  input current of l e s s  than 5 x lo - '  amp; and,  by proper c h o i c e  of the  feedback 
resis tor ,  the  amplifier output vol tage corresponding to  t h e  trip leve l  of approximately 10 v c a n  b e  
related t o  any  value of current from 10--' to 
the feedback res i s tor  would correspond t o  about 50 pa  a t  100 M w  (nominal maximum ion chamber 
output a t  dull power) i f  t h e  feedback res i s tor  were connected direct ly  to t h e  amplifier output; in  
fac t ,  there  i s  a n  intervening vol tage divider to provide var iable  gain. In addi t ionj  provision is 
made for remotely changing the feedback res i s tor  i n  order to change  the  sens i t iv i ty  of the  channel  
a s  required for  operation in  modes 2 and 3. 

Temperature compensat ion for t h e  input t ransis tor  is provided s o  that t h e  measured overall tem- 
perature s tab i l i ty  is 0.3 mv/"C a t  t h e  output, with t h e  input  open--circuited, for a n y  feedback res i s -  
t ance  between l o 5  and 10 ohms. The  r i s e  time for a s t e p  i n c r e a s e  i n  hput  current is <300 psec 
for normal s c r a m  leve l  with approximately 2 x l o 5  ohms feedback res i s tance  and i s  % 5 m s e c  with 
a 2 x IO8 ohms feedback resis tor ,  which i.s t h e  value used for mode 3 operation. The  output of 
the  amplifier will drive t o  f12 v a load of 300 ohms in  paral le l  with 0.05 pf. 

ionization chamber. T h e  supp ly  consists of a 25-v preregulator followed by  a dc-to-dc converter. 

over the l i fe t ime of a core. Differences between individual C O i e S  may account  for a n  additional 
s l igh t  variation. B e c a u s e  of t h e  small margin between the 100-Mw operating power and the 130- 
Mw neutron-flux scram, the  gains  of the flux amplifiers would require adjustineni dur- 
ing a s ingle  core  lifetime. T h e  method frequently used  to  make th i s  adjustment, by ei ther  
manually changing the  aniplifier gain or moving t h e  ion chambers on the  b a s i s  of a s ing le  hest-  
ba lance  measurement, is considered inadequate  for t h e  I -FIR,  because  i t  is considered undesirable 
t o  permit a s ingle  computational e r ro r  t o  resul t  in mis-setting of a l l  sa fe ty  channels .  This is es- 
pecial ly  true because  t h e s e  changes  i n  gain require frequent and routine adjustments .  Accord- 
ingly, the output of e a c h  heat-power calculator  i s  used  to a d j u s t  the gain of a flux amplifier so  
that the rese t  flux s igna l  wil l  correspond t o  the  a c t u a l  hea t  power. T h e  heat-power measuring 
equipiilent and the  gain-resetting mechanisms are required to have the  same order of redundance, 
independence,  tes t ing ,  end reliability a s  the neutron-flux s a f e t y  instruments themselves .  It is 
worth noting again that a l l  s a f e t y  channels  on the  HFXK fulfill t h e s e  requirements. 

T h e  reset t ing of t h e  flux amplifier gain (F ig .  8.4.2) i s  accomplished as follows: T h e  gain of 
the  flux amplifier is controlled by a var iable  voltage divider i n  t h e  feedback network. T h e  output 
of the  flux amplifier is compared with the h e a t  power ca lcu la ted  from flow and in le t  temperatures; 
the amplified difference dr ives  a servomotor, which posi t ions t h e  var iable  vol tage divider i n  the 
feedback network of the  flux amplifier to reduce t h i s  difference. 'The maximum motor speed  is 
s low - -5 min t o  c a u s e  the  ful l  gain change  of a factor of 1 . 3 3  - so that  no s ignif icant  change 
c a n  take place during a manelives and espec ia l ly  during a n  incident .  Independent heat-power 
ca lcu la tors  and r e s e t  mechanisms for e a c h  s e t  of instruments meet the  cr i ter ia  of redundancy 
and independence. 

at 130-Mw r e s e t  neutron flux a t  full flow h a s  t h e  fas t  response (trip in  < 1 msec)  of t h e  nuclear  in- 
strumentation plus  the accuracy of t h e  heat-power instruments  as gained by u s e  of t h e  flux rese t ;  
and the  two complement e a c h  other. Both a r e  necessary  although they a r e  redundant in  terms of ac- 
curacy. 

product beta- and gamma-heating can produce a s ignif icant  fraction of t h e  new, lower reactor power. 
AS a n  example, t h e  controlled reduction i n  reactor power from 100 t o  10 M w  can b e  completed in 
less than 1 min, a t  which time the decay  hea t  power is 'u 5 Mw. Assuming cons tan t  effect ive ion 
chamber sens i t iv i ty  during t h e  maneuver, the rese t  flux s igna l  might b e  10 Mw, apparent ly  safe. 
However, the  true power generation in t h e  core  under t h e s e  condi t ions i s  15 M w ,  a n  undesirably 
high value. 

amp. In t h e  HFIK, a value of 1.5 x l o 5  ohms for 

'The Flux Amplifier Module (Q-2602) also conta ins  a high-voltage supply for polai iz ing the 

(c )  Flux Reset Feature. ..- At ful l  power t h e  neutron flux a t  any ion chamber location may vary 

T h e  scram a t  120-Mw h e a t  power h a s  the accuracy of the heat-power instrumentation; the scram 

(d f  Afterheat Correction. - Immediately after a subs tan t ia l  <eduction i n  reactor power, f ission 



In order t o  cope with the  afterheat problem, the complex behavior of fission product beta- and 
gamma-heating is approximated with a s igna l  with two first-order t i m e  cons tan ts  (20 and 200 s e c )  
which is added to the  flux signal.  This  approximation is adequate because  the flux reset from heat 
power will make longer-term corrections s ince  the  reset flux is made to equal the  measured heat 
power, which includes the gamma heating. The  regulating system must take afterheat into con- 
sideration in the same way (see Sec. 8.5.3). 

(e) F low and Rate Scrams. - As a result of extensive s tudies  of the  thermal and nuclear be- 
havior of the  core (see Sec. 8.81, i t  has  been determined that for a large class of accidents (all  
except the  very fas tes t  at  full power), no core damage will result  if the neutron-flux scram point 
is set a t  1.3 Q J F ,  where (Pr is the flux reset corresponding to the actual heat power at equilibrium, 
and F is the primary coolant flow (never less than shutdown flow). The quantities cPr and F ate 
expressed in  percentages of their values at full power and full flow, so that a t  100 Mw with a 
normal flow, Qr/F - 1. 
parator in the  differential mode so as to trip when Qr  > 1.3 F .  The offset of the comparator is l e s s  
than 0.5%. 

The  function a r / F  is generated in  a quarter-square analog multiplier and is displayed in the 
control room in  order to inform the  operator of th i s  ratio while the reactor is running. 

It is customary to provide a period scram, and the work of Tallackson et al. and Ditto2 has 
shown that for m o s t  reactors a substantial  extension of safety system performance can be gained 
i n  th i s  way under many circumstances. The  I-IFIR is atypical in  th i s  respect because  of its very 
strong self-shutdown feedback and small margin between design power level and incipient boiling 
power level.  Power excursions initiated at high power in the HFIR have potentially much more 
severe consequences than those initiated a t  low power. Consequently, a simple d Q r / d t  trip w i l l  
provide the  desired extension of safety system range without introducing the disadvantages of 
presently available period circuits. T h e  trip level is s e t  a t  20 Mw/sec, arbitrarily above the maxi- 
mum 4.5 Mw/sec approach to full power. For operation i n  modes 2 and 3 ,  the rate trip is reduced 
in  terms of megawatts per second by the  same ratio that the  flux level trip is reduced. The “de- 
rivative” is generated i n  a n  RC circuit rather than by computing a true derivative; the  main advan- 
tage is that noise i s  less likely to produce a trip. 

would b e  the temporary removal of a neutron absorber from in front of the ionization chamber, thus 
locally “perturbing the process. ’’ This  was  not considered practical in the  IIFIR; so as an alter- 
native the ionization chamber is built in two portions, with a common high-voltage connection but 
separate signal sections.  The test is performed by closing a relay contact in  the flux amplifier 
which connects the “testing signal” section of the ion chamber to  the normally used signal section 
of the  chamber; the  current is thereby increased 40 to SO%, depending on the neutron-flux gradient. 
By th is  means, except for ion-chamber saturation, all components of the safe ty  channel, including 
the signal connections, a r e  tested; t h e  cables  to  the  signal electrodes of t h e  test section and safety 
section are run in  such a way as to  check the  continuity of t he  three s igna l  cab le s  as well iis the 
presence of the  polarizing voltage. 

The  “in-process” t e s t  described i n  t h e  previous paragraph, although inclusive and highly re- 
liable, is limited to operation at a significant power level and i s  not adjustable. For this reason, 
a group of electrical  tests is also provided. A relay-actuated contact connects a source of current 
to the chamber signal electrode via a separa te  cable.  A successfu l  trip by th i s  tes t  current, which 
i s  fixed in value and large enough to init iate a trip under a l l  variations of amplifier ga in  and re- 
actor power, demonstrates, to a degree, the  operability of the  entire system. The most obvious use  
for th i s  t e s t  is a t  zero reactor power, before starting or restarting the reactor. The test current is 
applied slowly to  avoid actuating the ra te  trip. 

A s  shown in F ig .  8.4.2, th i s  is accomplished by us ing  a fast-trip com- 

(f) Testing and Monitoring of the Flux Channels. - An ideal test €or the high-neutron-flux scram 

‘J. R. Tallackson e t  a l . ,  Trans. Ani. Nucl.  SOC. 3,  428 (1960). 

2S. J. Ditto, Trams. Am. Nucl .  SOC. 3, 456 (1960). 
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Similarly, another relay-actuated contac t  furnishes  a current  whose rate  of i n c r e a s e  is, under 

A cont inuously operat ing monitor c i rcui t  a larms whenever the chamber polarizing voltage falls 

T h e  above t e s t s  and monitors are intended primarily for t h e  u s e  and information of the  -0 l a c t o r  - 

all condi t ions,  f a s t  enough to  a c t u a t e  t h e  ra te  trip. 

below -200 v. 

operator. T h e  instrument technician h a s  a t  h i s  d i sposa l  yet  another  t e s t  c i rcui t ,  by means of ? ~ h i c h  
a control lable  current  may b e  added to t h e  chamber s igna l  e lectrode.  T h i s  c a n  be  used  for cal i -  
bration and trouble-shooting; t h e s e  controls  a r e  OR the  instrument module, whereas  the  relay-acti.iated 
t e s t s  c a n  b e  condiicted from the  reactor  operat ing console .  

8.5.3 Regulating System IrPs$rssrnentation 

T h e  HFIR is equipped with a multiple-channel power regulation (servo) s y s t e m  which is arranged 
to minimize t h e  consequences  to operating continuity of a s ingle  cornyonent failure. 
pendent control lers  a r e  provided (Fig.  8.5.3). T h e  output of e a c h  controller is the  veloci ty  of a 
servomotor s h a f t  made proportional, by tachometer feedback, t o  an appropriately chosen  power sig- 
na l  error. T h e  three s h a f t  ve loc i t ies  a r e  added algebraical ly  by  a mechanical double-differential 
mechanism.  The output of t h i s  differential i n  turn dr ives  t h e  regulating rod. E a c h  of t h e  servo- 
motors rece ives  ~ O W ~ F  from one of the three s ta t ion  bat ter ies .  The  servomotors  a re  of the  permanent- 
magnet printed-circuit t y p e  and require 48 v a t  16 amp for normal rated output. 

have  revealed that  the s tabi l -  
i ty  and margin of s u c h  a system are  ident ical  to  t h o s e  of a sing!e servo,  with th ree  t i m e s  the  gain 
of any  one of the three sewos; that  if one  s e r v o  jams in  s u c h  a way that  i t s  output shaf t  cannot 
turn, then the remaining two will control t h e  reactor with two-thirds t h e  gain of t h e  complete s y s -  
tem; and that  if one servo  fails by runtiiiig away,  the  other two wil l  dr ive i n  the  opposi te  direct ion 
a t  half  the runaway speed ,  thus  retaining the  reactor under servo control. 

It follows from t h e  foregoing that  any fai lure  of a s ingle  servo  wil l  not jeopardize operating 
continuity. Moreover, the sys tem is e a s i l y  monitored by observing t h e  three ve loc i t ies ;  fa i lures ,  
particularly of t h e  runaway type,  w i l l  b e  qui te  evident .  

chambers  and rese t  by  t h e  heat-power cal.cul.ators (F ig .  8.5.4). T h e  sys tem is vir tual ly  ident ical  
t o  that  used by  the s a f e t y  sys tem,  including t h e  af terheat  correction, but u t i l i z e s  three s e p a r a t e  
instrumentation channels  and i s  completely independent  of the  s a f e t y  sys tem.  The  reactivity avail- 
able to t h e  regulating sys tem is limited by posi t ive mechanical  s t o p s  t o  an amount which c a n  be 
e a s i l y  handled by the  s a f e t y  systerii even i f  inser ted as  a s t e p .  

T h e  power demand is controlled b y  the operator. All three power demands a r e  norinally moved 
in  concert ,  b u t  they may b e  trimmed individually. T h e  demands arc clamped at a value c o n s i s t e n t  
with t h e  avai lable  primary coolant  flow, both to c a u s e  an automatic  power reduction during flow 
reduct ions and t o  prevent an  inadvertent  request  for a powcc tha t  is too high for t h e  ex is t ing  flow. 
T h e  demands a r e  not automatically increased  following a flow increase ;  t h i s  must  he done manually. 

Three inde-  

Theoret ical  and experimental s i i ldies  of the  regulating system 

T h e  control var iable  is rese t  neutron flux as sensed by the szivo s e c t i o n  of t h e  i o n i z a k m  

T h e  ent i re  operat ing range of t h e  reactor  is monitored by three  counting channels  which u s e  
automatic positioning of t h e  detectors  t o  extend the  limited range of t h e  more usual  arrangement. 
The general  arrangement of one such  channel  is shown in F ig .  8.5.5. T h e  technique makes u s e  of 
the  variation of neutron flux as  a fuiiction of detector  position which is nearly exponential in  most  
shielding configurations. A function generator is used  t o  make t h e  detector-position s igna l  m o r e  

3C.  H. Weaver (internal memorandum), Mult iple  Controllers for  a Single Process (January 1961). 
4R. E. Wintenberg aiid J. I,. Anderson, Trans. Am. N u c l .  SOC. 3, 454 (196Q). 
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logarithm of the neutron attenuation. Adding this signal to a signal pro- 
of the counting rate gives a resultant signal proportional to the counting 

rate multiplied by the  neutron attenuation, which i s  in turn proportional to the logarithm of the re- 
actor power. computation of a suitable derivative will then yield the  reactor period. The chamber 
i s  moved by a drive mechanism under the control of a small  servo sys tem whose function IS to 
attempt to  maintain a constant counting rate near 

chamber servo will drive the detector to i ts  innermost position. As the reactor is started up, the 
counting rate increases  slowly, caus ing  the indicated reactor power to increase correspondingly. 
As the reactor proceeds to higher power, the  counting ra te  reaches IO4 counts/sec and the servo 
withdraws the detector, thus keeping the  counting rate approximately constant;  the change in de- 
tector position is now also used to indicate the  increased reactor power. The servo need only be 
f a s t  enough to follow normal maneuvers; any transients which are too fast for the  servo will change 
the counting rate so that t he  channel will read correctly in sp i te  of the lagging servo. 

The advantages of th i s  technique are the absence  of any necess i ty  for range switching or any 
other action by the  operator, the  wide range covered, the elimination of the  “dead time” induced 
when the  chamber is withdrawn, and the  constant optimum counting rate of the amplifier when suf- 
ficient flux is available. 

The  detector and preamplifier, together with appropriate radiation-resistant interconnecting 
cable,  a re  contained in  a flexible assembly. Th i s  assembly h a s  a maximum outer diameter of 
*k in. and is made flexible so that a guide tube or thimble, curved as required, can  be installed in 
the reactor shielding leading to the core. T h e  assembly is waterproof and can  operate continuously 
in an  ambient temperature of 100°C, surrounded by  either air  or water. 

In the  HFIR installation the  thimble is located below the reactor core and runs vertically to  the 
bottom flange of t he  reactor pressure vesse l .  Th i s  permits the  fission chamber assembly to be in- 
s ta l led  and removed from the subpile room. The  fission chamber can  be insetted to  within 21 % in. 
of the horizontal center l ine of the core. Below th i s  point 6 €t 8 In. of travel is provlded by a rack- 
and-pinion drive unit. The unit is driven by a d c  motor, providing a variable travel speed in either 
direction with a design maximum speed of 60 in./min. The  overall travel of the unit i s  restricted 
by insert  and withdraw l i m i t  switches. The  withdraw limit switch IS actuated jus t  before full 
power i s  reached, to reduce unnecessary wear of the  mechanical components of the  servos  during 
long, continuous full-power operation. In c a s e  these  fail,  the stroke is further limited by positive 
mechanical stops.  

of U235 over a total  area of 30 cm’. The chamber is well saturated with 150 v applied; the  oper- 
ating polarizing potential is 270 v. The  collection t i m e  is 80 nanosec. The pulse-height charac- 
teristics of the  chamber, given i n  Fig.  8.5.6, were obtained by using the  preamplifier described be- 
low. It is evident that gamma pileup presents no problem, even in fields as  high as 2 x lo6  r/hr. 
The  chamber uses ceramic  insulation entirely, and the  spec ia l  cab le  connecting the  chamber to the 
preamplifier is designed to withstand a gamma-ray dose  of 1 0 “  r. 

Subminiature vacuum tubes a re  used in the preamplifier rather than solid-state devices  because  
of their better resistance to radiation damage. Each  component of the preamplifier will withstand 
a gamma-ray dose  of 10’ r; th i s  corresponds to at l ea s t  1 yr of continuous operation. 

mv for a fission fragment and 15 mv for a n  alpha particle. The measured electrical  noise a t  the 
output i s  5 mv peak-to-peak, thus permitting alpha particles and fission fragments to b e  detected 
with good signal-to-noise ratios.  Th i s  design is a l so  optimized to avoid gamma pileup. Each pre- 
amplifier receives filament and plate power and chamber polarizing voltage from a power supply 
(4-2617) which is supplied from one of the  three instrument battery banks. The filaments a re  sup- 
plied from the  battery through a voltage regulator, current-limited to protect the  filaments. 
voltages for t h e  chamber and preamplifier are supplied by a dc-to-dc converter. 

counts/sec.  
When the reactor is shut  down, the counting rate is much l e s s  than l o 4  counts/sec; and the 

The  detector i s  a f i ss ion  chamber with concentric cylindrical electrodes coated with 1 mg/cm2 

The sensit ivity of the preamplifier is 3 x 10 l2  v/coulomb, giving a n  output pulse height of 150 

The high 

’D. P. Roux, Trans. Am. N u c l .  SOC.  5,  185 (1962). 
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T h e  output s t a g e  of t h e  preamplifier dr ives  one  s i d e  of a balanced l ine,  t h e  other s i d e  of which 
is terminated symmetrically. 
ing, makes the  assembly,  as demonstrated in many f ie ld  t e s t s ,  very insens i t ive  t o  e lectr ical  no ise  
pickup. 

The  receiving end of t h e  ba lanced  l ine  feeds  a pulse  transformer for commora-mode rejection 
and c1ippin.g to give an approximately symmetr ical  wsve€urm. T h i s  avoids  base- l ine  shifts  due t o  
changes  i n  counting rate and a i d s  i n  keeping t h e  discrimination leve l  constarit.  

(4-2614). Following a cal ibrated at tenuator ,  the p u l s e s  are amplified i n  two feedback s t a g e s ,  e a c h  
with a gain of 10 .  They then enter  n biased  aiiiplifier whose var iable  bias leve l  determines the dis- 
crimination level ;  only p u l s e s  larger than t h i s  leve l  are counted. The  output pu lses  from t h e  b iased-  
amplifier discriminator a r e  s h a p e d  and appl ied to a convent ional  logarithmic counting-rate c i rcu i t  
of the Cooke-Yarborough type.  The  t i m e  cons tan ts  a r e  chosen  as a compromise between the d e s i r e  
t o  have rapid I Y S ~ Q I I S ~  and t h e  n e c e s s i t y  to prevent e x c e s s i v e  fluctuation i n  the  iperiod s ignal .  

the  detector .  

2615) i s  used  to  energize the  servomotor for moving t h e  detector .  

Corporation) feeding a 34-line function generator. E a c h  of t h e  34 equal ly  s p a c e d  points  over the  
detector  withdrawal s t roke  can  b e  set t o  within 0.5% of t h e  des i ied  function, correct ing as IIECES- 

s a r y  for any departure from exponent ia l  a t tenuat ion of neutrons with detector  withdrawal. 
In addition to the  wide.-range coverage and d isp lay  provided by  th i s  sys tem,  a l inear  s igna l  is 

a l s o  ava i lab le  from a l inear  count-rate c i rcui t .  T h i s  linear count-rate s igna l  is displayed and ie- 
corded for u s e  of t h e  operator during low-power operation and t e s t s .  Several  ranges  a r e  provided, 
and provision is made for switching t h e  charinel se lec ted  for l inear  d i s p l a y  from automatic  opera- 
t ion  t o  manual. operation s o  tha t  t h e  chamber  position may be  detmminerl b y  t h e  operator. Use of 
th is  l inear  d i sp lay  d o e s  not e l iminate  any of t h e  noimal fea tures  except  that  t h e  range is limited 
if t h e  posi t ioning servo  is turned off. 

the  high neutron source leve l  present  a f te r  t h e  reactor h a s  been  i n  operation foi some time. How- 
ever ,  to  s imulate  t h i s  re la t ively high source  duri.ng t h e  ini t ia l  period of reactor tes t ing  would re- 
quire a n  unusual ly  large source  if t h e  normal s tar tup instrumentation is t o  b e  used in the  range 
ant ic ipated for normal operation. 
were provided. T h e  radioact ive s o u r c e  used for the  low-power cr i t ical  experiment program w a s  
a 10-curie Po-Re source .  T h e  source  provided for normal operation is a 64.5-9 antimony source  
located in  the reflector. 

'This symmetry, together with careful  a i ient ion to sh ie ld ing  and ground- 

Pirlses from the  pulse  transformer are next s e n t  to the pulse  amplifier and count-rate meter 

A simple linear count-sate c i rcui t  s u p p l i e s  t h e  counting-rate s i g n a l  for t h e  servo  which dr ives  

Built-in osc i l la tors  a t  1.0 c p s  and 10 kc supply  cal ibrat ing s i g n a l s .  A d c  scrvo amplifier (Q- 

T h e  function generator is a Vernis ta t  Interpolating Potentiometer, model 2x5 (Perkin-Elmer 

(a) N e u t r o n  b u r c e .  - The u s e  of a smal l ,  re la t ively insens i t ive  chamber is compatible  with 

F o r  the  in i t ia l  cold s tar tup,  addi t ional ,  more-sensitive de tec tors  

8.5.5 M i  S C C ! I Q ~ * E O U  s Instrumentation 

An N l 6  monitoring sys tem is provided in t h e  HFIK for twu purposes .  F i r s t ,  the  N16 act ivi ty  
in  the  exi t  coolant  s t ream during normal reactor operation should give a good measure of the aver- 
a g e  reactor power level .  Second, the  N ' 
obtained froin each  quadrant below t h e  core, which should yield information on t h e  azimuthal power 
distii-bution. Because  suff ic ient  information i s  not yet  ava i lab le  concerning t h e  behavior  of s u c h  
a sys tem t o  warrant. i t s  u s e  i n  t h e  control  sys tem,  t h e  present  drsign presents  the da ta  to t h e  oper- 
a tor  on a multipoint recorder but  d o e s  not automatjcal ly  in i t ia te  any  control  act ion.  

of the  four shim-safety control pl.ates so  tha t  e a c h  tube samples the water  from t h e  region affected 
by a s ingle  plate .  T h e  water  is picked np  at points 21.5 in.  below the  c ~ r e  center  l i n e  and is con- 
ducted through 3i-in. tubes to t h e  bottom f lange  of t h e  ieac tor  pressure v e s s e l .  From t h i s  point, 

sys tem is arranged so  that  a sample  of t h e  coolant  is 

'The four coolant  sample  pickup tubes  a r e  located at  t h e  angular  posi t ions of the  center  l ines  
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i t  is routed through rad ia l  p a s s a g e s  in t h e  bottom f lange  and  then  through tubing to a quadrant se- 
lector  va lve  b y  means of which c o o l a n t  from any s e l e c t e d  quadrant is directed t o  a sodium iodide 
sc in t i l l a t ion  gamma-ray spectrometer .  

Work has been  in  progress  at OKNL aimed ai  developing m d  demonstrating t h e  techniques 
necessary  for on-line neutron-flux n o i s e  s p e c t r a  measurements. T h e  on-line digi ta l  computer 
has b e e n  programmed to perform th is  funct ion and will b e  used  i n  further s t u d i e s  to determine 
the sens i t iv i ty  to var ia t ions in the  normal n o i s e  pat tern s u c h  as  might b e  c a u s e d  by boi l ing in 
the la t t ice ,  mechanical  vibration of core  components ,  or other  abnormal condi t ions.  It is 
planned to incorporate the  on-line monitor in to  t h e  control  sys tem if the  development program 
is s u c c e s s f u l .  

8.6 Reactor Process lnstrumentation 

8.6.1 Introduction 

This s e c t i o n  conta ins  descr ipt ions of t h e  e s s e n t i a l  p rocess  (non-nuclear) instrument complement. 
As explained previously, cer ta in  port ions of t h e  HFlR process instrument sys tem have  s ignif icant  
control  and  s a f e t y  funct ions and might well have  been included in  the preceding sec t ions .  However, 
for convenience  and b e c a u s e  they a r e  non-nuclear i n  character ,  they wi l l  be considered here. 
These s a f e t y  and process  instruments  include t h e  primary coolant  flow-, temperature- and pressure-  
measuring devices ,  and the  heat-power ca lcu la tors .  

Most of the  more convent ional  process  instrumentation is a s s o c i a t e d  with t h e  operation of the 
var ious cool ing  s y s t e m s .  These have  been descr ibed in  considerable  de ta i l  i n  Sec. 6 ,  which con- 
ta ins  a number of flow diagrams tha t  may be  usefu l  in gaining an understanding of the putposes  and 
functioning of much of t h e  process  instrumentation. 

8.6.2 Process Instrumentation far Safety Channels 

T h e  process  instrumentat ion for the safe ty  c h a n n e l s  incorporates  th ree  s e p a r a t e ,  completely 
redundant reactor  heat-power computers, ut i l iz ing electronic  instruments  with all so l id-s ta te  coni- 
ponents, which provide (to t h e  nuc lear  s a f e t y  instrumen tation) s i g n a l s  proportional to reactor h e a t  
power, reactor v e s s e l  primary coolan t  in le t  temperature, and primary coolant  flow rate. T h e  b a s i c  
t ransmission s i g n a l  for t h e s e  instruments  is 10 to 50 m a  dc.  

and provide s i g n a l s  to the nuc lear  sa fe ty  instrumentation. 

can  RF accomplished during reactor  operation and i s  descr ibed  in  Secs. 8.4.2 and 11.8. 

coolant temperature different ia l  a c r o s s  the  reactor v e s s e l  and  from the primary cootant  flow rate. 
T h e  simplified diagram in Fig. 8.6.1 s h o w s  t h e  components  making up  one  safe ty  channel  hea t -  
power computer. As noted above,  there  a r e  three s u c h  computers in  the  safe ty  system. 

the  reactor  i n l e t  (TE 100-1, -2, -3>* and out le t  ( T E  100-1J3, -2B, - 3 s )  temperatures  of t h e  primary 
coolant. T h e  temperature sensors a r e  s p e c i a l ,  direct-immersion res i s tance  bulbs, with a response 
time of less than 2 sec. Both inlet  and out le t  s e n s o r s  a r e  loca ted  in the  primary coolant  l ines  as 
close to t h e  reaccor as pract icable .  To reduce t h e  water  t ransport  time from the core to the  out le t  

In addition, the  primary coolan t  pressure  and  pony motor flow are  e a c h  monitored in  t r ipl icate  

T e s t i n g  of e a c h  pressure, temperature, and flow s e n s o r  (and t h u s  e a c h  complete safe ty  channel)  

(a) Reactor Heat Power. - Reactor  h e a t  power is computed automatically from t h e  primary 

T h e  different ia l  temperature of the  primary coolant  is cbta ined  by tak ing  the difference between 

-_ 
*Standard instrumentation nomenclature is followed; Flg. 6.2.2 s h o w s  the prmiary coolant process 

lnstrumentation location. 
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sensors ,  the  out le t  l i n e  size w a s  reduced from 20 t o  18 in., resul t ing in  a transport t ime of approxi- 
mately 2 sec at full flow. Both inlet  and out le t  temperature s i g n a l s  a r e  amplified and converted to  
s igna ls  of 10 t o  50 m a  dc .  Inlet  and out le t  temperatures for e a c h  of the  three channels  a r e  each 
continuously recorded in  the  main control room. In addition, the  in le t  temperature s i g n a l s  a r e  fed 
t o  the nuclear  sa fe ty  sys tem t o  provide a trip on high in le t  temperature. T h e  out le t  temperature 
s igna ls  are ava i lab le  for s imilar  use should reactor  operat ing experience la te r  ind ica te  th i s  to  b e  
advisable .  T h e  differential temperatures a r e  transmitted to  the heat-power computers. 

The primary coolant  flow ra te  s i g n a l s  a r e  obtained f rom measurement of the differential pres- 
sure  developed a c r o s s  a Venturi meter (FE 100). To maintain redundancy of t h e  three s e p a r a t e  
heat-power coiuputers, the  Venturi meter is equipped with three s e p a r a t e  s e t s  of piezometer r ings 
with two s e p a r a t e  instrument t a p s  on each  s e t  of riiigs. T h e  instrument t a p s  a re  extended to t h e  
spec ia l ,  all-welded, differential-pressure s e n s o r s  located along the outs ide  of t h e  w e s t  wal l  of the 
pipe tunnel above the  beam room floor. Each  10- to 50-ma d c  flow s i g n a l  is transmitted to t h e  am- 
plifier room, where i t  is converted to a 10- to  50-ma d c  l inear  s igna l  and is fed to the nuclear  in-  
strumentation and t o  a heat-power computer. Each  of the  flow rate s i g n a l s  is cont inuously 
recorded in  the  control room. 

T h e  heat-power computer rece ives  two separa te  19- to 50-ma d c  s igna ls :  t h e  l inear ized f low 
rate and the  primary coolant  differential temperature. It mult ipl ies  them, and mult ipl ies  t h e  re- 
s u l t s  by a conversion factor t o  produce a 10- to  50-ma dc s i g n a l  direct ly  proportional to reactor 
hea t  power in megawatts. Each  reactor heat-power s igna l  is continuously recorded in  t h e  control 
room and also is transmitted t o  t h e  nuc lear  instrumentation. 

(b) Primary Coolant Pressure. - Since the  allowable h e a t  flux is a function of primary sys tem 
pressure  ( s e e  Sec. 7.5.3), protection must be  provided should t h e  pressure fal l  below an al lowable 
levc!. It is necessary  t o  s h u t  off e lec t r ic  power t o  t h e  main coolant  pumps in addition to scram- 
ming the  reactor if a loss-of-pressure acc ident  should occur. 

P r e s s u r e  is monitored by s i x  spec ia l ,  all-welded, Bourdon-tube-type pressure  swi tches .  Con- 
t a c t s  from three of t h e  s w i t c h e s  (PSS lQ-A,  -B, -C) a r e  provided for the  nuclear  instruinentation, 
and contac ts  from the  other  three s w i t c h e s  (PSS 128-D, -E, -F) a r e  provided for iliain coolant  pump 
cutoff .  T h e  pressure s e t t i n g s  for t h e s e  s w i t c h e s  were retained a t  t h e  or iginal  375 ps ig  for the  
scram point and 325 ps ig  for pump cutoff; however, the operating pressure a t  the  pressure  s w i t c h e s  
was  increased t o  650  ps i  to ensure  core  inlet  pressure of 600  psi .  

Each  swi tch  c a n  be  tes ted  as descr ibed in S i c .  11.8. 
( c )  haw, L o w  Primary Coolant Flow. - In order t o  prevent damage to  t h e  core  due  t o  af terheal  

following a shutdown, a flow rate  of approximately 7% of that  at full power must h e  ava i lab le  im- 
mediately after shutdown of  the reactor. 
from one  pony-motor-driven pump. S ince  t h e  ac motors drive the  s a m e  pumps, i t  i s  not  poss ib le  t o  
apply a t e s t  during normal reactor operation which wil l  determine with cer ta inty that  they a re  
capable  of producing t h e  required flow when required. However, monitoring and tes t ing  have been 
employed to provide t h e  operator  with as  much information as feas ib le  a s  to the  condition of t h e  
pony motors. When t h e  main ac power is los t ,  the  reactor will continue to operate ,  a s  will the  in- 
strument sys tem and the pony motors, both being suppl ied with battery power, as descr ibed i n  S e c s .  
6.2.1 and 8.5.1. T h e  primary coolant  flow d e c r e a s e s  following loss of e lec t r ica l  power to t h e  pei- 
mary coolant  ac pump motors, unt i l  t h e  shutdown coolant  flow is reached. Through act ion of the 
flow instrumentation, t h e  high flux t r ip  point is continuously adjusted so that  a n  adequate  safe ty  
margin is maintained. The regulating sys tem maintains  t h e  reactor power at a l eve l  cons is ten t  
with t h e  changing flow, making a scram unnecessary.  Additional action is necessary  following: a 
l o s s  of main power, i f  operation at about  10 Mw is to cont inue unt i l  such  timc as  the  main pump 
motors can  be  restar ted (i.e. ~ diesel-driven generat ing uni t s  must. s tar t ) .  Under these  condi t ions 
t h e  reactor is immediately ready to  be taken back up  to  t h e  normal operating power level ,  provided 
that the  duration of the  power outage is not long enough to allow e x c e s s i v e  accumulation of xenon. 

During this period, if a c t u a l  flow is less than that  corresponding t o  two pony motors, a t r ip  
occurs .  To accomplish th i s ,  a s p e c i a l ,  all-welded, e lec t r ic  differential-pressure transmitter 

T h i s  flow rate  corresponds approximately to that  ava i lab le  
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is paral le led with e a c h  heat-power .computer flow transmitter. T h e s e  three low-range t ransducers  
a re  set to trip, through t h e  nuc lear  sa fe ty  instrumentation, i f  t h e  primary coolant  flow rate  falls 
below a value approximately halfway between t h e  flow ra tes  provided by two pony motors and by 
one pony motor. E a c h  motor c a n  be t e s t e d  as descr ibed  i n  Sec. 6.2.l(d). 

8.6.3 Process Instrumentation for Contra! Channels 

T h e  general  philosophy followed in the control and regulation of the reactor  I S  to exerc ise  
control through t h e  u s e  of t h e  s a m e  var iab les  which, i f  uncontrolled, could ac tua te  t h e  safe ty  s y s -  
tem. T h i s  is fundamentally sound provided that ,  a s  has been  done here, independent  channels  a r e  
provided for t h e  two functions. T h e  process  control  instruments  a re  therefore dupl ica tes  o€ the  
safe ty  channel  process  mstrumentat ion,  e x c e p t  they a r e  pneumatically, rather than e lec t r ica l ly ,  
act ivated.  As is the case for the safe ty  sys tem,  three channels  of instrumentation a r e  provided. 
Reactor different ia l  temperature and h e a t  power from each of three channels  a re  displayed in the 
control room, and  the s i g n a l  from e a c h  of t h e  var iab les  is ava i lab le  to one of the three regulating 
channels .  

supply sys tem is d i s c u s s e d  in  Secs .  8.6.17 and 10.3. 

is obtained by tak ing  t h e  difference between t h e  in le t  (’rE 100-4, -5, -6) and outlet  (TE 100.4H, 
-5B, -6B) temperatures  of the primary coolant. T h e  temperature s e n s o r s  are s p e c i a l ,  d i rect-  
immersion, gas-filled bulbs  with a response time of less than 2 sec. T h e s e  sensors  a r e  loca ted  
in  the  i n l e t  and out le t  l i n e s  i n  t h e  s a m e  manner as  the safe ty  channel  temperature  s e n s o r s .  

measurement of the differential p ressure  developed a c r o s s  the  s a m e  Venturi tube  (FE 100) u s e d  
for the  safe ty  channel  flow s igna l .  To maintain redundancy, o n e  pneumatic differential-pressure 
transmitter is piped to o n e  of t h e  two sets of instrument t a p s  provided on e a c h  set of piezometer 
rings of the Venturi meter. 

(c) Heat-Power Multiplier. - E a c h  of t h e  three heat-powel mult ipl iers  rece ives  two s e p a r a t e  
3- to 15-psig s i g n a l s ,  t h e  l inear ized flow rate  and t h e  reactor  differential temperature. T h e s e  
signals a r e  multiplied together, and t h e  resul t  is multiplied by a convcrsion factor to produce a 
3- to 15-psig s i g n a l  direct ly  proportional to reactor  h e a t  power in megawatts .  

T h e  basic signal range of the pneumatic instrumentation i s  3 to 15 psig.  T h e  instrument a i r  

(a) Reactor Inlet, Outlet, and Differential Temperature. - T h e  reactor  different ia l  temperature 

(b) Primary Coolant Flow Rate. - T h e  primary coolant  flow ra te  s i g n a l s  a r e  obtained from 

8.6.4 Primary Coolant Pressure Contra! 

T h e  primary coolan t  sys tem is p tessur izcd  hy means  of a mult is tage centrifugal pump (see 
Fig. 6.2.2). In addi t ion to providing a pressure  h e a d  for the  sys tem,  the pump also provides  the  
flow n e c e s s a r y  to t ransfer  water  from the low-pressure primary coolan t  c leanup sys tem to the  pri- 
mary coolant high-pressure sys tem.  Water is let down from the high-pressure system to the c leanup 
sys tem through letdown va lves  (PCV 127-4, etc.) loca ted  i n  e a c h  main hea t  exchanger  cell. For B 

selected operat ing pressure,  there  is a corresponding pressurizer  pump s p e e d  which will provide 
the des i red  letdown flow rate. T h e  pressurizer  pumps h a v e  var iable  s p e e d  dr ives  so tha t  the de-  
s i red s p e e d  may be obtained by remote manual adjustment .  T h e  letdown va lves  a r e  controlled by 
a pressure-sensing element  (PT 127), which a d j u s t s  t h e  letdown va lves  to maintain constant  s y s -  
tem pressure.  

of which is for “s tandby”  duty. A third centr i fugal  pressurizer  pump wi th  suff ic ient  capac i ty  
to offset  sys tem losses and maintam circulat ion pump sea! flow is instal led to maintain sys tem 
pressure during a power failure. T h i s  pump is operated by t h e  normalemergency ac power 

(a) Pressurizer Pumps. - ‘Two mult is tage,  var iable-speed centr i fugal  pumps are  provided, one 

supply. 
Pump motor current  indicators ,  “running” l igh ts ,  s p e e d  indicator, manual s p e e d  controller, 

and manually operated e l e c t r i c  s w i t c h e s  for “s1art-stop” and “standby” control  of t h e  pump motors 
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a r e  located i n  the control room for e a c h  of the  two main pressurizer  pumps. T h e  s tandby pump will  
automatically s t a r t  on loss of pressure in  t h e  primaty sys tem i f  normal-power is avai lable .  T h e  
emergency pressurizer  pump i s  airtomatically s ta r ted  on low-flow indicat ion in the  main pressurizer  
pump discharge l ines .  

(b) betdown Valves. - After the nominal 200-gpm letdown flow to t h e  primary coolant  c leanup 
system h a s  been es tab l i shed  by ad jus t ing  the pressurizer  pump speed,  primary sys tem pressure is 
controlled by three (one from e a c h  operating pump-heat exchanger  ce l l )  bel lows-sealed,  pneumati- 
cal ly  actuated control va lves  (PCV 127-4, e t c . )  which “ le t  down” primary high-pressure water  to 
the  low-pressure c leanup sys tem.  For good flow control near  the c losed  position, the  va lves  a r e  
equipped with plugs and s e a t s  having “equal  percentage” flow charac te r i s t ics .  T h e s e  va lves  a r e  
controlled by a s p e c i a l  bellows-type, all weld-sealed,  pneumatic, pressure transmitter-controller. 
Priiiiary coolant  pressure is recorded cont iauously,  and off-limit p ressures  a re  annunciated in  the 
control. room. In addition, in each le tdown l ine,  two pneumatically ac tua ted ,  spring-loaded-closed 
block va lves  (PCV 12‘7-1A, etc.) a re  ins la l ied ,  in  s e r i e s ,  downstream of t h e  flow control va lves  
and will automatically c l o s e  i n  the  event  of gross l o s s  of pressure in  the primary high-pressure 
sys tem or 011 indication of a gross increase  i n  act ivi ty  i iz  the primary coolant  system. ‘I‘hese block 
valves  a r e  c losed  by a s e p a r a t e  Bourdon-tube pressure swi tch  below 550 psig.  

8.6.5 Primary Coalasat Tempera~~pre Control 

T h e  temperature of t h e  water  leaving the primary hea t  exchangers  is controlled by regulating 
t h e  temperature and flow of the  secondary coolant  water to these exchangers .  T h e  secondary water  
which en ters  the tower bas in  af ter  p a s s i n g  through the  cool ing tower is niaiiitained a t  an approxi- 
mately cons tan t  temperature by automatic se lec t ion  of the  number and s p e e d  of the  operat ing cool- 
iiig tower fans.  Thc secondary coolant  flow t o  the primary hea t  exchangers  is controlled by a 10- 
in. throttling valve (TCV 377A) around the  main 36-ill. valve (TCV 377) in  t h e  common header 
l ine  t o  the  hea t  exchangers .  Through the act ion of th i s  valve,  the  temperature of the primary s y s -  
tem water  leaving the heat  exchangers  may be held cons tan t  desp i te  var ia t ions in  reactor power. 
Manual control of this  valve is provided in  t h e  control room in addition t o  automatic control. 
based  on maintaining t h e  desired reactor inlet  temperature. T h e  lnrge valve is adjus ted  to keep 
t h e  smaller  valve in midrange. 

8.6.6 Primary Coolan? Circulation Pumps 

Four centr i fugal  pumps are provided to maintain primary coolant circulation. Each  ptinip is 
connected t o  a primary coolant h e a t  exchanger  in  a separa te  sh ie lded  ce l l .  During normal operation, 
three pump-heat exchanger  combinations a r e  operating, with t h e  fourth uni t  i n  standby. 

by a battery-powered pony motor coupled directly to  the  shaf t  of e a c h  pump. A s e p a r a t e  battery 
bank and battery charger are provided for each pony motor. 

operated e lec t r ic  swi tches  for “ s t a r t - ~ t o p ’ ~  control of the main pump motors are located in the  con- 
trol room. Both high and low pony motor currents  are annunciated i r ?  the  control room. 

Gate-type block va lves  a r e  instal led in  t h e  suct ion and discharge of e a c h  pump-heat exchanger  
comhinatiop. Actuat ing swi tches  and “open-closed” ind ica t ing  l ights  for e a c h  va lve  a r e  located 
in  the  coritrol room. Each suct ion valve is provided with a small ,  pneumatically actuated,  bellows- 
sea led  globe valve which is opened before s tar tup of a pump--haat exchanger  combination to al low 
equal izat ion of pressu te  a c r o s s  e a c h  ga te  valve in order t o  minimize ga te  wear during the  opening 
cycle .  An ac tua t ing  swi tch  and “open-closedJ’ indicat ing l igh ts  for t h i s  va lve  also are located i n  
i n  the  control room. 

During a power outage,  the primary coolant flow necessary  for afterheat removal is maintained 

Main motor current indicators ,  pony motor current indicators ,  “running” l ights ,  and manually 

8.6.7 Mi sce8laneous Primary S y s t e m  Nigh-Pressure Inrtrumen*otiam 

(a) Reactor and Inlet %rainex Biiferentio! Pressure. ..1 T h e  primary coolant  different ia l  pres- 
s u r e s  across t h e  reactor (Pd‘T 106) and t h e  in le t  s t ra iner  ( P d T  103) are monitored by s p e c i d l  weld- 
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sealed,  pneumatic differential-pressure transmltters. The reactor and t hc strainer differential 
pressures are recorded in the conlrol room, and both reactor high and low differential pressures 
are annunciated. 

inlet of the hea t  exchangers, at the outlet of each heat exchanger, and at the discharge header of 
the pressurizer pumps; a l l  are indicated in the control room. 

(c) Reactor Vessel Venting. - A pneumatically actuated, bellows-sealed valve is provided to 
vent the gases  accumulated in the flange penetratlons and the top of the vessel  dutmg reactor 
shutdown and operation. The  l ine from the vent valve leads to the low-pressure letdown header. 
“Open-closed” l ights and an actuating switch a re  located in the control room. The vent valve is 
spring-loaded to  fail closed. 

(d) Pressure Gages. - At the inlet and outlet of each of the four primary coolant circulation 
pumps and of each of the three pressurizer pumps, locally mounted pressure gages are installed 
to facilitate maintenance and testing. 

(b) Temperature Measurements. - Primary coolant temperatures are measured at (he  common 

8.6.8 Primary Coolant Cleanup System 

(a) Deaerator. -- Primary coolant from the letdown header is directed through a vacuum deaer- 
ator for removal of entrained and dissolved gases  (see Fig. 6.2.11). Deaerator vacuum is indicated 
and annunciated in the control room. Deaerator water level a l so  is controlled, with indication and 
annunciation of high and low levels in the control room. FE 917 monitors dilution air  admitted 
to the CHOG system at the condenser, and low flow is annunciated. 

A high high-level switch is provided which will c lose  the block valve in the steam supply l ine 
to the deaerator gas ejectors in the event the deaerator level becomes uncontrolled and the deaer- 
ator is in danger of flooding. Similarly, a high-temperature switch will c lo se  the block valve in 
the s team supply in the event that steam-jet condenser wa te r  fa i l s ,  thus preventing steam from 
reaching the off-gas filters. This  high high-level condition is annunciated i n  the control room. 

(b) Cleanup Pumps. - Two horizontal-type centrifugal pumps, one normally operating and the 
other on standby, provide circulation through the primary cleanup system. Pressure gages are in- 
stalled a t  the inlet and outlet of each pump for maintenance and testing operatlons, and a dial-type 
thermometer is installed in the common discharge header. 

Pump “running” lights and manually operated electric switches for “start-stop” control of the 
pump motors a re  located in the control room. 

Conductivity and pH of the pump discharge stream are measured, indicated locally, and 
continuously recorded in the control room. 

(c) Filter and Demineralizers. - An inlet  filter and a demineralizer, made up of cation and 
anion beds, are furnished for primary coolant cleanup. Pressure gages to monitor the pressure drop 
and to help detect  plugging are installed a t  the inlets to the filter, a t  the cation and anion beds, 
and a t  the outlet of the demineralizer s y s t e m .  

Conductivity and pH of the exit  water stream from the demineralizer after-filter is monitored 
continuously and is locally indicated, and recorded in the control room. 

Sample l ines from the inlet and outlet of the filters and of each  cation and anion bed are brought 
through the biological shielding to a sink to p e r m i t  sampling for pH, conductivity, and radioactivity 
analyses.  Each  line is provided with a solenoid valve which automatically c loses  on a htgh- 
radiation signal from a monitron near the sink. The sink radiation level is indicated and annunciated 
locally and a l so  is annunciated in the control room. A radiation detector, using a nonsaturating 
Geiger tube, monitors the demineralizer effluent for gross low-level activity. This  measurement 
is locally indicated and is annunciated in  the control room, 

(d) Head Tank. - The cleanup system discharges into a head tank which supplies the pres- 
surizer pumps and which is vented to the open hot off-gas (OHOG) system. The  level in  the head 
tank i s  monitored by a pneumatic level-controller which operates a control valve in  the deminetal- 
ized water makeup line. Low water level shuts  off the  main pressurizer pumps. The level is 
indicated and annunciated in the control room. A locally mounted flow totalizer i s  installed In 
the makeup line. 
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( e )  pH Contra! S y s t e m .  - ApHE 1200 i s  provided t o  control the rate  of nitric acid addition 
to  the head tank necessary  t o  maintain a pH of -5.0 in the  primary coolant  sys tems;  however, 
manual control h a s  proved to be sat isfactory.  

8.6.9 Secondary Caolowt System 

(a) Cooling Tower. -_ There  are four individual cool ing tower cells assembled as a unit on a 
concrete  basin. T h e  basin is divided into four compartments. T h e  compartments lead  to a flume, 
which feeds  the  suct ion well. for t h e  secondary coolant  pumps. Clear  s p a c e  and blanked piping 
connect ions are provided for a future fifth cell (see Fig.  6.3.2). 

T h e  liquid leve l  in  t h e  flume i s  iiieasured and maintained by a loca l  CGntiOlkr which super-  
v i s e s  the  flow of makeup water  required to offset evaporation and blowdown Iosses. P.bnorma1 
liquid leve l  is annunciated i n  the control room by a leve l  switch that  is a l s o  mounted in  the flume. 

T h e  basin blowdowri flow rate  i s  automatically cont iol l rd  by a pneumatic cascade-control  
system (i.e., t h e  makeup water flow rate  measureineni is pneuinatically transmitted t o  ad jus t  t k ~ e  
setpoint  of the  pneumatic blowdown flow controller in order t o  maintain a predetermined blowdown- 
to-tnakeup flow ratio). Makeup and blowdown flow ra tcs  a r e  e a c h  indicated local ly ,  and  a radio- 
activity detector  monitors the blowdown line. T h e  radioactivity measurement is recorded. 

tnatic sequent ia l  (‘on-off” control to  maintain a preset  temperature of the water fa l l ing into the 
tower basin.  T h e  fans  a re  controlled by one temperature controller. T h e  temperature measurement 
i s  recorded and annunciated i n  t h e  control room. Pressure  in the discharge manifold of t h e  cool ing 
tower pumps is electr ical ly  transmitted and is indicated in  the  control room. 

T h e  addition of sulfur ic  acid to t h e  cool ing  tower bas in  is automatically controlled t o  maintain 
a se lec ted  pH value in  t h e  d ischarge  manifold of t h e  cool ing tower pumps. 
is local ly  indicated and controlled, and a remote record is provided in t h e  control room. 
of flow of the makeup water  nsed  in the  chemical-addition process is locally indicated. 

(b) Seccndaay Coolent Pumps. -- Three  vertical-type turbine pumps connected t o  the normal ac 
power supply provide circulat ion for the  secondary coolant  system. An auxiliary pump with two 
windings is provided. One winding, suppl ied from normal-power, provides circulation during shut-  
down; the  other, suppl ied from normal-emergency power, provides circulation for operation a t  N L  
during a normal-power outage (see Sec. 6.5). A bypass  l ine is provided on the  cool ing t o w 5  dis- 
tribution piping t o  permit return of the  secondaiy  coolant  water direct ly  to  t h e  tower basin during 
operation on emergency p w e r .  A block valve is provided in th i s  l ine t o  open only when t h e  aux- 
iliary pump is operat ing on emergency power, to reduce the e lec t r ica l  power required to  run the  
pump. T h e  cool ing tower bas in  h a s  adequate  h e a t  capac i ty  to allow this mcthod of operation for 
an extended period of  time. Local ly  mounted pressure g a g e s  are instal led i n  the  out le t  of each 
pump for u s e  i n  maintenance and tes t ing  operat ions.  

trol of pump motors are located in  the  control room. Pump motor current i s  locally indicated in 
t h e  electrical equipment building. 

a t  in le t  and out le t  of secondary coolant  piping to the  primary h e a t  exchangers  to fac i l i t a te  ac- 
ceptance  tes t ing  of  the h e a t  exchangers. In addition, the  corninon inlet  temperature of the h e a t  
exchangers  and the  out le t  temperature of e a c h  hea t  exchanger  is measured with thermocouples 
and indicated in the  control room. 

h e a t  exchangers  is indicated in t h e  control room, and pressure gages  a re  ins ta l led  in the  inlet  
and out le t  of each  hea t  exchanger. 

T h e  total flow of  secondary coolant  through t h e  primary heat exchangers  is determined from 
the  measurement of differential pressure developed a c r o s s  a Dah1 flow tube located in t h e  inlet  
manifold. The flow rate  is transmitted e lec t r ica l ly  for control room indicat ion.  

primary h e a t  exchanger  to permit opt ional  c i rculat ion of secondary coolant  through any corilbination 
of t h e  individual exchaigeis. Posi t ion-indicat ing l igh ts  and manual. s w i t c h e s  a re  located in  the  
control room for “on-off” operation of these  valves .  

’rbere are eight  cool ing tower f a n s  (two per tower) with two-speed motor dr ives  ut i l iz ing auto- 

The pH measurement 
The  rate  

Pump “running” l igh ts  and manually operated e lec t r ic  s w i t c h e s  for remote “start-stop” con- 

(c) Secondary Coo!ont to Primary Heat Exchangers. .- Thermometer wel l s  only are provided 

The differential pressure across t h e  secondary coolant common in le t  and out le t  to  a l l  primary 

Remotely operated block va lves  a r e  ins ta l led  in  the  secondary coolant  in le t  aild outlet  of e a c h  
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A flow control valve (TCV 377A) regulates  the  flow t o  a l l  h e a t  exchangers  i n  order t o  obtain 
temperature control  of the primary coolant  leaving t h e  hea t  exchangers .  This valve is provided 
with a manual loading s ta t ion  in  the  control  room in addi t ion to t h e  automatic  control feature. 

(d) Secondary Coolant to the Pool Coolant Heat Exchanger. - Secondary coolant  flow rate  is 
measured a t  the  out le t  of t h e  pool h e a t  exchanger  bank and I S  indicated local ly;  local ly  mounted 
differential-pressure ind ica tors  a r e  ins ta l led  a c r o s s  t h e  secondary coolant  i n l e t  and out le t  of e a c h  
pool h e a t  exchanger .  

maintained a t  a predetermined se tpoin t  by automatical ly  controlling t h e  flow of secondary coolant  
through t h e  exchangers .  T h e  measured temperature is local ly  indicated.  

T h e  pH of the secondary  coolant  to  the  pool h e a t  exchanger  is measured and local ly  indicated.  
This signal is recorded in t h e  control room, and high and low pH values  a r e  annunciated.  T h e  pH 
sys tem is partly redundant s i n c e  it is a l s o  measured by the sys tem provided for acid-addition con- 
trol descr ibed i n  Sec.  8.6.9(a); however, th i s  sys tem provides a check  on t h e  operation of t h e  ac id-  
addi  tion-con trol s y s  tem . 

T h e  temperature of t h e  pool water  a t  the out le t  of the  pool h e a t  exchanger  bank i s  measured and 

8.6.10 Pool Coolunt System 

(a) Pools. - A coolant  sys tem is provided for the reactor  pool, t h e  c lean  pool, and the  c r i t i ca l  
pool (see Fig. 6.4.2). The tlow 10 t h e  reactor ,  c lean,  and cr i t i ca l  pools i s  measured and is indi- 
ca ted  i n  t h e  control  room, T h e  temperatures  of t h e  in le t  and out le t  of t h e  reactor and cr i t i ca l  pools  
a re  measured and indicated i n  t h e  control room. T h e  combined scupper  drain from the reactor, c lean ,  
and cr i t i ca l  pools  is monitored for radioactivity. T h e  measurement is locally indicated and is 
recorded and  annunciated in  t h e  control  room. T h e  drain d ischarges  into the  pool surge  tank. 

control room. A high-level s l g n a l  s h u t s  down t h e  pool coolant c i rculat ion pumps. 

process-waste  sys tem (see Sec.  11.3.2). 

t h e  demineralized-water makeup s t ream. T h e  pneumatic  leve l  controller i s  loca l ly  mounted, and the  
measurement is indica ted  and  annunciated in  t h e  control room. A low-level s i g n a l  s h u t s  down t h e  
pool coolant  pumps. 

operat ing and t h e  o ther  on s tandby,  provide circulat ion during normal operation of t h e  pool coolant  

T h e  leve l  of e a c h  pool i s  monitored, and both t h e  high and low l e v e l s  a r e  annunciated in  t h e  

(b) Surge Tank. - T h e  pool surge  tank is vented to the  OHOG sys tem and drained t o  t h e  

Liquid leve l  i n  the surge  tank is automatical ly  controlled at a s e l e c t e d  height  by throt t l ing 

( c )  Pool Coolant Circulation Pump. - Two horizontal-type centrifugal pumps, o n e  normally 

loop. 

trol of pump motors a r e  loca ted  in  t h e  control room, and local ly  mounted pressure  gages  a r e  in-  
s t a l l e d  i n  t h e  in le t  and  out le t  of each pump for u s e  in maintenance and t e s t i n g  operat ions.  

and out le t  of t h e  pool coolant  f i l ter  and in t h e  pool coolant  h e a t  exchanger  d ischarge  header .  T h e  
reading of t h e  f i l ter  bank out le t  p ressure  gage  also s e r v e s  as the  pressure measurement of the  
heat exchanger  in le t .  

Temperature indicators ,  also local ly  mounted, a r e  ins ta l lcd  in t h e  in le t  of the pool coolant  
h e a t  exchangers  as well  as in  t h e  out le t  of e a c h  exchanger .  T h e  reading of t h e  exchanger  out le t  
header temperature s e n s o r  is indicated in t h e  control  room and s e r v e s  as t h e  temperature meas-  
urement of the combined coolant  in le t  t o  t h e  reactor  and cr i t i ca l  pools. 

A remotely controlled, e lec t r ica l ly  operated block valve is ins ta l led  in  the individual “drain 
and f i l l”  l ine  of t h e  reactor, c lean,  and  cr i t i ca l  pools. Normally t h e s e  va lves  are maintained i n  
a fully open posi t ion;  however, they may b e  s e t  to produce a des i red  variation in coolant  flow t o  
t h e  s e v e r a l  pools. Posi t ion-indicat ing lights and manual s w i t c h e s  a re  loca ted  in  the  control room 
for operation of t h e  va lves .  

Pump “running” l igh ts  and manually operated e l e c t r i c  s w i t c h e s  for remote “star t -s top” con- 

(d) Filter and Heat Exchanger. - Local ly  mounted pressure  g a g e s  a r e  ins ta l led  in  the inlet. 
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a,tp. 1 I ps0i cleanup system 
(a) Defective Fuel %lemenP Stsmge. .- Reactor  pool water  from the  defec t ive  fuel e lement  

s torage tanks  loca ted  in  the reactor  pool is monitored for radioactivity, and the  measurement is 
locally indicated a s  wel l  as recorded and annunciated in  the control room (see Fig.  6.4.5). 

and indicated locally in  the  control room. 

ement tank out le t  l ine from t h e  reactor pool. Normally th i s  valve is maintained in  a fully open 
position; however, i t  may b e  c losed  fiom t h e  control room if necessary  in the  event  of a water 
leak or  for other  reasons.  Posi t ion-indicat ing l igh ts  and a manual swi tch  a r e  located in  the con- 
trol room for operation of th i s  valve. 

directed through a vacuum deaerator  for removal of entrained or d i sso lved  g a s e s .  Accuinulated 
gas is d r a w l  off by a s t e a m e j e c t o r  systetx. Intermediate- and after-condensers are provided in 
the  deaerator gas discharge  l ine  for removal of t h e  condensables  before the  g a s  i s  s e n t  to the 
closed hot off-gas (CIIOG) system. Deaerator vacuum is indicated in tkc control room, and a high- 
pressure condition is annunciated. 

bottom of the deaerator  i s  automatically controlled a t  a s e l e c t e d  height by throttling t h e  discharge 
of the  pool deniineralizer pumps. T h e  pneumatic leve l  controller is local ly  mounted, and t h e  
measurement is remotely indicated and annunciated in t h e  control room. 
demineral izw pumps on low leve l  and restar t  them on level  r i se .  High, high leve l  in  t h e  de- 
aerator  i s  annunciated i n  the  control room, shut t ing off s team to the  ejector .  
temperature a l s o  s h u t s  off s t e a m ,  t o  prevent s team from reaching t h e  off-gas f i l t e rs  should con- 
denser  cool ing water  fa i l .  

ing  and the  other on s tandby,  provide circiilation through the  pool deminei-alizers. 

maintenance and tes t ing  operat ions.  Pump “running” l igh ts  and manually operated e l e c t r i c  
swi tches  for remote “star t -s top” control of the  pump motors ale located in  t h e  control room. 
Interlocks for s ta r t ing  and s topping  t h e  pimp on normal and low deaerator  water  level  a r e  provided. 

(d )  PQO!, Demineralizer. - T h e  pool demineralizer c o n s i s t s  of a cat ion uni t  and a n  anion uni t  
i n  se r ies .  Flow to t h e  demineralizer i s  measured and local ly  indicated.  Locally mounted pressure 
gages  a re  instal led in  the  in le t  and out le t  of t h e  cat ion uni t  a s  we1.l as  in the  in le t  to  t h e  anion 
unit. Sample l i n e s  from t h e  inlet  and oirtlet of the anion and cat ion beds a r e  brought through t h e  
biological shielding t o  a s ink  for manual checking of pH and for conductivity and act ivi ty  anal-  
y s e s .  T h e  s ink  radiation leve l  is monitored and local ly  indicated and annunciated;  it is also 
annunciated in  & e  control room. 

the c l e a n  pools; the flow is measured and indicated in  the control room. T h e  PIE and conductivity of 
the water leaving the af terf i l ter  are monitored and local ly  indicated. Water from the  pool c leanup 
system j o i n s  the pool coolant  flow j u s t  upstream of the  block va lves  noted i n  Sac.  8.6.10(d). 

Temperature and flow of t h e  water in  t h e  defect ive fuel e lement  tank out le t  l ine  a re  measured 

A remotely controlled, e lectr ical ly  operated block valve is ins ta l led  in the defect ive fuel el- 

(b) Pool  Cleanup Deaeratai. - P o o l  water  from t h e  defect ive fuel elernerit tank out le t  i s  

P r e s s u r e  in the  intermediate- and af ter-condensers  is local ly  indicated,  and t h e  liquid in the 

Inter locks s t o p  t h e  PO01 

High g a s  discharge 

( c )  Pool Demineral izer Punips.  - T w o  horizontal-type centrifugal pumps, one normally operat-  

Loca l ly  mounted pressure  g a g e s  a re  instal led in  t h e  in le t  and out le t  of e a c h  pump for i ise in 

(E) Return bines. ... Pool demineralizer eff luent  d i scharges  through an afterfilter and feeds  

8.6.12 Rennstor Primary Coolant and Pool Water Storage Tanks 

A buried concrete  water-storage tank with two s e p a i a t c  cornpaitments is provided for draining 
t h e  reactor primary coolant  loop and the pool coolant  loop. T h e  liquid leve l  in  each  compartment 
i s  measured and indicated in t h e  control room. 

8.6.13 Demineralizer Regencrotisn 

l’he two demineralizer uni ts ,  one serving the  reactor primary coolant  loop and o n e  serv ing  the  
pool coolant loop, a r e  designed for in-place regeneration, with provision for backwash and regen- 
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rration of each bed. Locally mounted pressure gages are installed in the  suction and discharge 
of the recycle pumps for u s e  in maintenance and testing operations. 

area adjacent to the demineralizer units. Transfer of damaged resin to disposal containers for 
subsequent burial a l so  is controlled from th is  panel (see Sec. 11.4). 

8.6.14 Plont Process Water Supply 

zontal-type centrifugal pumps, one normally operating and ihe other on standby (see Fig. 10.2.2). 
Locally mounted pressure gages are installed i n  the inlet and outlet of each pump for u s e  in 
maintenance and testing operations. Pump “running” lights, a pressure indicator, and manual 
switches for remote “standby-start-stop” control of the pump motors are located i n  the control 

Regeneration is manually controlled from a centrally located instrument panel in the operating 

Process  water is supplied to  the demineralizers and other process water users  by two hori- 

room. 

8.6.15 f !ant Deminerol i zed-Water System 

The plant water demineralizer is a packaged monobed unit (see Fig. 10.2.2). Flow of water 
to the demineralizer bank is measured and locally indicated. A locally indicating flow totalizer 
is installed in the demineralizer outlet. Locally mounted pressure gages are installed in &e 
inlet and outlet of the demineralizer. Conductivity of t h e  plant demineralizer effluent is locally 
indicated, as well as i n  the control room. 

Regeneration is manually controlled from at1 instrument panel in the  operating area adjacent to the 
demineralizer system. 

A demineralized-water storage tank is provided for filling the reactor vessel  and coolatit loop 
and a s  a source of normal makeup for both the reactor and pools systems. The tank is maintained 
full by controlling the makeup flow. High and low leve ls  are annunciated in the control toom. 
Demineralized water is supplied to the reactor primary coolant system and the pool coolant sys-  
tem by two horizontal-type centrifugal pumps that take suction from the c~emitieralized-water 
stotage tank. Normally, one pump is operating and the other pump is on standby. Loci*lly mounted 
pressure gages are  installed in  the Inlet and outlet of each pump fox u s e  in maintenance and tcst- 
ing. Pump “running” lights, a pressure indicator, and manually operated switches for remote 

In-place regeneration is employed, with provisions for backwash and regeneration of each resin. 

start-stop” control of the pump motors ace located i n  the control room. (6 

8.6.16 Caust ic and Nitric Acid Supply Systems 

Strong caus t ic  and nitric acid are drawn from the storage tanks by gravity and diluted In day 
tanks to the required concentrations by the addition of demineralized water. The weak solutions 
ate stored in the day tanks and distributed to the filters and demineralizers on demand. The 
liquid levels in the day tanks ate jndicated locally. The  temperatures in the caustic storage tank 
and the day tank are controlled at a selected value by throttling steam flow to heating coils. 

indicating pressure gages are installed in the suction and discharge of each pump for testing and 
maintenance purposes. “Running” lights and manually operated electric switches for “start- 
stop” control of the pumps are mounted on rhe local control panel. 

8.6.17 Instrument Air System 

Centrifugal pumps are  used for cxrculating the diluted solutions to the users. Locally mounted 

An instrument air  supply system is provided for pneumatic instrument application. Figure 8.6.2 
is a simplified block diagram of this system; a more detailed diagram appears in Fig. 10.3.1. 
Three compressors are fiirnished, each  capable of delivering 100 s c f m  of completely oil-free air 
at pressures of 60 to 70 psig. Each of these  compressors i s  supplled power irrom separate nor- 
mal-emergency systems. Normally, one compressor is operating and two a re  on standby. Air 
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supply pressure is indicated in the control  rooril, and a low-pressure condi t ion is annunciated.  
A control device is provided t o  s t a r t  the s tandby compressors  if the a i r  supply pressure falls t o  
53 psig.  Once s ta r ted ,  the s tandby cornpressors remain in operation until manually switched off. 
“Kunning” l ights  and hand-operated s w i t c h e s  for “start-standby-stop” cont iol  of t h e  compressor 
motors also are provided in  the  control room. 

’Two complete “ h c a t l e s ~ ”  drying and f i l ter ing systeiiis are provided, e a c h  rated a t  200 scfm 
of dry air  with a dew point not higher than -20°F. Recycl ing of the  drying and f i l ter ing s y s t e m s  
i s  automatic. Since recycl ing of a dryer sys tem consumes 50 s c f m  of a i r ;  the  net  ra t ing of e a c h  
is 150 scfm. 

as required by means of  manifolds, each supplying severa l  instruments. 
for t h e s e  manifolds c o n s i s t  of a pa ta l le l  arrangement of two f i l ters  and two pressure regulators. 
Block va lves  a r e  provided to fac i l i t a te  component replacement. 

An emergency a i r  header  is provided to a s s u r e  a i r  supply t o  cer ta in  instruments .  T h i s  header  
is normally suppl ied with a i r  through a check valve from the instrument a i r  compressors;  however, 
if t h e  normal compressors  fa i l  t o  supply adequate  a i r  or if some other  part of the  normal sys tem 
fa i l s ,  the  emergency a i r  compressor c a n  supply a i r  t o  th i s  header. T h e  emergency compressor 
is a l s o  suppl ied with power from one of the  normal-emergency s y s t e m s .  T h e  emergency header  
suppl ies  air t o  the three regulat ing c h a n n e l s ,  e a c h  of which is isolated from t h e  emergency 
header  by a check valve and is provided with a capaci ty  tank with suff ic ient  supply for 10 min of 
operation. T h i s  header  also suppl ies  air t o  the  letdown control and block va lves  and the  
secondary coolant  throttling v a l v e s  TCV-377 and 37714. T h e  emergency compressor auto- 
matically s t a r t s  when t h e  pressure in  the  emergency header  f a l l s  to  43 psig. Once s tar ted,  t h e  
emergency compressor will remain in  s e r v i c e  until manually s h u t  down. 

Air is dis t r ibuted at a pressure of 60 to  7 0  p s i g  and, in  general, is reduced a t  the instruments  
Pressure-reducing s t a t i o n s  

8.7 Rad i oa c t i Y it y Mow i tori n g 

8.7.1 Introduction 

There a r e  four radioactivity monitoring s y s t e m s  i n  the  HFiR complex: t h e  I-iealth P h y s i c s  
Monitoring System (HPMS), t h e  Gaseous  Waste Monitoring System (GWMS), the Liquid Waste Moni- 
toring System (LWMS), and the  Coolant Activity Monitoring System (CAMS). 

is sufficiently low t o  permit unrestr ic ted access for operat ing and s e r v i c e  personnel. T h i s  s y s -  
tem, by means  of control rooiii alarms, makes known s i tua t ions  requiring at tent ion of t h e  operat ing 
staff and, by means  of loca l  alarms, ind ica tes  to personnel  in  t h e  affected area that  t h e  radiation 
h a s  exceeded t h e  normal level .  T h i s  network is also a par t  of the  ORNL Radiat ion Warning and 
Communication System. Instruments  a t  s e l e c t e d  loca t ions  in  t h e  building a re  connected to  the  
HFIR evacuat ion alarm and are arranged so that  a coincidence of two high-level a larms from t h e  
se lec ted  constant  a i r  monitors or a coincidence of two alarms from t h e  s e l e c t e d  monitions will 
autorriatically s e t  off t h e  evacuat ion horn for the entiie facility. Smaller or more loca l ized  inci- 
dents  will b e  handled from t h e  control room by t h e  operator or supervisor. In addition t o  the  local 
evacuat ion s igna l ,  t h e  sys tem transmits  s i g n a l s  to  the ORNL Emergency Control Center ,  which 
also rece ives  information from other  OKNL faci l i t ies .  T h i s  center  also rece ives  information from 
the  ORNL, Waste Monitoring Control Center  and t h e  Health P h y s i c s  Enviionmental Monitoring Con- 
trol Center. 
trol Center. 

‘The HPMS i s  provided primarily to e n s u r e  that  t h e  radiation leve l  i n  normally occupied a r e a s  

In the  e v e n t  of an incident, appropriate act ion c a n  b e  taken a t  t h e  Emergency Con- 

‘Radiation Safe ty  and Control at  the Oak Ridge  National Lahoratory, 1960--1962, ORNE-TM-507 (Apr. 5, 
1363). 

7 A p p l i e d  Health Phys ics  Annual Report  for 1962, ORNL-3490, p. 89 (Sept. 25, 1963). 
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The GEVMS is provided to monitor the s tack  effluent, and alarm and indication are provided in 
the control room. Th i s  system also transmits information to the ORNL Waste Monitoring Control 
Center. 

The LWMS is provided to monitor the several  Liquid-waste l ines  which serve the facility. I3y 
means of alarm and indication in the control room, information on the activity level is made avail- 
able to the operator. In addition, the monitors actuate diversion valves which can direct normally 
uncontaminated waste to holding ponds should the  activity level increase to a point beyond nor- 
mal .  Th i s  system a lso  transmits information l o  the ORNL Waste Monitoring Control Center. 

The CAMS is provided so that the operator may be  quickly informed of a significant increase 
in the activity of the various coolant systems and so that he  will have adequate information to 
help identify the source of the trouble. Information from this s y s t e m  is annunciated and recorded 
in the control room. 

units for nuclear incident dosimetry located so that each can be retrieved from outside the  reactor 
building. 

A s  an aid to analysis of a serious accident, should one  occur, there ate five threshold detector 

8.7.2 Health Phys ics  Monitoring 

The installed MPMS is provided to give information on the radiation and air-activity levels in 
normally unrestricted access  a reas  of the building. Th i s  system i s  made up of a constant air  
monitor system and a radiation monitoring system utilizing beta- and gamma-sensitive monitrons. 
In addition to the instruments utilized for general building coverage, a number of Geiger-Mueller 
(GM) tube monitors a re  located about the building for radiation measurements during operation 
and maintenance. A hand-and-foot counter is provided for contamination checks,  and a variety of 
pottable instruments are available for specialized monitoring. 

HFIR building is continuously monitored for airborne radioactive material, whether particulate o r  
gaseous i n  nature. The  m o s t  likely potential sources of activity are leakage from the primary 
coolant system or a release from fuel elements o r  targets either in the reactor or in the storage 
areas of the pools. The  monitoring IS accomplished by passing air  through filter-paper tape and 
monitoring the collected material by means of a GM tube. The  air, after passing through the filter, 
flows around the  GM tube; therefore radioactive gases  are also monitored. Since the  GM tube is 
shielded from direct radiation, the observed activity level i s  the  result o f  either airborne radio- 
active material or an extremely high level of direct radiation. The  latter, however, would have 
been detected a t  a much lower level by other unshielded radiation monitors. Standard Constant 
Air Monitors (Q-2240) are used, and alarms are interpreted according to standard health physics 
procedures. 

building. They are located a s  follows: 

(a) Particulate and Gas Activity Monitors. - Air in potentially contaminated regions of the 

Nine constant air monitors are located so a s  to provide coverage of the operating areas of the 

Subpile room 1 
Ground floor 

Water wing 
Beam mom 

2 
1 

F i r s t  Floor 
Water wing 1 
Experiment room 1 

Reactor bay 2 
Observation gallery 1 

Second floor 

A l l  of the constant air  monitors will give a local intermediate- and high-level alarm; and all 
units a l so  transmit information to  the control room, where alarm levels are indicated and activity 
levels are recorded on panel €1. 
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(b) Radiation Monitors. - T h e  iiionitoring sys tem for direct  b e t a  and gamma radiation is s imi la r  
in arrangement to  that of t h e  constant  a i r  monitoring systein. Nine ion-chamber-type monitrons 
(01154) are  provided and their  loca t ions  are as  follows: 

Subpile room 1 

I k a m  room 1 

Experiment room 1 
Water wing 1 

Reactor  bay 4 
Observation gallery 1 

Ground floor 

F i rs t  floor 

Second floor 

Provis ion is made for t h e  addition of eight  more uni t s  should they b e  needed to provide moni- 
toring around experiment instal la t ions.  

T h e  monitrons have  loca l  intermediate- and high-level alarms, and iriformation i s  transmitted 
to the  control room for annunciation and indication. 

A s p e c i a l  high-range radiation monitor i s  located in the reactor bay beneath the observat ion 
gallery windows. I'wo readouts  (.l to l o 5  r/hr) a r e  provided, one in the  control  room and one in 
the office and maintenance building. A 5 r/hr alarrn will ring in t h e  control room. 

(c) Miscellaneous. -Several  o ther  types  of heal th  p h y s i c s  monitoring equipment a r e  provided. 
Laboratory monitors of t h e  GM-probe and count-rate-meter type a r e  ins ta l led  i n  loca t ions  where 
there  may b e  need for t h i s  type of  instrument. T h e  laboratory monitors h a v e  a local alarm which 
will be s e t  a t  2.5 mrems/hr. In addition to  their u s e  3s probe-type instmmernts, the local alarm 
feature will make known abnormal radiation l e v e l s  to  persons  i n  t h e  immediate vicinity. 

A hand-and-foot counter  i s  provided for routine c h e c k s  on  personnel  contamination. 
T h e  sampling s i n k s  i n  t h e  p r o c e s s  water  area are provided with radiation monitors t o  minimize 

the  c h a n c e  of an operator receiving a n  e x c e s s i v e  radiation d o s e  during sampling operat ions.  In 
addition to ac tua t ing  an alarm, t h e  instniments  will  a l s o  close solenoid va lves  in  t h e  sampling 
l i n e s  on a n  abnormal radiation level .  

T h e  usua l  portable instruments  (such as ion chamber monitors, GN-tube SUKWY meters ,  thermal- 
and fast-neutron dosimeters ,  pocket  dosimeters ,  and high-volume a i r  samplers)  a r e  provided. Beta- 
gamma and alpha smear  counters  a r e  ins ta l led  in  t h e  Health P h y s i c s  Room (206). Special  instru- 
ments, i f  needed,  a r e  avai lable  from t h e  Heal th  P h y s i c s  Division. A 128-rhannel gamma analyzer  
is provided for  var ious ana lyses .  

8.7.3 GB sew s- Was te Monitoring 

Three  s e p a r a t e  a i r  or gas effluent s y s t e m s  from t h e  HFIR bui lding combine to d ischarge  through 
the s tack .  T h e  s p e c i a l  bui lding bot  exhaus t  s y s t e m  (SFWE) is a high-flow, notmally low-activity 
system which handles  all ventilation exhaus t  a i r  from t h e  containment portion of t h e  building. 
airflow in th i s  sys tem is normally about 29,000 cfm. Two other  sys tems,  the  open hot  off-gas 
system (OROG) and t h e  c l o s e d  bot  off-gas  sys tem (CHOG), a r e  designed to handle  normally con- 
taminated a i r  and g a s  from t h e  coolant  sys tem deaerators ,  s torage  tanks,  e tc .  T h e  OHOG sys tem 
is designed for misce l laneous  vent ing in  which t h e  source  of radioact ive g a s  is not pressurized;  
and, therefore, i f  vacuiini i n  the OIIOG sys tem is lost, t h e  radioact ive g a s  from one vent ing loca- 
tion will not b e  transmitted to another  locat ion through t h e  QHOG system. T h e  CHOG sys tem is a 
cotnpletely c l o s e d  system i n  which gaseous  discharge fruni d e v i c e s  such  a s  a deaerator  may con- 
tinue, even i f  off-gas vacuum is l o s t  (see Sec. 4 for descr ipt ions of t h e  systems) .  

ground to separa te  filter banks,  a s  descr ibed in Sec. 4.7. T h e  blowers  are lhcated af ter  the f i l ter  
banks. T h e  HOG blower e x h a u s t s  a r e  combined i n  a cornion duct  which l e a d s  t o  the  inlet  of t h e  
SRHE f i l ters .  T h e  SBHE blowers d ischarge  into a coliiliio11 duct  leading to t h e  b a s e  of t h e  s tack .  

T h e  

Exhaus ts  from t h e  three s y s t e m s  (SBHE, OHQG, and CHOG) l e a v e  t h e  building and p a s s  under- 
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A platform encircling the stack i s  provided a t  t he  50-ft level for instruments, and penetrations are 
provided for taking samples of the s tack  air  stream a t  this level. 

Under normal conditions the SBHE system contributes essentially no activity to the s tack  
effluent. The majority of the radioactive material comes from the CHOG system and originates in 
the primary coolant deaerator. 'fie radiation will be  from predominantly mixed fission product 
gases which have their origin in the U 2 3 5  contamination on  the  fuel element surfaces and con- 
tamination which may result from tramp uranium in the system from previous cladding failures. 
Since the  reactor target loading will contain gram quantities of the  heavy elements, an alpha 
monitor is Included in addition to the normal beta-gamma monitors. This  appears to be unnecessary 
a s  far a s  the TIFIR IS concerned s ince  any alpha-active material would be accompanied by the beta- 
and gamma-active fission products; however, u se  of th i s  s t ack  by the Transuranium Processing 
Plant (TRU) makes installation of the alpha detectors advisable. A continuous monitor for iodine 
is also provided. 

4.6.1 are schematic flow diagrams of the gaseous-waste systems and show the location of the 
several monitoring points. 

(a) Stack Monitoring Channels. - Monitoring of exit air  is accomplished in seven channels as 
follows: 

Beta-Gamma Particulafe m d  Gas Activrty Stack Momtor. - This  channel (RE-907) uti l izes a 
beta-gamma particulate monitor based on the  ORNI, Q-2240 air monitor. Particulate matter i s  
collected on a section of filter-paper tape  from a stream of about 3 cfm withdrawn from the s tack  
flow at t he  50-ft level. The  collected sample is monitored by a thin-window GM tube in a stain- 
less steel shield. Only the  shielded GM tube, the filter-paper tape, and the vacuum pump are 
located at the 50-ft instrument platform. Vacuum pump operation i s  monitored by a pressure switch, 
and filter tape break is monitored by microswitches i n  the tape advance unit 
vance the filter tape either from the 50-ft level or from the  amplifier and relay room, where the 
electronic equipment for th i s  monitor is located. 

an alpha particulate monitor (RE-908) based on the ORNL 4-2340 air monitor, i s  provided at the 
50-ft level for monitoring alpha activity. 

late and gas activity monitor (RE-912) is located on the ductwork at the foot of the s tack  and a l so  
reads out in  the amplifier and relay room. This  monitor samples the mixed effluent air  from the 
HFIR duct at the entrance to the  stack. 

lodinc Monitor. - A s ide  stream of stack gas is withdrawn and passed through an actlvated- 
charcoal trap in the iodine monitor, where iodine and other similar gases  are absorbed on the 
charcoal. The gas sample i s  returned t o  the inert-gas monitor after passing through the charcoal. 
The  detector assembly is a ring of GM counters surrounding the charcoal filter. The trap and de- 
tector assembly are enclosed in a lead shield to reduce background radiation. The  GM tubes feed 
a count rate meter, an  alarm and a recorder. 'rhc trap is easlly replaceable and will be replaced 
when the  count rate reaches an operationally determlned limit. The  monitor I S  called RE-910. 

Inert-Gas Monitor. - The s t ack  gas leaving the iodine monitor pas ses  through R charcoal 
filter, then through a small  lead-shielded tank, and then back to  the stack. An end-window G-Nl 
tube (RE 911) in the tank monitors @--y radiation emitted from inert gases  which pass through the 
particulate and charcoal filters. 

In-Stack Monitor. - An in-stack monitor is provided which cons is t s  of a small quantity of 
charcoal and a filter-paper disk assembled as  a cartridge. This cartridge is located directly in 
the stack air  stream at the 50-ft level, with a separa te  pump pulling a sample of stack gas through 
the cartridge at all t i m e s .  The  cartridge may be  withdrawn and inserted fmm the instrument plat- 
form. Pump operation is monitored by a pressure switch. 

stack, to  provide a gross gamma indication of s tack  effluent. A remotely actuated carriage 
varies the position of a 1-mc C s  1 3 7  source to check the operation of the system. The  instrument 
has a control room indicator and is sensit ive from 0.025 to 2,5 A 10' r/hr. 

Details  of the gaseous-waste monitoring system are  given in  Fig. 8.7.1. Figures 4.5.1 and 

I t  is possible to ad- 

Alpha Activity Stack Monitor. - An arrangement similar to that described above, but utilizing 

Beta-Gamma Particulate and Gaseous Activity Duct Monitor. - A second beta-gamma particu- 

Hi&h-L2eve1 Stack Monitor. - An ion chamber (RE 909) is located in a thimble placed in the 
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(b) Intended Operation. - T h e  par t iculate  monitors a t  t h e  56)-ft l eve l  a r e  intended to give 
alarms due  to  burs t s  or increased  l e v e l s  of g a s e o u s  and par t iculate  matter i n  the s t a c k  a i r  stream. 
T h e  alarm will b e  annunciated and the  leve l  recorded in  the  control ioom. T h e  filter t ape  c a n  b e  
advanced to determine i f  t h e  alarm was valid or w a s  from an instmment  malfunction. 
advance c a n  a l s o  help determine whether the act ivi ty  is g a s e o u s  or particulate. T h e  alpha chan- 
nel funct ions i n  a n  ident ica l  manner except  that  the  detector  is s e n s i t i v e  to alpha emi t te rs  only. 
T h e  beta-gamma monitor ins ta l led  on t h e  ductwork a t  t h e  b a s e  of t h e  stack will help identify t h e  
soiirce of radioact ive material i n  the s tack  when there are other  contributors to t h e  s t a c k  s t ream 
such  a s  the  TRIJ facility. I t s  operation is ident ical  with t h e  other two s t a c k  alarm channels .  T h c  
iodine monitor wil l  alarm on a n  abnormal increase  in act ivi ty  trappcd on the  charcoal. The in- 
s t a c k  sampler  will provide o record of average s t a c k  concentrat ions and a id  i n  determining the  
type of act ivi ty  discharged.  T h e  car t r idge may be  withdrawn from t h e  s t a c k  s t ream and analyzed 
in t h e  laboratory. 

gross  gamma i s  intended a s  a check  should other, low-level, instrumentation suddenly ind ica te  
a t  or near full s c a l e .  

T h e  t a p e  

The  iner t -gas  monitor ind ica tes  i n c r e a s e s  i n  f iss ion gas or ac t iva ted  air. T h e  high-level 

In addition t o  t h e  beta-gamma monitor loca ted  i n  the ductwork leading to  t h e  s tack ,  provis ions 
have  been made for sampling t h e  in le t  and e x i t  a i r  f rom e a c h  f i l ter  bank i n  Each of the  three  ex-  
haus t  sys tems.  Por tab le  samplers  may be  at tached for measurement of e i ther  par t iculate  nr 
gaseous act ivi ty ,  or g a s  s a m p l e s  may b e  p a s s e d  through a car t r idge for l a b o m t o y  ana lyses .  
provisions may help t o  identify which of the  s y s t e m s  i s  re leas ing  act ivi ty  and a l lows  for routine 
tes t ing of the  filter system. 

operated by t h e  OMNL Operat ions Division. 
gaseous and liquid w a s t e  s y s t e m s  i n  the  ORNL area. 
transmitted to t h i s  Control Center ,  where t h e  d a t a  i s  displayed.  T h i s  central  monitoring sys tem 
i s  provided in  order t o  a l low rapid identification of s o u r c e s  of act ivi ty  and to provide inforiiiation 
which will a l low prompt act ion i n  handl ing routine and emergency act ivi ty  re leases .  

T h e s e  

(c) ORMh Wasto Monitoring Conlrol Cdntea. .- A Central  Waste Monitoring Control Center  i s  

T h i s  facility is organized to monitor essent ia l ly  all 
Information f iom t h e  varicus s y s t e m s  i s  

8.7.4 Liquid-Wa ste Monitoring 

Potent ia l ly  contaminated liquid was te  from t h e  HFIR is handled by three  s y s t e m s  (descr ibed 
in  Sec. 11.3) which a r e  separa ted  on the  b a s i s  of potent ia l  contamination level .  F igure  8.7.2 is a 
schematic  flow diagram of t h e  w a s t e  sys tem showing t h e  functional locat ion of the  monitoring 
and control points. They are: (1) the  cooling tower blowdowri system, which riormally h a s  no 
contamination; (2) the  process-waste  water sys tem (PWD), which is normally uncontaminated or  
only slightly contaminated, but which c a n  be  subjec t  to  contarnination; and (3) t h e  intermediate- 
level-waste  sys tem (ILW), which will a lways  b e  contaminated to some extent. 'The process-was te  
water sys tem col lec ts  water  froin floor drains ,  experi.nent s ta t ions ,  equipment drains ,  and equip- 
ment drain pads.  
result from piimapy coolant  leakage,  demineralizer regeneration f luids ,  hot s ink drainage, e tc .  
Several routes are provided to al low the  handl ing of water  of var ious l e v e l s  of Contamination. T h e  
cooling tower blowdown is allowed to  en ter  Melton Branch direct ly ,  provided i t  is uncontaminated. 
Two ponds of 24Q,000 and 500,000 gal capac i ty  a r e  provided for holding water before i t s  r e l e a s e  to  
Melton Branch. If the  water i s  found to  be  contaminated, i t  will b e  transferred to the  ORNL Central 
Waste Col lect ion System. A 13,000-gal s t a i n l e s s  s t e e l  holding tank is provided for spec ia l  handl ing 
of t h e  contaminated ILW water. 'The normal route for d i scharge  f rom t h e  HAW sys tem is to the  BRNL 
Central Waste Col lect ion System, * in  which t h e  w a s t e  will  b e  analyzed and handled according to 
the type and activity leve l  of t h e  contamination. 
HFIR may contain alpha,  be ta ,  and gamma act ivi ty;  however, t h e  probability of having a lpha  act iv-  
i ty  without a s s o c i a t e d  beta-gamma act ivi ty  is very sinall.  

The s o u r c e s  of ILW waste  a re  311 in  process a r e a s  in  t h e  w a c t o r  building and 

.The contsminants  i n  t h e  liquid w a s t e  from t h e  
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(a) Cooling Tower Blowdown 
trolled to maintain a p t e s e t  ra t io  

Monitor. - Rlowdown from t h e  cool ing tower i s  automatically con- 
t o  t h e  amount of makeup water  added. T h e  blowdown l ine  comes  

fmm t h e  dis t r ibut ion header  on t h e  in le t  to t h e  tower. T h e  water  in  t h i s  header  is continuously 
monitored for low-level act ivi ty ,  as descr ibed  i n  Sec. 8.7.5, in  order  to  a l low ear ly  detect ion of a 
h e a t  exchanger  leak;  t h e  uni t  will function whether or n o t  there  is any  blowdown flow. 

T h e  blowdown flow p a s s e s  from t h e  cool ing tower dis t r ibut ion header  t o  the  blowdown flow 
control valve,  through t h e  l iquid-waste  monitoring s ta t ion  No. 1, and direct ly  to the  Melton Branch 
of White Oak Creek i f  not contaminated. I t  may b e  diver ted to t h e  No. 1 holding pond if a high 
activity leve l  is de tec ted .  

radiation monitoring sys tem.  The flow measurement s y s t e m  t ransmi ts  information to  a flow recorder 
located in  t h e  control room. In addition, the flow instrumentat ion in tegra tes  t h e  flow rate  t o  obtain 
total  flow and also provides  a flow-proportional s i g n a l  for operat ion of t h e  proportional-sampling 
system. The col lec ted  s a m p l e  is contained i n  a p l a s t i c  bottle; laboratory a n a l y s e s  can  be  made to 
detennine t h e  type  a n d  quantity of activity. 

T h e  monitor also measures  t h e  radioact ivi ty  of a sample  s t ream us ing  a n  immersed GM tube 
for /3-y, and a zinc su l f ide  c r y s t a l  for CL. Information is recorded in t h e  control  room, and  alarms 
a r e  provided to bring abnormal condi t ions  t o  the operator’s a t tent ion.  T h e  a la rms  also a c t u a t e  
divers ion va lves  which wil l  automatical ly  s e n d  the  blowdown flow to t h e  No. 1 holding pond if 
t h e  ac t iv i ty  is above normal. 

(b) Process-Waste Drain Monitor. - T h e  flow of p tocess-was te  water is from t h e  reactor  building 
to monitor s ta t ion  No. 2. T h i s  monitor s ta t ion  is ident ica l  to t h e  o n e  descr ibed  i n  the  previous s e c -  
tion; flow, act ivi ty ,  and  alarm information a r e  t ransmit ted t o  t h e  control room. L e a v i n g  t h e  monitor 
s ta t ion,  the flow normally p a s s e s  through two s e t s  of divers ion v a l v e s  t o  t h e  No. 1 holding pond. 
In t h e  event  t h a t  t h e  act ivi ty  leve l  e x c e e d s  a p r e s e t  intermediate  leve l ,  t h e  monitor s t a t i o n  a c t u a t e s  
diversion v a l v e s  to s e n d  t h e  flow t o  holding pond No. 2, which is normally kept  empty. If t h e  
activity leve l  cont inues  t o  i n c r e a s e ,  a s e c o n d  high-level alarm wil l  bring t h e  s i tua t ion  to t h e  
operator’s a t tent ion,  and the  f low may b e  diver ted to  t h e  ILW holding tank.  T h i s  divers ion is not 
made automatical ly  s i n c e  t h e  par t icular  condi t ions  e x i s t i n g  at t h e  t ime might not make t h e  divers ion 
advisable; however, t h e  divers ion may b e  made remotely from t h e  control  room. 

(E) intermediate-Level-Waste Monitoring. - T h e  ILW sys tem discharges  direct ly  to t h e  ILW hold- 
up tank; no in- l ine monitoring is provided. Sample s m k s  and l ines a r e  provided in the  reactor  
building for a s s a y i n g  t h e  act ivi ty  leve l  before  d ischarge  to t h e  ILW tank for w a s t e s  which a r e  d is -  
charged under t h e  d i rec t  control  of t h e  operator, s u c h  as demineral izer  regeneration waste .  Activity 
i n  t h e  ILW tank wil l  b e  measured by laboratory a n a l y s i s  of dip samples .  T h e  waste  will normally 
b e  s e n t  to t h e  ORNL w a s t e  col lect ion system; however, if t h e  w a s t c  i s  definitely of low act ivi ty ,  
it may b e  s e n t  through t h e  process-was te  sys tem,  via  monitor s t a t i o n  No. 2, to holding pond 1 o r  2. 

(d) ORNL Waste Monitoring Control Center. - As descr ibed  in Sec. 8.7.4(c), t h e  ORNL Opera- 
t ions Division maintains  a cent ra l  w a s t e  monitoring and control  center. Information from the  LWMS 
is transmit ted t o  t h i s  cen ter  i n  order  that  the  waste-disposal  operat ion c a n  b e  handled i n  a n  
orderly and c o n s i s t e n t  manner. Personnel  from t h e  Waste Monitoring Control Center  not only keep 
track of the  f lows and ac t iv i ty  l e v e l  i n  t h e  var ious par t s  of t h e  sys tem,  but  they a l s o  h a v e  t h e  
responsibility for making t ransfers  from t h e  ILW sys tem and t h e  holding ponds. 

8.7.5 Coolant Activity Monitoring 

Monitor s ta t ion  No. 1 inc ludes  a flow measurement sys tem,  a s a m p l e  col lect ion sys tem,  and a 

I’he C M S  is intended to provide information regarding t h e  radioactivity present  i n  t h e  severa l  
coolant  water s y s t e m s .  
are annunciated there. 
sensi t ivi ty .  Rout ine a n a l y s i s  of s a m p l e s  i n  the analy t ica l  laboratory will provide bet ter  informa- 
tion on low-level contaminat ion than any present ly  ava i lab le  monitot system. 

(a) Primary Coolant Monitoring. - The primary coolant  monitoring sys tem h a s  f ive  monitors 
which provide a genernl picture  of t h e  radioact ive mater ia l  dis t r ibuted in  t h e  primary coolant. T h e  
design of this sys tem presumes  that  an abnormal act ivi ty  l e v e l  i n  t h e  primary coolant  will most  
likely b e  the  resul t  of a f i ss ion  product leak in t h e  fuel  o r  target  region of the  reactor  core .  An 

T h i s  information i s  disp layed  in t h e  control room, and  abnormal condi t ions 
T h e  design of this s y s t e m  e m p h a s i z e s  s implici ty  and rel iabi l i ty  rather than 
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abnormal activity leve l  could also resul t  from l e a k a g e  of an in-pi le  c a p s u l e  or introduction of soine 
contaminant into t h e  coolant .  Monitors are  provided t o  de tec t  general  act ivi ty  in  t h e  water s t ream, 
f iss ion prodtict act ivi ty  i n  t h e  water, and gaseous  act ivi ty  in  the  hot off-gas  l i n e s  f rom t h e  
deaerator. 

and l e a v e s  via the  ex i t  pipelin?. At i t s  point of entry into t h e  pipe tunnel  three ionization cham- 
bers  (RE 255-1, -2, -3) monitor t h e  gross act ivi ty  in'the Faul ty  F u e l  Element  Detector systecii. 
T h i s  unit i s  not very s e n s i t i v e  to  s m a l l  changes  in  f i ss ion  product or contaminant act ivi ty  due 
to the  high level  of the N 6 ;  however, i t  h a s  been shown in severa l  melt down type acc idents  
tha t  t h i s  type of act ivi ty  measurement is adequate  t o  ind ica te  a gross  act ivi ty  release and is the  
ear l ies t  indication from act ivi ty  monitors ava i lab le  t o  the  operator. T h e s e  three channels  wi 11 
trip when there  i s  a s ignif icant  increase  in act ivi ty  above t h e  N l 6  background encountered a t  
fu l l  power operation. A trip on two of t h e s e  channels  wil l  produce a scram through the coinci- 
dent  s a f e t y  sys tem as wel l  as supply a s i g n a l  t o  close the  letdown block va lves  to confine t h e  
radioactivity to the  primary system. 

l ine is connected to the  e x i t  pipel ine a t  a point which is only about  2 sec delayed from the core  
ex i t  a t  normal flow. T h i s  l i n e  provides R sample stream for two s e p a r a t e  detectors  and is s o  ar- 
ranged tha t  the time de lay  from t h e  sample  point to the de tec tors  is essent ia l ly  cons tan t  desp i te  
pressure or flow variat ions i n  t h e  primary coolant  loop. T h e  sample then enters  a holdup volume 
where it is monitored for delayed neutrons by a UF,  counter (RE 200) in  order t o  provide a s e n -  
s i t i v e  sys tem for de tec t ing  f iss ion products in  t h e  primary system, The background, and hence  
the sens i t iv i ty  of t h e  sys tem,  depends upon the f iss ion products present  i n  the  primary systeiii. 
T h e  water  sample  i s  aga in  delayed to further reduce N 
monitors the  water  a t  t h i s  point for gross primary sys tem act ivi ty .  

f irs t  (RE-252) monitors the off-gas  from the primary coolant  deaerator .  
to be ta  and gamma radiation and is provided primarily as  a backup to the  f iss ion product monitor. 
In addition, this unit  provides  coverage for act ivi ty  which might resul t  from a g a s  l e a k  in  an experi- 
ment or from introduction of a i r  into the primary coolant  makeup water .  T h e  second monitor (RE 
213) i s  a beta-gamma detector  on t h e  outlet of t h e  primary coolant demineralizer uni ts .  T h i s  tiion- 
itor is provided in  order t o  de tec t  poss ib le  malfunction in  t h e  demineralizer un i t s  by providing in -  
formation on t h e  decontamination factor of the  demineral izers .  

Sample points  are provided a t  t h e  in le t  and out le t  of t h e  f i l t e rs  and demineral izers ,  and l ines  
a re  brought to a sample s ink  where samples  may b e  obtained for laboratory ana lyses .  

(b) F'ool Wotcr Monitoring. - Four  activity monitors ace provided for t h e  pool water sys tems.  
'fie four uni t s  a r e  s e n s i t i v e  to b e t a  and gamma radiation; three of  them a r e  ident ical  to the monitor 
provided on  t h e  exit of t h e  primary coolant  demineral izers ,  and the fo~i t l i  (deaerator monitor) is 
ident ical  to the monitor ins ta l led  on  t h e  off-gas l i n e  of t h e  primary coolant  deaerator. Of t h e  three  
water monitors, o n e  monitors t h e  general act ivi ty  of t h e  pool coolant  loop; one  monitors the  e x i t  
l ine from the  defect ive hiel element  s torage  tanks; and o n e  monitors t h e  pool demineral izer  effluent. 
T h e  fourth unit (RE-497) monitors the off-gas from t h e  pool coolant  deaerator. 

In addition to t h e  act ivi ty  monitors, sample l i n e s  a r e  brought from t h e  inlet and out le t  of t h e  
f i l ters  and demineralizers t o  a sample  s ink where saiiiples may b e  eas i ly  obtained for laboratory 
analyses .  

in the  secondary coolant. 
tower and is provided primarily to monitor for l e a k s  i n  t h e  h e a t  exchangers  of t h e  primary- and 
pool-coolant loops.  
act ivi ty  above noimal is annunciated.  In addition to th i s ,  a gamma monitor i s  provided on the  cool- 
i n g  tower blovdown l ine ,  a s  descr ibed  i n  Sec .  8.7.4(3). T h e  blowdown l i n e  c o m e s  from t h e  s a m e  
distribution header, and therefore t h e  blowdown monitor provides  backup information for t h e  s e c -  
ondary coolant monitor. 

T h e  coolant  rece ives  a lmost  complete  mixing a s  i t  p a s s e s  through t h e  core  support  s t ructure  

T h e  Cladding Fa i lure  Detector sys tem is provided to ind ica te  small  c ladding failures. A sample  

concentration and  a GM counter  (RK 253) 

In addition to t h e  three monitors on t h e  main coolant  s t ream, three o thers  a r e  provided. T h e  
T h i s  detector  is s e n s i t i v e  

( c )  Secondary Coolant Monitoring. - A beta-gamma monitor is provided for monitoring act ivi ty  
T h i s  monitor is located on t h e  inlet  distribution header  for the  cool ing  

'I"his information is d isp layed  in  the  control room, and an indicat ion of  
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8.8 Control and Safety System 

8.8.1 introduction 

Ana I y s i 5 

In order to e s t a b l i s h  the design b a s i s  for t h e  control  and safe ty  s y s t e m s  d i s c u s s e d  i n  t h e  fore- 
going s e c t i o n s ,  t h e  k ine t ic  behavior  of t h e  reactor  w a s  invest i  gated by ana log  simulation. T h e s e  
s t u d i e s  involved a reactor  model which incorporated i n  e s s e n t i a l  de ta i l  t h e  fuel region, flux trap, 
target, and reflector, and t h e  coolan t  a s s o c i a t e d  with e a c h  o f  t h e s e  components. T h e  effect  of t h e  
hot-spot h e a t  flux and temperature  dis t r ibut ion;  t h e  primary coolan t  c i rcui t ,  its pump character is-  
t i cs ,  both main and auxiliary; t h e  h e a t  exchangers;  the  secondary coolant  c i rcui t  and  I t s  pumps; 
and, f inal ly ,  t h e  cool ing  tower were all s imulated.  

Information generated by the analog computer included t h e  average  h e a t  flux and t h e  average 
temperature prof i le  of  the  coolan t  i n  e a c h  of t h e  regions. It w a s  found tha t  when at high power, 
the €%FIR is strongly s tab i l ized  by thermal feedback i n  react ivi ty .  This is due i n  par t  t o  t h e  la rge  
net  nega t ive  temperature coef f ic ien t  of the  sys tem and in  par t  to the extremely short  time con- 
stants a s s o c i a t e d  with t h e  t rans le r  of h e a t  be tween tuel  and coolant. T h e  average  fuel-to-coolant 
t i m e  cons tan t  at full f low IS -‘25 msec ,  which is somewhat  shorter  than that  of many ptessurized-  
water  reactors. T h i s  t ight  thermal coupl ing between the  fuel  and moderator together  with the fuel 
p la te  prompt nega t ive  temperature coeff ic ient  provide t h e  prompt negat ive react ivi ty  feedback whlch 
is effect ive in  quenching power excurs ions ;  in  parhcular ,  i t  is effect ive in  mitigating the conse-  
quences  of a s ta r tup  acc ident .  In t h i s  connect ion i t  should b e  noted that, although the temperature 
arid void coef f ic ien ts  of the coolant  in the  f lux t rap a r e  posi t ive,  t h i s  IS a region of low-power 
dens i ty  re la t ive  to t h e  fuel; thus ,  t h e  ne t  overal l  effect  of increased  power on react ivi ty  is a 
s tab i l iz ing  o n e  ai a n y  power l e v e l .  

var ious abnormal conditions. They a l s o  make evident  the abi l i ty  of the control sys tem to safe ly  
handle  t h e  reactor during cer ta in  t y p e s  of coolan t  flow variat ions.  T h e  ana log  s imulat ion inc ludes  
most o f  the known mechanisms which provide internal  react ivi ty  feedback and is bel ieved to b e  
conservat ive,  s i n c e  i t  1s vi t tual ly  cer ta in  t h a t  addi t ional  nega t ive  react ivi ty  factors a r e  oper, a t. i v e  
Additional information is contained i n  ORNE-3573. 

S o m e  of t h e  r e s u l t s  descr ibed  below demonstrate  t h e  adequacy of t h e  safe ty  system under 

8.8.2 Performance Criteria 

T h e  cr i ter ia  and mater ia l  following s e t  forth t h e  information ava i lab le  in March 1965. Some 
changes  i n  d e t a i l  were made i n  later work, however, t h e  same general  cr i ter ia  apply. ORN1,-3573 
sets forth information on  t h e  la te r  work. 

In order to judge t h e  adequacy of the s a f e t y  system, i t  w a s  n e c e s s a r y  to establish cer ta in  
performance cr i ter ia .  These cr i ter ia  were b a s e d  not only upon cer ta in  physical  boundary condi- 
l ions,  but a l s o  to some exten t  on the exper ience  and judgment of t h e  d e s i g n r r s  p r t l c u l a t l y  i n  te- 
gald to instrument. response  and noise .  T h c  s igni f icant  cr i ter ia  es tab l i shed  a r e  a s  follows. 

(a) Normal Operations. - F o r  all normal operat ions,  including s u c h  r ~ c c ~ ~ r r c n c e s  as  power 
fai lure ,  equipment n d f u n c t i o n ,  e tc . ,  t h e  hot-spot h e a t  flux i s  to be limited to d value which docs 
not e x c e e d  that  at which the  o n s e t  of nuc lea te  boi!ing occurs. 

(b) F a s t  Excursions. - F o r  t h e  case of a f a s t  excurslop,  two criter:a hbve been used  t o  judge 
t h e  e f fec t iveness  of t h e  safe ty  sys tem.  

“Nonclamage” Criterion. - T h e  hot-spot heat flux IS noi to e x c e e d  t h e  s teady-s ta te  va lue  which 
corresponds to t h e  ininimum burnout or incipierrt boi l ing h e a t  flux ca lcu la ted  for t h c  condi t ions pre+ 
ent  a t  the hot  spot .  Should t h i s  condition b e  reached, i t  is probable t h a t  some dis tor t ion ot the  fuei  
p la tes  may occur; but  no  r e l e a s c  of f i ss ion  products t o  the primary coolan t  IS expected to result. 

Damage” Criterion. - T h e  fue l  c ladding  at t h e  hot  spot reaches  t h c  melt ing temperature and  
conta ins  just  suf f ic ien t  h e a t  to ac tua l ly  in i t ia te  melting. In s imulat ing th i s  SI tuation, i t  h a s  been 
assumed t h a t  when t h e  t ransient  hot-spot hea t  flux e x c e e d s  t h e  s teady-s ta te  burnout o r  incipient  
boiling h e a t  flux, the h e a t  t ransfer  at that  s p o t  v a n i s h e s  and remains zero until the  excursion IS 

6 <  
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terminated. Under t h e s e  condi t ions,  i t  i s  further assumed tha t  t h e  darnage wil l  b e  limited to melt- 
ing i n  small  a r e a s  accompanied by a minor release of f i ss ion  produr t s  t o  the  primary coolant but 
that no mechanical damage other than warping and distortion of t h e  fuel  p l a t e s  will occur. T h i s  
criterion i s  cons is ten t  with the  observed r e s u l t s  in  t h e  SPERT t e s t  s e r i e s  for cases where only a 
small  amount of melting took place.  

8.8.3 Safety System Speed of Response 

In the  pas t ,  reactor sa fe ty  s y s t e m s  h a v e  often been des igned  primarily for protection aga ins t  
the star tup accident  (cont inuous motor-driven rod withdrawal from the  shutdown condition). 
Analyses  ind ica te  that  a fast -act ing external sa fe ty  system for t h i s  purpose i s  not required in 
t h e  HFIK. 
s ignif icant  reactivity i n c r e a s e  while  t h e  reactor is a t  power. 
A i c h  th is  could b e  brought about is t h e  introduction of a void into the coolant  in  t h e  target  
region. Whereas the  geometry of t h e  target  region and i t s  coolant  is such  that  i t  is highly improb- 
ab le  for such  a void to b e  swept  in ,  the amount of react ivi ty  and i t s  poss ib le  ra te  of addition 
appear  t o  represent t h e  maximum conceivable  reactivity acc ident  t o  t h e  reactor. For t h i s  reason,  
the “optimum void” incident  h a s  been s e l e c t e d  as  a b a s i s  for invest igat ing t h e  performance of 
the safe ty  system. 

Preliminaiy invest igat ions’  made ear ly  in  t h e  design p h a s e  ind ica ted  tha t  t h e  temperature 
coeff ic ients  a lone  were suff ic ient  to handle  t h e  ini t ia l  peak of all excurs ions  resul t ing from a 
s tepwise  inser t ion a t  full power of up to 0.0075 Ak/k .  I t  w a s  found that  to handle  s ignif icant ly  
greater amounts of react ivi ty ,  it would b e  necessary  for t h e  safe ty  system to h a v e  a shor t  release 
t i m e  and an in i t ia l  accelerat ion i n  e x c e s s  of  1 x g. A s  a resul t  of t h e s e  s tud ies ,  i t  w a s  dec ided  
that the  goal of t h e  safe ty  sys tem design effort should b e  t h e  development of t h e  f a s t e s t  sa fe ty  
system considered t o  b e  pract ical  with known techniques.  T h e  ball-latch r e l e a s e  mechanism (see 
Sec. 8.2.2) originally developed for t h e  Oak Ridge Research  Reactor  appeared to b e  t h e  only 
developed r e l e a s e  mechanism which w a s  su i tab le  for a dr ive enter ing from below t h e  reactor and 
which a l s o  offered t h e  des i red  fas t - re lease  charac te r i s t ics .  Based  upon previous experience with 
th i s  type of r e l e a s e  mechanism, i t  appeared l ikely that  a r e l e a s e  t i m e  of 0.01 sec or  less and an 
ini t ia l  accelerat ion of t h e  control p l a t e  of 4 x g o r  greater  could h e  achieved.  Accordingly, t h e s e  
performance goa ls  were es tab l i shed .  

to determine the  type of s i g n a l s  which were most appropriate and which would offer the  b e s t  pro- 
tection. It w a s  des i red  t h a t  the fast-act ing safety s y s t e m  trip a t  t h e  lowest power leve l  c o n s i s t e n t  
with continuity of operation. B a s e d  upon exper ience  with fast -act ing safe ty  sys tems,  a level  trip 
at 1.3 t imes maximum al lowable power (Fig.  8.1.1) w a s  se lec ted .  In order  to  gain an  additional 
margin of safety and t o  provide protection aga ins t  t h e  inser t ion of la rge  increments  of reactivity 
a t  both high and low power leve ls ,  t h e  performance of rate t r i p s  w a s  s tud ied  and w a s  found t o  b e  
quite effective. 
corresponding to a r a t e  of power i n c r e a s e  of 20 Mw/sec. At full power (100 Mw) t h i s  is equivalent  
to a 5-sec  period and, a t  20 M w ,  to a 1-sec period. To minimize n u i s a n c e  shutdowns due t o  elec- 
t r ical  noise ,  t h e  ra te  t r ips  a r e  RC networks rather than a different ia t ing amplifier; t h e  KC time 
constant  se lec ted  (0.25 s e c )  provides  a n o i s e  threshold which is equivalent  to a 5-Mw s t e p  in  
power. Large  and rapid reactivity i n c r e a s e s  will, therefore, not  c a u s e  a ra te  trip unt i l  the  power 
h a s  increased  by -5 Mw. 

performed i n  order t o  t e s t  t h e  abi l i ty  of the  s a f e t y  sys tem se lec ted  to cope with inc idents  occurring 
at full power. 

On t h e  other hand, a m o r e  conceivable  accident  would involve the  introduction of a 
P e r h a p s  t h e  most obvious way i n  

Invest igat ions l o  of t h e  severa l  types  of safe ty  s i g n a l s ,  trip paints ,  etc. were undertaken in  order 

T h e  sys tem w a s  therefore designed to trip on a rate  of neutrm-flux i n c r e a s e  

Later simulator invest igat ions* ut i l ized bet ter  information on reactor charac te r i s t ics  and were 

In t h e s e  s t u d i e s  various amounts of reactivity were introduced on a 30-msec ramp. 

*ORNI.-TM-l747 and ORNL-3573. 
‘R. S. Stone, internal  memorandum, August  1960. 
1 0  N. Hilvety,  R. D.  Cheverton,  and 0.  W .  Burke, Prel iminary A n a l y s i s  of NFKR Trans ien ts  R e s u l t i n g  from 

R a m p  React iv i ty  Addit ions,  ORNL-CF-63-5-45 (May 9, 1963). 
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(The approximate coolant t rans i t  t ime in  t h e  ta rge t  region is 40 msec;  however, t h e  t i m e  w a s  reduced 
to bet ter  approximate t h e  react ivi ty  buildup.) T h e  damage  and nondamage cr i ter ia  were used  to 
assess the resul ts .  Inves t iga t ions  were also made to determine sens i t iv i ty  to t h e  safety-plate- 
re lease  delay time, to t h e  in i t ia l  p l a t e  acce lera t ion ,  and to t h e  posi l lon of t h e  safe ty  p l a t e s  at t h e  
ini t ia t ion of a scram. 
previously s t a t e d ,  s i n c e  the rate  trip is most  effect ive i n  a f a s t  excursion, only t h i s  w a s  used ,  and 
It w a s  s e t  to trip at 20 Mw/sec. T h e  ra te  trip is ac t iva ted  at about  1.05 t imes normal full power if 
t h e  excursion s t a r t s  at ful l  power and  is vety fast .  

At the beginning of a n  operat ing cyc le ,  t h e  safe ty  p l a t e s  h a v e  a group reactivity worth of about 
0.007 A k / k  per  inch. A s  can b e  s e e n  from Fig. 8.8.1, t h e  case of a 10-msec r e l e a s e  time and a 
4 x g in i t ia l  accelerat ion s a t i s f i e s  t h e  nondamage criterion for the  spec i f ied  react ivi ty  i n c r e a s e  ra te  
up to  0.0071 A k / k  inse t ted ;  the damage  criterion is met €or react ivi ty  i n c r e a s e s  up to 0.0142 A k / k ,  
I t  w a s  determined t h a t  for this c a s e ,  t h e  temperature coef f ic ien ts  a lone  c a n  handle  t h e  excursion 
p e a k s  from react ivi ty  inser t ions  of 0.0058 and 0.0115 Ak/k  withln t h e  nondamage and damage 
cr i ter ia  respect ively.  

AS the operat ing c y c l e  proceeds  and t h e  control p l a t e s  a r e  withdrawn, their  worth per uni t  
t ravel  will decrease.  T h e  s i tua t ion  corresponding to  about  o n e  and one-half d a y s  before t h e  end  
of c y c l e  is shown i n  Fig. 8.8.2. 
should b e  real ized t h a t  t h e  c h a t a c t e r i s t i c s  of t h e  core  h a v e  changed during t h e  cyc le .  T h e  prompt- 
neutron lifetime will h a v e  i n c r e a s e d  from about  35 psec to about  70 p s e c ,  and an oxide  film will 
have  built up on t h e  fuel p la tes ,  particularly at t h e  hot spot .  F o r  design condi t ions in t h i s  c a s e ,  
t h e  nondamage and damage cr i te r ia  yield al lowable rapid react ivi ty  i n c r e a s e s  of 0.009 and 0.0136 
Ak/ k respect ively . 

T h e  worst  condition s tudied ,  minimum s a f e t y  p la te  different ia l  worth, o c c u r s  a t  t h e  end of t h e  
c y c l e  when the  p l a t e s  a r e  fully withdrawn (Fig. 8.8.3). It was assumed tha t  t h e  withdraw l imits  
were s e t  so that  t h e  worth of t h e  four shim-safety p l a t e s  would be no l e s s  than 0.0007 A k / k  per 
inch. Moreovet, i n  t h i s  case i t  h a s  been assumed that  o n e  of the p la tes  fa i l s  to sctam. The non- 
damage and damagc cr i ter ia  yielded acceptab le  react ivi ty  c h a n g e s  of 0.0072 and  0.0107 Ak/k  
respect ively.  

Another s e r i e s  of inves t iga t ions  was  made to determine what, i f  any, reyuirements should b e  
p laced  on t h e  safe ty  sys tem in order  to c o p e  with acc idents  which might occur  at low reactor  power. 
The acc idents  s tud ied  included t h e  s ta r tup  acc ident  and var ious  excurs ions  resu l t ing  from s t e p  in- 
c r e a s e s  in  reactivity at low power. T h e  ini t ia l  power l e v e l  u s e d  in  these s t u d i e s  w a s  4 . 0 5  w, 
which is t h e  es t imated  minimum power a t  s o u r c e  level .  T h e  simulation w a s  performed both ai 100 
and at 10% coolant  f low with the level safe ty  sys tem only, with t h e  r a t e  s a f e t y  sys tem only, and 
with all safe ty  ac t ion  de layed  (i.e., with no fas t -ac t ing  s a f e t y  system).  

At 100% coolant Ruw i t  w a s  found that  t h e  reac tor  could s a t i s f y  t h e  nondamage criterion 
during a cont inuous rod withdrawal of 0.005 A k / k  per s e c o n d  or  a s t e p  i n c r e a s e  of 0.0098 Ak/k  
even with de layed  s a f e t y  act ion.  T h e  close coupl ing be tween t h e  fuel and t h e  coolant  and t h e  
ne t  nega t ive  temperature coeff ic ient  provide t h e  i n i t i d  self-shutdown mechanism. 

self-shutdown mechanism somewhat less effect ive.  Moreover, t h e  permissible  hot-spot  h e a t  f lux is 
considerably lowered by t h e  reduced flow. In t h i s  c a s e ,  t h e  maximum s ta r tup  acc ident  which meets  
t h e  nondamage criterion with de layed  s a f e t y  act ion is 0.0025 h k / k  per  second.  Here t h e  safe ty  
sys tem is helpful, s i n c e  a n  inser t ion ra te  o f  -0.005 A k / k  per  s e c o n d  c a n  b e  handled with ease with 
ei ther  a 13-Mw trip leve l  o r  a 20 Mw/sec rate  trip. 

With de layed  s a f e t y  ac t ion  and 10% flow, a react ivi ty  s t e p  of 0.0076 A k / k  can  b e  sus ta ined  
without exceeding  the nondamage cr i ter ion.  If t h e  s a f e t y  sys tem is operat ing as spec i f ied  above,  
this i s  increased  to 0.009 A k / k .  

It c a n  b e  concluded from t h e  foregoing that for  any reasonable  ra te  of contra1 p l a t e  withdrawal, 
t h e  safe ty  sys tem need  not  b e  a signif icant  factor i n  terminating t h e  ini t ia l  t ransient  induced by a 
star tup accident .  

ments, is contained i n  OKNL-3573. 

The case in which one p l a t e  fails t o  scram w a s  also considered.  AS 

When t h e s e  c u r v e s  a r e  compared with t h o s e  of F ig .  8.8.1: it 

At 10% coolant  flow t h e  reduced h e a t  t ransfer  coeff ic ient  a t  t h e  fuel  p l a t e  s u r f a c e s  makes  t h e  

G dbscussion and summary of ca lcu la t iona l  resu l t s ,  including comparisons with SPERT t?xperi- 
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8.8.4 Regulating System Response 

A s  i n  the  case of the  s a k t y  system, the control sys tem w a s  analyzed by means of ana log  com- 
puter simulation; t h e  resu l t s  have  been ut i l ized to e s t a b l i s h  t h e  performance spec i f ica t ions  of t h i s  
system. 

B e c a u s e  of t h e  rapid post-shutdown growth of f iss ion product poisons,  a reduction in  power to 
compensate  for an abnormal condition is highly preferable t o  a scram. 

.An ana lys i s  was  made to determine the  condi t ions under which t h e  regulating sys tem could 
reduce t h e  power leve l  f a s t  enough t o  prevent actuat ion of t h e  safe ty  sys tem i n  t h e  event  of l o s s  of 
a c  power to the primary coolant  pumps. Upon l o s s  of power to  t h e s e  pumps, t h e  primary coolant  
flow wil l  fall to  25% of i t s  normal value in  5 sec and to -15% in  10 sec after normal-power failure. 
The  flow can  be held a t  th i s  leve l  by the  d c  pony motors ( s e e  Sec. 6.5) for a t  l e a s t  2 hr following 
complete ac power failure and for an indefini te  period provided t h e  d i e s e l  generators  s t a r t  properly. 
In order to avoid a s c r a m  by t h e  @ J F  circui t ,  t h e  reactor power must b e  reduced a t  about  t h e  s a m e  
rate as  t h e  flow. 
maxinrum ra te  of about --.0.0015 A k / k  per  second.  T h e  regulating rod s t roke  is limited to 5 +0.005 
Aklk;  therefore, additional nega t ive  reactivity is needed.  This is made avai lable  by t h e  air-driven 
fast  shim-plate inser t ion descr ibed in  Sec. 8.3.2(3). 

Following t h e  power reduction descr ibed above, xenon growth will c a u s e  poisoning a t  a ra te  of 
about 0.002 Ak/k  per  minute. While t h e  regulating rod i s  ut i l ized,  i t  will b e  necessary  io s t a r t  
withdrawal of the  shim p l a t e s  within 45 sec af ter  the  inser t ion i n  order to ba lance  t h i s  growth i f  
criticality is to b e  maintained. Under normal condi t ions ac power from the  normal-emergency power 
sys tems will be  ava i lab le  by th i s  time; i f  th i s  power i s  not ava i lab le ,  the  reactor will become sub- 
critical " 

To accomplish th i s ,  t h e  inser t ion of approximately -0.02 A k i k  is required a t  a 

8.8.5 Lass of Primary Coolant Pressure 

Further ana log  a n a l y s e s  l 1  were made in  order t o  inves t iga te  t h e  behavior of t h e  control and 
safety s y s t e m s  following a loss  of pressure  to t h e  primary coolant  system. 
could resul t  from a leak in  t h e  primary coolant  sys tem or from a fai lure  of t h e  pressure  control 
system (see Secs .  6.2 and  8.6.4). I t  is c lear  tha t  l o s s  of pressure  could c a u s e  burrlout of the  fuel  
a t  some point i f  t h e  reactor cont inues to opera te  a t  high power. 'The invest igat ion of  t h i s  s i tua-  
tion is n6t y e t  complete; however, the resu l t s  to  d a t e  a r e  d i s c u s s e d  below. 

If a l l  three letdown-flow control va lves  fail fully open,  t h e  letdown block valves ,  which a r e  
controlled by an independent pressure-sens ing  system, will close when the pressure  drops below 
550 ps i .  
s ta r t  t o  increase ,  c a u s i n g  t h e  block va lves  to open again.  T h u s  t h e  pressure  will f luctuate  around 
a value of 550 psi .  
pected minimum of t h e  pressure  var ia t ions,  and no scram will b e  necessary  under t h e s e  condi t ions.  

which will,  of course ,  c a m e  a scram i f  t h e  t r ip  point  i s  set a t  a higher value.  T h e  v a l u e  of t h e  
trip point i s  375 ps i ,  determined on t h e  b a s i s  of field t e s t s .  

system pressure  i n c r e a s e s  until t h e  pressirrizer pump i s  n o  longer  ab le  t o  del iver  any flow. T h i s  
will occur  at about 710 p s i  f o r  normal puiiip speed ,  and ne i ther  resu l t s  in a hazardous condition 
nor requires  a reactor shutdown. 

us ing  the  nondamage criterion. I t  w a s  found that  t h e  t ime when burnoui damage will occur  i s  
relatively insens i t ive  to the location of the  leak for t h e  cases invest igated.  T h e  sizes of the 

Such a pressure  loss 

Provided tha t  o n e  of the  main pressurizer  pumps i s  operating, the  pressure  will then 

T h e  minimum safe full-power operat ing pressure  is much lower than the  ex- 

If, in  addition, t h e  letdown block va lves  a l s o  fail open,  t h e  sys tem pressure  will fall t o  295 ps i ,  

If the letdown-flow control v a l v e s  fa i l  i n  the  c l o s e d  posi t ion,  t h e  a n a l y s i s  shows that  t h e  

T h e  ef fec ts  on the  sys tem of var ious-s ized leaks were a l s o  invest igated.  These were judged 

"0. W. Rurke to L. C. Oakes,  "Analog Computer Analys is  of Loss of P r e s s u r e  Accidents  in UFIR,"  un- 
published. 
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simulated ruptures were specified in terms of an equivalent discharge coefficient, C ,  defined by 
h e  equation Q = C , F ,  where Q is the flow through the opening in gallons per minute and AP 
is the pressure drop across the  break in  pounds per square inch. 

system will restabil jze a t  about 600 ps i  (after a sl ight pressure drop), provided the pressure con- 
trol system is operating. Such a leak will, however, empty the pressurizer pump suction tank in 
37 min. The consequences of other leaks corresponding to valve openings of various sizes ate 
given in Table 8.8.1. 

psi, the analysis showed that burnout can be avoided by proper choice of the pressure at which 
ac power is shut off to the primary pumps. This  anomalous behavior (as indicated In Fig. 7.5.1) 
results from the fact  that the  incipient boiling and burnout heat flux are reduced because continued 
operation of the primary coolant pumps during a major low-pressure incident causes  a pressure re- 
duction at the reactor outlet. Tentative values of 375 psig for the pressure s c r a m  trip sett ing and 
325 psig for the pump cutoff were finalized as additional ana lyses  based on coolant system tests 
verified that the trip sett ings provide adequate protection if the pressure set point is maintained at 
650 psig. 

With a Cv of 5, corresponding to a rupture in one  of the $-in.-ID instrumentation leads,  the 

With the letdown block valves c los ing  below 550 p s i  and the  pressure trip point set at 300 

Toble 8.8.1. Consequences o f  Primary Coolant System Leaks 

Equivalent Valve Time Requited to 
Stable Pressure  (psi) Empty Pressur izer  Cv,  Equivalent 

Discharge Coefficient 
S ize  of Leak 

(in.) Pump Reservoir (min) 

3 's 5 6 00 37 

1 10 57 0 14 

I$ 

2 

3 

25 

50 

100 

320 

120 

35 

6 

4.5 

4 





9. H F I R  SHIELDING 

9.1 Generol Criteria 

The HFIR shielding is designed to satisfy the permissible radiation dose limitations to in- 
dividuals set forth in National Bureau of Standards Handbooks No. 59 and No. 63. In unlimited 
access  a reas  the shield design is such as to result in a maximum dose rate of 0.25 mrem/hr. 
Based upon a SO-week year and a 40-hour week, th i s  represents jus t  one-tenth of the annual per- 
missible dose of 5 rem recommended by the NBS Handbooks for radiation workers. Because sus- 
tained exposure is unlikely and can be controlled, higher dose rates are permitted in limited access 
areas - thus making possible s o m e  economy in design. 

loop and for both the  primary and pool coolant cleanup systems. Shielding is also provided, where 
necessary,  for the various components of the hot off-gas (HOG) and special  building hot exhaust 
(SBHE) systems. The  primary heat exchangers a re  located in individually shielded cells and the  
main piping in a shielded pipe chase.  The demineralizers, filters, deaerators, and other equip- 
ment are also located in shielded cells or cubicles. Shielding provided by the ce l l s  is supple- 
mented in s o m e  cases with direct lead shielding on the equipment. The  off-gas l ines are shielded 
at all exposed points and the ventilation system filters are located in a shielded pit. 

The  cooling system and hot off-gas shielding have been designed not only to satisfy the re- 
quirements of normal operation, but also to handle the consequences of a major core meltdown and 
to permit orderly cleanup of the system without serious interruption to operations. 

in Table 9.1.1. These  dose  rates are, i n  general, averages for the  regions l isted,  and may  be ex- 
ceeded in s m a l l  areas near the  shield surface. The number and extent of these  “hot spots” is 
kept to a minimum so that the averall dose  rate is nut significantly affected. It is expected that 
in no case will the hot spot dose ra te  exceed ten times that prescribed for the general area of a 
region. Should significant local a reas  of high radiation be detected, they will be reduced by the 
u s e  of additional local shielding. 

Adequate shielding is provided not only for the reactor itself, but a l so  for the  primary coolant 

The  maximum design dose rates for normal operation in various regions of interest  are l isted 

9.2 Main Reactor Shielding 

The main biological shield for the reactor is the water-filled reactor pool and the concrete 
walls of the reactor pool. It may be considered to consist  of three parts: the top shield, which 
is of watet; the concrete and water lateral or radial shield; and concrete, steel, and water bottom 
shield. The general configuration is shown in Figs. 9.2.1 and 9.2.2. 

9.2.1 Reoctor Top Shield 

The reactor core is shielded above by water, the surface of which is 27 ft above the top level 
o f  the fuel. By direct u s e  of experimental data’ from the  Bulk Shielding Reactor (BSR), shown in 

IF. C. Maienschein, et al., “Attenuatlon by Water  of Radmtron from a Swlmmlng Pool-Type Reactor,” 
ORNL-1891 (Sept. 7, 1055). 
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Table 9.1.1. Shielding Criteria 

D o s e  r a t e s  a r c  for normal 100 M w  operat ion and  a r e  for the  genera l  a rea  
______.__ ......... ~ ................... ................... 

D o s e  R a t e  
(tiiuem/hr) 

Region 

Ream Room Shield F a c e  

W i t h  beam hole  p lugs  in p l a c e  
With beam h o l e  plugs out, beam hole  flooded, shut te r  c l o s e d  

Experiment Room Beam F a c e  
With experiment  faci l i ty  p lugs  in p lace  and removable  sh ie ld ing  
With experiment  faci l i ty  plugs out  and  experiment  i n s t a l l e d  

Reactor  Ray 
Operat ing f loo r  - general  
Adjacent  to reac tor  pool 

Direct ly  over  reac tor  pool 
Direct ly  over  reac tor  pool during refuel ing 

Ovcr fuel s torage  a rea  

2.5 
10 

0.25 
(1 

0.25 

1 
2.5 
25 
2.5 

Subpile  Room 10 

Water Trea tment  Wing 

General  o u t s i d e  equipment c e l l s  0.25 
Equipment removal corridor 1 

................... ___ 

Fig .  9.2.3, t h e  gatnrna d o s e  rate  a t  t h e  pool sur face  during operation a t  full power is found to b e  
approximately 2 mrem/hr. T h e  neutron contribntjon is negligible. Th i s  resul t  d o e s  not  include the  
additional attenuation due to t h e  14-in.dhick s t e e l  pressure v e s s e l  head and i s  therefore conserva-  
tive. T h e  thermal neutron flux a t  t h e  pressure v e s s e l  wal l  is too  low t o  produce a s ignif icant  
contribution f rom capture  gamma rays,  and t h e  pressure v e s s e l  dimensions a r e  large enough s o  
that. N 1 6  generation in  the pool is negligible. 

9.2.2 Lateral Shield 

Except  for the  region near  the  beam tube penetrations - which i s  d i s c u s s e d  in  a s e p a r a t e  
sec t ion  - t h e  la te ra l  sh ie ld  c o n s i s t s  of  12 ft of ordinary concrete, 7 t  ft of water, and 1 ft of 
beryllium. I t  w a s  est imated in  t h e  original design ca lcu la t ions  tha t  10 '/2 ft of concre te  (plus  
water and beryllium) would reduce t h e  d o s e  rate  at t h e  sh ie ld  sur face  to  0.17 rnrem/hr even with 
a n  al lowance of 5% for error in t h e  gamma at tenuat ion coeff ic ients .  T h e  concrete  th ickness  was ,  
however, increased  t o  1 2  f t  to  compensate  for & e  effect  of numerous condui t s  and p ipe l ines  buried 
i n  the shield.  

F o r  s h i e l d s  of t h i s  th ickness ,  neutrons and capture  gamma rays in  the sh ie ld  do not  signifi- 
cant ly  contribute t o  the d o s e  rate  at t h e  sur face .  'The shielding calculat ion is based  upon gamina- 
ray sources originating i n  t h e  ieactor  core. T h e  design es t imate  of the  d o s e  rate a t  the  exterior 
sur face  of the  sh ie ld  w a s  made by ut i l iz ing a uniform volume source  calculat ion appl ied a t  t h e  

'Let ter  from C. C. Graves,  Nuclear  Develupment Corporation, to  J. Russe l ,  Slngmaster  and  Srcyer ,  :vlth 
a t tached  ca lcu la t ions .  
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midplane of the reactor which is the locus of the  maximum dose rate. The standard equation for 
a uniform cylindrical volume source was  employed: 

B S v R 2 f  F(0 ,p t  t pcZ)  
D -  

2(a i Z )  9 

rate if: 

symbolic buildup factor, 

gamma source per unit volume, 

radius of the source region, 

self-shielding distance,  

distance from edge of source region to shield exterior surface, 

conversion factor from gamma-ray flux to biological dose  rate, 

F function, 

half angle subtended by soutce  region, 

self-shielding m e a n  free paths, 

shield material mean free paths. 

The  gamma-ray sources,  including capture gamma rays originating in  the core, were extracted 
from a gamma heating calculation using the NIGHTMARE Code. 
formulated in  terms of s ix  averaged energy groups as shown in Table 9.2.1. 

The  total gamma power was 

Table 9.2.1. Gamma Sources for Shielding Calculations 
- 

Prompt F i s s ion  Fiss ion 
Photon Energy 

( M e V )  

Total 
_______._._ and Capture Product 

Mev/sec X lo-'' 
- I_ 

0.5 8.04 2.0 10.0 

1.0 9.60 14.0 23.6 

2.0 16.4 h. 4 22.8 

4.0 7.60 0 7. GO 

6.0 6.25 0 6.25 

8.0 1.22 0 1.22 
__I_ 

Mass attenuation coefficients of the various materials involved i n  the  shielding calculabon 
for each of the s ix  energy groups were obtained fiom bas ic  da t a5  and are  reproduced in  Table 
9.2.2. Self-shielding distances wete obtained using attenuation coefficients calculated on the 
bas i s  of a homogenized core and, because of the  thickness of the concrete outet  portion of the 
shield, the buildup factor used was that for concrete. 

I_ 

3Syn1bol is as defined by T.  Rockwell, Reactor Shleldlng Desrgfi Manual, p. 8, Van Nostrand, New York, 

4M. L. Tobias, et a t . ,  NIGHTMARE - an IBM 7090 Code for the Calculatzon o f  Gamma Hea t lng  I R  Cyltn- 

1956. 

dncal  Geometry, ORNL3198 (Feb. 9. 1562). 
'Herbert Goldstein, The Attenuatzot, of  Gamma Rays and Neutrons  In Reactor Shields, NDA-34 (May 1. 

19.57). 
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B e c a u s e  the angle subtended by t h e  reactor  a t  t h e  exterior sur face  i s  only Go, t h e  buildup 
factor may b e  introduced as  a constant .  Moreover, for the same reason,  and b e c a u s e  t h e  self- 
shielding represeiits only a small fraction of t h e  shielding,  a point source ca lcu la t ion  g ives  ade- 
qua te  resul ts .  I t  i s  p o s s i b l e  to es t imate  t h e  extreme va lues  of the  d o s e  ra te  by u s i n g  point 
s o u r c e s  located a t  t h e  reactor a x i s  and a t  t h e  outer  edge of the core  region respect ively.  

thick a r e  shown in T a b l e  9.2.3, both for t h e  dis t r ibuted volume source and for the  extremes ob- 
ta ined from the point  s o u r c e  calculat ions.  T h e s e  d o s e  r a t e s  were computed us ing  t h e  attenuation 
coeff ic ients  given i n  T a b l e  9.2.2 and would i n c r e a s e  by a factor of about 4 i f  each  of t h e  coeffi- 
c i e n t s  were reduced by 5%. 

T h e  ca lcu la ted  d o s e  r a t e s  at t h e  reactor  midplane a t  the sur face  of a concre te  s h i e l d  10 >2 ft 

Table  9.2.2. Mass Attenuation Cooff ic ients (crn2/gm) 

Concre tea  El 2O 
A I  Be F e Photon 

Energy .......... ............... II ...__...........I 

0.5 0.0840 0.0772 0.0828 0.0967 0.0872 

1.0 0.0613 0.0564 0.0595 0.0706 0.0637 

2.0 0.0432 0.0393 0.0121 0.0493 0.0417 

4.0 0.0310 0.0265 0.0330 0.0337 0.0318 

6.0 0.0264 0.0211 0.0304 0.0275 0.0268 

8.0 0.0241 0.0180 0.0295 0.0240 0.0242 

a 
These a r e  v a l u e s  for ordinary concre te  with a dens i ty  of 2.35 g / c c  and  the following composi t ion in 

w t  %: 0.56% H. 49.83% 0, 31.58% Si, 4.56% AI, 8.26% Ca, 1.22% Fe, 0.24% Mg, 1.71% Na, 1.92% K, 0.12% S. 

Toble  9.2.3. Dose Rates at Latera l  Reactor Shield 5urface Midplane ( m r e m h r )  

Volume Source 

Uniform 

P o i n t  Source 

Minimum Max iniuin 
~. ......... 

~ ..... ... ............... ___ ............... ___ 

6 0.023 0.0053 0.056 

8 0.02 1 0.013 0.035 

T o t a l  0.044 0.018 0.091 

9.2.3 Bottom Shield 

?'he unpenetrated portion of t h e  bottom sh ie ld ,  wlrich provides protection for the  subpi le  room, 
c o n s i s t s  of 7 >2 ft of w d e r  beneath the  reactor core ,  and 7 f t  of barytes  concrete  (densi ty  210 
lb/ft 3 ) .  T h e  d o s e  rate  through t h i s  portion of t h e  s h i e l d  h a s  been est imated,  by tnethods s imilar  
t o  those  used  in Sect. 9.2.2, to  be 0.2 mrern/hr. 

T h e  pressure  v e s s e l  extension, which is about  30 in. ID, penetrates  the bottom s h i e l d  on a 
l i n e  coaxial  with t h e  reactor core. T h i s  extension is provided with a shielding plug which b e -  
g i n s  81 in. underneath t h e  core  and which c o n s i s t s  of 59 in. of water  contained between 18 in. of 
s t a i n l e s s  s t e e l  a t  t h e  top and 6 in. of s t a i n l e s s  s t e e l  at  t h e  bottom. In addition, the  bottom head  
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provides 6 '/z in. of s t a in l e s s  s t ee l  shielding. 
estimated to b e  less than 0.1 mrem/hr during 

The  maximum dose rate through the plug itself is 
100 Mw operation. 

The  bottom shielding plug is penetrated by a number of s leeves  to allow access  to the core 
for the control plate drives, the fission chambers, and the N ' 6  probes. Except for the 0.063-in. 
water-filled annular clearance gaps, the control p la te  drive s leeves  a re  plugged by the  s ta in less  
s t ee l  control drives, which serve as an effective neutron and gamma shield. The  other penetra- 
tions, however, may contribute significantly to the  dose  rate in the subpile room. 

probes, extend through the bottom plug to within 
10 in. of the bottom of the reactor core. These  pipes are filled with water, which 1s taken directly 
from the core exit  plenum and removed through holes  drilled radially in the edge of the bottom 
head. This  head, shown in Fig. 5.4.3, provides a minimum of 332 in. of steel shielding for the 
N "-bearing water. The  contribution of the reactor t o  the dose  rate beneath these  s l eeves  was 
obtained by u s i n g  Bulk Shielding Reactor data to obtain the dose rate a t  the top of the plug, and 
then replacing that by a Fermi-emitter with twice the  strength. The local N l 6  contribution was 
obtained using l ine geometry and an N l 6  concentration of 4.3 x lo6  d i s  sec-l ~ m - ~ .  The  hot- 
spot dose rate w a s  found to be 25 mrem/hr. The  N '' sample lines, which are 3/6.m..-diam tubes, 
located in the subpile room are shielded with 2 in. of lead which reduces the dose rate to 16 
mrem/hr a t  the shield surface. 

of the core, is extremely difficult to estimate both because the empty tubes are offset to reduce 
streaming, and because of the fact that  the location of the  fission chambers varies during opera- 
tion. Based on a combination of experience and very crude analysis,  a hot-spot dose  rate of 
100 mrem/hr s e e m s  probable. Provision has  been made for local shielding against both neutrons 
and gamma rays should this be  necessary. 

Four T4-in.-diam pipes, surrounding the N 

The dose rate due to the three 3/4-in. fission chamber tubes, which a l so  extend to within 10 in. 

9.3 Experimental Facilit ies 

The beam tubes and the engineering facil i t ies penetrate the main reactor shield. Special 
shielding IS required at these  penetrations to  prevent leakage around and through the penetra- 
tions and to provide shielding for experiment installations which must themselves b e  shielded. 
The  c r ikca l  facility located a t  the e a s t  end of the clean pool a l so  required separate shielding. 

9.3.1 Engineering Facilities 

The four engineering facil i t ies shown in Fig. 9.2.1 penetrate the shield a t  an angle of about 
41" with the vertical along a line tangent to the outer edge of the beryllium reflector. The outer 
ends  of these  tubes are located a t  the  upper part of the r e a c t o r  pool wall in the floor of the ex- 
periment room. 

The shielding requ i r emen t s  and arrangement will vary depending upon the nature of the ex- 
periments to be  conducted in  t h e s e  facilities. Other than a concrete plug of approximately the 
thickness of the pool wall (and the possible flooding in the rest of the tube), no permanent shield- 
ing is initially provided. 
to permit the erection of sufficient temporary or semi-permanent shielding to reduce the  dose rate 
from any credible experiment to less than 1 mrem/hr. Initial operation commenced with only one 
engineering facility; the other flanged reactor vesse l  openings were blanked off. 

Sufficient space  with adequate permissible floor loading is available 

9.3.2 Beam Holes 

The three 4-in.-diam horizontal beam tubes penetrate the shield at the level of the reactor 
center line. Two of these  are tangential and one radial. The  shielding for each  of the beam tube 

\ 
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penetrat ions i s  t h e  same;  however, t h e  ca lcu la t ions  have  been b a s e d  on radiation a t  t h e  radial 
beam hole  which is directed a t  t h e  a x i s  of t h e  reactor  and t h u s  is t h e  maximum case. 

Each beam tube terminates  in a r e c e s s  in  t h e  beam port cavity a s  descr ibed in  Sect. .S.6,1 
and shown i n  Fig.  9.3.1. T h e  portion of t h e  sh ie ld  through which t h e  b e a n  tube penet ra tes  i s  
an 8 x 7 f t  sec t ion  of barytes  concrete. T h e  r e c e s s  pene t ra tes  into th i s  sec t ion  for about  3 ft, 
and the beam hole  l iner  p ie rces  the  remaining 4 ft in to  the  reactor pool. T h e  l iner  is f i t ted with 
a s tepped  s t a i n l e s s  s t e e l  s l e e v e  which, with the water, i s  equivalent  to  about 6 ft of barytes  con- 
crete ,  T h e  liner is 18 in.  in  diameter  a t  the outer end  and is s tepped  t o  14 in. at i t s  inner end. 
T h e  inner bore of the  s l e e v e  is a l s o  s tepped  to match t h e  aluminum beam tube. T h e  beam tube 
w a s  initially provided with a s tepped  plug designed t o  provide adequate  shielding. Additional 
shielding may b e  provided by a lead  barrel shut ter  loca ted  be tween t h e  end of t h e  beam tube  and 
the external  movable concre te  shield.  T h e  shut ter  c a n  provide a n  addi t ional  minimum equivalent  
th ickness  of 4 f t  of barytes  concre te  when c losed .  

shielding during beam hole  u s e .  T r a c k s  are provided on  which t o  mount t h e s e  sh ie lds .  Initial 
operation w a s  with s t a c k e d  concre te  block shie!ding, ra thet  than  with t h e  movable sh ie lds .  

A c c e s s  to the  beam tube face during reactor operation will require that  t h e  shut te r  b e  c l o s e d  
and that  the  beam tube b e  flooded a t  l e a s t  a minimum d i s t a n c e  of 8 ft. T h i s  will provide minimum 
shie ld ing  equivalent  to  4 f t  of barytes  concrete  p lus  t h e  8 ft of water. Us ing  Bulk Shielding Re- 
ac tor  da ta  with su i tab le  geometry correct ions,  t h e  f a s t  neutron d o s e  rate  is es t imated  a t  23 mrem/lnr. 
By us ing  a point  source  model, t h e  gamma d o s e  rate  was est imated a t  3 mrernfir. 

There  is the  possibi l i ty  that  s o m e  h o t  s p o t s  e x i s t  due  to sca t te r ing  through c l e a r a n c e s  around 
t h e  shut ter  housing or through less d e n s e  aluminum portions of t h e  shut ter ;  however, t h e s e  should 
not  exceed  100 mrem/hi and, if necessary ,  local sh ie ld ing  c a n  b e  employed. 

Movable outer concre te  sh ie ld ing  which f i t s  into t h e  beam port c a v i t i e s  is provided for 

9.3.3 Critical Faci l i ty  

T h e  design b a s i s  for t h e  cr i t ical  faci l i ty  sh ie ld ing  w a s  a n  IIFIR core  operated a t  1 Mm. T h e  
cr i t ical  facility pool, shown in Fig.  9.4.2, is 8 ft in  diameter  and 25 ft deep. T h e  depth of t h e  
water over the  c o r e  is 19 ft. 

Direct u s e  of t h e  BSR d a t a  ind ica tes  a negl igible  contribution due  to neutrons at the sur face  
and a maximum d o s e  rate  of 17 mrem/hr due t o  gamma radiation exc lus ive  of N 16. T h i s  ra te  is 
permissible  b e c a u s e  of the  relat ive inaccess ib i l i ty  of t h e  pool sur face  over  t h e  core ,  the ease of 
controlling access, and t h e  discont inuous nature  of t h e  operation. 

T h e  polygonal la teral  sh ie ld  c o n s i s t s  of t h e  s torage  pool water  on o n e  s i d e  and a minimum of 
6 f t  of barytes  concre te  on the others; addi t ional  shielding is furnished by t h e  approximate 2 ft of 
water  between t h e  core  and t h e  pool wall. 13ecause of t h e  increase  in  effect ive sh ie ld ing  as t h e  
angle  of view through t h e  sh ie ld  increases ,  ordinary concrete  w a s  u s e d  in tha t  portion of t h e  
sh ie ld  above t h e  834-ft e levat ion.  

Us ing  the  minimum th ickness  in  a point source  calculat ion,  t h e  hot-spot d o s e  rate  w a s  found 
to b e  2.5 mrem/hr. T h i s  occurred in  an i n a c c e s s i b l e  a r e a  high on t h e  wall of the  e lec t r ica l  equip- 
ment room. T h e  maximum est imated d o s e  rate  on t h e  experiment floor w a s  0.25 mrem/hr loca ted  
a t  the  intersect ion of the  sh ie ld  and t h e  floor. 

circulation pump, to provide for an N suppression device,  o r  for possible  experimental use.  
Local sh ie ld ing  wil l  b e  required around t h e s e  penetrat ions when in  use.  When not in  u s e  t h e  
s l e e v e s  will b e  appropriately plugged or shielded.  

Two 6-in. s l e e v e s  a r e  provided in  the  sh ie ld  wall to permit future instal la t ion of a pool water  

9.4 Coolant System Shielding 

T h e  coolant  system shielding h a s  been des igned  to sa t i s fy  t h e  general cr i ter ia  s e t  forth in  
Sect. 9.1. In addition t o  t h e s e  criteria, the  primary water  sys tem sh ie ld ing  is des igned  to  meet  
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_l_l_- - 
Element Fraction of Total  Released  

the following additional requirements: 

dose rates in unlimited access areas  sha l l  not exceed 0.25 mrem/hr. 

bas i s  while the reactor is in normal operation. Th i s  implies a maximum area-wide dose  rate in 
the  cell of 100 mrern/hr, with possible higher local radiation due to residual activity in the equip- 
ment. 

3. The maximum dose rate a t  the shield surface 24 hr after a major core meltdown shall  not 
exceed 1 rem/hr. 

4, The  maximum dose rate a t  the shield surface immediately following a minor core meltdown 
shall  not exceed 1 rem/hr. 

For the purpose of calculation, a major meltdown is arbitrarily defined' as one from which the 
fission products l i s ted  in Table 9.4.1 are released in the amount specified to the primary coolant 
system. A minor meltdown is defined to be one  which releases 1% of the fission products l isted 
in th i s  table. 

governed by any one of the criteria, depending upon which condition is controlling. 

1. During operation of the reactor with one  defective fuel plate (pinhole leak), the maximum 

2. A primary heat exchanger cell which is not in service may be entered on a limited time 

The  shielding thickness required for the various components of the coolant systems may be 

Element Frac t ion  of: To ta l  R e l e a s e d  

Krypton 1 

Xenon 1 

Bromine 0.1 

Iodine 0.1 

S e  1 en ium 0.01 

Molybdenum 0.0 1 

Tellurium 0.01 

Technetium 

Ruthenium 

Rubidium 

Cesium 

Strontium 

Barium 

All  Others 

0.01 

0.01 

0.001 

0.001 

0.00 1 

0.001 

0 

9.4.1 Primary Coolant Loop Shielding 

The thickness of the shielding for the primary coolant loop, which includes the primary pumps 
and hea t  exchangers, and the high pressure piping, i s  governed by the N I' formed in the cooling 
water by the 0 16(n,p)N reaction, as indicated in Fig. 9.4.1. Except for that  pottion of the loop 
located in the reactor pool, the primary loop shielding is of concrete, The general arrangement is 
shown i n  Fig. 9.4.2. The  shield thicknesses are shown on the figure and are l isted in Table 9.4.2. 

Nitrogen-16 disintegrates by be ta  decay with a half-life of 7.35 sec. Approximately 75.9% of 
the disintegrations are accompanied by the emission of 6.13-Mev gamma rays and 6% by the  e m i s -  
sion of 7.10-Mev gamma rays. An estimate of the N concentration a t  various points in the sys- 
t e m  is given in Table 9.4.3. This  estimate is based upon a cross  section for the 016(n,p)N1' 
reaction of 0.59 mb for neutrons of energies greatet than the effective threshold energy of 11.7 

- 
6G. E. Creek, W. J. Martin, and G. W. Parker, Expermtents on the Release of Fisszon Products from 

Molten Reacfor Fuels ,  ORNL-2616 (July 7, 1959). 
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MeV, upon a flow rate of 15,000 gpm, and a reactor power leve l  of 100 Mw. T h e  coolant  circuit 
t ime external to the reactor is 25.7 sec. Design changes  which resul ted in  higher flow rates give 
s l ight ly  lower N act ivi ty  leve ls .  

Other s ignif icant  radionuclides which a re  normally present  in  t h e  primary cool ing water  are 
N a Z 4 ,  MgZ7, and AIZB, a l l  of which resul t  from t h e  interact ion of neutrons with ahmitiurn. T h e  
pertinent charac te r i s t ics  of t h e s e  i so topes  are given in  'Table 9.4.4. The N a 2 4  concentration 

Table  9.4.2. Primary C o o l a n t  S y s t e m  Shielding Requirements 
....____. ~ .... ___-___----.- _.._____ 

Shield Location Items Shielded Concrete Shielding 
-. ..... ....... ___ __ .......... .... 

~ ..... 

Wall between pipe tunnel 
and beam rootti 

Wall between pipe tunnel 
and first pump and hea t  
exchanger ce l l  

Wall between pipe tunnel 
and rear of pump and 
hea t  exchanger ce l l s  

Wall between pipe tunnel 
and equipment removal 
corridor 

P ipe  tunnel roof 

Walls between pump and 
hea t  exchanger ce l l s  

Roofs of pump and heat 
exchanger cells 

Piping 

Piping 

4 ft, barytes concrete 

41/ ft, ordinary concrete 
2 

4) ft, ordinary concrete 
2 Piping 

55 ft, ordinary concrete 
2 Piping 

55 ft ,  ordinary concrete 

41/ f t ,  ordinary concrete 
3 

2 

Piping 

Piping and hea t  exchangers 

5 5  ft, ordinary concrete 
2 Piping and hea t  exchangers 

~. ....... .__ .......... .... 

Table 9.4.3. N" Act iv i ty  a t  Various Locations 

Decay T i m e  Water Activity 
(set) (dis set.-' m1-l) 

......... ........ __I._. ......... 

Reactor ves se l  exit  0.0 4 .3x  lo6  
Discharge l ine a t  tunnel entrance 1.4 3.8X lo6  
Line a t  comer  of tunnel 2.6 3.4 x l o 6  
Inlet to  Cel l  1 1 0 ~  3.3 3.2 x l o 6  

Heat exchanger in Cel l  llQB 

pump in cell 1 1 0 ~  

Inlet line a t  discharge of Cell l l O a  

Inlet l ine a t  comer  of tunnel 

10.3 

16.2 

17.5 

21.1 

2.1 x lo6 
1.1 x lo6  
8.2.X lo5  
5 . 9 ~  l o 5  

~~ 

aActivity leve ls  in Cel l  111 are 0.902 and in Cel l  112 are  0.732 times those in Cell 110. 
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Table 9.4.4. Characteristics of N c I ~ ~ ,  Mg2', and 

Gammas Emitted Forming 

Reaction Half-Life from Isotope Isotope 

(MeV) 

NaZ4 A L ~ ~ ( ~ ~ , ~ ) N ~ ~ ~  15.06h 1.38 (100%) 
2.76 (100%) 

MgZ7 A I ~ ~ ( ~ , ~ ) M ~ ~ ~  9.4511 0.84 (100%) 
1.01 (20%) 

AI2' ~ 1 ~ ~ ( ~ ~ ,  y ) ~ l  2 8  2.27m 1.78 (10%) 

was estimated to be between 1.8 x 10' and 7.3 x 10' atoms/ml. The  latter value, which is equiv- 
alent to an activity concentration of 9.32 x l o3  d i s  m l - I  sec-' was used. By employing this N a Z 4  
activity and the relative concentrations of NaZ4 ,  LLIgZ7, and A128 found experimentally i n  the ORR,7  
the  concentrations of MgZ7 and A12* in the tIFIR primary water system were estimated to be 
3.18 x lo5 and 2.01 x 10' d i s  ml-' sec-l respectively. 

The  shield thicknesses were calculated using the foregoing sources. In most cases, cylin- 
drical geometry employing the formula given in Sect. 9.2.2 w a s  used to approximate the various 
components in the  system. A s i m i l a r  set of calculations with fission product sources distributed 
uniformly according to Table  9.4.1 was also performed. In these  latter calculations the  cooling 
system volume was taken as 11,375 gal and the core as having been subjected to 15 days  
operation a t  100 Mw. For these  calculations the four energy groups of Blomeke and Todd8 were 
used to calculate the  dose rates. Attenuation factors for both sets of calculations were those of 
Snyder and Powell. Some typical results of these  calculations are shown in Fig. 9.4.1. 

9.4.2 Primary Cleanup System Shielding 

Shielding for the primary coolant cleanup system is provided to afford protection from activa- 
tion products such as N a Z 4  which are removed by the system, and in addition to permit orderly 
decontamination of the primary coolant in the event of a core meltdown. The  various components 
of the system are located in shielded cells, the arrangement of which is shown in Figs. 9.4.3 
and 9.4.4. The  shielding requirements are l i s ted  in Table  9.4.5. In some cases stacked block 
rather than poured concrete is used in order to facil i tate repair or replacement of the various i t e m s  
of equipment. 

Water entering the primary coolant cleanup system through the let-down lines is held up in a 
decay tank for at least 90 sec before it enters the  primary coolant deaerator. Th i s  is sufficient 
delay to allow decay of N l 6  to a negligible concentration. The  decay tank is a long, 12-in.-diam 
pipe located in the pipe tunnel and is therefore protected by the  primary loop shielding. 

Shielding for the deaerator is governed by the  quantity of volatile fission products which may 
possibly accumulate in th i s  unit following a major fuel meltdown. The  shielding calculations are 
based on the deaerator's containing a l l  of the Kr,  Xe, I, and Hr released as indicated in Table 9.4.1. 
The results indicate that 3 f t  of barytes concrete is adequate to satisfy the meltdown criteria and 

7J. C. Ward, Radioactrvrty of Nuclear Reactor Coolrng Flurds, ORNL-3152 (Sept. 20, 1961). 

* J. 0. Blomeke and M. F. Todd, Uranium-235 Fission Product Production as a Function of Thermal 

9W. S .  Snyder and J. L. Powell, Ahorpt ion of Gamma Rays ,  OKNL-421 (Mar. 14, 1950). 

Neution Flux, Irradiation Time and Decav Time, ORNL-2127 (Aug. 19, 1957). 
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Table 9.4.5, Priinory Coolant ‘Cleanup System Shielding Requirements 

Shield J.,ocation I tems Shielded Shielding 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. . ......... ~ ...- .... 

Letdown l ine  in  equipment  removal corridor Letdown l ine  3 in. l e a d  

Primary coolan t  deaera tor  cell Primary water  l ines ,  deaerator. 3 ft b a r y t e s  concre te  
and deaera tor  condensers  

Primary coolan t  c leanup sys tem pump cell Priniary coolan t  c leanup s y s t e m  2 f t  ordinary concre te  

pump 

Primary coolant  c l e a n u p  sys tem c e l l  Primary ca t ion  exchanger  3 3  f t  ordinary concre te  
2 

plus  3 in. l e a d  

Primary coolant  c leanup sys tem c e l l  Primary an ion  exchanger  3 3  ft ordinary concre te  
2 

Primary coolant  c l e a n u p  sys tem c e l l  Primary coolan t  sys tem 

pref i l ter  

3 3  f t  ordinary concre te  
2 

p l u s  3 in. l e a d  

Primary coolant  c l e a n u p  s y s t e m  c e l l  Primniy coolan t  s y s t e m  3 f t  ordinary concre te  
af terf i l ter  

inore than adequate  to  sa t i s fy  t h e  cr i ter ia  for normal operation. As before, cyl indrical  geometry 
w a s  used  in  t h e s e  calculat ions.  

Shielding for t h e  primary coolant  cat ion exchange  uni t s  is based  on t h e  assumption that  all of 
t h e  N a Z 4 ,  Mg2’, and A12’ i n  the b y p a s s  flow t o  t h e s e  uni t s  is removed. T h e  total flow to each  of 
t h e  two uni t s  is taken to be 200 gpm and t h e  i so topic  concentrat ions a r e  t h o s e  given in  Sect. 9.4.1. 
T h e  sh ie ld  th ickness  w a s  ca lcu la ted  using cyliiidrical geometry. T h e  sh ie ld ing  provided - a 
3.>2-ft ordinary concre te  c e l l  wall p l u s  3 in. of l e a d  cladding on t h e  cation exchanger  v e s s e l  
suff ic ient  t o  reduce t h e  d o s e  rate  a t  the  exter ior  cell wall to 0.13 mrem/hr. T h i s  w a s  f o i ~ ~ d  to b e  
more than adequate  t o  meet the  meltdown cr i ter ia  also. 

re leased  during a major meltdown was absorbed in  t h e  two units. In th i s  case, it w a s  foimd tha t  
3 $2 ft of ordinary concrete  w a s  adequate  to  sa t i s fy  t h e  meltdown cr i ter ia  and more than adequate  
t o  meet the  requirements of n o m a 1  operation. 

T h e  primary coolant  prcf i l ters  a r e  loca ted  in  t h e  s a m e  cells with their  respec t ive  ion exchange 
units, and they a r e  sh ie lded  individually with 3 in. of lead  cladding in  addition to  t h e  3 /2- f t  thick 
c a l l  wall. T h i s  h a s  been shown to b e  adequate  for both t h e  meltdown and nomial operation cases. 
T h e  afterfilter will accumulate  l i t t l e  act ivi ty;  i t  is loca ted  in  o n e  of t h e  demineralizer cells and the  
3 4-ft concre te  c e l l  wall provides adequate  shielding. 

where exposed,  sh ie lded  by 3 in. of lead.  All other  l i n e s  and equipment a re  e i t k m  loca ted  in t h e  
equipment c e l l s  o r  buried in t h e  shielding walls. Calculat ions show that  t h e  equivalent  of 2 ft 
of ordinary concrete  is adequate  for t h e s e  i t e m s .  

is 

Shielding for t h e  anion exchange uni t s  w a s  based  upon t h e  assumption that  all of t h e  iodine 

T h e  letdown l i n e s  which convey water from t h e  primary loop to  the  primary coolan t  system are ,  

8.4.3 Pool Cleanup system 

T h e  shielding requirements for t h e  pool c leanup demineral izers  and f i l ters  were b a s e d  on 
experience with the  ORR system. T h e  radiation l e v e l s  at t h e  sur faces  of t h e  ORR pool filter and 
demineralizer range from 6 to 1 4  mrem/hr. 
suff ic ient  to  sh ie ld  t h e s e  uni ts  in  t h e  pool c leanup sys tem except  for t h e  cat ion exchanger, which 
requires 2 in. of l e a d  shielding in  addition to t h e  1-f t  concrete  wall. 

It w a s  ca lcu la ted  that  1 f t  of ordinary concre te  would b e  
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The shielding for the exposed portion of the discharge l ine from the defective fuel element 
storage tanks to the pool cleanup system was based on the arbitrary assumption that 0.1% of a 
melted fue l  element is located in th i s  portion of the line. It was found that Z i  in. of lead would 
reduce the resulting radiation to 1 rem/hr 5 ft from the line, so th i s  l ine is either buried In an 
equivalent thickness of concrete o r  shielded with th i s  thickness of lead in access ib le  spots. 

9.5 Ventilotion System Shielding 

The HFIR containment (SBHE) and hot off-gas systems (HOG), described in  Sec. 4, are 
designed to remove airborne radioactivity from the  HFIR building and equipment and deposit 
particulate activity on filters which are located in a pit jus t  outside the northwest corner of the 
reactor building. 

ductwork is buried in the various concrete walls or ins ide  a shielded compartment. Where con- 
venient, the HOG l ines  are a l so  buried i n  concrete or, in exposed areas ,  are shielded by the 
equivalent of 1 in. of lead. Provision is made for additional local shielding should this be found 
necessary because of the requirements of some of the experiments or other equipment. 

Relatively large quantities of radioactive material may be collected on the filters. The 
shielding of the filter pits, summarized in Table  9.5.1, was calculated by using a l l  of the iodine 
and bromine released during a major meltdown as the radiation source. For the purpose of com- 
putation, it is assumed that these  products are uniformly distributed as a l ine source 9 Et in 
length for a SBHE fi l ter  bank and 2 f t  in length for an  off-gas filter bank. The  shielding is ade- 
quate to  permit filter removal from a pit which is off-stream during normal reactor operation. 

N o  special  shielding is provided for the  SBHE ducts within the building, however, much of the 

Table 9.5.1. Filter Pit Shielding 

Shield Location Items Shielded Shieldmg 

Roof of the special  building hot exhaust SBHE filter 
(SBHE) filter cells 

Parti t ions between SBHE filter ce l l s  SBHE f i l t e r  

Sides of SBHE filter cells SBHE f i l t e r  

Manhole covers over the ltilet and outlet Inlet and outlet lmes of the 
l ines  of the SBHE filter cells SBHE filter cells 

Roof of the hot off-gas (HOG) filter cells 

Parti t ions between HOG filter cells 

Parti t ions between SBHE fllter ce l l s  and 

HOG filter 

HOG filter 

HOG fl l ter  
HOG filter cells 

Sides of HOG filter cells HOG filter 

2 ft ,  ordinary concrete 

2 ft, ordinary concrete 

2 ft, ordinary concrete 
for Q distance of a t  
least  2 ft below ground 
level 

1 ft. ordinary concrete 

4 ft, ordinary concrete 

4 ft, ordinary concrete 

4 ft, ordinary concrete 

4 ft, ordinary concrete 
for a distance of at  
l ea s t  4 f t  below ground 
level 

Manhole covers over thc inlet  and outlet Inlet and outlet l ines  of the 2 ft, ordinary concrete 
HOG filter cells l i nes  of the HOG filter cells 

- 
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B e c a u s e  act ivi ty  enter ing the SRIIE f i l ters  would resul t  from a n  underwater meltdown, the 
sh ie ld  th ickness  w a s  spec i f ied  on the  b a s i s  of a source  equivalent  to 1% of the  total  halogens in 
t h e  core ,  and the HOG filter sh ie ld  thickness  was based  on 10% of t h e  halogens.  

aga ins t  radiatiori from act ivi ty  which may col lect  on t h e  fan surface.  
T h e  HOG f a n s  may be  sh ie lded  by  2 f t  of s tacked  ordinary concrete  block to provide protection 

When spent  fuel e lements  a r e  removed from the  reactor they must b e  s tored,  Fig. 9.6.1, for 1 
d a y  on a spec ia l ly  sh ie lded  rack in  t h e  reactor pool and then may b e  transferred to a rack in  the  
s torage  pools  for further f iss ion product decay  prior to shipment t o  a reprocessing plant. Any fuel  
element that  h a s  a cladding fai lure  will b e  put into a defect ive fuel  e lement  s torage  faci l i ty  lo- 
ca ted  i n  the reactor pool under 30 ft of water, which will  prevent contamination of t h e  pool water  
by flowing water f rom the  pool through t h e  defect ive element  t o  the  pool c leanup sys tem.  

The  spent  coie s t o i a g e  racks ,  F ig .  9.6.2, a r e  located on 2 $2-ft centers  and support  the  s p e n t  
cores  2 f t  above  t h e  pool bottom. T h e  racks position t h e  cores  a minimum of 7'/2 f t  from the south  
p o l  wall (5-ft-thick concrete)  and a minimurn of 3 %  ft from t h e  north wall (4-ft-thick concrete). 
T h e  experiment room is located south of t h e  pool and is a n  unlimited access area.  Uehind the  
north wall are the  heat  exchanger  cells which are a c c e s s i b l e  011 a limited time b a s i s  only. 

t o  prevent overheat ing of concrete  and  s t reaming into t h e  HB2 beam path, 

Shielding for th i s  s ta i rwel l  is provided by t h e  pool floor which i s  composed of 22 in. of barytes  
concre te  on top of 14 in. of s t e e l  armor plate. 

'The defect ive element  s torage  t a n k s  have  s p e c i a l  s t e e l  shadow s h i e l d s  3 in. thick,  Fig. 9.6.3, 

A stai rwel l  l ead ing  to  t h e  subpi le  room i s  loca ted  beneath part o€ the  c lean  s t o r a g e  pool. 

9.6.1 Estimated Dose RaPa2.n 

Estimated hot-spot dose  ra tes  a t  t h e  outer  edge  of t h e  sh ie ld  for handl ing and  s torage  of s p e n t  
c o r e s  a re  shown i n  T a b l e  9.6.1 for t h e  a r e a s  descr ibed,  T h e  gamma sources  a n d  per t inent  attenua- 
tion parameters are given i n  the  following sec t ion ,  

point source  approximation is a good one  and er rs  on t h e  conservat ive s ide .  
In t h e s e  ca lcu la t ions ,  t h e  c o r e  w a s  considered a point source;  for t h e  d i s t a n c e s  involved, the  

T a b l e  9.6.1. Est imated Dose Rafes  from Spent Cores 

Operation Shield Dose Hate 

(mrem/hr) 
Dose Location 

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

Transfer 14)  ft water 

Reactor pool storage 

Clean pools storage 

Clean pools storage 

Clean pools storage 

Clean pools storage 

16 ft water 

16 ft water 

5 ft concrete plus 7 5  ft water 

4 ft concrete plus 3 5  ft water 

22 in. barytes concrete plus 14 in. s t ee l  

2 

2 

Reactor poola 14 

Reactor poola 2 

c l e a n  poolb 0.1 

Experimental areab 0.05 

Heat exchanger cellb 100 

Stairwell to subpile roomb 1.5 
~ ~ 

hour after reactor shutdown. 
day dftrr  reactor shutdown, freshest  core in worst locatlon. 
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The results are for one core that was used for 15 days of 100-Mw operation and allowed to 
cool 1 hr or 1 day as indicated. Older cores stored in adjacent positions could add only about 
25% a t  m o s t  to the hot-spot dose rate. The indicated 100 mrem/hr hot spot in  a heat exchanger 
cell  will. present no problem, s ince  transfer can  be  made to an interior rack i f  access is required 
when this particular storage arrangement occurs. 

9.6.2 Comma Sources and Attenuation Parameters 

The  data oE Perkins and King" were used to estimate the gamma activity of the spent cores. 

The  mass  attenuation coefficients * of the materials involved for these  shielding calculations 
Table 9.6.2 shows the gamma energy released for each  energy group used in the calculations. 

are shown in Table 9.6.3. 

Table 9.6.2. Gammo Energy Release from Spent Cores, Following Fifteen Days Operation at 100 Mw 

Gamma Energy Released (Mev/sec) 
Mean Energy -. 

One Hour After Shutdown One Day After Shutdown 

1.3 4.4 x 1017 8.OX LOt6  

1.7 5.9 x 1.6X 

2.2 3.8 x 3.2X 10I6 

2.8 5.5x 10'6 5.1 x 10'" 

2.5 1 . 8 X  1017 1.6X IO1' 

____ 

Table 9.8.3. Mass Attenuation Coefficients (crn2/g) 

Photon Energy 
Water (MeV) 

Steel Concretea 

1.3 0.0621 

1.7 0.0541 

2.2 0.0469 

2.5 0.0437 

2.8 0.0410 

0.0560 

0.0484 

0.042 1 

0.0383 

0.0368 

0.0525 

0.0458 

0.0420 

0.0382 

0.0366 

aThese values are for  ordinary concrete and when u s e d  for barytes concrete give slightly conservative 
resu l t s .  

For shields composed of more than one material, the buildup factor for the outermost material 
was used s ince  in a l l  cases the number of mean free paths of the outermost region exceeded 3. 
The  self-shielding factors used i n  a l l  cases were for cylinders for a dose  exterior to the side.  
These  values a re  conservative for dose rates exterior to the ends  of a solid cylinder the size of 
the HFIR core; however, the water-filled island, which is less dense than the fuel region, tends 

'OJ. F. Perkins and K. W. K i n y  "Energy Release from Decay of Fission 

"Herbert Goldstein. The Attenuation of Gamma Rays and Neutrons rn Reactor Shrefds, NDA-34 (May 1, 

Nucl .  Sei- Eng.  
3(6), 726--46 (June 1958). 

1957). 
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t o  remove the conservat iveness .  T h i s  simplified procedure i s  just i f ied s i n c e  t h e  self-shielding 
factor i s  of sinall importance. 

9.7 Shielding During Maintenance 

A c c e s s  to  t h e  pipe tunnels  and any h e a t  exchanger  cell in u s e  wil l  be  prohibited during re- 
ac tor  operation. 
gamma act ivi ty  due  to corrosion product deposi t ion wil l  e x i s t  in  all primary cool ing wa te r  piping. 
T h e  d o s e  rate  f rom th is  source  cannot  be  predicted; experience with other reactor s y s t e m s  indi- 
c a t e s  that  i t  may be  as  high a s  a 100 mrern/hr a t  the  sur face  of t h e  h e a t  exchanger. 

A c c e s s  to t h e  demineralizer and deaerator  cells during operation will  be p o s s i b l e  on a very 
limited and controlled bas is .  Depending on t h e  locat ion of access and  type of maintenance,  some 
portable shadow sh ie ld ing  may b e  required. Design of s u c h  sh ie ld ing  is lef t  to the  operat ing 
organization so  that  it may b e  tailored to the  par t icular  job. 

Even af ter  shutdown, access to t h e s e  a r e a s  must h e  limited and controlled since 



10. UTILITIES 

10.1 Electr ical  Systems 

T h e  WFIR is suppl ied  e lec t r ic i ty  by four semi-independent s y s t e m s  which a r e  i l lustrated i n  
Fig. 20.1.1. T h e s e  four s y s t e m s  a r e  ident i f ied as: 

1. The normal-power supply  sys tem,  which handles  t h e  normal e lec t r ica l  power requirements. 
T h i s  sys tem is suppl ied  with TVA power from one  of two independent  13.8-kv feeders .  

2. T h e  two normal-emergency s y s t e m s  (designated No. 1 and No. 2) which ate designed to  a s s u m e  
cer ta in  e lec t r ica l  loads  during a n  outage  of the  normal-power sys tem.  Each  normal-emergency 
sys tem is suppl ied by its own start-on-demand d iese l  motor-generator s e t .  

3 .  The instrument-power sys tem,  which is suppl ied with current  from the 13.8-kv feeder  through 
sh ie lded  low-electr ical-noise  transformers or from normal-emergency sys tem No. 1. The instru- 
ment-power sys tem turnishes  power for reactor and experiment instrumentation. 

4. T h e  failure-free s y s t e m s ,  which a r e  suppl ied  with current (dc) from a bank of bat ter ies .  T h e  
charge  on the  ba t te r ies  is maintained by normal-emergency sys tem No. 1 or 2. 
T h e  TVA network s u p p l i e s  power (13.8 kv)  t o  t h e  normal-power sys tem v i a  the  ORNL subs ta -  

tion. From t h e  13.8-kv bus, the  power is dis t r ibuted to f ive subs ta t ions  and two transformers. Sub- 
s ta t ion  No. 5 furnishes  2.4-kv power to t h e  larger motors. T h e  remainder of t h e  plant receives  480- 
v power from t h e  other  four subs ta t ions ,  e i ther  through bus  duc ts  or through one of the  motor con- 
trol c e n t e r s  (MCC). Further  reduction in vol tage is accomplished, where necessary ,  by  transformers 
i n  the  motor control  cen ters .  The two low-noise transformers, des igna ted  No.  6 and No. 7, receive 
current direct ly  from t h c  13.8-kv bus and furnish power for the  instrument-power sys tem.  

Those components and  s e r v i c e s  whose  cont inued operation during a normal-power outage is 
deemed des i rab le  or n e c e s s a r y  to plant s a f e t y  a r e  furnished e lec t r ica l  power through a normal- 
emergency s y s t e m .  Upon fai lure  of normal-power, t h e s e  e s s e n t i a l  components receive current from 
a diesel-dr iven generator. The components connected through t h e  normal-emergency s y s t e m s  in- 
c lude  the s p e c i a l  bui lding hot exhaus t  (SBHE), open hot off-gas (OHOG), and c losed  hot off-gas 
(CHOG) fans ;  the slow-speed winding of t h e  secondary coolant  pump; shim-safety p la te  drive motors; 
t h e  failuKe:free s y s t e m  bat tery chargers;  t h e  auxi l iary pressurizer  pump; cer ta in  motor-operated 
valves;  t h e  instrument compressors;  and’ ‘alarm a n d  communications sys tems.  Where 
operation is vital, two ident ica l  components a r e  ins ta l  led with one suppl ied  by  e a c h  diesel-driven 
generator. 

a r e  suppl ied by  t h e  failure-fr 

I... 

Those components whose  operahon during a power outage is considered of grea tes t  importance 
s tem.  Equipment in t h i s  category inc ludes  t h e  p 

ony,moJors, automatic  electrical switchgear ,  regulating cyl inder  dr ive motor 
c tor  instruments .  T h e s e  components  a r e  suppl ied with d c  from ba t te r ies  which a r e  capable  

of del iver ing adequate  power for at I e a s l  two ht  even i n  t h e  event  of fai lure  of the  normal-emergency 
sys tem.  The bat te r ies  a r e  k e p t  charged by appropriate  rect i f iers  and controls .  Eight s e p a r a t e  
failure-free s y s t e m s  a r e  used:  one for e a c h  of t h e  four pony motors, one for e a c h  of t h e  three te- 
ac tor  instrument b u s e s ,  and  one  for the automatic, e lec t r ica l ,  t ransfer  switchgear .  
,, . . . . . 

10.1.1 Normal-Power System 

T h e  normal-power s y s t e m  c o n s i s t s  of two 13.8 kv, three-phase feeders  which ate run t o  the  
e lec t r ica l  bui lding on s e p a r a t e  sets of poles .  T h e  preferred feeder  h a s  a capac i ty  of 10,000 kva. 

10- 1 
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T h e  al ternate  feeder  is capable  of maintaining t h e  full plant  load (-7000 kva) for about  two hr a t  
any time and can handle  the load indefinitely by a rearrangement of other  loads  normally on th is  
line. Upon failure of the  preferred feeder ,  the  13.8-kv bus is automatically switched t o  the  al ter-  
na te  feeder. T h i s  13.8-kv switching s ta t ion  c o n s i s t s  of a n  indoor, completely enc losed ,  metal 
c lad ,  assernbly which inc ludes  two 13.8 kv, 1200 amp, e lectr ical ly  operated a i r  c i rcui t  breakers, 
s i x  500 amp manually operated interrupter s w i t c h e s  which serve  the  subs ta t ions  and  transformers, 
and the requis i te  control equipment for t h e  automatic transfer scheme.  

Power from the 13.8-kv switchgear  is suppl ied t o  s e v e n  transformers. One of t h e  transformers 
(F ig .  l0.1.2), designated subs ta t ion  No. 5, suppl ies  2400-v power for t h e  primary coolant  pumps, 
t h e  secondary coolant  pumps, the  main pressurizer  pumps, and the  cent ra l  chilled-water compressor. 
Four transformers, designated subs ta t ions  1, 2, 3, and 4,  supply (180-v power t o  t h e  HFIR area ,  and 
the  other  two transformers, 6 and 7, supply 120/240 v instrument power. Three  of the  13.8-kv-480-v 
transformers and t h e  13.8-kv-2400-v transformer are located outs ide  the  wes t  wall of the  electr i -  
c a l  building. T h e  other 13.8-kv-480-v transformer (substat ion No. 1 )  i s  located outs ide  the  north 
wall of the reactor building. ’The instrument transformers are located ins ide  t h e  e lec t r ica l  build- 
ing. Connections be tween t h e  13.8-kv switchgear  and the  transformers a r e  made with 3-conductor, 
paper-insulated, lead-covered, neoprene-jacketed cable ,  run i n  undeiground concrete-encased con- 
duit. T h e  outs ide transformers a re  mounted on concrete  pads which inc lude  a curb for o i l  contain-  
ment. F i r e  wal l s  (if required) are ins ta l led  between ad jacent  uni ts .  

filled disconnect  switch,  a 460-v metal-clad switchgear  assembly ,  and a metal-enclosed bus duct  
between t h e  transformer and  switchgear .  T h e  transformers a r e  rated a t  13,800 v, wye-connected, 
4 8 0 . ~  del ta ,  1000 kva, 55OC r i se ,  self-cooled,  3--phase, and GO c p s .  Provis ions  have  been  made for 
the addition of fans  which c a n  i n c r e a s e  the rating to  1250 kva. T h e  480-v switchgear  c o n s i s t s  of 
manually operated main and feeder  breakers  i n  three ver t ical  s t a c k s .  Power distribution is 480-v 
del ta  (ungrounded) with ground detect ion monitoring l ights .  Appropriate voltmeters and ammetws 
a r e  provided. 

T h e  13.8-kv-2400-kv unit inc ludes  a n  oil-filled transformer, a l ineup of high-voltage fused 
motor s ta r te rs ,  a main transformer secondary  breaker, and a feeder  breaker. T h e  transformer is 
rated at  13.8-kv-2.4-kv del ta-del ta ,  5000 kva self-cooled, 3-phase,  and 60 c p s .  Forced-air cool ing 
i n c r e a s e s  the  rat ing t o  6667 kva. T h e  2400-v ungrounded de l ta  sys tem i s  converted into a resis t -  
a n c e  grounded sys tem by  a zig-zag grounding transformer and resis tor .  

Power f r o m  the  transformers is dis t r ibuted to  t h e  various loads  through thir teen motor control 
cen ters  ( M C C )  and a number of b u s  duc ts .  T h e  distribution which shows t h e  power sources  for t h e  
principal plant loads  is given i n  Table  10.1.1. Note that t h e  loads  from subs ta t ion  No. 3 which 
a r e  routed through motor control cen ters  Q, E ,  G, and J, cons t i tu te  normal-emergency sys tem No. 
1. Those loads from subs ta t ion  No. 4 which a r e  routed through motor control c e n t e r s  F and H ,  to- 
gether  with t h e  250-amp experiinent a r e a  b u s ,  cons t i tu te  normal-emergency sys tem No. 2. 

T h e  13.8-kv-480-v vol tage reduction uni ts  include an oil-filled transformer with a n  integral oil- 

10.1.2 Normal-Emergency Systems 

T h e  purpose of t h e  normal-emergency sys tems is t o  provide power for cer ta in  e s s e n t i a l  equip- 
ment i n  t h e  event  of a normal-power sys tem outage. T h i s  is accomplished by  two diesel-driven 
generators  which a r e  connected i n  s u c h  a way that  upon fai lure  of normal-power, one  of the  d i e s e l s  
will assume t h e  loads  i n  a normal-emergency system. ‘There is no connection between t h e  two 
normal-emergency sys tems,  except  for a generator t e s t  load. T h e  principal components and s y s -  
tems served  by t h e  normal-emergency sys tems a r e  l is ted in  Table  10.1.1 and a r e  shown i n  greater  
de ta i l  i n  Fig. 10.1.3a and b and Fig.  10.1.4. 

ca ted  i n  the  e lec t r ica l  building. 
feeders  from subs ta t ions  No. 3 and No. 4; the  d i e s e l  generators  a r e  not running, but their  main 

All normal-emergency sys tem c i rcu i t s  a re  suppl ied from t h e  normal-emergency switchgear  lo- 
During routine operation t h i s  switchgear  is energized by 480-v 
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Table 10.1.1. Normol-Power Distribution S y s t e m  
- - 

Routing Principal Loads 
_lll__ 

Substation No. 1 (480 v )  

MCC A 

MCC B 

MCC 0 

MCC 1 

Substation No. 2 (480 v )  
MCC C 
600 amp bus 
600 amp bus 
225 amp bus 

Suhstation No. 3 (480 v) 
MCC N 

Lighting Panel  P-25 
Normal-Emergency System 

No. 1 

MCC D 

MCC E 

MCC G 
JMCC J 

100 HP TRU Feeder  
Transformers GA and ?A 

Substation No. 4 (480 v )  
MCC K 

J MCC L 
Normal Emergency System 
No. 2 

-MCC F 

MCC n 

225 amp bus 

100 UP TRU Feeder 

Substation No. 5 (2400 v )  

Transformers 6 and 7 (120/240 v )  

Plant demineralized water pumps, reactor building 
central alr conditioning, and reactor bay crane 

Primary coolant cleanup and pool deminerallzer 
pumps, pressurizer pump couplings, pool coolant 
pumps, and letdown block valves 

Office and maintenance building 

SBHE fan 3 

Heat exchanger ce l l  unit coolers 
Experiment room air conditioners 
Beam room a s  conditioners 
Experiment distrlhut ion panels 

Street lighting, c h e m c a l  treatment lighting, nor- 
mal winding of auxiliary secondary coolant pump 
and half the cooling tower fans 

Reactor builduig lighting 

Primary and secondary coolant valveb on primary 
coolant heat exchangers, battery chargers for 
pony motors, pool bridge drive, arid sbim- 
safety plate  drive motors 

Process water pumps, pool cooling System 
valves, auxiliary pressurizer pump, two instru- 
ment a n  compressors,  truck air lock doors, fire 
alarm and commurucations systems, and emer- 
gency building lightlng 

One each SBHE, CHOG, and OHOG fan 
Emergency instrument power transformers 6A and 

7A, emergency wmdings of auxiliary secondary 
coolant pump, intermediate level  waste valves, 
and d iese l  services  

Standby transformers for instrument power supply 
dnd relays for the regulating cylmder and shim- 
safety plate drive motors.  

Nalf the cooling tower fans and one fire-protection 
system air  compressor 

Diesel  services  

Intermediate level  waste pumps, diesel  services, 
and emergency outside lightmg 

One each  $BIB, CHOG, and OHOG fans; s t a c k  
monitors 

Emergency air compressor and instrument a l r  

compressor, and battery charger for pony motors 

Four primary coolant pumps, three secondary coolant 
pumps, two mam pressurazer pumps, and Lentral 
a i r  c a n d i t i w n g  c h d l e r  

Instrument power supply and relays for the regu- 
lating cylinder and shim-safety plate  drive 
motors 
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breakers  a re  c losed .  In t h e  event  of a sus ta ined  normal-power supply outage of approximately two- 
sec duration, the  d i e s e l s  are s ta r ted  automatically. 

i s  suppl ied by a 24-cell nickel-cadmium battery. A coristant-voltage bat tery charger connected to 
normal-emergency systeiii No .  1 keeps  the  bat ter ies  fully charged. Diesel No. 2 i s  equippcd with 
an air-motor s ta r te r .  T h e  a i r  motor  is des igned  for cperation over a range of 90 to  150 psi .  An a i r  
receiver  with suff ic ient  capac i ty  for f ive s t a r t s  of appioximatcly fifteen-sec diaration each is al.so 
provided. The  receiver pressure (250 psi)  i s  reduced to  approximately 100 psi  b y  a regulator on 
the  air-inotor inlet .  

hp. 'They a r e  designed t o  operate  on No. 2 fuel  oil. T h e  fuel oil supply sys tem inc ludes  a 4000- 
gal  fuel s torage tank,  a n  individual 60-gal day tank for e a c h  unit, and assoc ia ted  pumps and pip- 
ing  required for oi l  t ransfer .  1le 4000-gal s torage tank is buried i n  the  ground south of the e lec-  
trical building. Oil  is transferred from t h e  s torage  tank to  t h e  day tanks  by ei ther  of two 60-gph 
posi t ive displacement  p imps  located at the respect ive day tanks in t h e  e lec t r ica l  building. The 
fue l  t ransfer  plrrilps a r e  powered by the  respect ive normal-emergency sys tem and are  automatically 
s ta r ted  and s topped by level  controls  i n  t h e  day tanks.  
with piping to provide fuel  to  both engines  i n  t h e  event  of fa i lure  of a s i n g l e  transfer pump. Each 
60-gal tank provides suff ic ient  fuel  to  run one  engine for about two hr. 

437 kva a t  a 0.8 power factor. T h e  generators  a r e  capahle  of supplying 110% of rated load for two 
hr without serious overloading. Each  generator unit conta ins  a n  integral ly  mounted s t a t i c  exci ter ,  
regulator, and control  panel which provide a s teady-s ta te  voltage regulation of i 2% of the rated 
vol tage.  

normal-emergency system power supply drops below 70% of norinal for a sixstained period of approx- 
imately two sec. T h e  load i s  transferred to the diesel-generator  suppl ied circui t  automatically by 
means of t h e  %pole, 48O-v, 600-amp transfer  swi tches .  Auxiliary c o n t a c t s  in t h e  t ransfer  s w i t c h e s  
s ta r t  the d i e s e l s  as  in t h e  following descr ipt ion:  

1. Normal-Emergency System No. 1 

(a) Diesel Generators. .- Diesel No. 1 i s  equipped with two 3 2 4  d c  s ta r t ing  motors. Power 

T h e  four-cycle d i e s e l  engines:, located i n  t h e  e lec t r ica l  buiiding, have a rated capaci ty  of 6 2 5  

?'he pumps and day tanks  a re  interconnected 

T h e  d i e s e l  generators  a re  1200-rpin, 6-pole, 3-phase, 60-cps uni ts  rated a t  350 kw; tha t  i s ,  

(b) Load Switching. - A d i e s e l  generator is s ta r ted  when the  vol tage in any phase  of its 

a. Energize the  s ta r tup  relay t o  crank t h e  engine. 
b .  Open a l l  t h e  ci rcui t  breakers  which supply loads  through normal-emergency sys tem No. 1 

except  the TKU feeder. 
C. Open t h e  t e s t  load circui t  breaker. (This  is to remove the t e s t  load in  the  event  that  the 

power fai lure  occurs  during a d i e s e l  engine tes t . )  

a. De-energize t h e  solenoid valve; thereby permitting a i r  t o  b e  suppl ied to t h e  s tar t ing motor 
(two parallel va lves  a re  provided). 

b. Open a l l  circuit breakers  which supply loads  through normal-emergency sys tem No. 2 except  
t h e  circuit. brcaker  to  MGC H which feeds  the  stack fans.  

c. Open t h e  t e s t  load circuit breaker. 

As soon as the  d i e s e l  generator h a s  del ivered approximately 90% of rated voltage, t h e  various 

2. Normal-Emergency System No.  2 

load circui t  breakers automatical ly  close (in a timed sequence)  to  res tore  curreiit to  the  loads.  The 
timed c los ing  s e q u e n c e  is as  follows: 

Normal-Eniergency System No. 1 
0 sec one TRU feeder  

10 sec 
20 sec 

MCC G .-- one each  SBHE, OHOG, and CHOG fan 
MCC J - instrument power transformers 7.4 and 6A, t h e  auxi l iary secondary coolant  

MCC D - primary and secondary coolant  va lves  for the PC hea t  exchangers, and fai l -  
pump's erriergency winding, and liquid waste diversion va lves  

ure-free sys tems for PC pump pony motors 
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30 sec 

40 sec 

MCC E - process water pumps, pool coolant system valves, auxiliary pressurizer 

225 amp bus duct for experiments 
pump, two instrument air  compressors, and f i r e  alarm and communications systems 

Normal-Emergency System No. 2 
0 sec 

10 sec one TRU feeder 
20  sec 
30 sec 

MCC H - one each  SBHE, OHOG, and CHOG fan 

MCC F - ILW pumDs and d i e se l  se rv ices  
one instrument a i r  compressor and emergency air  compressor and pony motor battery 

charger receptacles 

Upon restoration of the normal power supply for approximately 30 s e c ,  the  transfer switch auto- 

The  d iese l  generators may b e  tested by connecting them to the bwlding lighting system. This  
matically returns the load to  the substations and the 13.8-kv normal-power supply. 

loads a single generator to approximately 30% of capacity without interrupting the  normal-emergency 
distribution system. The t e s t  circuit is designed so  that either, but not both simultaneously, of the  
generators can  assume the  lighting load. In the  event o f  a normal-power failure during the tes t ,  the  
t e s t  load is automatically disconnected from the generatot. 

10.1.3 Instrument-Power System 

Power for the reactor and experiment instruments, as illustrated in Fig.  10.1.5, is obtained from 
the  13.8-kv switchgear through a fused interrupter switch which supplies two 13.8-kv-120/240-v, 
single-phase, transformers. Transformer No. 6 suppl ies  power for experiment instrumentation and 
radiation monitors. Transformer No. 7 supplies power to the  shim rod drive relays and, through 
a failure-free system of batteries, to the reactor instruments and the regulating cylinder drive 
motors. 

In the  event of failure of normal-power or of an instrument power transformer, the  instrument 
load is automatically transferred by means of an automatic 3-pole, 600-v, 300-amp transfer switch, 
t o  the normal-emergency No. 1 bus. T h e  instrument load is then  fed through two 480-120/240-v 
standby transformers - No. 6A and No. 7A. A failure of one of t he  instrument transformers w i l l  
not s ta r t  the  d i e se l  automatically, s ince  normal-power is still available on normalemergency sys -  
tem No. 1. Return to the regular instrument-power transformer, following a power outage, is auto- 
matic upon restoration of normal-power for a period of 30 sec. 

a t  50 kva. In each  case, the transformer secondary winding is electrostatically shielded from the 
primary by a copper shield.  The  standby transformers ate 480-120/240-v s ingle  phase,  60 cps ,  and 
ate a l so  rated a t  50 kva. The  standby transformers are of standard nonshielded construction. T h e  
transfer switch is provided with a test switch to  simulate normal-power failure; thereby permitting 
a t e s t  of the system. 

The  main instrument transformers a re  13.8 kv-120/240-v s ingle  phase,  60 cps, and ate rated 

10.1.4 Fai lure-Free System 

A power supply is provided which will remain uninterrupted for a sufficient period of time to 
permit orderly shutdown of the  system. This  power supply is necessary to  prevent damage to cer- 
tain cri t ical  components should all other power sources fail.  This  failure-free power supply is p r e  
vided by battery banks, which a re  kept charged by current from either normal-emergency system No. 
1 or the main instrument-power transformers. T h e  energy stored i n  t he  batteries will provide suf- 
ficient power to shut  down the  reactor in  a safe ,  orderly manner. Components fed by the failure- 
free sys tems are the  primary coolant pump pony motors, the reactor nuclear instruments, regulat- 
ing cylinder motors, and certain of the normal-emergency and 13.8-kv switchgear. 
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Each  of the primary coolant  pumps i s  equipped with a 3 hp, d c  pony motor  to  provide forced 
convection cool ing in  t h e  event  of fai lure  of t h e  2.4-kv power t o  t h e  primary coolant  pump motors 
(Fig.  6.2.8). Although fai lure  of the  main p imp motors will came an automatic reduction i n  re- 
actor  power and, i n  s o m e  c a s c s ,  reactor shutdown, forced convection cool ing is required (contin- 
uously in  the case of a power reduction or for about 4 hr following a reactor shutdown) to  prevent 
damage to the core from overheat ing ( s e e  Sec. 5.5). 

T h e  pony I ~ I O ~ O C S  are energized whenever t h e  reactor is put into operation, thus  eliminating t h e  
possibi l i ty  of switching fai lures .  Power to e a c h  pony motor i s  suppl ied from a battery and bat tery 
charger i n  parallel. Each bat tery bank will provide 120-v power from a 92-cell, nickel-cadmium, 
alkaline-pocket, p la te  type,  bat tery.  .The chargers ,  which rece ive  current  through normal-emergency 
sys tem No. 1, are the  cons tan t  voltage type with s i l i con  diodes.  They are designed to supply  50 
amps continuously a t  129  v. T h i s  is suff ic ient  t o  carry s imultaneously t h e  full-load current of t h e  
pony motors and completely recharge t h e  ba t te r ies  in approximately 1 2  hours. Automatic controls  
provide a “freshening” charge during normal operation. If t h e  No. 1 normal-ernergcncy sys tem 
fa i l s ,  the  chargers may be  manually connected t o  normal.-emergency sys tem No. 2 us ing  quick- 
disconnect  connect ions already instal led a t  t h e  chargers. 

of battery chargers  which, ir, turn, maintain charge on three pairs  of 32-v battery banks .  Each  bat-  
tery bank is a 24-cell, nickcl-cadmium assembly  s imilar  t o  t h o s e  used  for t h e  pony motors. The  
bat tery charger is a cons tan t  voltage type with s i l i con  diodes rated a t  50 amps continuously at 32 
v dc. Each  pair of ba t te r ies  is connected so tha t  i t  can  supply ei ther  32 v or 64 v of d c .  T h e s e  
ba t te r ies ,  i n  turn, feed t h e  three  reactor instrument b u s e s  and t h e  three servo-control suppl ies .  

normal-emergency sys tem No. 1 through s tandby transformer No. 71%. Upon fai lure  of t h i s  power 
SOII~CC”,  the  ba t te r ies  will supply instrument power for severa l  hours .  

T h e  No. 7 instrument-power transformer (Fig.  PO. 1.5) suppl ies  cuirent  to  three separa te  pairs  

IJpon fai lure  of the power supply from transformer No. 7, t h e  charger load i s  picked up by 

An independent power supply sys tem is required a t  the  e lec t r ica l  hui lding t o  operate  the normal- 
emergency and 13.8.-kv switchgear  and d i e s e l  generator control c i rcu i t s  during a normal-power fail- 
ure. T h e s e  a re  operated by d c  power from a bat tery,  with a charger suppl ied fromi MCC J. Power 
i s  suppl ied from a 125-v, nickel-cadmium bat tery.  The  charger is a cons tan t  vol tage type with 
s i l i con  d iodes  and suppl ies  12  amps cont inuously a t  129 v dc. 

10.2 Plant Water Systems 

T h e  HFIR plant watersupply,  shown in F i g s .  10.2.1 and 10.2.2, is obtained through ei ther  of 
two 16-in. water mains. T h e  preferred water  main is fed from a 3 million ga l  (potable) water res- 
ervoir located on Maw Ridge at a n  elevat ion of 1035 ft,  and i s  capable  of supplying 2800 g p n .  
Normal plant usage  i s  1000 gpm. 
ment plant. T h e  al ternate  water  main is fed from t h e  ORNL (potable)  water reservoir located j u s t  
north of the  main ORNL area  a t  a n  elevat ion of 1000 ft. 
normal requirements of the  IIFIR faci l i ty .  

water, plumbing needs ,  secondary coolant  sys tem make-up, and t h e  cool ing requirements of the 
instrument a i r  coinpressors and the  pressurizer  pumps variable speed  dr ives .  

Supply water  t o  t h e  plant demineral izer  sys tem and various experiment requirements is fed f rom 
the  potable  water system through a n  “air  gap” tank. T h e  “air gap” tank provides posi t ive pro- 
tect ion aga ins t  back-flow from t h e s e  particular u s e s  into t h e  potable  water  loop. Similar protection 
is provided a t  t h e  cool ing tower bas in .  In other  cases where back-flow is undesirable  but could 
not c a u s e  radioact ive contamination of t h e  potable  water  sys tem,  protection i s  provided by a back- 
flow preventer. B e c a u s e  of t h e s e  separa t ions  i t  i s  convenient to divide t h e  plant water supply in to  
three s y s t e m s ;  namely, the  potable  water  system, the process  water sys tem,  and the  demineralized 
water system. 

T h i s  reservoir receives  water  direct ly  from t h e  Y-12 water treat- 

T h i s  wate i  main can  also supply the  

T h e  potable water  feeds  t h e  f i r e  hydrants  i n  a ring-maip system. I t  a l s o  s u p p l i e s  drinking 
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Potable  water  is suppl ied  through one of t h e  t w o  16-in. mains  to t h e  fire loop. I t  is then d is -  
t r ibuted (for the purpose of f i re  protection) to  t h e  reactor  building, t h e  cool ing towers, t h e  electr i -  
cal building, and t h e  office a n d  maintenance building. Water to supply plumbing n e e d s  is also dis- 
tributed from t h i s  loop to t h e  var ious buildings. Water for secondary  coolan t  make-up is carried 
i n  a n  8-in. l i n e  to the  cool ing tower b a s i n  where i t  is discharged one  f t  above  t h e  maximum water  
leve l  of the  cool ing towerbas in ,  thus  providing air-gap separa t ion .  A 2-in. branch l i n e  to t h e  Cool- 
ing Tower Equipment Bmlding  s u p p l i e s  water through a back-flow preventer to t h e  chemical mix- 
ing  equipment, t h e  s a f e t y  shower, t h e  eye-washer, and the s ink.  Water to cool t h e  a i r  compressors  
and primary pressurizer  pump v a n a b l e  s p e e d  drive uni t s  is also taken  direct ly  from t h e  potable 
water  system. 

T h e  6-in. potable  water  l i n e  en ter ing  t h e  north s i d e  of reactor  bui lding from t h e  fire loop h a s  
two branches ,  one  to t h e  domest ic  po tab le  water sys tem descr ibed  above  and a second to the  1000 
ga l  air-gap tank loca ted  i n  room 103 on the f i r s t  floor o€ t h e  reactor  bui lding.  Potab le  water en ters  
t h i s  tank  through two l ines  n e a t  t h e  top of t h e  tank. T h e  tank is vented to t h e  atmosphere. T h e  
liquid leve l  is controlled by  two automatic  v a l v e s  which maintain a minimum air-gap of one f t  be- 
tween t h e  liquid sur face  and t h e  inlet l ines .  Water which h a s  reached t h i s  tank is termed process  
water. Additional overflow protection is provided by  a drain l i n e  to t h e  process  w a s t e  system. 

P r o c e s s  water i s  suppl ied  to  t h e  plant  demineral izers ,  experiments, and other fac i l i t i es  by two 
centr i fugal  pumps (PU-17A and B) which take  their suc t ion  from t h e  air-gap tank.  T h e s e  pumps, 
one of which is used  as a s tandby,  a r e  ra ted  at 500 gpm at 175 ft head. E a c h  pump h a s  a s tandby 
s t a r t  feature  - a l o w  pump d ischarge  pressure  wil l  automatical ly  s t a r t  the s tandby pump. In addi-  
tion, a low-level swi tch  i n  t h e  air-gap tank  wil l  alarm i n  case of inadequate  water leve l  in  t h e  
tank. Pump motors rece ive  power through normal-emergency sys tem No. 1. 

branch l i n e s  i n  t h e  reactor bui lding,  t h e  f i l ter  pits, and t h e  intermediate  leve l  w a s t e  transfer pit. 
A s m a l l  water  s torage  tank  is connected to  tha t  branch which s u p p l i e s  p r o c e s s  water t o  the experi- 
ments. T h i s  tank 1s kept pressurized by a i r  compressed in f i l l ing the  tank  and wil l  supply a 
minimum of 200 gal of water a t  a n  average pressure  of 43 p s i  during t h e  de lay  time necessary  
to s t a r t  t h e  d i e s e l  engines .  

T h e  process  water  pumps d ischarge  t o  a 6-in. header  which s u p p l i e s  t h e  process  water sys tem 

10.2.3 Plant Demineralized Water System 

In addition t o  t h e  primary coolan t  and pool demineral izers ,  a third independent demineralizer 
sys tem is provided to produce a n  a d e q u a t e  supply of demineral ized water  for miscel laneous plant 
appl icat ions.  

T h e  plant demineral izer  is a package monobed unit which h a s  a maximum flow rate  of 90 gpm. 
T h e  3-ft-diam, 9-ft-high demineral izer  v e s s e l  is fabricated of carbon steel and l ined with a n  80-mi l  
coa t ing  of unplast ic ized polyvinyl chlor ide.  It conta ins  13 c u  f t  of IR-120 cat ion res in  and 25 cu  
ft of IR-402 anion resin. It is des igned  to demineral ize  approximately 45,000 gal of process  water  
between regenerations and to produce eff luent  having a s p e c i f i c  res i s t iv i ty  of  a t  l e a s t  1.5 K l o6  
ohm-cm. T h e  flow ra te  c a n  b e  varied between 10 and 90 gpm with no appreciable  change  in  effluent 
water  quality. T h e  unit inc ludes  control instrumentation to permit semi-automatic operation and 
wi l l shut  down automatical ly  when the eff luent  res is t ivi ty  e x c e e d s  a prese t  l eve l .  T h e  shutdown 
is annunciated i n  t h e  control  room. 

T h e  demineral izer  rece ives  process  water  from t h e  process  water  pumps and  d ischarges  dc- 
mineralized water  into a 20,000 gal aluminum s torage  tank which is loca ted  above  ground j u s t  out-  
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s i d e  the northeast corner of t h e  reactor building. A l eve l  s igna l  from t h i s  tank  is transmitted to  a n  
indicator on t h e  process  panel board i n  t h e  control room. High and low water  leve l  alarms a r e  a l s o  
annunciated i n  t h e  control room. A flow control valve on the 2-in. out le t  l ine  of t h e  demineral izer  
i s  contiolled by t h e  leve l  of t h e  water  i n  t h e  s torage  tank. T h i s  mode of control  t e n d s  to  hold t h e  
tank leve l  constant  by varying t h e  flow through t h e  demineral izer  according to the  sys tem demand. 

ing  the  primary coolant  head tank,  pool surge tank, t h e  primary and  pool. demineral izers ,  the beam 
room, and t h e  TRU faci l i ty ,  by means of t h e  two centrifugal demineralized water pumps, PU-18A 
and E. Each  pump i s  ra ted a t  100 gpm a t  90 ft head  with a maximum shutoff pressure of 150 ps ig .  
Power is suppl ied from t h e  normal-power system, and the  pumps must b e  restar ted manually follow- 
ing  recovery from a power outage. 

Demineralized water from t h e  s torage  tank is suppl ied to  var ious components and a r e a s ,  includ- 

10.2.4 Spr ink ler  System 

F i r e  protection is provided i n  t h e  various a reas  of t h e  HFIR complex by one  of three types  of 
sprinkler sys tems.  A conventional wet-pipe sys tem is used  in t h e  office and maintenance building. 
In th i s  system, t h e  pipes  contain water (under pressure)  a t  all t imes ;  fusable  plugs i n  the  spr inkler  
h e a d s  will melt and r e l e a s e  t h e  water  through t h e  heads should a high-temperature condition occur. 

T h e  pipes  a re  filled with compressed a i r  which keeps  a header  water-valve closed.  Melting of the  
fusable  plug in  any sprinkler head r e l e a s e s  the air pressure,  thereby permitting the valve t o  open 
and al low water t o  flow through t h e  sys tem t o  t h e  open sprinkler head. 

To minimize accidental  wetting, of equipment, a preaction sys tem is used  in  t h e  reactor build- 
ing. T h e  sprinkler p ipes  a r e  filled with compressed air and t h e  water is contained behind a motor 
operated valve. T h i s  va lve  opens only upon a high-temperature indicat ion from the f i re  alarm s y s -  
tem; however, t h e  fusable  plugs must also melt before t h e  water  c a n  b e  re leased  from t h e  spr inkler .  
T h i s  affords protection aga ins t  a faul ty  spr inkler  head or a f a l s e  alarm. T h e  sys tem i s  self-super-  
vised and annunciates  on loss of air pressure or a fai lure  of t h e  fire alarm temperature indicator 
circuitry . 

of e a c h  wal l .  Hoses for manual u s e  a r e  ins ta l led  a t  appropriate locat ions.  

T h e  cooling tower is protected b y  a dry-pipe sys tem which prevents  f reezing during cold weather .  

In a l l  c a s e s ,  spr inkler  h e a d s  a r e  separa ted  by not more than 15 f t  and  are located within 7'4 f t  

10.3 Instrument Ais system 

Compressed a i r  for instrument operation (Fig.  10.3.1) is normally furnished by three a i r  
compressors, C-1A, B, and C,  e a c h  capable  of del ivei ing 100 scfm of completely oil-free a i r  a t  
p ressures  of 60 t o  70 psig. Air from t h e s e  compressors  i s  s tored in  a receiver a t  60 to 70 psig. 
T h e  receiver  pressure is controlled by  a pressure  switch and a compressor unloader valve. Two 
compressors  are normally in  s tandby while t h e  other one is in operation. A s tandby emergency 
cornpressor (C-3) which h a s  a capac i ty  of 20 s c f m  is also provided for t h e  purpose of supplying 
air t o  cer ta in  pneumatic instrumentation and control d e v i c e s  in  the  event  of fai lure  of t h e  main 
compressors. Compressor C-1A rece ives  normal power, C-PB rece ives  power through normal- 
emergency sys tem No. 1 and compressors  C-IC and C-3 receive power through normal-emergency 
sys tem No. 2. Not shown ale the pressure-reducing va lves  which supply 20 or 30 p s i g  air to t h e  
individual components. 

motors, and instruments. Certain of  t h e s e  instruments  are part of t h e  control  sys tem and a r e  
necessary  for all modes of operation. T h e  h e a t  power instrument air header  is connected to t h e  
main air  receiver  and is suppl ied air  by it during normal operation. T h e  hea t  power instrument a i r  

T h e  function of t h i s  air sys tem is  to provide motive power for t h e  air-actuated controllers, 
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header  i s  also connected  t o  emergency compressor  C-3 .  A check  valve i n  the  main header  permits 
air furnished b y  t h i s  compressor  to supply  only t h e  hea t  power instrument header .  

Should t h e  main a i r  receiver  pressure  drop below 53 ps ig ,  a pressure swi tch  will s ta r t  the s tand-  
by compressors .  The standby compressors  wil l  cont inue to run unt i l  manually s topped.  If t h e  
heat  power instrument header  pressure  drops below 43 psig, a pressure swi tch  wil l  s t a r t  t h e  
emergency compressor. T h i s  compressor  wil l  also run unt i l  manually shut  dawn. 

Components suppl ied  by t h e  emergency a i r  compressor  include the  following: 

T h e  letdown va lves  and t h e  primary coolant  pressure control instrumentation, which maintain 
primary sys tem pressure 
The secondary  coolant  throttling valves (TCV 377 and 377A) which control  the  water flow to 
t h e  h e a t  exchangers .  
The primary heat exchanger  in le t  b y p a s s  v a l v e s ,  which permit pressure equal izat ion when put- 
t ing  a s tandby hea t  exchanger  i n t o  serv ice .  
Primary coolant  flow and temperature t ransmit ters  and  t h e  various power computers and modi- 
f ie rs  n e c e s s a r y  to permit operation a t  N ,  during a normal-power outage. 

In addition to t h e  instrument a ~ r  system, t w o  s e p a r a t e  a i r  compressors  supply air f o r  u s e  In t h e  
dry-pipe f i re  protection spr inkler  sys tem at t h e  cool ing tower and the  preact ion sys tem in the  re- 
actor building. 

plant-air system, using ins ta l led  piping and a portable  compressor. 
Air to drive hammers, vibrators ,  or other  air-driven equipment of th i s  type is furnished by a 

1. 
2. 
3.  
4. 
5. 
6. 

10,4 Alarm and Communications Systems 

There  a r e  s ix  alarm and communications s y s t e m s  a t  t h e  H F I R  s i t e .  These are: 

area f i re  alarm sys tem 
a r e a  intercom sys tem 
sound powered phone network 
dial (Bell system) phones 
publ ic  a d d r e s s  sys tem 
evacuat ion alarms 

The locat ions of t h e  var ious components  of t h e s e  s y s t e m s  a r e  shown in Figs. 10.4.1--10.4.6. 

10.4.1 Area f i re  Aiarm System 

T h e  a r e a  fire alarm s y s t e m  is controlled by  four m a s t e r  boxes.  Each  of t h e s e  conta ins  the n e e  
e s s a r y  coding relay,  which, when ac tua ted  by a s igna l  from a temperature s e n s i t i v e  device or a 
manual f i re  box, t ransmi ts  a coded s igna l  over t h e  ORNL fire alarm s y s t e m  indicat ing t h e  locat ion 
of t h e  fire. All these coded alarms a r e  a l s o  given by repeater  b e l l s  i n  t h e  HFIR area.  Any reactor 
bui lding f i re  alarm is a l s o  annunciated i n  the  control room. In addition, f i re  alarm horns near the  
source of t h e  alarm a r e  energized.  

Master box No. 1 s e r v e s  t h e  cool ing tower, cool ing tower equipment building, and t h e  electri- 
cal building; master  box No. 2 s e r v e s  t h e  ent i re  reactor building; master  box No. 3 s e r v e s  the of- 
fice and maintenance building; and master  box No. 4 monitors for malfunction of t h e  other  th ree  
networks . 

Heat-actuated d e v i c e s  operated ei ther  by temperature  rate-of-rise or by high temperature a r e  
placed appropriately i n  all rooms. The maximum al lowed separat ion between de tec tors  is 50 ft. 
When tripped by e x c e s s i v e  hea t ,  t h e s e  de tec tors  t ransmit  a signal to t h e  appropriate master  box 
which s o u n d s  t h e  coded alarm. T h e  master  boxes  a r c  powered by ba t te r ies  located i n  t h e  central  
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ORNL f i re  department control center ,  and the  h e a t  detector  c i rcu i t s  a r e  powered by battery and 
charger sys tems located in t h e  HFIR building. 

10.4.2 Area Interscam System 

T h i s  sys tem al lows the control room operator to  page and t a l k  to persons  in  var ious locat ions 
throughout t h e  area.  It a l s o  makes i t  poss ib le  to  check  for unusual  n o i s e  i n  some of t h e  equip- 
ment areas, T h e  two master  s t a t i o n s  (one in t h e  control room and t h e  other  i n  t h e  reactor shif t  
engineer’s office) a r e  capable  of ca l l ing  severa l  s t a t i o n s  a t  once  to permit coordination of ac- 
tivity. The  e lec t r ica l  power is suppl ied from normal-emergency sys tem No. 1. 

The sound powered phones a r e  provided primarily for cont inuous communication between two 
a r e a s  for long  periods of time, e.g., dur ing equipment checkout .  They  a r e  also used i n  high n o i s e  
a r e a s  and in  infrequent u s a g e  a r e a s  inappropriate for the intercom system. 

10.4-4 Diol Phones 

Regular d ia l  phones a r e  loca ted  i n  t h e  off ices  and a t  other appropriate s ta t ions .  The  control  
room phone h a s  an unl is ted number to  keep  the phone free from unnecessary  c a l l s .  Power for the  
local switching sys tem i s  provided by ei ther  t h e  No. 1 or No. 2 normal-emergency system. 

10.4.5 Public Address System 

Microphones for t h e  public address  sys tem are  located i n  the reactor  control room, supervisor’s  
office, and i n  t h e  office and maintenance building. Speakers  a r e  located i n  e a c h  of the major areas 
of t h e  building. Additional speakers  a r e  located outs ide  to serve  t h e  nearby area.  Two amplif ie ts  
a r e  used  i n  th i s  sys tem - o n e  is a standby.  Power for t h e  public address  sys tem is suppl ied from 
ei ther  t h e  normal-emergency sys tem No. 1 or No. 2. 

10.4.6 Evacuation Alarms 

Both loca l  and plant-wide evacuat ion instruct ions are given over t h e  local public address  sys-  

tem. A plant-wide evacuat ion s igna l  conies from t h e  ORNL Emergency Center .  T h e  HFIK local 
evacuat ion alarm, a tone s i g n a l  obtained from a n  audio frequency generator on t h e  P A  amplifier 
rack, c a n  be  given by t h e  coritrol room operator. It may be ac tua ted  by swi tches  located i n  t h e  
control room and in  t h e  reactor supervisor’s  office in  the  Off ice  Maintenance Building. An auto-  
matic evacuat ion s igna l  based on loca l  radiation detect ion instrumentation, as  descr ibed in  Sec ,  
8.7.1, is instal led.  



11. SPECIAL SYSTEMS AND PROCEDURES 

'11.1 Gaseous Waste Disposal 

Radioactive gaseous was te  is disposed of by the two sys tems described i n  de ta i l  in Sec. 4: 
the spec ia l  building hot exhaust (SBHE) and the hot off-gas (HOG) systems. The SBHE is a dynamic 
containment system intended to handle infrequent large-volume activity re leases ,  whereas the HOG 
sys tems a re  designed to d ispose  of t he  routine low-volume re ieases  from the various items of equip- 
ment. Most of the radioactivity is trapped on absolute or charcoal filters which are ultimately 
disposed of by burial as in the c a s e  of other ORNL solid waste. A small amount of activity is dis- 
charged to  the atmosphere through the  250-ft HFIR s t ack  where i t  is rendered harmless by dilution, 
dispersion, and decay. 

areas in  which these  fumes originate are ventilated by the  central  air-conditioning system in  such  
a way as to prevent in-leakage of air from areas  of potential radioactive contamination a s  well as 
to prevent the spread  of chemical fumes. A combination of pressure control, dampers, and restrict- 
ing doors is used for th i s  purpose. 

Nonradioactive gases ,  generally chemical fumes, are vented directly to ihe atmosphere. The 

11.2 Solid Waste Disposal 

Standard ORNL practice is followed in the disposal of solid waste.  Nonradioactive solid waste 
is put in to  Dumpsters (10 Y 5 Y 5 ft covered metal containers), which a re  removed by special  trucks. 
Later the  was te  is incinerated. 

Low-level radioactive was tes  (generally sea led  i n  plastic bags) are placed i n  spec ia l  yellow 
Dumpsters and a re  removed by truck to the ORNL burial ground. Waste emitting radiation of less 
than 3.0 mr/hr at the surface may b e  temporarily stored at the work site in yellow cans .  

Special procedures a re  used to r e m o v e  highly radioactive solid waste.  In some c a s e s  trucks 
with shielded c a b s  are used .  For very high levels of radiation, i t  may be necessary to cut up the 
radioactive component under water and remove the pieces in lead casks .  In the case of the SRHE 
and HOG filters, spec ia l  sh ie lds  are provided. The fi l ters can  be drawn into these sh ie lds ,  which 
are then removed by truck. In a l l  cases, final disposal is accomplished by burial using existing 
ORNL equipment and facilities. 

11.3 Aqueous Waste Disposal 

All the aqueous was te  from the  HFIR is, after su i tab le  decontamination, eventually discharged 
to the Clinch River via one of the  small  streams flowing through the ORNL area. Laboratory pro- 
cedures (described in de ta i l  elsewhere)'  ensure that the concentration of radioactive material in  
t he  river remains well below the maximum permissible concentration. 

'F. N. Browder, Radroactrve Waste Management a t  ORNL, ORNL-2601 (Apr. 14, 1959). 
2J.  F. blanneschrnidt and E. J. Witkowski, The Disposal of Radioactive Liquid and Gilseous Waste at 

ORNL, ORNL-TM-282 (Aug. 17, 1962). 

11- 1 
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Aqueous w a s t e s  may b e  divided into four categories ,  according to t h e  type of treatincnt given 
the  waste:  

1. Cold Waste. T h i s  i s  untreated nonradioactive w a s t e  col lected from storm and roof drains  or 
from dra ins  i n  the adminis t ra t ive areas which are not subjec t  to  contamination. T h i s  w a s t e  is dis -  
charged direct ly  to  Melton Branch. 

2. Sewage. This  includes w a s t e  from showers ,  s inks ,  and toilet fac i l i t i es .  It is s e n t  through 
the HFTK s e w a g e  treatment plant, and the  effluent i s  discharged t o  Melton Branch. 

3.  P r o c e s s  Waste Drainage (PWD J. T h i s  or iginates  from various processes  which normally pro- 
duce uncontaminated or only s l ight ly  contaminated was te .  It i s  designed to handle  aqueous w a s t e  
having a n  act ivi ty  concentrat ion of < 10 pc/gal  (% 5700 d i s  min- ’ 1~11-I). T h e  material is al lowed 
to  s e t t l e  and to  decay  and then is gradually re leased to Melton Uranch or pumped to  the  Melton 
Valley w a s t e  col lect ion sys tem.  

4.  Intermediate Level Waste ( I L W ) .  Th is  originates  as primary coolant  leakage,  demineralizer 
regeneration fluids, decontamination and “hot-sink” drainage and a l s o  inc ludes  a l l  del iberate  d i s -  
charges  of radioactive l iquids .  
act ivi ty  concentrat ions i n  e x c e s s  of 10 pc/gal .  It is pumped t o  t h e  QKNI, w a s t e  d isposa l  sys tem.  

In general, i t  includes d ischarges  which have,  or a r e  likely t o  have,  

‘The four aqueoiis w a s t e  d isposa l  sys tems a r e  shown in Fig. 8.7.2. 

11.3.1 Process Waste Drainage 

P r o c e s s  w a s t e  drainage from t h e  SRIIE filter pi ts ,  various floor dra ins  and s i n k s ,  t h e  primary 
coolant and pool c leanup sys tems,  t h e  pool s u r g e  tank, and the  pa01 water  s torage  tank flows di- 
rectly by graxiity to  a PWB! col lect ion header .  A 1000-gal sump is provided to col lect  w a s t e  from 
the subpi le  room, primary h e a t  exchanger s h e l l  drains ,  and the SBI-IE drip dra ins  which are loca ted  
below the  elevat ion a t  which the PWD header  l e a v e s  t h e  reactor building. ‘This s u m p  is emptied to 
the  PWD header  by two s team j e t s  which a r e  automatically operated by leve l  s w i t c h e s .  Each  j e t  
is designed t o  d ischarge  100 gpm agains t  a 30-ft head. 

proxiinately 250 f t  south  of the reactor  building. T h e  smaller  pond, No. 1, provides s torage  for  
240,000 gal of liquid w a s t e ,  which i s  es t imated to  b e  adequate  to give a minimum retention of 12 
hr under normal condi t ions.  Normally, t h e  process  drainage w a s t e s  that enter  this  pond mill con- 
tain no s ignif icant  amounts of radioactivity. There i s  no s p e c i a l  treatment; decontamination is by 
decay and set t l ing.  Waste en ters  the pond f rom the PWI) header  through a 24-in.-diam vitrified c l a y  
pipe i n  the  narth bank of the  pond a t  e levat ion 798.5 ft, 2’/2 f t  above the  pond bottom and 4’; f t  be- 
low the  maximum high-water leve l .  

Following retention, the maste l eaves  the pond through an 8-in.-diam 12-Pt-long f lexible  hose 
ivhich extends ins ide  the pond. ’This hose  is coupled to  a n  %in. pipe which runs under the  south 
embankment of t h e  pond. ‘The inner  end Qf t h e  hose  may be raised and lowered by a winch in  
order t o  s e t  the  pond level .  It may b e  lowered into a sump a t  e levat ion 796.5 ft t o  completely 
drain the  pond. T h e  effluent is pumped t o  the  QKNL w a s t e  d i s p o s a l  sys tem when the  pond 
f i l ls ;  provision e x i s t s  for d i sposa l  t o  Melton Branch. 

that normally discharged to pond No. 1. T h i s  pond has  a 500,000-gal capac i ty  and is c a p a b l e  of 
impounding extreme flows which might resul t  froin t h e  act ivat ion of a sprinkler sys tem in a con-  
taminated a rea .  Flow from t h e  PWD sys tem c a n  be  diverted t o  pond No. 2 ei ther  manually or auto- 
matically when a high level  of radiation is detected in t h e  PWD line. Flow into and out of pond 
No. 2 is ident ical  to  that  into and out of pond No. 1, except  that  the  effluent s t ream can  only b e  
pumped to t h e  ORNL w a s t e  d isposa l  sys tem.  

and measuring devices .  

The PWD col lect ion header  d ischarges  directly in to  one of the ~ W O  retention ponds located ap- 

Retention pond No. 2 i s  used  primarily t o  iiiipound w a s t e  of higher act ivi ty  concentration than 

T h e  PWD header  i s  equipped with a s e r i e s  of manholes and va lve  boxes  which contain v a l v e s  
Flow to the ponds i s  measured by a weir. A flow-proportional sarilpkr 
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monitors the radioactivity of the stream and retains a sample for analysis. Two diversion valves 
automatically divert the flow from pond No. 1 to pond No. 2 i f  a preset level of activity IS exceeded. 
Two other diversion valves allow remote manual diversion of the flow to the ILW storage tank, if 
desired. 

flows directly to Melton Branch. It may be diverted to  pond No. 1 by automatically operated valves 
upon receipt of a high-radioactivity-level signal from a radiation monitor. Flow from the cooling 
tower is measured by a weir. 

Each of the floor drains served by the PWD system has  a trap which provides a water s ea l ,  a 
sediment bucket, and a cleanout. Floor drains in the reactor bay, experiment room, beam room, and 
process equipment rooms of the water wing are generally located near the columns. In other a reas ,  
such as the heating and ventilating and the electrical  rooms,  shielded compartments, and pipe tun- 
nels,  the drains are conveniently located with respect to the potential source of waste. A sump in 
the bottom of the elevator pit is pumped to the PWD system by a steam jet .  Individual drain con- 
nections are located a t  each  of the experiment stations,  and a drain connection i s  located near the 
shielding wall at each beam port. 

The cooling tower waste is primarily nonradioactive, chemically treated water and normally 

11.3.2 Intermediate-Level- Waste System 

Intermediate level was te  may be  generated by various demineralizer operations, decontamina- 
tion procedures, filter pits, or other equipment in the system. 
of origin by closed-pipe connections. Drain connections are located a t  the experiment service sta- 
tions on the experiment area level and at the shield face on the beam room level. These  drains ate 
sea led  except when placed in service,  a t  which t ime they ate connected t o  the equipment by weld- 
ing. Connections are located in the reactor bay on each  s ide  of the reactor pool. Equlpment drains, 
including the overflow from the primary system head tank, primary coolant loop, primary deaerator, 
spent resin d isposa l  system, demineralizers, filters, and decontamination area drains ,  are conqected 
to the ILW system. Wastes originating in the HOG systems are drained to a sump near the f i l ter  
pits which drains to the ILW system. This sump a l so  provides a connecting link through which the 
ILW system is vented to the  open hot off-gas (OHOG) system. 

the  various drains flow by gravity into the ILW collection header. This header leaves the reactor 
building a t  the  southwest corner and conveys the waste to the ILW storage tank, which is located 
underground approximately 200-ft west of the building. Th i s  8-ft-diam s ta in less  steel tank has a 
capacity of 13,000 ga l  and is buried 19 ft underground. The liquid level in the tank is measured 
by a level sensor  which provides a readout in the control room. Any overflow is drained to the PWD 
sump, where i t  can b e  diverted to the retention ponds. 

The system is designed to deliver a maximum flow of 500 gpm to the tanks; however, th i s  should 
seldom b e  achieved. Following sampling and analysis of the waste,  the tank may be  emptied by 
one or both of the two ILW transfer pumps, PU-4A and PU-4B. These  self-pnming pumps, each 
rated at 60 gpm a t  a 115-ft head, and associated piping are located i n  a shielded pit jus t  north of 
the storage tank. 

Waste from the tank can  b e  transferred to the ORNL was te  disposal system or to  either of the 
ETFIR retention ponds by a connection to  the PWD header. The mode of disposal will depend upon 
the analysis of the tank contents.  The pumps are a l so  capable of recirculating the stored waste 
to prevent suspended so l ids  from sett l ing and to permit a representative sample t o  be obtained. A 
connection on the discharge s ide  of each  pump conveys a small  portion of the waste to a sampling 
station. Drainage from th is  station i s  back to the ILW tank. A process water connection on the 
suction s ide  of each  pump provides clean water for flushing the pumps and outlet lines. 

The wastes are collected at the point 

The ILW lines are shielded with lead where they pass  through open areas.  The wastes from 
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11.4 Resin Transfe"r s y s t e m  

l o  fac i l i t a te  the  removal of s p e n t  res in  from the primsry coolan t  and pool demineral izers ,  a 
spec ia l  resin-removal l i n e  is connected to e a c h  of the  demineralizer v e s s e l s .  T h e s e  l ines  origi- 
na te  j u s t  above  t h e  support sc reen  for the  res in  and permit t h e  resin to b e  removed hydraulically 
by f lushing with water from demineralizer recyc le  pumps ( s e e  Figs. 6.2.11 and 6.4.5). 

R e s i n  f rom e a c h  of the  s i x  demineralizer beds  is flushed t o  a common measuring tank located 
in  a pit on the north s i d e  of the  building. The  water  i s  separa ted  f rom the slurry by a screen  on 
the bottom of t h e  tank and is recycled to  the demineralizer. Process water  is used  t o  s l u i c e  the  
res in  from the measuring tank  into d isposable  drums. Screens i n  the  bottom of these  d r u m  permit 
the  s l u i c e  water  to drain to  t h e  pit a i d  into the ILW sys tem.  'I'he drums are then loaded in t rucks 
and d isposed  of by burial .  

Normally t h e  resin i s  regenerated a t  l e a s t  once prior to  removal to reduce its radioactivity. 
'I'he pit i s  sh ie lded  by 2 f t  of concre te  duiing t h e  flushing and s lu ic ing  procedures, which may b e  
done remotely; however, t h e  t ransfer  of the drui-o f r o m  t h e  pit is normally an unshielded operation; 
however, s p e c i a l  precautions a r e  taken if the w a s t e  i s  highly radioactive. 

11.5 Deconfarninotion Facilities 

A loca l  equipment decontamination faci l i ty  is provided at the  HFIR site in t h e  northwest cor-  
ner of t h e  reactor bay (see Fig. 3.2.3). 'This faci l i ty  is a 22- by 2 2 3  s t a i n l e s s  s t e e l  floored area 
provided with a floor drain connected to  t h e  PWD system. A 6-in. curb prevents water or other  d e -  
contamiiiation agents  from reaching t h e  rest  of t h e  b a y  floor. Services  ins ta l led  include a 3- by 4- 
ft s t a i n l e s s  steel s ink ,  a 13- by 13-in. SBHE duct  out le t ,  a 3-in. IT.,?/ connect ion,  a 2-in. OHOG 
connection, a 2-in.  process  water connection, and the  3-in. PWD floor drain. P i p e  s o c k e t s  a r e  in- 
stal!ed i n  the  curbing s o  the ace?. may b e  roped off. T h e  des ign  fluor loading is adequate  to sup-  
port a SO-ton shipping c a s k .  

faci l i ty  as  wel l  as a n  air lock. Personnel  using t h i s  room cail enter  i t  d i rect ly  from t h e  reactor bay, 
remove contarninated clothing,  shower,  d r e s s ,  and l e a v e  by  the door leading t o  t h e  c lean  area.  Room 
207 h a s  poured concre te  wal l s  8 in.  thick and is located opposi te  t h e  Health P h y s i c s  office. Nor- 
mally, Room 207 is cooled by the  central  air-conditioning unit AC-15 and is arranged t o  provide for 
a slight iriward leakage  from t h e  c lean  a rea .  P r e s s u r e  differences between Room 207 and the  re- 
ac tor  bay provide air leakage  from the room into t h e  reactor  hay. A 9-in.-long removable sec t ion  
in both the air-conditioning supply and return d u c t s  may b e  removed t o  i s o l a t e  t h e  room when i t  is 
contaminated. 

Room 207, t h e  c o n t a n i a a t e d  clothing room, is intended for u s e  as  a personnel decontamiiiation 

11.6 Fuel Storage and Handling 

T h e  HFIK fuel  c o r e s  c o n s i s t  of two concentr ic  fuel e lements  containing a total  of 9.4 kg of 
U Z 3 '  in  the form of 93% enriched uranium. In general ,  the  f u e l  e lements  a r e  handled separa te ly ,  
but the  cores  a r e  s tored  as  uni ts .  The  cores  will b e  received fronil the vendor, inspec ted ,  and then 
s tored on individual s k i d s  in  a vault located in the s o u t h e a s t  corner of t h e  f i rs t  floor of the reactor  
building (Fig.  3.2.2). From here they wil l  be  taken as needed t o  t h e  reactor bay by means of a man- 
ually operated fork lift. T h e  s k i d s  a re  so designed t h a t  t h e  collectiori of s tored fuel e lements  
forms a n  "always-safe" array. 

9.6.1. Twenty-seven horizoiltal racks,  e a c h  of which is provided with a hollow cadmium-filled post 
and a cadmium-filled cyl inder ,  are furnished for t h i s  purpose. A typical  rack is shown i n  Fig. 
9.6.2. When a spent  fuel  core  h a s  decayed suff ic ient ly ,  i t  i s  loaded under water  into a lead-shielded 
c a s k  and shipped t o  the fuel  reprocessing plant. 

Spent fuel  c o r e s  a r e  s tored  iinder water in  thc s torage  pools, as indicated in F i g s .  3.1.1 and 7 
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Two defective fuel element storage tanks a re  located in the reactor pool (Fig.  9.6.3). The pur- 
pose of t h e s e  tanks is to provide storage for fuel elements which have cladding leaks during the 
time required for short-ltved fission product decay. Pool water f rom the  defective fuel element 
storage tanks flows directly to the pool cleanup system, thus  minimizing contamination of the  re- 
actor pool with fission products f r o m  a leaking element. 

cylinders s i m i l a r  t o  those  of the spent  fuel racks. In addition, the tanks are so arranged that the 
cores are cooled by a convection loop: should flow t o  the pool cleanup system be blocked. cool- 
ing is accomplished by natural convection through a 300-kw heat exchanger cooled by pool water. 

All procedures used to  handle HFIR fuel are governed by the necess i ty  to prevent inadvertent 
criticality, overheating of spent  elements, and excess ive  radiation exposure. In addition, precau- 
tions are taken to  prevent excess ive  gamma heating in the concrete structure by freshly removed 
spent  fuel. 

The  defective fuel element storage tanks are provided with hollow cadmium-filled posts and 

11.7 Cri t ical  F a c i l i t y  

Provisions have been made at the e a s t  end of the  storage pool t o  permit thc  future installation 
of a crit ical  facil i ty which will u se  I-IFIR fuel elements.  A circular pool 8 f t  in  diameter and 25 ft 
deep will accommodate the facility. Appropriate se rv ices  and conduit a re  available at this loca- 
tion. Space for the control console and instruments is provided in  the HFIR reactor control room. 

11.8 Test ing of Process fnstrumen~s for Safety Channels 

As described in  Sec.  8.4.2, each  sensor  assoc ia ted  with the safety channels may be tested 
during operation by locally perturbing the parameter measured by that one sensor and observing 
the behavior of the safe ty  plates’ magnet current. 

Tes t ing  of the  ion chambers is described in Sec. 8.5.2(f). The  primary coolant pressure sen- 
sors are tes ted  by opening a s m a l l  valve (IICV 128A1, -H1, or -C1) in the instrument tubing asso- 
ciated with the  pressure transducer. 
the resultant lower pressure causes a s c r a m  trip i n  that channel. T h e  flow sensor  IS tested sim- 
ilarly. Since the flow s igna l  IS obtained by measuring the  pressure difference ac ross  a venturi, 
opening a valve which connects the two instrument tubing leads  equal izes  the pressure and 
causes  a scram trip. 

into the primary coolant flow so that the high-temperature water s t r ikes  the temperature sensor. 
The  temperature sensors  a re  mounted in a flange (Fig. 11.8.11, with a spec ia l  water injection 
nozzle. Various control valves,  operated from the  control console,  direct  the flow aga ins t  the 
chosen sensor  (Fig. 11.8.2). The  high-pressure cleanup return flow i s  momentarily throttled dur- 
ing testing, diverting part of its flow through the heat exchanger to provide the high pressure 
necessary to  force the hot water into the primary coolant flow. 

in front of each  of the  three ion chambers to tes t  each  of the channels. 

This  allows the water in  the  tubing to flow to the ILW drains; 

The  temperature senso r s  are tested by injecting heated primary-coolant -cleanup return water 

The  primary coolant gross radiation monitor system i s  tested by removing a lead shield from 

11.9 Poison Injection System 

A 100-gal tank (F‘ig. 6.2.11), containing 44 wt % of cadmium nitrate ~n water, may be 
drained in - 100 sec into the  suction of the pressurizer pumps upon indication that the four 
shim-safety plates and the shim-regulating cylinder are incapable of insertion. 





12. O R G A N I Z A T I O N  A N D  ADMINISTRATION 

12.1 Introduction 

T h e  HFIR is under the  management of the  Operations Division of the  Oak Ridge National 
Laboratory, which is operated for the U.S. Atomic Energy Commission by the Nuclear Division of 
t he  Union Carbide Corporation. 

The  Laboratory is one of the world’s largest  nuclear research centers and s ince  i t s  inception 
in early 1943 has  had a role in virtually every major scientific operation and activity in the atomic 
energy effort. Today i t  is vigorously engaged in the solution of problems pertaining to almost 
every aspec t  of the atomic energy program, particularly those  concerned with the  peaceful applica- 
tion of atomic energy. There are nearly 4800 employees in  some 100 research groups at work in 
eight major fields of interest. 

1. Development work in reactor technology h a s  been undertaken on fluid-fuel reactors using 
both aqueous and nonaqueous fuels, on gas-cooled reactors in the  civilian power reactor field, and 
on reactors for maritime and Army applications. In the  past  there h a s  been extensive work in the 
aircraft reactor program. 

2. Development work in chemical technology seeks  to improve the many chemical separation 
processes involved in all phases of nuclear energy from ore  processing to the production and pur- 
ification of man-made transuranium elements, 

3 .  Basic research in the  fields of biology, chemistry, physics,  metallurgy, and health physics 
relates to the  whole spectrum o f  atomic energy, but of necessity i s  focused on problems of current 
interest  in research areas where ORNL is especially well qualified and equipped to  work. 

4. Specialized training and education is limited t o  fields in which instruction is not readily 
available elsewhere, such  a s  reactor operations. 

5. Radiation protection through applied biology is directed toward finding better ways and 
means to detect radiation and radioactive materials, t o  evaluating the  potential hazards they may 
introduce, and to controlling radiation and radioactive materials so  that people will not be  ex- 
posed to quantit ies which may produce harmful effects.  

6. Research and development i n  the  production and use  of s tab le  and radioactive isotopes 
seeks  to cut production costs, to increase production methods, and to  discover new uses  for 
isotopes. 

7. Research into the  controlled fusion process,  and related areas, looks toward production of 
useful power from the fusion reaction. 

8. Studies for the Department of Interior’s Office of Saline Water are in progress, involving 
the chemical properties of water and the technology of materials in aqueous solution. 

Nuclear technology s tudies  pursued a t  ORNL contribute to advances in a l l  a reas  of reactor 
technology. These  s tudies  include such  activit ies as development and evaluation of conceptual 
designs,  s tud ies  of fundamental principles of reactor physics and criticality, investigation into 
the characterist ics of reactor shields,  instrumentation, fuel elements, al loys,  and related i t e m s .  
Of particular significance are the  safety oriented programs which include management of the 
Nuclear Safety InfonnationCenter, designed to disseminate up-to-date information concerning 
reactor sa fe ty ,  publication of the Nuclear Safe ty  journal, and operation of the Nuclear Safety 
Pilot Plant.  Th i s  last program is primarily concerned with the development of engineering in- 
formation concerning nuclear accidents in order to a id  in the sa fe  design of reactor containment 
and other features. 

12- 1 
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In addition to the  IIFIK, t h e  Laboratory is currently responsible  for t h e  operation of seven  

T h e  Graphite Reactor  w a s  t h e  f i r s t  ins ta l la t ion built a t  t h e  ORNL s i t e  and w a s  operated for 
other reactors .  

20  yr. It produced t h e  f i rs t  gram quant i t ies  of plutonium, and la te r  w a s  the  principal source  of 
radioisotopes.  T h e  reactor operated a t  3.5 thermal megawatts  and provided s p a c e  for experimental 
ac t iv i t ies .  On November 4, 1963, the  Graphite Reactor  w a s  removed from ac t ive  serv ice .  

The  Low Intensi ty  T e s t i n g  Reactor  is a natural  water cooled and moderated, fully enr iched,  
tank-type research reactor. Originally built to  se rve  a s  a hydraulic rnookup of t h e  MTR core,  i t  
h a s  been operated as a research faci l i ty  s i n c e  1951, T h e  reactor now opera tes  a t  a power leve l  
of 3 Mw . 

T h e  Bulk Shielding Fac i l i ty  w a s  designed t o  fac i l i t a te  experimental radiation measuremerits 
in  large-scale  niockups of reactor sh ie lds .  It is now used for other research and experimental 
purposes. Fue led  with enriched uranium, i t s  reactor core  i s  contained i n  a 40 x 20 f t  pool of 
natural  water. It w a s  the  f i r s t  of the  swimming-pool type  reactors .  T h e  same pool a l s o  conta ins  
t h e  Pool Cri t ical  Assembly, a 10-kw reactor of t h e  BSF design,  used  primarily for s tudent  and 
operator training, and t o  pre-test e lements  for the ORR. 

30 Mw research  and tksting reactor us ing  highly enriched uranium i n  i t s  core. I t  f i r s t  achieved 
criticality on March 21, 1958. Tie ORR produces mos t  of t h e  radioisotopes which are produced 
by t h e  Laboratory. 

T h e  Tower Shielding Fac i l i ty  (TSF), when in  operation, appears  as  a sphere  suspended  from 
c a b l e s  between four towers  tha t  s t a n d  320 ft ta l l .  Ins ide  the  sphere  i s  t h e  reactor  core  containing 
uranium-aluminum alloy fuel  e lements .  T h i s  unusual  faci l i ty  is u s e d  in  research on sh ie ld ing  
mater ia ls ,  avoiding the  confusing e f fec ts  of reflection from nearby ground and s t ructures .  I t  is 
fueled with highly enriched U Z 3 '  and h a s  been in  u s e  s i n c e  1954, achieving thermal power l e v e l s  
a s  high as  0.5 Mw. It w a s  originally built for work on problems a s s o c i a t e d  with nuclear  aircraft 
development. 

operation of t h e  molten-sal t  fluid-fuel reactor. Extens ive  development work h a s  been carr ied out  
on th i s  molten-salt concept .  
conium, thorium, and uranium fluorides. 
severa l  years  ago  on aircraf t  nuclear  propulsion. 

physics  research.  An unshielded reactor, i t  is similar  t o  t h e  Godiva Reactor a t  Los Alamos. 

T h e  Oak Ridge Research Reactor  is a natural water  moderated and cooled, beryllium reflected, 

T h e  10-Mw (th) Molten-Salt Reactor  Experiment i s  deiiionstratiiig t h e  feasibi l i ty  of long-term 

F u e l  for t h i s  reactor is a liquid mixture of lithium, beryllium, zir- 
T h i s  program is an outgrowth of work performed a t  ORNL 

T h e  Wealth P h y s i c s  Research  Reactor  provides burs t s  of radiation for biomedical and hea l th  

Other f ie lds  of in te res t  include t h e  following: 
P a r t i c l e  accelerators  -- s o u r c e s  of charged par t ic les  for nuclear  research - complement t h e  

reactor. T h e  Laboratory h a s  both medium energy cyclotrons and lower energy Van d e  Graaff 
accelerators .  A new Tandem Van d e  Graaff faci l i ty ,  designed t o  acce lera te  ions  up to 12 x 
l o 6  ev,  w a s  completed and t e s t e d  i n  t h e  spr ing  of 1962. T h e  machine is being used  for a variety 
of experiments  in  phys ics  and chemistry t o  s tudy nuclear  reactions. T h e  Oak Ridge Isochronous 
Cyclotron, completed ear ly  in  1962, is designed to acce lera te  posi t ive i o n s  u p  to 75 Mev and 
nitrogen i o n s  (heavy par t ic les )  up  t o  100 Mev. 

Radioisotopes a re  produced and packagod a t  ORWL, a principal. cen ter  of research in  radio- 
ac t ive  i so topes  and t h e  la rges t  instal la t ion of i t s  kind in  t h e  world. Currently, more than 1000 
shiprnents of radioisotopes a month a r e  made throughout t h e  United S ta tes  and abroad. The  
Laboratory i s  t h e  s i t e  of t h e  Isotopes Development Center ,  es tab l i shed  in 1962 to broaden t h e  
technology and application of radioisotopes.  

opment, and training in  the  handl ing of radiation mater ia ls  and protection of individuals  from 
radiation hazards .  Object ives  include t h e  development of improved instruments and bet ter  methods 
for control and d isposa l  of radioact ive w a s t e s .  

T h e  Wealth P h y s i c s  Divisioii of the Laboratory pursues a broad program of research,  devel-  
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The Biology Division of OKNL carries out the  largest  biomedical program under Oak Ridge 
Operations and one of the largest  such programs in the  entire AEC complex. The  experimental 
projects are directed toward understanding the  fundamental changes which occur in living material 
as a result of the impac t  o€ radiation. These  include genetic and cytogenetic s tud ies ,  studies of 
the bas ic  biochemistry and physiology of ce l l s  and t i s sue ,  enzymology, radiation pathology, radia- 
tion protozoology, bacterial  metabolism, cell physiology, plant physiology, nucleic acid enzy- 
mology and chemistry, and the chemical bas i s  for radiation protection. Recent s tud ies ,  under- 
taken with joint sponsorship of the AEC and the National Insti tutes of Health, seek to clarify the 
origins of cancer by attempting to a s soc ia t e  chemical effects with those  produced by radiation. 
Associated with this research is the  liquid ultracentrifuge being developed with the ass i s tance  
of the Oak Ridge Gaseous Diffusion Plant to separate viruses which may play a part in causing 
cancer. 

Atomic energy education and training h a s  been an  integral part of the  activit ies of the  Lab- 
oratory s ince  1943, and part of the  present educational program i s  conducted jointly with the Oak 
Ridge Institute of Nuclear Studies. Th i s  cooperative effort provides an opportunity for university 
faculty members to  engage in advanced research at ORNI, anti graduate students to complete thes i s  
research toward masters or doctoral degrees a t  the Laboratory through AEC fellowships and other 
arrangements. ORNL a lso  operated the  Oak Ridge School of Reactor Technology (ORSORT) for 
training graduate nuclear engineers. 

the power of the  fusion reaction, with additional facil i t ies available for study of the bas ic  
phenomena of plasmas. 

The Controlled Thermonuclear Program is a major research effort a t  the Laboratory to harness 

12.2 Organization 

The Oak Ridge National Laboratory is organized into 27 line divisions. In addition there a re  
several  stalf organizations which have a significant responsibility with respect to reactor opera- 
tions. A general organization chart of the  Laboratory is shown in Fig. 12.2.1, 

Operation of the HFXR is the  direct responsibility of the Operations Division, which is also 
responsible for the Oak Ridge Research Reactor (ORR), the Low Intensity Tes t  Reactor (LITR), 
the Hulk Shielding Facility Reactor (BSR) and the Oak Ridge Graphite Reactor (OGR) now shut 
down. T h e  Operations Division itself is organized into three l ine and two staff departments as 
shown in Fig.  12.2.2. 

In addition to the Operatioris Division personnel, who perform both day-today operation of the 
three reactors and technical ass i s tance ,  the  se rv i ces  of members of three other Divisions are re-  
quired. These  a re  the  Plant and Equipment Division which supplies mechanical maintenance serv- 
i ce s ,  the Instrumentation and Controls Division which is responsible not only for the routine main- 
tenance of the control and process instrumentation, but also participates actively In the  devel- 
opment of improved equipment and procedures, and the Health Phys ic s  Division which furnishes 
radiation monitoring serv ice  on a routine basis.  In each case a technician or  group of technicians 
and a supervisor are assigned to the  Operations Division. 
work in  close cooperation with the Superintendent of the Reactor Operations Department and the 
various reactor supervisors who are  directly responsible for operations. In practice a small highly 
t r a n e d  group is always available, and, when needed, additional personnel are made available 
from the parent organ 1 z ation s. 

the service groups a re  indicated by dotted lines. 

These  service department supervisors 

The  HFIR otganization itself is shown in Fig. 12.2.3. The  normal paths of communication with 
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T h e  personnel '  of t h e  Operations Division may be divided broadly into three  categories:  
The nuclear  reactor engineer  p o s s e s s e s  R high degree of technical  competence and knowledge 

including the abi l i ty  t o  ana lyze  and treat the  various a s p e c t s  of reactor technology. He must have 
a thorough working knowledge of t h e  physical  pr inciples  a s s o c i a t e d  with t h e  design and operation 
of a nuclear reactor and its anci l lary faci l i t ies .  H i s  educat ional  background will include an under- 
graduate degree in  engineer ing or one of t h e  phys ica l  s c i e n c e s  plus considerable  spec ia l ized  work 
in reactor technology. T h e  sen ior  reactor supervis ion and the  technica l  support personnel of t h e  
Division fall into th i s  category.  

T h e  operation engineer  is dis t inguished from the  nuclear  engineer in  tha t  the former is gener- 
ally charged with the  direct  responsibi l i ty  of superv is ing  t h e  implementation of procedures es tab-  
l ished by t h e  la t ter .  T h e  training of t h e  operation engineer emphas izes  familiarity with the reactor 
and other d e v i c e s  under h i s  control and their  behavior and,  in  particular, their limitations. The  
shif t  engineers  a r e  included i n  t h i s  c lass i f icat ion.  Usual ly  they a r e  required t o  have  an under- 
graduate degree in engineer ing and some spec ia l ized  training, often acquired on the  job ,  i n  nu- 
clear engineering. 

the  operat ing engineer ,  perform the  ac tua l  manipulations required t o  operate  t h e  facility. In general 
t h e s e  persons a r e  trained on t h e  j o b  to  perform essent ia l ly  repet i t ive t a s k s .  They a r e  required to 
h e  emotionally s t a b l e ,  manually dextrous, and have  a reasonable  degree of intel l igence.  T h e  ed- 
ucat ional  requirement i s  a high school  diploma or equivalent .  

The reactor operators  a r e  the  individuals  who, under t h e  supervis ion of the  reactor  engineer  or 

. 

12.3 Training and uolif ication of Operations Department Personnel 

All of the engineers  currently employed by the  Divis ion have  undergraduate degrees  i n  engi- 
neer ing OK i n  one of the physical  s c i e n c e s ,  and they have a n  average  of 5 yr of reactor  operat ing 
experience.  Thus  there is a reservoir of trained supervisory personnel  which wil l  be  utilized for 
t h e  operation of the HFIR. T h o s e  engineers  ini t ia l ly  ass igned  t o  t h e  HFIR received additional 
training designed to thoroughly familiarize them with that faci l i ty .  In par t  t h i s  took t h e  form of 
following t h e  design and construct ion of t h e  faci l i ty  and of a s s i s t i n g  in t h e  preparation of tes t ,  
s tar t -up,  and operating procedures. 

of instruction. 'This program c o n s i s t s  of a s e r i e s  of on-the-job s e s s i o n s  i n  which the  t ra inee is 
taught by a n  experienced engineer  t o  d o  each  of t h e  t a s k s  required of him. He is then permitted 
to  perform t-hese t a s k s  under t h e  supervis ion of experienced personnel unt i l  h e  is judged competent 
to  handle  them independently. In addition, l ec tures  on various pertinent top ics  a re  given and read- 
ing material ass igned .  T h e  s u b j e c t  matter is essent ia l ly  t h e  s a m e  for both engineers  and  oper- 
a tors  but is presented t o  the engineers  a t  a considerably more advanced leve l .  In t h e  case of t h e  
operators, t h e  in i t ia l  educat ional  work is generally begun during t h e  three months probationary 
period. It is somewhat more extended in  t h e  case of t h e  operating engineer ;  h e  is expected t o  sup-  
plement h i s  knowledge with independent  s tudy.  Upon conlpletion of training both t h e  engineers  and 
operators sa t i s fy  the  requirements of AEC Manual Chapter  8401. 

By the  end of three months the  operator should be  qualified to  p e r f o m  routine d u t i e s .  Train- 
ing  a f te r  the  first three months is less intensive but  cont inues  unt i l  t h e  operator is a b l e  to inde-  
pendently carry out h i s  t a s k s  in  a competent manner. 
' 

Training of the  operating engineer  t a k e s  somewhat  longer, and i t  generally requires  a t  l e a s t  
s i x  months before h e  is given independent responsibi l i ty .  T h i s  is because ,  i n  addition to being 
thoroughly f a m i l i a r  with t h e  mechanical charac te r i s t ics  of the  reactor, i t s  control c i rcui t ry ,  and 
i t s  behavior under a l l  conditions, h e  must be  familiar with the  operator's job  also. 

New personnel  hired for t h e  Reactor  Operat ions Department a r e  subjec ted  t o  a n  in tens ive  course 

'F. T. Binford, "Training P rograms  for Reac tor  Operat ions and Reac tor  I-lnzards Evalua t ion  at OKNL,'' 
in P r o c e e d i n g s  of Symposium on the Programming a n d  Utilization of R e s e a r c h  Reactors H e l d  in Vienna, 
Austria,  Academic Press, New York, 1962. 
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A s  an aid to the trainees, a manual has  been prepared which contains pertinent questions 
concerning the  reactors. 
a ids  in obtaining and understanding the answers. The operating engineer is expected to be thor- 
oughly familiar with this material a t  the completion of h i s  training period, and the operator is ex- 
pected to be familiar with certain parts of i t .  

normal route is for a promising shift  engineer to  graduate to day work where he is given increas- 
ing  administrative responsibility and on-the-job training. 

Of the  current operating staff for the  HFIR, the Reactor Supervisor has  13 yr of reactor oper- 
ating experience; h i s  ass i s tan t ,  an ORSOKT graduate, 8 yr. The  two day-shift engineers 
have a t  l eas t  3 yr of experience, and the sh i f t  engineers have a minimum of 2 yr of exper- 
ience. The  operators initially assigned received several  months training a t  the HFIR, and 
in many c a s e s  had extensive operating experience at the  ORR o r  the  LITR. 

Also included i s  a l i s t  of supplemental reference material which 

The senior supervisory personnelusually a re  drawn from the ranks of the shift engineers. The 

12.4 Technical Support Organizations 

Two staff organizations are available in the  Division to provide technical support for the op- 

The Development Department cons is t s  of a group of s i x  reactor engineets who are responsible 
erating department, the Development Department and the  Technical Assistance Department. 

for long-range improvements in operating techniques and safety.  The  personnel of th i s  group, 
which is responsible to the Division Superintendent, are all graduate engineers with either long 
experience in the reactor engineering field, ORSORT training, ot both. The Department is avail- 
able for consultation and ass i s tance  a t  all times and handles such  ma t t e r s  as heat transfer, criti- 
cality, and shielding calculations. It a l so  assists in the development and assessment  of operat- 
ing procedures and is responsible for many technical de ta i l s  concerning operation. 

The  Technical Assistance Department a l so  cons is t s  of a group of s ix  reactor engineers having 
qualifications similar to those in the Development Department. The primary function of this group 
is the evaluation of in-reactor experiments from the standpoint of personnel safety and operational 
compatibility. The  Technical Ass is tance  Department, l ike  the Development Department, is al- 
ways available for advice and consultation on safety and operation but, in general, restricts i tself  
to day-to-day routine matters. 

In addition to these  staff organizations, the Division has available upon request the se rv ices  
of the entire ORNL for ass i s tance  and consultation when specific problems arise.  Among the Di- 
visions most often called upon for advice with respect to reactor engineering, experiment design, 
reactor safety, and other matters pertaining to operations, a re  the following with which c lose  con- 
tact is maintained and which are listed together with a brief resume of their primary functions. 

The  P lan t  and Equipment Division maintains a staff of engineers with shop and maintenance 
personnel well qualified to analyze, design, develop, fabricate, and maintain mechanical compo- 
nents for nuclear research reactors and associated facil i t ies.  

Engineers have designed d ies  for forming, blanking, cutting, and shearing of High Flux Iso- 
tope Reactor fuel plates; designed fuel elements for LITR, BSR, and TSR I and 11; and performed 
heat transfer analyses,  stress ana lyses ,  and system ana lyses  for experimental in-pile loops for 
the ORR. 

The P and E Fabrication Department’s technical and craft personnel represent hundreds of 
man-years of experience in the development of fabrication techniques and the actual fabrication 
of fuel elements required by ORNL’s operations, including the present HFIR fuel element. 
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T h e  P and E maintecance engineers  and  craf t  personnel h a v e  repeatedly demonstrated capa-  
b i l i t i es  during reactor shutdowns to remove and replace expeilmental equipment and  faulty operat- 
ing  components. 

T h e  Reactor  Controls Department of the  Instrumentation and Controls  Division w a s  estnb-  
l ished to  support t h e  Laboratory’s reactor development and reactor operat ions programs. ‘The de-  
partment, cons is t ing  of approximately 50 phys ic i s t s ,  engineers ,  and technicians,  inc ludes  gioups 
at tached t o  the various reactor  projects  and engaged in t h e  des ign  of reactor control and s a f e t y  
sys tems,  a developiaent group employing advanced techniques in  devis ing  improved control s y s -  
tems and components, a n  ana ly t ica l  group which maintains  an analog computing faci l i ty  for t h e  
solut ion of reactor dynamic and kinet ic  problems, and an operat ions group which is respons ib le  
for the  maintenance and related ac t iv i t ies  in  the  Laboratory’s research and experiinental re- 
actors .  

T h e  Neutron P h y s i c s  Division i s  responsible  for the operation of the  Tower Shielding Reactor, 
the Health P h y s i c s  Research Reactor, and t h e  Cri t ical  Experiments Fac i l i ty .  ‘The Division per- 
f o i m s  s t u d i e s  supporting t h e  design and inodification of reactors  and  i s ,  therefore, qualified to  
ana lyze  any irregular reactor behavior. T h i s  i s  particularly t rue for the  HFIR,  for which the Divi- 
s ion  h a s  performed cr i t ical  experiments. Studies  are performed to a s s i s t  in the d e s i g n  of s h i e l d s  
for reactors ,  Loth s ta t ionary and mobile, f o r  high-energy accelerators ,  and for  s p a c e  vehicles .  T h e  
Division a l s o  performs “in-the-field” and leakage-radiation measurements for ope:ating reactors ,  
maintains a Kadiation Shielding Information Center  for reactor, weapons, and high-cnergy radi.a- 
t ions,  conducts  a b a s i c  reactor  physics  program which y ie lds  neiitron cross s e c t i o n s  needed for 
reactor and shielding calculat ions,  s t u d i e s  neutron diffusion i n  moderating mater ia ls ,  and  con- 
duc ts  a program to measure neutron and gamma-ray spectra .  

T h e  Solid S ta te  Division concerns i tself  in large measure with a s tudy  of radiation damage i n  
a l l  types  of s o l i d s  and h a s  developed considerable  s k i l l  i n  the  des ign ,  construct ion,  and operation 
of “in-reactor” fac i l i t i es .  T h e s e  s k i l l s  have been augmented by pract ical  knowledge of handl ing 
radioact ive material, including t h e  measurement of many phys ica l  properties on irradiated material. 
Many radiation damage experiments  and s t u d i e s  on d e f e c t s  in general often require radiat ion 
sources  other than reactors ,  and the divis ion p o s s e s s e s  s e v e r a l  Co6’ gamma s o u r c e s  and C S ’ ~ ~  
sources .  Electronic  and heavy par t ic le  acce lera tors  have  often been employed in  t h e  experi- 
mental work of the  divis ion.  T h e  divis ion h a s  s p e c i a l i s t s  i n  many areas of solid s t a t e  in  addi t ion 
t o  the above -- for example, magnetism, low temperature, superconductivity, c r y s t a l  growth, x-ray 
and electron microscopy, t ransis tors ,  sur faces ,  e l a s t i c  cons tan ts ,  mechanical  properties, neutron 
diffraction, thermal and e lec t r ica l  conductivity, brittle f racture ,  c reep ,  internal friction, reactor 
phys ics ,  and so l id-s ta te  theory i n  general. 

The  Inspection Engineer ing Depnrtiirent is responsible  to ORNL management for the pressurc-  
containing adequacy of components in  reactor, radiochemical and nonnuclear s y s t e m s ;  conducts  
engineer ing review of drawings and spec i f ica t ions  t o  determine compliance with spec i f ica t ions  
and es tab l i shed  c o d e s  or code-equivalents  and for addi t ional  ORNL s a f e t y  respons ib i l i t i es  where 
ex is t ing  s tandards  a r e  inadequate  or insufficient; e s t a b l i s h e s  inspect ion requirements and sched-  
ules  to  ensure  adequate  periodic inspect ion of operat ing equipment and arranges,  with us ing  
groups, periodic re tes t ing  as required; provides and t ra ins  the personnel  t o  i n s p e c t  s u c h  equip-  
ment to  ensure  compliance with code ,  code-equivalent and extra-code requirements; w i t n e s s e s  or 
performs s u c h  inspec t ions ,  ini t ia l ly  and per iodical ly ,  under professional  engineer ing supervis ion;  
reports any  fai lures  to comply with es tab l i shed  procedures  t o  management; prepares  and maintains  
inspect ion records for pressure-containing equipment i n  9 K N L ;  recoinmends repairs  and ie in-  
s p e c t s  after repair; es t imates  and recommends retirement d a t e s  for deteriorated equipment; pro- 
vides  periodic inspec t ions  and in s i t u  t e s t s  of high eff ic iency filter sys tems;  including the  deve!-- 
opment of f i l t e r  t e s t  methods and engineer ing consul ta t ion i n  connection with their  appl icat ion.  
Members of the  Departinent’s professional  engineer ing s taff  a re  ac t ive  par t ic ipants  in  nat ional  
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nuclear standards-writing activit ies and are aware of the requirements, adequacy, and shortcom- 
ings of the applicable codes. 

The Reactor Chemistry Division is responsible for chemical support to a l l  ORNL reactor de- 
velopment programs; carries a large research program devoted to chemical aspec ts  of nuclear 
safety, including the consequences of deliberate and accidental  melting of reactor fuel elements, 
the innocuous simulation of reactor accidents, the development of techniques for removing partic- 
ulate material and iodine from gas  streams, and on-site testing of filters for decontamination of 
reactor effluent gases ;  includes most of the chemists formerly engaged in  chemical studies of the 
aqueous homogeneous reactor program; hence can  furnish background information on the behavior 
of high temperature aqueous systems; includes a large staff of experts on the corrosion of alu- 
minum and other reactor construction materials, both in the presence and in the absence of mixed 
pile radiations and fissioning uranium; is currently engaged in s tud ies  of the chemistry of water- 
cooled reactors and the development of techniques for removal of radioactive corrosion products 
and fission products from primary reactor coolant streams; and h a s  expert personnel and facil i t ies 
for identification of particulate material or other so l ids  found in the course of reactor operation. 

The Health Phys ics  Division is responsible for personnel monitoring and maintaining per- 
sonnel exposure records; is responsible for radiation monitoring of all operations, routine and ex- 
perimental; is responsible for radiation monitoring in the environs; provides round-the-clock sur- 
veillance of radiation exposure conditions and of environmental contamination; reviews sec t ions  
of Standard Operating Procedures relating to hazards control and advises  a l l  Divisions on the 
safe conduct of their operations; participates in the  radiation exposure evaluation aspec ts  of 
hazard s tudies  for site selection, reactor and experiment design, was te  management and emer- 
gency planning; cooperates i n  radiation safe ty  training programs i n  all Divisions and conducts 
health physics training for outside groups as required; and participates in graduate education of 
health physics spec ia l i s t s  at Vanderbilt University and the University of Tennessee.  Research 
conducted by the Division embraces many direct and indirect problems of radiation measurement, 
dose  measurement and estimation, radiation effects,  and environmental effects.  

processes for u s e  in the Commission’s program - this includes the safety aspec ts  of radiochem- 
ical  plant design and operation; h a s  primary responsibility, with the Metals and Ceramics Di- 
vision, for the Transuranium Process ing  Facil i ty which will  prepare and process the HFIR irradi- 
ation targets; i s  engaged in the development of waste disposal technology for highly radioactive 
liquid waste effluents; builds and operates radiochemical pilot plants; and operates hot cells for 
chemical separations development work. 

The Metals and Ceramics Division carries out a broad program of research and development 
on metallic and ceramic materials, with emphasis on those materials used in nuclear reactors. 
The Division is w e l l  equipped and experienced in providing support to a wide variety of reactor 
projects i n  the a reas  of materials evaluation and selection, component fabrication, testing before 
and after service,  and failure analysis. A continuing program i s  maintained for the development 
of advanced fuel and control elements. The  Division has  had a major role in fuel development for 
many reactors, particularly those requiring significant advancement in the technology of aluminum- 
base  fuels, from the pioneering MTR through the HFIR. Many types of fuel and control elements 
can  be fabricated on both developmental and limited-production bases .  Capabilities include tra- 
ditional and advanced techniques for melting and casting, powder metallurgy, ceramic fabrication, 
extrusion, rolling, and welding and brazing. For the examination and evaluation of materials and 
components, including those that are highly radioactive and require remote techniques, the Divi- 
sion can apply new and established techniques in metallography, mechanical properties, corro- 
sion, x-ray diffraction, nondestructive testing, and other spec ia l t ies .  Constant cognizance and in 
many c a s e s  c lose l ia i son  are maintained with the major reactor projects of the free world. 

quired in the various programs of the Laboratory. A large part of such requirements originate in 

The  Chemical Technology Division is engaged in the development of chemical separations 

The  Analytical Chemistry Division i s  responsible for performing the chemical ana lyses  re- 
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various p h a s e s  of reactor programs, particularly i n  metal lurgical  and chemical  s t u d i e s  for reac-  
tors ,  in  chemical  process ing  studi-es, and in  i so tope  research  and production. In support  of th i s  
function, t h e  Division i s  responsible  for developing t h e  ana ly t ica l  methods required t o  perform 
t h e s e  ana lyses .  In addition, t h e  Divis ion is responsible  for carrying out  research programs in  t h e  
field of ana ly t ica l  chemistry as  designated by the Atomic Energy Commission. 

The Reactor  Divis ion is a group of over 300 s c i e n t i s t s ,  engineers ,  t echnic ians ,  and design 
draftsmen with s p e c i a l  s k i l l s  and experience in  the  des ign ,  evaluat ion,  development, and opera- 
tion of severa l  types  of advanced nuclear reactors ,  including graphite-moderated, natural  uranium; 
pressurized water; aqueous  homogeneous; molten s a l t ;  and gas-cooled uranium oxide.  In the  
course  of reactor development a t  ORNI,, t h e  Reactor  Divis ion h a s  developed fac i l i t i es  and h a s  
accumulated equipment for handl ing a wide range of reactor  engineer ing problems. Personnel  of 
the Reactor  Division a r e  responsible  for the mechanical  and nuclear  design of HFiR.  

T h e  Division i s  organized into severa l  departments ,  e a c h  spec ia l iz ing  i n  a s p e c i a l  p h a s e  of 
reactor technology: 

Mechanical design of reactor s y s t e m s  is t h e  spec ia l ty  of the Design Department, which is 
made up of approximately 36 engineers  and 30 draftsmen. 

T h e  Analysis Department is composed of 22 professional  people ,  including s e v e n  Ph.D.  ' s ,  
and is responsible  for the  neutronic des ign ,  a n a l y s i s  and evaluat ion,  and sh ie ld ing  ca lcu la t ions  
for a l l  the  reactors  undertaken by the Division. 

neers  and 18 technicians,  a r e  competent and experienced in  the  development of reactor  s y s t e m s  
as wel l  as reactor components. Special  groups i n  the  Development Departments are e s p e c i a l l y  
qualified for the development of aqueous  liquid-metal and molten-salt pumps, rotating compressors  
for g a s e s ,  and reactor core  hydrodynamics. 

T h e  Engineering Science Departmcnt s p e c i a l i z e s  i n  two a r e a s :  one in b a s i c  h e a t  t ransfer  and 
fluid flow, and the other  in s t r e s s  ana lys i s ,  both theoret ical  and experimental. T h i s  department 
is made up of a total  of 15 engineers  and 12 technic ians .  

T h e  Operations Departmeni and the Irradiation Engineering Departnient, with a cornbimed to ta l  
of 2 1  engineers  and 19 technic ians ,  have  operated,  managed maintenance, and analyzed t h e  per- 
formance of severa l  experimental reactors ,  as wel l  as a large number of experiments  and loops in  
other operat ing reactors .  

F ina l ly ,  the Special Projects Departnient, with a total  of 26 engineers  and 3 t echnic ians ,  h a s  
high level  capabi l i t i es  i n  s e v e r a l  spec ia l ized  engineer ing a r e a s ,  including Space  reactors ,  A m y  
and Maritime reactors ,  and i n  reactor sa fe ty  ana lys i s .  

Personnel  in  two Engineering Devclopnient Departments, with a combined to ta l  of 39 engi-  

12.5 Method of operotion 

A s  i s  t h e  case with t h e  other  reactors  operated by t h e  Operat ions Division, t h e  HFIR is opea- 
a ted  through the u s e  of careful ly  prepared, written s tandard procedures, designed to e n s u r e  that 
t h e  operation of the  reactor i s  carr ied on in  a safe well-regulated manner. T h e  operat ing proce- 
dures  descr ibe  in  detai l  t h e  s t e p s  required for a l l  routine operat ions and for as  many nonroutine 
operat ions as c a n  b e  ant ic ipated.  

for t h e  particular method of operat ion,  spec ia l  hazards  which may b e  encountered, and inferences  
to  various types  of descr ip t ive  material s u c h  as blueprints  or component operating manuals. T h e  
operating manual* for t h e  HFHR conta ins  material covering t h e  following subjec ts :  

In addition to t h e  s tep-by-step detai l ,  t h e  procedures  supply information concerning t h e  need 

Startup 

Steady-State Power Operation 

Shutdowns 

*Operat ing Manual for the EIFIK - C p e r a t m g  Procedures,  ORNL-TM-1168 (July 1965). 
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Instruments and Controls  

Storage, Refueling, and Pool Work 

In-Core Work 

Replacements  of Components 

Replacement  of  Experimental F a c i l i t y  T u b e s  

Research  

Reac tor  Primary Coolant  System 

Reactor  Cleanup System 

Pool Cooling System 

Pool Cleanup System 

Secondary Cooling System 

Maintenance 

Containment; Heating, Vent i la t ing,  and Air Conditioning 

Emergency Procedures  and Evacuat ion 

Radioac t ive  Waste Sys tems 

Radiat ion Safety and Control 

Records  and Data  Accumulation 

Ini t ia l ly ,  the  operat ing procedures are written by Operat ions Divis ion personnel, i n  coopera- 
tion with members of t h e  project  des ign  group, and a r e  careful ly  reviewed by sen ior  staff members 
of theDivis ion .  All procedures a r e  numbered and maintained i n  books or procedure manuals  for 
ready reference by t h e  operat ing personnel. A s  procedure rev is ions  become des i rab le ,  or as t h e  
n e c e s s i t y  for new procedures  a r i s e s ,  i h e s e  are prepared and,  af ter  review and acceptance  by ap-  
propriately des igna ted  s p e c i a l i s t s  and by the  Superintendent of the  Reac tor  Operat ions Depart- 
ment, a r e  then made part of the  procedure manual. 

In some c a s e s ,  where t h e  operation is qui te  complex or where errors  cannot  b e  tolerated,  the  
procedure i s  supplemented by a checkl i s t .  Most of t h e s e  c h e c k l i s t s  a r e  to b e  completed by the 
operator and reviewed by  t h e  s h i f t  engineer .  In some i n s t a n c e s ,  however, the  sh i f t  engineer  him- 
s e l f  is required t o  complete  the  checkl i s t .  A few examples  of the operat ions requiring c h e c k l i s t s  
a re  reactor  s ta r tup ,  reactor shutdown, dai ly  shif t  c h e c k s ,  as  wel l  as  c h e c k l i s t s  for cer ta in  major 
maintenance operat ions.  

At t imes,  temporary procedures  a r e  required when nonroutine operat ions or experiments  a r e  
performed with the reactor. Such procedures a r e  prepared i n  a d v a n c e  and approved, as in the  case 
of new or revised procedures .  During shutdowns many operat ions may be performed, and i n  s u c h  
cases a temporary or shutdown procedure is wri t ten i n  advance  to ensure  that no work is forgotten 
and that  all s tandard  procedures  a r e  followed before the  reactor  is aga in  s ta r ted  up. 

Emergency procedures  a r e  provided for those  types  of malfunctions which c a n  be ant ic ipated.  
T h e s e  include methods of  coping with contaminat ion or radiation inc idents  and f i res .  In addi t ion,  
procedures for handl ing s u c h  emergencies  as  l o s s  of e lec t r ica l  power, loss of vent i la t ion,  and in- 
s t rument  malfunction, among o thers ,  w i l l  be  prepared. C l o s e l y  a s s o c i a t e d  with th i s  is the Labo-  
ratory-wide Emergency P l a n  which d e t a i l s  the ac t ion  to be  taken in  case of a s e r i o u s  emergency. 

Communication from s h i f t  to s h i f t  is accomplished by means of the  HFXR log book i n  which 
the  d e t a i l s  of the work of  t h e  sh i f t  ate recorded, and which is therefore a minute history of the  
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opetation. In general ,  t h e  information contained in  the  log  book c a n  be  summarized under the  fol-  
lowing headings:  

1. Operat ions 

2. Shutdowns 

3. Trouble  

4. Maintenance 

5 .  Service to Research  

6. Routine C h e c k s  

7. Sample Irradiations 

8. Miscel laneous 

The  s t r i p  char t s  from t h e  various reactor instruments  s e r v e  t o  supplement th i s  information. 

erat ions.  T h i s  is particularly true in the case of the  routine maintenance of the  instrument and 
control complement and with respec t  t o  routine lubrication and maintenance of mechanical equip- 
ment. In c r i t i ca l  c a s e s ,  instrument t e s t  procedures a r e  supplemented by the  u s e  of a c h e c k l i s t  
and may b e  considered a par t  of t h e  operating procedure. An TBM-card system i s  ut i l ized to keep  
abreas t  of routine mechanical maintenance and t h e  s tocking of s p a r e  par ts .  

In cases where i t  is pract ical ,  procedures a r e  written t o  descr ibe  the various maintenance op- 

12.6 Testing and Startup Procedures 

Procedures  for component and system tes t ing  were prepared both by t h e  architect-engineer 
and by ORNL personnel. In general ,  t h e  acceptance  tes t ing  of the  convent ional  equipment was  
specif ied by t h e  architect-engineer, and t e s t i n g  of the  more spec ia l ized  equipment c l o s e l y  
related to reactor operation w a s  spec i f ied  by ORNL. All the  t e s t s  were wi tnessed  and approved 
by ORNL personnel. 

T e s t i n g  of t h e  var ious reactor  s y s t e m s  was conducted primarily by t h e  Operat ions Division, 
the P l a n t  and Equipment Division, and t h e  IIFIR Project .  Considerable  a t tent ion w a s  given t o  
the  s tudy  and demonstration of the  methods of assembling and d isassembl ing  t h e  core  compo.- 
nents ,  as well as t o  t h e  invest igat ion of t h e  hydraulic and mechanical  charac te r i s t ics  of t h e  
various water sys tems and the  behavior of t h e  dynamic containment. 

ut i l iz ing the  same core and control p la tes  which were ex tens ive ly  invest igated in  t h e  HFIRCE-3 
cr i t ica l  experiment program. T h i s  s e r i e s  of t e s t s  was  performed to verify the  s imilar i ty  of t h e  
I-IFIKCE-3 assembly with t h e  reactor. In addition, various experiments  were planned and con- 
ducted t o  give t h e  operators  a degree of familiarity with the reactor behavior while working with 
a core  of known charac te r i s t ics .  

Fol lowing the  s e r i e s  of t e s t s  with t h e  HFIRCE-3 core  and control p la res ,  an orderly t ransi-  
tion w a s  made to  the f i r s t  production c o r e  loading with production control plates .  A discuss ion  
of t h e  severa l  c o r e s  and control p l a t e s  is given i n  Sect ion 11, D of Appendix C, ORPJL-3573. 
T h i s  s e r i e s  of t e s t s  included verification of shutdown margin, instrument behavior a t  measurable  
power leve ls ,  hea t  transfer adequacy for low-power operation, etc. T h e  ini t ia l  c r i t i ca l  experi- 
ments were s ta r ted  i n  August 1965, with ini t ia l  cr i t ical i ty  being reached a t  2:22 p.m., August 25, 
1965. Full-power operation a t  100 Mw w a s  begun on September 9, 1966, af ter  a s e r i e s  of s t e p w i s e  
increases  in  power leve l  s ta r t ing  at 20 Mw on January 29, 1966. 

T h e  s ta r tup  and postneutron t e s t  procedures included a c r i t i ca l  experiment in  t h e  HFlH 
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12.7 Internal Safety Reviews 

Aside from the  intradepartmental sa fe ty  reviews implied in the  method of operation described 
above, the Laboratory maintains a number of standing review committees which report t o  the Lab- 
oratory Director and whose functions a re  to provide internal sa fe ty  surveillance independent of 
the various operating and research divisions. T h e s e  committees a rc  composed of senior mem- 
bers of the ORNL staff se lec ted  for their competence in  the particular field, but in general not 
directly associated with the projects they review. Of these  committees, four will be concerned 
with the HFIR operation. T h e s e  are as follows: 

The  Reactor Operations Review Committee reviews summaries submitted by the supervisors 
of a l l  ORNL reactors of their yearly operations including such  operational da ta  a s  power leve ls ,  
shutdown experience, and in particular an  ana lys i s  of unusual occurrences. Consideration is 
given by the commi t t ee  to the  condition of the operating procedures, maintenance program, person- 
nel changes,  and reactor' mechanical de ta i l s  which could affect the reactor shutdown margm. 

In connection with these  reviews, the committee conducts inspections of the reactor. During 
these  inspections, a spec ia l  point i s  made to observe reactor startup and shutdown procedures 
and to scrutinize the log book and other procedural material. At the t ime of the formal review, 
the committee may question the operating group concerning any of the items observed during the 
inspection, contained in the report, or otherwise brought to their attention. 

by the committee concerning continued operation of the reactor. 

is required before any changes are made in reactor operation which may have a significant adverse 
effect on safety. 

The  Reactor Experiment Review Committee reviews (from the standpoint of personnel and 
equipment sa fe ty  and that of ensuring continuity of operations) any new or unusual experiments 
proposed for insertion in  the reactor. 

Ass is tance  Department of the Operations Division. 
problems regarding safe ty  and to produce a design which meets the necessary requirements. Once 
agreement has  been reached, the experiment may be  approved for insertion in  the reactor by the 
Technical Ass is tance  Department. if any significant hazard existed,  even though it has been cor- 
rected by design, the experiment is submitted with appropriate recommendations to the Experiment 
Review Committee lor further review. When the committee concurs that the experinent is s a f e ,  
the experiment may be inserted in the reactor. The  committee may make recommendations and con- 
dit ions on design and operation of t h e  experiment. 

ments in the reactor to ensure that they are being handled according to  its recummendations. The  
committee also has the prerogative of overriding the approval of the Technical Ass is tance  De- 
partment and requiring additional review of any experiment if i t  deems this necessary.  

The  Criticality Review Committee h a s  jurisdiction over operations which involve the han- 
dling, storage, and transportation of significant quantities of fissionable material. Reactor fuel 
within a reactor core i s  specifically exempted from this;  however, procedures for handling of fuel 
before insertion and after removal must be approved by th i s  committee. The commiitee a c t s  in 
many respects as a consulting group and gives a s s i s t ance  in problems involving criticality. It 
a l s o  conducts an  annual review of each facility to ensure that approved procedures are being fol- 
lowed. 

A s  a result  of th i s  review, specific recommendations a re  made to  the Laboratory management 

In addition to th i s  review function, concurrence of the Reactor Operations Review Committee 

Experiments proposed for the reactor are first carefully examined for sa fe ty  by the Technical 
It is attempted at  th i s  level to resolve any 

In addition to examining new experiments, the committee periodically reviews a l l  the experi- 

'Francois Kertesz, The Audrfzng of Reactor S a f e t y  a t  the Oak Ridge National Laboratory, ORNL-TM-612 
(July 8, 1963). 

(Aug. 20, 1962). 
3C. D. Caple, General Standards Gurde for Experirnmts it? O W L  Research Hieactors, ORNL-TM-281 
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T h e  Waste Eff luents  Review Committee audi t s  the prac t ices  used i n  w a s t e  d isposa l  a t  the  
Laboratory. I t  examines i n  d e t a i l  t h e  various procedures  in u s e  to d i s p o s e  of liquid, so l id ,  and 
gaseous  w a s t e  from the  reactor t o  e n s u r e  that  n o  hazard to  the  publ ic  or to Laboratory personnel  
wil l  ensue .  F r o m  time to  time, th i s  committee may require safe ty  a n a l y s e s  of various p r o c e s s e s  
in  order t o  implement i t s  function. 

In addition to t h e s e  s tanding  committees a n  HFIIZ Design Review commit tee  w a s  es tab l i shed  
by the  Laboratory Director. T h e  function of t h i s  committee, composed of 13 senior  s ta f f  members 
of the  Laboratory, w a s  to  review the I-IFIR design for safe ty  and feasibi l i ty  throughout t h e  design 
period. T h e  committee i tself  did not par t ic ipate  i n  the design but limited i t s  ac t iv i t ies  t o  a n  
evaluat ion of the  proposals  presented by t h e  designers .  

Final ly ,  t h e  Laboratory h a s  es tab l i shed ,  a s  a staff  function of t h e  Director’s off ice ,  a Safety 
and Radiat ion Control Department. This organization e s t a b l i s h e s ,  on behalf of Laboratory man- 
agement, policy with respec t  to  radiation protection and a s c e r t a i n s  that  th i s  policy i s  met at all 
t imes.  I t  promulgates cr i ter ia ,  for example, faci l i ty  containment, and s e r v e s  a l ia i son  function 
between the vai ious Laboratory divis ions.  Staff members of the  Safety and Radiat ion Control De- 
partment a r e  ass ipped  respons ib i l i t i es  for following c l o s e l y  t h e  ac t iv i t ies  of those  Laboratory di- 
vis ions which handle  s ignif icant  quant i t ies  of radioact ive mater ia ls .  Spec ia l i s t s  i n  key e lements  
of t h e  radiation safe ty  program, such as  containment, w a s t e  d isposa l ,  cr i t ical i ty ,  reactor sa fe ty ,  
etc,, a re  on the s ta f f  of t h e  Director of Safety and  Radiat ion Control. 
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Appendix A 

HFlR DESIGN PARAMETERS 

Values tabulated for parameters are the nominal values. 

I. Reactor Power Levels,  Mw 

A. Steady state, operating 

B. Reverse point 

C. Scram point (neutron flux) 

D. Scram point (heat power) 

E. Minimum steady-state incipient boiling 

11. Neutron Fluxes  at 100 Mw, neutrons sec-' 

A. Thermal 

1. Maximum unperturbed in island 

2. Average in typical 300-g P u  2 4 2  island target 

3.  Maximum unperturbed in Be reflector 

a. Beginning of fuel cyc le  

b. End of fuel cyc le  

4. Maximum unperturbed at Be-H,O reflector interface 
a. Beginning of fuel cycle 

b. End of fuel cyc le  

5. Average in fuel region 

a. Beginning of cyc le  

b. End of fuel cycle 

B. Total nonthermal 

1. Average in island target 
2. Maximum in fuel region 

100 
110 

130 
120 
142 

5.5 1015 
2.0 1 0 1 5  

1.1 1 0 ' ~  
1.6 1015 

1.4 x 1014 
1.7 1014 

3.3  1014 
4.5 1014 

2 .4x  1015 

4 . 0 ~  1 0 1 5  

111. Reactor Materials 

A. Fuel plate U,O,-Al cermet, A1 cladding 

15.18 51% 
18.44 i_ 1% 
su93% 
9.40 

1. Weight of U Z 3 '  per plate i n  inner he1 element, g 

2. Weight of U235 per plate in outer fuel element, g 

3 .  U 2 3 5  enrichment 

4. Total fuel loading of U 235, kg 

A- 1 
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5. Total  burnable poison loading (I3 i n  inner  fuel 
e lement  p l a t e s  only), g 

B. Coolant 

C. Is land moderator 

D. Side reflector 

Rem ovab 1 e 

Perm anent  

E. Shim, safe ty  and regulat ing p la tes  

(Black region) 

(Gray region) 

(White region) 

F. Plutonium target iods 

1. 'Total loading of P u  2 4  * i n  typical  target, g 

IV. Heat Transfer  and Coolant  Data 
A. General 

1. Design heat l o a d s  (at 100 M w  s teady .s ta te  reactor  
power), Mw 
a. Fuel  e lement  

b. Target  

e. Control rods 

d. Beryllium reflector 

2. System design pressure,  psi  

3. Normal operat ing pressure  ( v e s s e l  inlet), p s i  

4. Design coolant  flow ra tes ,"  gpm 

a. 'rota1 
b. Through fuel c h a n n e l s  

e. Hetween fuel e lements  

d. Through i s land  regioii containing typical  target  

e. Beiyllium reflector 

f. Control p l a t e  region 

g. Experimental. fac i l i t i es  

5. System pressure  drop, p s i  

6. Coolant  temperatuies  ( a t  100 Mw), O F  

a. Vesse l  i n l e t  

b. Vesse l  out le t  

c. Maximum bulk water (fuel outlet) 

d. Maximum sur face  (fuel plate---water  interface) 

2.8 

B E  + 5% H,O 

Be i 2% H,Q 

Eu,O, + A1 

Ta + A1 

A I  

PuO2-AI cermet, A1 cladding 

265 

97.5 
0.90 

4.7 

3.7 

1000 

600 

-16,000 - 13,000 
13.3 

788 
740 
1080 
36 5 - 156 

120 
164 

249 

387 

Y 

* A l l  flow rates ,  e x c e p t  to ta l  and  fuel  channel ,  were  obtained by s u i t a b l e  or i f ic ing following flow 
t e s t s  in situ.  Total and  fue l  channel  flow r a t e s  given here are  nominal  flow ra tes .  
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B. Fuel region 

1. 

2. 

3. 

4. 
5. 
6. 
7. 

8. 

9. 

10. 
11. 

12. 

Geometry: Two concentric cylindrical annuli, 
involute  fuel plates 

Fuel element dimensions 

a. 

b. 

C. 

d. 

e. 
f .  

€!- 
h. 
i. 

Inner fuel element dimeters, in. 

(1) ID 
( 2 )  OD 
Outer fuel element diameters, in. 

(1) fD 
(2) OD 
Active fuel region diameters, in. (avg.) 

(1) Inner fuel element, ID 
(2) Inner fuel  element, OD 
(3) Outer fuel element, ID 

(4) Outer fuel element, OD 
Height of ac t ive  core, in. 

Total fuel p la te  height, in. 

Fuel p la te  thickness,  in. 

Cladding thickness (each surface), in. 

Fuel-plate core thickness,  in. 
Coolant channel thickness,  in. 

Number of fuel p la tes  
a. Inner fuel element 
b. Outer fuel element 
Total hea t  transfer area, f t 2  (avg.) 

Volume of active core, l i t e rs  (avg.) 

Heat load (at  100 Mw steady-state reactor power), Mw 

Power density, Mw/liter 

a. Maximum 

b. Average 

Heat flux, Btu h r - ’  ft-’  

a. Hot spot 

b. Average 

c. Hot spot ,  a t  incipient bojling power level 
(600 p s i  nominal operating pressure) 
at beginning o f  fuel cycle 

Coolant flow rate, gpm 

Coolant velocity, f t /sec 

Pressure  drop across  fuel element, ps i  

Temperature, ” F 

a. Inlet 

5.067 
10.590 

11.250 
17.134 

5.623 
9.920 
11.913 
16.483 

20 
24 
0.050 
0.010 
0.030 

0.050 

17 1 
369 

428.8 
50.59 
97.5 

4.38 
1.93 

1.97 x l o 6  
0.776 A l o f i  
3.4 x 10” 

-, 13,000 
51 - 108 

120 
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b. Outlet (nomirial) 

C. Oxide-water interface (i-nax) 

e. Oxide-water interface (nominal) 

e. Metal-oxide interface (max) 

f. Metal.-oxide interface (nominal) 

g. Fyel p l a t e  (max) 

h. Fuel p l a t e  (noininal) 

i. Saturation temperature a t  hot spot  
(1. Target  region 

1. Geometry: Cylindrical target rods spaced  on 
triangular pat tern 

2. Number of rods 

3. Target  region dimensions 

a. Diameter of water i s land ,  in .  

b. Rod diameter, in. 

c. Height of ac t ive  portion, in. 

d. Total  rod length,  in. 

e. Spacing between rod centers ,  in. 

I .  Heat  load,  kw (rnax) 
5. Heat flux (av), Btu h f - '  f t - 2  

6. Water flow rate ,  gpm 

7. Nominal water veloci ty  around rods, f t / s e c  
8. P r e s s u r e  drop a c r o s s  sample  array, ps i  
9. Temperatures, O F  

a. Water inlet 

b. Water out le t  

C. Rod oxide-film s u r f a c e  (rnax) 

D. Control region 

1. Geometry: Annular region located between fuel 
region and beryllium reflector; conta ins  five con- 
trol p l a t e s  (one regulating-shim, four shim-safet ies)  
which cons t i tu te  two concentr ic  cyl inders .  

2. Control region dimensions 

a. Overall region radii, in. 

(1) Ins ide  

(2) Outs ide  
b. Control p l a t e  radii, in. 

(1) Inner control cylinder, ins ide  

(2) Inner control cylirider, ou ts ide  
(3) Outer  control quadrants, i n s i d e  
(4) Outer control quadrants, o u t s i d e  

163 I96 
387 

146 -2 69 

589 
149-303 

620 
153-325 

465 

31 

5.067 

0.360 

20 
35 
0.665 

90 0 
0.6 x 106 
78% 
40 
45 

120 
129 
25.5 

8.567 
9.436 

8.671 
8.921 
9.050 
9.300 
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(5) Height within cote region, in. 
Black region 

Gray region 

White region 

c. Coolant channel thickness,  in. (starting 
with the inner channel) 

3. Heat load, Mw 

4. Maximum heat generation rate, watts/g 

5. Heat flux (max), Btu hr-'  ft-' 

6. Water flow rate, gpm 

7. Water velocity (nominal), fps 
8. Pressure  drop across  control plates ,  ps i  

9. Temperatures, "F 
a. Water inlet  

b. Water outlet (av) 

c. Cylinder surface (max) 

Removable beryllium reflector 

1. Geometry: Three  concentric cylinders cooled with 
water flowing thnmgh '$-in. axial grooves on the 
cylinder surface; inner cylinder lined with aluminum. 

2. Removable beryllium dimensions, in. 

a. Over& ID 

b. Overall OD 
c. Height 

d. Nominal radii of individual cylinders, in. 
M ateri a1 Inside 

No. 1 A1 9.436 
No. 2 Be 9.498 
No. 3 Be 9.889 
No. 4 Be 10.757 

3. Heat load, Mw 

4. Maximum hea t  generation rate, watts/g,of Be 

5. Heat flux (max), Btu ht- '  ft- '  

6. Coolant velocity, ft/sec 

7. Total water flow rate, gpm 
8. Pressure  drop, PSI 

9. Temperatures, "F 
a. Water inlet  

b. Water outtet (nominal) 

c. Beryllium surface (max) 
d. Beryllium interior (max) 

22 
5 

lir 20 
0.104, 0.170, 0.095 

4.7 

42 
380,000 
1080 
16 
-9 

120 
137 

205 

18.872 
23.756 

24.0 

Out si d e  

9.498 

9.889 
10.757 

11.878 

2 
31 
0.2x 106 

12.5 
175 
T.9 

120 
166 
185 
263 
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F. Permanent  and semipermanent beryllium reflector (in- 
c luding control p l a t e  access plugs) 

1. Geometry: Beryllium annulus  with ax ia l  coolant  ho les ,  
divided into Semipermanent and permanent beryllium 
a t  inner  c i rc le  of coolant  ho les .  

2. Beryllium dimensions,  in. 

a. ID (semipermanent reflector) 

b. ID  ( interface)  

c. OD (permanent reflector) 

d. Height 

e. Coolant ho le  diameter 

f. Coolant  h:le spacing:  Loca ted  on  § concentr ic  
c i rc les ,  80 uniformly s p a c e d  h o l e s  per c i rc le  cx- 
r ep t  where al tered by experimental fac i l i t i es  

g. Radii of coolant  ho le  c i rc les ,  in. 
Ci rc le  No. 1 
Circ le  No. 2 
Ci rc le  No. 3 
Ci rc le  No. 4 
Ci rc le  No. 5 

3. Heat  load,  Mw 

4. Maximum h e a t  generation rate, w a t t s / g o f  Be  
5. Heat  flux (max), Btu h i -  ft- 

6. Total water  flow rate, gpm 

7. Coolant velocity, f t / sec  

8. Temperatures, OF 

a. Water in le t  

b. Water out le t  (av from >*-in. coolant  ho les )  

c. Beryllium sur face  (max) 

d. Interior beryllium (max) 

V. Experiment F a c i l i t i e s  

A. Permanent  reflector experimental fac i l i t i es  

1. 1.584-in.ediarn ver t ical  fac i l i t i es  
a. Number 

b. Locat ion (d is tance  from core  center l ine) ,  in. 

(1) 11 h o l e s  

(2) 5 h o l e s  

2. 2.834-in.diam vert ical  facilities 

a. Number 

b. Locat ion (d is tance  from core  center l ine) ,  in. 

23.884 
26.250 
43.0 
24.0 
0.125 

13.08 
14.124 
15.306 
16.662 
18.219 
1.7 

11.5 
0 . 3 ~  l o 6  
565 
13 

120 
134 
230 
290 

16 

15.4375 
17.344 

6 
18.219 
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3. Horizontal beam holes  
a. Number 

b. Location: Beam centerline in core horizontal 
midplane. One beam radial to active core; one  
beam tangent to active core; and one beam pene- 
trating entire reflector-vessel assembly. 

4. Engineering facil i t ies 

a. Number 
b. Location: At  outer periphery of beryllium re- 

flector, oriented at 41" angle to the vertical, 
and recessed a maximum of 2'/4 in. into the 
permanent beryllium. 

5. 1;-in. -diam vertical facil i t ies 

a. Number 

b. Location: Two in each shim p la te  access plug 

B. Removable Reflector Experimental Fac i l i t i es  

1. j;-in.-diam vertical facil i t ies 

a. Number 

b. Location: Removable beryllium Cylinder No. 3 
VI. Reactivit ies 

A. Summary of reactivity accountability fot 9.4-kg HFIR core (2.8 g of B' O) 

Reactivit ies (A k/k) 
Parameter T i m e  in Cycle (days) 

14 - 0 2 

1. Fuel worth for following conditions 0.135 
(zero power, 7OCF, no boron burnable 
poison, no target, no beryllium poison): 

2. Temperature deficit (with 310 g P u  tar- -0.004 
get, zero power at 70°F to 100 Mw) 

3.  Boron burnable poison -0.05 -0.037 -0.009 

4. Plutonium target (300 g P u ~ ~ ~ O ,  + 3 g 

a. T i m e  zero (max) +0.008 

~ ~ 2 4 1 0 ,  i- 3 ~ ~ 2 3 9 0 , )  

b. 0.1 yr (min) -0.001 
c. 0.4 yr (max) -to. 008 

5. Xe'35 t SmI4' 0 -0-049 

6. All f ission products 0 -0.053 

7. Be poison (Li6 + He3) 
a. 'Time zero 0 

c. 5 yr -0.016 
b. 0.2 yr -0.013 

-0.053 

-0.086 
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8. Ream tube flooding 

9. Fuel loading tolerance (+I%) 
10. Boron loading to le rance  (+IO%) 
11. Fuel distribution tolerance ( +  10%) 
12. Boron distribution tolerance (535%) 

13. Minimum keff - 1 (clean core,  100 Mw) 

14. Maximum keff  - 1 (clean core, 70°F) 
15. Control p l a t e  worths 

a. All p l a t e s  inser ted  
b. Inner cyl inder  withdrawn, 4 

quadrants  inser ted 

ef f  16. Shutdown margins for maximum k 
case 

a. All p l a t e s  inser ted 

b. Inner cyl inder  withdrawn, 4 
quadrants inser ted 

17. Shutdown margins for typical nominal 

keff case 

a. A l l  p l a t e s  inser ted  

b. Inner cylinder withdrawn, 4 
quadrants inser ted  

B. Control p l a t e  charac te r i s t ics  

1. Control p l a t e  to ta l  worths, A k / k  

a. All p l a t e s  inse t ted  

b. Inner cyl inder  withdrawn, 4 qxadrants 
inser ted 

-0 

k.0015 

~ 0 0 3 8  

k.0054 
k.0023 

0.054 
0.106 

0.187 
0.147 

0.069 

0.030 

0.081 
0.042 

2. Maximum different ia l  p la te  worth, A k / k  per in. 
(e lements  symmetrical) 

a. Inner cyl inder  (regulating-shim) 

b. Four  outer  quadrants  (shim-safeties) ganged 

3. Control p l a t e  s p e e d s ,  i n . / s e c  

a- Outer p l a t e  shim action 

b. Outer p l a t e  fas t  rundown 

c. Inner p l a t e  shim act ion 
d. Inner p l a t e  regulating act ion (max) 

4. Control p la te  maximum reactivity inser t ion 
rates ,  A k / k  p e r  sec 

a. Outer p l a t e  sh im action (four quadrants  ganged) 

b. Outer p l a t e  f a s t  rundown (four quadrants ganged) 

c. Inner cyl inder  shim act ion 

d. Inner cyl inder  regulating act ion (rnax) 

0.187 
0.147 

0.011 
0.010 

0.0958 
1.00 
0.0958 

0.250 

a. 00096 
-0.0 10 
lro.0011 

*O. 0028 
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C. Reactivity coefficients (see Sec. 7.3.4) 
1. Temperature coefficients of reactivity f o r  the  clean 

core 

Condition 

W i t h  310 g PuO, target in island 
Overall isothermal 

Fuel region only 

Island + control + reflector 
regions (by difference) 

Without target in island 

Overall isothermal 

Fuel  region only 

Island + control + reflector 
regions (by difference) 

Ak/k  ( O F ) -  

a t  79OF at 15S°F 

-1.16 x -3.1 x 

-7.3 10-5 -10.2x 

+-6.1 10-5 +7.1 x 

+2.3 x IO-’ -2.1 x 

-11.7 x lo-’ 
c8.3 x IO--’ +9.6 l o r 5  

-6.0 x I O y s  

2. Void reactivity coefficients (uniform voids), 
( Ak/k ) / (A  V /  v) 
a. No target in  island 

(1) Island ( ~ 2 0 %  voids) -to,% 
0 (.-..70% voids) 

Max positive change in k : 0.032M 

(2) Fuel region 
Inner fuel clement -0.188 
Outer fuel element -0.384 
Annulus between fuel elements -0.046 

b. With typical target in island 

(1) Island (.:20% voids) i- 0.05 

0 

0.016Ak 
(- 42% voids) 

Max positive change in k 

(2) Fuel region (same as without target) 

D. Miscellaneous 
1. Xenon changes 100% to 10% power 

7.5 rnin 

35 min 

a. Time to ze to  reactivity a t  10 days  

b. T i m e  to zero reactivity a t  1.0 days  

2. Scram times, sec 
a. Latch  release <0.010 

b. Plate movement, 6 in. -4.090 
c. Plate movement, full travel *~,0.280 

3.  Prompt neutron lifetime (psec) 

a. Beginning of cycle 
b. 10 days  

35 

70 
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MANUFACTURERS SPECIFICATIONS 

Reactor Pressure Vessel 01-RV-1 

Manufacturer Allis-Chalmers Manufacturing Company 
Nuclear Power Department 
M i  Iwaukee, Wisconsin 

General Description. - 94-in.-diam carbon s t e e l  vessel .  Carbon steel thickness 2 2  in., with a 
minimum of V8-in.- thick austenit ic s ta in less  steel inside and 0.10 in. outside. A solid s ta in less  
steel extension, with an integral barytes concrete outer shield plug, is attached to  the lower end 
of the vesse l  to permit control rod access to the core through the 7-ft-thick pool floor. 

The  following nozzles have been provided: 

Elevation from 
Core Midplane Nomenclature Purpose Number Size 

EF 

IC 

RH 

HB No. 2 

HB 1 ,  3, 4 

vs 

V L  

Lower exten- 
s ion  

Cooling water inlet 2 16 ” OD pipe 

Cooling water exit  1 18”OD pipe 

Slant engineering 4 6 “600 lb RJ 
facility penetration flange 

Ion chamber penetra- 3 4 ” 6 0 0  Ib RJ 
tion flange 

Rabbit hole pene- 8 3”600 lb RJ 
tration flange 

Radial  horizontal 1 14”  600 lb RJ 
beam tube pene- flange 
tration 

Tangential horizon- 3 8”’600 Ib RJ 
t a l  beam tube pene- 
t rat i on 

Vertical experi- 12 2”600 l b  RJ 
mental penetration flange 

Vertical experi- 9 4 ” 6 0 0  l b  RJ 
mental penetration flange 

Control rod access 1 30 ” flange 

f Ian ge 

__ 

5 ft 6 in. above 

7 It 0 in. below 

5 ft  9 in. above 

10  ft ‘/s in. above 

3 ft 6 in. above 

Midplane 

Midplane 

Top head 

Top head 

15 ft 6 in. below 

B-1 
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T h e  following c losures  have been provided: 

Nomenclature Pur pose 
Closure 

Type  

Top head 

Quick opening 
hatch 

Target  hole 
Plug 

Lower head 

Al l  other 
nozz les  

To provide unimpeded access 
and vis ibi l i ty  t o  t h e  ent i re  
11) of t h e  v e s s e l  for mainte- 
nance,  experiment instal la-  
tion, and decontaiiiiriation 

To provide a 3Q-in.-diarn 
c l e a r  hole  i n  top head for 
normal core replacement 
and t o  permit i n s t d l a t i o n  
and removal of removable 
reflector assembly  

To provide a 12-in.-diam 
separa te ly  removable plug 
for possible  target  instru- 
mentation penetrat ions and  a 
rabbit tube 

Original instal la t ion inspec-  
tion 

Experiment or beam tube  
instal la t ion and removal 

F l a t ,  bolted 
head 

Breech lock 

Shear  block 

F l a t ,  bol ted 
head 

ASA bolted 
flanged 
jo in ts  

Sea l  Type  Locat ion 
- I 

Elastomer 0- 
ring above core mid- 

Top is 11 ft 1 in. 

plane 

Multiple Center  of t o p  
piston type 
elastomer 
O-rings 

Multiple Center  of quick 
pis ton type opening ha tch  
elastomer 0- 
rings 

Elastomer 0- 
ring 9 in. below core 

Metallic 0- 
rings 

Par t ing  l ine 65 ft 

midplane 

Materials of Construction 

Item Material 
--_ -__ ...... ~~ ~ ~ 

Shell and hemispherical head ASTM A212 grade B plate c lad  on inside 

with 304L s t a in l e s s  s t ee l  plate and on 

outside with 347 s t a in l e s s  s t ee l  weld 

overlay 

HB 1 and 4 nozzles  

RH. EF, IC, and coolant 
water inlet  nozz les  

Top head and flange 

HE3 No. 2 nozzle 

NB No. 3 nozzle 

ASTW A105 grade TI forgings clad overall 
with 347 s t a in l e s s  s t ee l  weld overlay 

ASTM A105 grade I1 forgings clad overall 
with 347 s t a in l e s s  s t e e l  weld overlay 

ASTM A105 grade I1 forgings c lad  overall 
with 347 s t a in l e s s  s t e e l  weld overlay 

ASTN A 3 5 0  grade L F 3  forgings c lad  with 
347 s t a in l e s s  s t e e l  weld overlay 

ASTN A350 grade LF3 forgings c lad  with 
347 s t a in l e s s  steel weld overlay 
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Moterials of Construction (continued) 
I_.-._. - 

Item Material 
___I.___- - 

Lower extension and a l l  
nozzle extensions 

Quick-opening hatch, target 
hole plug, and lower head 

Top and bottom head boltlng 

Target hole plug shear blocks 

Nozzle bolting 

Main closure gaskets (top 
and bottom heads, quick- 
opening hatch, and target 
hole plug) 

Other gaskets 

Concrete for shield plug 

Dissimilar m e t a l  welds 

ASTM A240, A182, or A336. 304L stajn- 
less s teel  

ASTM A182 or A336 304 s t a i n k s s  steel 

ASTM A193 grade 8 6  type 416 s tamless  
s teel  with specla1 corrosion protectlon 
film for top head boltmg 

Inconel 

ASTM A193 grade E8F-303 

Hycar nitri le antirad rubber 

304 stainless steel  

Barytes 

Inconel 

Design Criteria. - Design criteria for the ves se l  are contained in ORNL Specification RD-8.8-1 
and ORNL Drawings TD-E-5595, TD-€3-5607, TD-D-5613, and TD-E-5614. 

Design Conditions. - The vesse l  has been designed In accordance with Sect. VI11 of the ASME 
Boiler and Pressure Vesse l  Code and Nuclear Code Cases  1270N, 1271N, and 1273N. Structural 
analysis has  been performed by the methods described in the Department of Commerce Bulletin, PB 
151987, “Tentative Structural Design Basis for Reactor Pressure Vesse ls  and Directly Associated 
Components,” December 1958 revision. 

The loading conditions which have been evaluated a re  outlined below. 
Design Conditions: 

Operating Design Test 

Temperature ( O F )  120-167 2 00 - 75 
Pressure (psig) 600 1000 1550 

1__- 



Normal Operating Conditions (2000 cyc les )  

Primary Coolant Pool Gamma Heat-ing - ~__ ....... ___ _ __ ....... 
Temperature ( O F )  P ressure  (psig)  'Temperature ( O F )  (watts/gm) 

Vessel in le t  120  1000 105 0.05 

V e s s e l  exi t  167 92 5 95 0.05 
........... ._ __ ............. -. ...... ___ ... ..... ___ ......... ___ .. 

Design life is 20 years. 

Test and Inspection. - The v e s s e l  was inspec ted  in  accordance with t h e  requirements of t h e  Code  
and Nuclear Code  C a s e  1273N. Additional inspect ions performed included penetrant and magnetic 
par t ic le  (as appl icable) ,  inspect ion of all welding including overlay cladding both before and af ter  
s t r e s s  re l ief ,  penetrant inspect ion of bolting threads ,  impact t e s t i n g  of ferr i t ic  mater ia ls ,  and ultra- 
sonic  tes t ing  of p la tes ,  forgings, and other v e s s e l  parts. A l l  inspec t ions  were wi tnessed  by r e -  
presentat ives  of the OKNL Inspection Engineering Department. Complete inspect ion records a r e  
inaintained by  t h e  Allis-Chalmers Non-Destructive Test Group a t  West Al l i s ,  Wisconsin and by t h e  
ORNL Inspection Engineering Department. 

T h e  following t e s t s  to verify t h e  adequacy of t h e  v e s s e l  have been performed: 

1. Hydrostatic t e s t  a t  1550 psig.  

2. Additional hydrostat ic  leak  t e s t s  at 1000 ps ig  following 1'7 c y c l e s  f rom atmospheric pressure 
t o  1000 psig.  

3. Measurement of top head bolt t ens i le  s t r e s s  under preload and under 1550 ps ig  and 1.000 
p s i g  hydrostat ic  heads  wil l  be  made. 

Primary Coolant Piping (High Pressure Supply and Return) 

Prefabricated by Southwest  Fabricat ing Welding Company 
P. 8. Box 9175 
Central  Park Stat ion 
Houston 11, Texas 

T h e  II. K. Ferguson Company Installed by 

General Description. - All piping 304 s t a i n l e s s  s t e e l .  l l es ign  pressure 1000 psi  at 200°F. Joint  
connect ions welded and flanged, with 1.00% welding inspect ion by radiographic and liquid-penetrant 
techniques.  

Al l  piping complies  with t h e  requirement i n  the  following c o d e s  and  s tandards :  

(1) Code for P r e s s u r e  Piping, ASA-B31.1 (1955), Sect .  1 and  6 and nuclear  case interpretat ions 
N-1, N-3, N-5, N-7, and N-10 

(2) P la te ,  s h e e t  and s t r i p  -- ASTM A-240 

(3) P i p e ,  6 in .  and smal le r  - ASA B36-10 (1959), ASTM A-376 

(4) P i p e ,  8 in .  through 18 in .  - ASA 836.10 (1959), ASTM A-358 
(5) Pipe ,  2 0  in.  - ASA K35.10 (1959), RSTM A-358, A-240 

(6) Fi t t ings  - ASA B16.9 (1958) 
(7) Bol t s ,  chrome-moly steel s t u d ,  threaded full length -- ASTM A-193-60'r, Grade €3-7 

(8) Nuts ,  carbon steel -. ASTM-A-194-59T, Grade 2-H 
(9) Welder qual i f icat ion - ASME Sect ion 9 
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Primary Coolant Heat Exchanger 01-EX-IA, -15, -1C, - l D  

Manufacturer A .  0. Smith Corporation 
Process  Equipment Division 
Milwaukee, Wisconsin 

Manufacturers Size 48-344, Type CGU (Vertical Channel) 

Equipment Data. - 116,700,000 Btu/hr (34 Mw) capacity;  0.00156 overall fouling factor. 

Primary water in tubes;  2,483,000 Ibs/hr (-5,000 gpm); inlet  temp, 167°F; outlet temp, 120°F; two 
pass;  5.5 ft/sec flow i n  tubes; 12 psi  pressure drop through tubes. 

Secondary water in shell ;  3,334,000 lbs/hr (+6,667 gprn); inlet  temp, 85°F; outlet temp, 120'F. 

Construction. - Design pressure for shell ,  150 psi a t  200°F; design pressure for tubes, 1000 psi  
at 20OoF; test pressure for she l l ,  225 psi ;  test pressure for tubes, 1500 psi. 

Tubes: 304L s ta in less ,  ?8 in. OD x 0.035 in.  wall; 1190 tubes per bundle, rolled and then welded 
to  tube shee t .  Conform t o  ASTM specification A-249, TP 304L. 

Shell: carbon steel except where in contact with primary water; these  areas are  s t a in l e s s  overlay 
on carbon steel. Overall dimensions, 33 f t  2l Yl6 in. long by 6 2  in. diam. 

Codes: ASME Unfired Pressure  Vesse l  Code, Section VIII, and Nuclear Code Cases  1270 N and 
1273 N. 

Primary Coolant Pumps 01-PU-lA, -1B, -1C, -10 

Manufacturer 

Pumps Byron- J ackson Company 
Los Angeles, California 

Manufacturer's Type DVSS 10 x 14 x 20 
Motors Ideal Electric Company 

Mansfield, Ohio 

Pump Data. - Capacity: 5000 gpm at TDII 365 ft, 1800 rpm; , \ ~ 7 0 0  gprn a t  270 rpm. Vertical centri- 
fugal; 304 s t a in l e s s  steel with Graphitar bearings. Design conditions: demineralized water service,  
1000 ps ig  a t  200°F. 

Motor Data. - Main Motor: 600 lip, squirrel cage,  3 phase, 60 cycle,  induction motor, vertical shaft. 
1800 rpm (130 amps at 2300 v ac); C l a s s  I3 insulation (60°C temperature rise); service factor 1.35. 

Pony Motor: 3 hp, s e r i e s  wound, type D; 270 rpm (31 amps a t  118 v dc); C las s  H 
insulation (60°C temperature rise); se rv ice  factor 1.35. Shunt field for testing. 

Primary Coolant Main Pressurizer Pump 01-PU-4A & 49 

Manufacturer Allis-Chalmers Manufacturing Company 
Milwaukee, Wisconsin 

Manufacturer's Size: 4 x 3, type HD 

Equipment Data. - 9 s t age  centrifugal pump, s t a in l e s s  steel. Capacity: 300 gpm; 2400 ft TDH; 
0-3485 rpm. Demineralized water se rv ice  a t  200°F. 
Drive Motor: Allis-Chalmers Manufacturing Company, Nonvood Works, Nonvood, Ohio; 300 hp, 
3560 rpm, 2300 v ,  3 phase, sp l i t  s l eeve  bearing, F r a m e  507US. Type G. 
Coupling: Waldron, Waldron-Hartig Corp., New Brunswick, N. J.; 2 '/* AHS spacer  type gear coupling. 
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. 

Variable Speed Drive Unit: Louis  All is  Company, Milwaukee, Wisconsin; 375 lb-ft a t  3500 rpm. 
Magnetic c lutch type ,  Frame C-LC 50-20. Assembly No. 1-809300. 

Mechanical Sea l  Assembly: “John Crane,”  Crane Packing  Company, Morton Grove, Illinois. T y p e  
8 B I .  

Auxil iary Pressurizer Pump 01-PU-11 

Manufacturer Sundstrand-Denver, a Divis ion of Sundstrand 
Corporation Industrial Products  Group 
2480 W.  70th Avenue 
Denver, Colorado 80221 

Equipment Data. - Vert ical  centrifugal, s ing le  s t a g e ,  with 3540 t o  17,000 rpm speed  i n c r r a s e r  
gearbox. 

Capaci ty:  3 0  g p n  a t  1650 TDH demineralized water s e r v i c e  at  15O0F. 
Drive Motor: General  Elec t r ic ;  4 0  hp, 3540 rpm, 3 phase  440  v, totally enc losed;  T E F C  C l a s s  F’ 
75OC r i se ;  1.15 s e r v i c e  factor. 

Manufacturer 

Secondary coolant Pumps 03-PU-6A, 813, and 66 

Byron Jackson  Pumps,  Inc. 
Los Angeles  54, California 

Manufacturer’s Size 32RXLe 

Equipment Data. - Vert ical  centrifugal, s ingle-s tage.  

Capaci ty:  13,000 gpm a t  120  f t  TDH; 1160 rpm. Cooling tower water  s e r v i c e  (treated) a t  30°F. 
Construction: C a s t  iron construct ion except  for 416 SS impeller shaf t  and 18-8 SS assembly bol ts .  
Submerged, water-lubricated rubber bear ings.  Direct coupled drive. 

Drive motor: Westinghouse Electr ic  Corp.; 450 hp, 1188 rpm, 3 phase ,  60 cyc le ,  2300 v. Type 
CSP Life l ine ,  ball-bearing, ver t ical  motor. Guardistor thermolastic insulat ion,  Frame 681-P drip- 
proof. 

Manu fattu rer 

Emergency Secondary Coolant Pump 03-PU- 14 

Byron Jackson  Pumps,  Tnc. 
Los Angeles  54, California 

Manufacturer’s S ize  24KXL 

Equipment Data. - Vert ical  centr i fugal  type,  s ingle-s tage.  

Capaci ty:  6000 gpm at 100 ft  TDH; 1200 rpm. Cooling tower water  s e r v i c e  (treated) at 90OF. 3000 
gpm a t  600 rpm. 

Construction: C a s t  iron and s t e e l  construction except  for 416 SS inipeller shaf t  and 18-8 SS assem-  
bly bol ts .  submerged, mater-lubricated rubber bear ings.  Direct coupled drive. 

Drive motor: Westinghouse Electr ic  Corp.; 2 s p e e d  150/37.5 hp. 1188/594 rpm, 3 phase ,60  cyc le ,  
440 v .  Type  5.37 C S P  Lifel ine ball-bearing, ver t ica l  motor. Guardistor thermolast ic  insulat ion,  
Frame 581-P. Dripproof. 



Manufacturer 

B-7 

Pool Coolant Pumps 01-PU-9A & -9B 

Aurora Pump Division 
The  New York Air Brake Company 
Aurora, Illinois 

Manufacturer’s Size 4R x 5, Type 0-J 

Equipment Data. - 304 s ta in less  steel; mechanical s e a  1, durametallic Type ROTT inside; bearing, 
ball type antifriction. 

Capacity: 1000 gpm a t  210 f t  TDH; 3500 rpm. 

Service: Demineralized water, 11S0F. Hydrostatic tes t  pressure 200 PSI, continuous duty. 

Drive Motor: Westinghouse, 75 hp, 3500 rpm, 440 v, 60 cycle, 3 phase, open dripproof, Class  B 
encapsulated insulating, Frame 404. US Standard for horizontal motors. 

Coupling: Fa lk  Corporation, Steelflex s i z e  8 F ,  Type F. 

Main Supply Transformers - Substation Nos. 1, 2, 3, and 4 

Monufacturer General Electric 

Equipment Data. - Type OAPT1; Form DM; 6 0  cycle, 3 phase, 13.8 kv wye, 460 v delta. Contin- 
uous rating: 1000 kva, 55OC rise,  self-cooled, oil-fil1edSerial number:No. 1, 736758 - No. 2,  
7731801 - NO. 3, 7731581 - NO. 4, 7373793. 

Manufacturer 

Equipment Data. - Serial 
kva forced air 55OC rise. 
inert gas cover (NJ .  

Normal. - (No. 6 and No. 

Main Supply Transformer - Substation No. 5 

Allis-Chalmers 

No. 2371103. Continuous rating: 5000 kva, self-cooled, 5S0C rise; 6667 
Class OA/EA; 3 phase, 60 cycle,  13.8 kv delta,  2400 v delta,  oil-filled, 

Instrument Power Supply 

7): Standard Transformer Co., Warren, Ohio; Type SWH; 60 cycle, single 
phase, subtractive polarity. 13.8 kv,  120/240 v.  Continuous rating: 50 kva, 55OC rise. Pyranol- 
filled, self-cooled. Serial Number:No. 6, R333 - No. 7, R3334. 

Emergency. - (No. 6A and No. 7A): Marcus Transformer Co., Rahway, N.J.; 60 cycle,  single phase, 
specification 107540; 240/480 v-120/240 v.  Continuous rating: 50 kva, self-cooled. Serial Num- 
ber:No. 6A, 57027 - No. 7A, 57028. 

Battery Bank for Failure-Free Systems 

Manufacturer N i f e  Corporation 
Nickel Cadmium Battery Division 
Copiague, L.I., N.Y. 

General Description. - Manufacturer’s Type KBlP-12. Translucent ce l l  container with visible 
electrolyte level. 1.4 v per cell. 

P la tes :  perforated s t r ips  of nickel plated steel with formed pocket t o  hold active material. Nickel 
compounds a re  used for positive plates, cadmium compounds in  negative plates. 



Electrolyte: Solution of potassium hydroxide i n  d is t i l l ed  water, spec i f ic  gravity 1.22. (Specific 
gravity of e lectrolyte  d o e s  not change  during charge or discharge3 

Charging Unit: Republic Aviation Corp., Farmingdale, L - I " ,  N . Y . ;  automatic cons tan t  potent ia l ,  
battery charger, model RAC 250-50CP(120) SPN. 

Manufacturer Caterpi l lar  'Tractor Company 
Peor ia ,  I l l inois  

Diesel  Engine. - Model D379A, 8 cyl indcr ,  V-type, 6'/4 i n .  bore by 8 in .  s t roke ;  610 hp at 1200 rpm, 
full load, sea level .  Serial No. 68B428, battery s t a r t ;  68B429, a i r  s ta r t .  

Generator, - General Electr ic ,  Model 5SJ1415A5; 480/277 volt, 3 phase ,  60 cyc le .  Continuous 
rating: 350 kw, 0.8 power factor, 70°C r ise .  526 amp, 438 kva at 1200 rpm; Type  AT1, Frame 966; 
Serial  No. TW8350789, bat tery s ta r t ;  TW8350788, a i r  s ta r t .  

Manufacturer 

Special Building HOP Exhaust ( S B H E )  Fan 05-FN-1, FN-2, and SBHE-3 

Westinghouse Electr ic  Corporation 
Sturtevant Divis ion 
I lyde Park ,  Boston, Mass. 

Manufacturer's S i z e  8040 ARR 1 SWS1, Airfoil Ser ies  800, C l a s s  IV, 
40 '/4 in. Wheel Diam 

Equipment Data. - Capacity: 28,500 cfrn a t  13 in .  water  s t a t i c  pressure,  1601 rpm, 70°F. 
Construction: Welded steel housing,  welded die-formed airfoil b lade  wheel ,  b a l l  antifriction bear- 
ings ,  multiple bel t  drive. 

Drive Motor: Westinghouse Electr ic  Corp., Motor and Gearing Division: 
New York. 75 hp, squirrel-cage,  Lifel ine A; C l a s s  B insulat ion,  encapsula ted ,  6OoC r i s e  over 
40°C ambient. T e s t e d  in accordance with ASA '2-50.2 - 1955. (SBHE-3 i s  ident ical  except  is 
100 hp.) 

Buffalo Plant ,  Buffalo 5, 

Manufacturer 

Hot Off-Gas Fans - for Open System 0%-FN-3 and FN-4 

Hot Off-Gas Fans - for Closed System 05-FN-5 and Ftd-6 

Buffalo Forge Company 
Buffalo, New York 

Manufacturer's Type  35-1 Y "CB' ' Exhauster  (Special)  AWR-1 

Equipment Data. - Sta in less  s t e e l ,  welded construct ion.  

Capacity: 500 cfm, 53 in.  water  s t a t i c  pressure,  3070 rpm, 7.2 hp, 70°F. 
Construction: 
304L SS wheel; bear ings a r e  two d e e p  groove, s ing le  row, pillow block. Shait is fitted with s tuf-  
fing box and t e s t e d  t o  a n  internal pressure of 60 in .  water. Multiple be l t  drive. 

Drive Motor: US Elec t r ic  Motor Corp., 75, hp, 3500 rpm, Frame 215, 440 v, 3 phase,  60 cycle .  
Uniclosed Type  H horizontal ,  " Everseal"  encapsulat ion.  

All-welded, 304 s t a i n l e s s  s t e e l  housing, with flanged and gaske ted  inlet  s i d e  cover: 



Appendix C 
HIGH FLUX ISOTOPE REACTOR REPORTS 

ORNL CF 
Report No. 

and Date T i t l e  Author Descr ip t ion  

59-2-65 HFIR Prel iminary Design Study 
3/20/59 

J .  A.  Lane e t  a 1  Descr ip t ion  of t he  HFIR des ign  
concept and pre l iminary  design 
c a l c u l a t i o n s .  Superseded by 
ORNL CF 60-3-33. 

59 -7 -72  
7 /  211  59 

Ef fec t  of Veloc i ty  on Corrosion of Types 
1100 and X8001 Aluminum by D i s t i l l e d  
Water a t  230°C (Loop I: Run 63) 

J. L. Engl ish Corrosion r a t e s  of proposed 
HFIR f u e l  element ma te r i a l s .  

59-8-51 Ef fec t  o f  Veloci ty  on Corrosion o f  Types J. L. English Corrosion r a t e s  of proposed 
8/4/59 1100, 5154-H36, 6061-T6, and X8001 HFIR f u e l  element ma te r i a l s .  

c1 

P 
I Aluminum by D i s t i l l e d  Water a t  260°C 

(Loop I: Run 64) 

59-8-109 S ta tus  of Plans f o r  Transuranic  Element D .  E. Ferguson A genera l  review of 252cf 
8/27/59 Production A .  Chetham-Strode product ion p l ans .  Superseded 

R. D. Cheverton by ORNL TM-165. 
H.  C.  Claiborne 

59-8- 125 Californium Production i n  the  High Flux  H. C.  Claiborne Californiurn-252 production 
8/32/59 I so tope  Reactor M. P. Le i tzke  and hea t  genera t ion  r a t e s  i n  

t h e  t a r g e t s  v s  cyc le  t i m e .  

59-9-13 Ef fec t  of Veloci ty  on Corrosion o f  Types J. L. Engl ish Corrosion r a t e s  of proposed 
9 /4 /59  1100, 5154-H36, 6061-T6, and X800l HFIR f u e l  element m a t e r i a l s .  

Aluminum by D i s t i l l e d  Water a t  290°C 
(LOOP I: Run 65)  

59-10-17 Ef fec t  of Veloci ty  on Corrosion of Types J .  L .  English Corrosion r a t e s  of proposed 
10/1/59 1100, 5154-H36, 6061-T6, and X-8001 HFIR f u e l  element materials. 

Aluminum by D i s t i l l e d  Water a t  200°C 
(Loop I: Run 66) 
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Report  No. 

and Date 

59- 10-19 
10/8/ 59 

59 - 10- 1 O C  
1 0 / 2  7/59 

59-10-110 
1@/29/59 

59-11-15 
11/4/59 

59 -1 1-109 
l / 1 1 / 6 0  

T i t l e  

E f f e c t  o f  D i f f e r e n t  S e t s  o f  Cross-  
Sec t ions  OII 252Cf P roduc t ion  i n  t h e  
NFIR 

k Comparison of Transpor t  Theory and 
D i f f u s i o n  Theory C a l c u l a t i o n s  f o r  t h e  
High F lux  I s o t o p e  Reactor  

HFIR Cooling System Parameter  Study 

Dynamic Corrosion Behavior o f  Types 
1100, 6@61-T6, and X8001 Aluminum i n  
D i s t i l l e d  Water a: 260°C and 50 p s i  
Mechanical Overpressure (Loop I: 
Run 6 7 )  

T r a n  s p 1 u t o n i urn E 1 e me n t s 

59-11-113 E f f e c t  o f  V e l o c i t y  on Corrosion of 
1 I/ 161 59 Types 1100, X8001F, X2219-T6E46, 

an2 6061-T6 Alunlinum by D i s t i l l e d  
Water a t  260°C and an Average 
Xechanical  Overpressure of  200 p s i  
(Loop I: Run 7 6 )  

59-11-131 Lead S h i e l d i n g  of  Spent BFIR Cores 
11/24/59 

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

H.  C .  C la ibo rne  P roduc t ion  r a t e s  of 252Cf are 
c a l c u l a t e d  us ing  d i f f e r e n t  
c r o s s - s e c t i o n s  and compared, 

E. C .  C ia ibo rne  A comparison of d i f f u s i o n  and 
Cransport  t h e o r i e s  a s  a p p l i e d  
t o  MPIR. No l o n g e r  a p p l i c a b l e .  

D .  W .  Vsoorr; Pse1inlinary e v a l u a t i o n  of p r i -  
nary c o o l i n g  syst2n f u l l  power 
o p e r a t i o n  r equ i r enencs  f o r  5 0 t h  
p r e s e n t  and p o s s i b l e  f u t u r e  
c o n d i t i o n s .  

J. %. E q l i s h  Cor ros ion  sa tes  of  proposed 
L. Rice BFTR f u e l  e l e n e n t  m a t e r i a l s .  

W. K. Ergen P o s s i b l e  neam of i n c r e a s i n g  
252Cf p roduc t ion  t?lrrough use 
of o t h e r  reactcors (ETR) and 
n o d i f i c a t i o n s  i n  WIR. 

z. Rice Cor ros ion  r a t e s  o f  proposed 
3. L. Eng l i sh  HFIR f u e l  element m a t e r i a l s .  

N e i l  i - l i lvety P r e l i m i n a r y  sh ipp ing  c o n t a i n e r  
s h i e l d i n g  requlrernents . 
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Rep0 rt N o .  

and Date 

59-12-16 
12/3/59 

59- 12-24 
12/15/59 

59 - 1 2  - 50 
12/14/59 

59-12-89 
12/30 / 59 

60-2-15 
2/1/60 

60-2-24 
2/5/60 

60-2-37 
2/8/60 

T i t l e  

E f fec t  of  Non-Thermal Capture on Cali-  
fornium Production i n  t h e  HFIR 

S t a t u s  Report of the  Soluble  Poison 
Shim Control f o r  the  HFIR 

E f f e c t  of  Veloc i ty  on Corrosion of Types 
1100, X8001F, X2219-T6E46, and 6061-T6 
Aluminum by D i s t i l l e d  Water a t  260°C 
and an Average Mechanical Overpressure 
of 140 p s i  (Loop I: Run 69) 

E f fec t  of Veloci ty  on Corrosion of Types 
1100, 606l-T6, and X8001 Aluminum by 
D i s t i l l e d  Water a t  200°C and an Average 
Mechanical Overpressure of 220 p s i  
(Loop I: Run 71)  

E f fec t  of Veloci ty  on Corrosion of Types 
1100, X8001, 5154-H36, and 6061-T6 A l u -  
minum by D i s t i l l e d  Water a t  260°C wi th  a 
To ta l  Pressure of 940 p s i  (Loop I: 
Run 72) 

Ef fec t  of Surface Prepara t ion  and S t a t i c  
Pref i lming Treatments on t h e  Corrosion 
of  Type X8001 Aluminum by Flowing D i s -  
t i l l e d  Water a t  260°C (Loop I: Run 74) 

Ef fec t  of Veloci ty  on Corrosion of Types 
1100 and X8001 Aluminum by D i s t i l l e d  
Water a t  230°C and an Average Mechanical - e . 7 9 \  *- 

Author 

H. C .  Claiborne 

H ,  A .  McLain 

L. Rice 
J .  L.  Engl ish 

L. Rice 
J .  L. Engl ish 

L.  Rice 
J .  L .  English 

J, L.  English 
L, Rice 

L. Rice 
J. L. English 

Descr ip t ion  

Evaluat ion of t h e  add i t iona l  
252Cf product ion which may be 
gained from f a s t  neutron 
cap tu re .  

Discussion of an e a r l y  proposal 
f o r  the  HFIR c o n t r o l  system. 
(Not app l i cab le  t o  the  present  
des ign .  ) 

Corrosion r a t e s  of  proposed 
HFIR f u e l  element m a t e r i a l s .  

Corrosion r a t e s  of proposed 
HFIR f u e l  element m a t e r i a l s .  

Corrosion rates of proposed 
HFIR f u e l  element ma te r i a l s .  

Corrosion r a t e s  of proposed 
HFIR f u e l  element m a t e r i a l s .  

Corrosion r a t e s  of proposed 
HFIR f u e l  element m a t e r i a l s .  
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60-2-52 Corrosion Behavior of  Some Experimental  
2/10/60 Alloys in Flowing D i s t i l l e d  Water a t  

260°C (Loop I: Run 75) 

60-3-10 E f f e c t s  of  F a s t  Neutron Reac t ions  i n  
3 / 4 / 6 0  t h e  Beryl l ium F.eflector o f  t h e  K F I R  

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

J. L. English Corrosion o f  BFIR f u e l  eleE?ent 
L. Rice m a t e r i a l s .  

H .  C.  C l a i b o r n e .  Gas fo rma t ion  and physical 
changes to  beryllizam as a re- 
s u l t  of radiarion exposure a r e  
d i s c u s s e d .  S t u d i e s  a r e  r e p o r t e d  
on t h e  pr imary-loop pressure 
c o n t r o l  system and the  secondary-  
loop t empera tu re  c o a t r o l  system. 

60-3- 1 2  P r e l i m i n a r y  Hot Spot Analysis of  t h e  N e i l  B i l v e t y  
3 /1 /60  HFIR 

60-3-12 Supplement t o  "P re l imina ry  Hot Spot 
9 /15 /61  Analysis  of  t h e  HFPR" 
Supplement 

Neil  HiLvety 

69-3-33 High F l u s  I s o t o p e  Reactor  -. A General T .  E .  Cole 
3/15/60 Des 6 r i p  t i o n  

60-3-40 Some P r e l i m i n a r y  C a l c u l a t i o n s  of  E .  M. Gift 
3 / 4 / 6 0  Shie ld ing ,  Core Shutdowc Cool-ir,g 

Requiremsnss, and Thermal S'hi??d 
Eeat  Generathon i n  Lhe H F I R  

P r e l i m i n a r y  HFLR hot  s p o t  
a m l y s i s  - nethod o f  a n a l y s i s ,  
v a r i a b l e s  cons ide red ,  c a l c u l a r e d  & 
5 u r n s u t  power l e v e l s  and hot 
s p o t  t empera tu res .  

c1 

Report r e v i s e d  to  i n c l u d e  new 
c o r r e l a t i o n s  f o r  ~eca t  t r a n s f e r  
c o e f f i c i e a t  and bslrnout hea t  
f l u x  * 

P r e l i m i n a r y  d e s c r i p t i o n  of  t h e  
proposed bas i s  f o r  WIR d e s i g n .  

Very p r e l i m i n a r y  e v a l u a t i o n  of  
w a t e r  shis ' ;d i r ,g  requirements  f o r  
t h e  reactor an3 spent  cores  and 
a f t e r h e a t  gene r a t  i o n  and coo 1 i n g  
requireinents o f  s p e n t  c o r e s .  
See a l s o  O W L  CF 60-4-1lO.  



OWL CF 
Report No. 

and Date 

60-4-56 
4 /  11 /60 

0 0- 4- 104 
4/27/60 

60-4-1 10 
4 / 2 9 / 6 0  

60 -4-1 20 
4 / 2 0 / 6 0  

60-5-19 
5/25/60 

60-5 -33 
5/9/60 

60-5-79 
Revised 
4/1/61 

T i t l e  

E f fec t  of  Veloc i ty  on Corrosion of Types 
X8001, 1100, 5154-H36, and 6061-T6 
Aluminum by D i s t i l l e d  Water a t  260°C 
wi th  a To ta l  Pressure  of 1030 p s i  
(Loop M: Run 57) 

Trip Report to the  'Westinghouse 
Testing Reactor, April  18, 1960 

Gamma and Beta Heat Generation Rates 
i n  the  HFIR Core 

High Flux Isotope Reactor C r i t i c a l  
Experiment - Equipment 

Ac t iv i ty  Due t o  l6N and I 7 N  i n  t he  
HFIR Primary Coolant 

Comments on WTE Fuel Xeeltdudn 

EFIR Draving L i s t  

Author 

L. Rice 
J. L. English 

B. A. NcLain 

Neil Hilvety 

C .  A .  Burchsted 

H. A.  McLain 

F.  T. Sinford,  
W ,  R. G a m b i l l ,  
and J. F ,  Wett, 
Jr . 

Descr ip t ion  

Corrosion of  HFIR f u e l  element 
m a t e r i a l s .  

Report 02 t r i p  t o  discuss the 
A p r i l  3, 1960 fue l  meltdown 
i n  Yne WTR. 

Heat genera t ion  r a t e s  and hea t  
f l uxes  i n  t he  f u e l  element due 
t o  f i s s i o n  product hea t ing  a s  a 
func t ion  of t i m e  a f t e r  shutdown. 

Mechanical f a c i l i t i e s  desc r ip -  
t i o n  f o r  t he  f i r s t  HFIR c r i t i c a l  
experiment,  which used a homo- 
geneous so lu t ion  a s  f u e l .  

0 ul I 

Calculated r e s u l t s  of 1 6 N  and 
1 7 N  a c t i v i t i e s  i n  the  primary 
coolant  during the normal 100- 
biw opera t ion  of t he  HFIR. 

Authors found tha t  the cause of 
the  WTR fue l  elements meltdo'im 
of April 3, I960 probably was 
due t o  a nonbonded area i n  the  
fuel element. Points out the 
importance of a good clad bond, 

Obsolete drawing list. 
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O W L  CF 
Report N o .  

and Date T i t  l e  Author Descr ip t ion  

60-8-39 HFIR Response t o  Void Swept I n t o  Flux R.  S. Stone Resul t s  of a pre l iminary  analog 
8 /  10/60 Trap s tudy of the  i s l and  void a c c i -  

dent .  N o  longer app l i cab le .  

60-8-78 Metallographic Examination of Heat T .  M .  Kegley, Jr .  Corrosion o f  HFIR f u e l  element 
8/15/60 Flux Corrosion Test  (Type 1100 Alu- ma te r i a l s .  

minum) Specimens 1 0 0 N - A 6  and 1 0 0 N - A 7  

60-8-87 Summary of  Information on HFIR Target E .  S.  Bomar, Jr .  A summary of e a r l y  f a b r i c a t i o n  
8 / 1 9 / 6 0  Mater ia l s  and Recommended Work work and recommendations f o r  

development work. 

60-8-145 H F I R  C r i t i c a l  Experiment - 2  (HFCE-2) Paul R.  Kasten Proposed program of experiments 
t o  be conducted i n  the  second 
HFIR c r i t i c a l  experiment.  I 

Superseded by ORNL CF 61-1-42. 

6 0 -9 -46 Metallographic Examination of Heat Flux T .  M. Kegley, Jr. Corrosion of HFIR f u e l  element 
9 / 12/60 Corrosion (Types 1100 and 6061 Aluminum) m a t e r i a l s .  

c1 

4 

8/31/60 

Test Specimens 1 0 0 N - A 8 ,  1 0 0 E - A 9 ,  lOON-All, 
and 1 0 0 N - A l 2  

60-10-7 H F I R  Reactor Vessel Expansion Problems W .  R. Gal l  Prel iminary ana lys i s  of beam 
10/3/60 hole  d e f l e c t i o n s  due t o  t h e  

thermal expansion and i n t e r n a l  
pressure  i n  the  v e s s e l .  

60-11-39 Removal of Radioiodine from Air-Stream R. E ,  Adams Removal of rad io iodine  from a i r .  
11/ 14/60 Mixtures W. E. Browning 

60 -12 -1 7 Metallographic Examination of Heat Flux T .  M. Kegley, J r .  Corrosion of HFIR f u e l  element 
12 /2 /60  Corrosion {Type 6061 Aluminum) Test m a t e r i a l s .  

Specimens 1 0 0 N - A 1 3  and 1 0 0 N - A 1 4  
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O W L  CF 
Report No. 

and Date 

61-2-24 
2 /6 /61  

Desc r i p  t ion  Author T i t l e  

Metallographic Examination of Heat 
Flux Corrosion (Type 6061 Aluminum) 
Test Specimens 100N-Al6 and 100N-A17 

T .  M. Kegley, J r .  Corrosion of HFIR f u e l  element 
m a t e r i a l s .  

Calcu la t ions  t o  determine the 
p r o b a b i l i t y  t h a t  the  spacing 
between two adjacent  f u e l  p l a t e s  
i n  t h e  inne r  annulus f u e l  e l e -  
ment will meet acceptance 
s tandards .  

P robab i l i t y  That t he  Spacing Between 
Two Adjacent Fuel P l a t e s  i n  the  HFIR 
Fuel Element W i l l  Meet Acceptance 
Standards 

D .  A. Gardiner 6 1-2 -26 
2/13/61 

Fuel burnup and required r a d i a l  
f u e l  d i s t r i b u t i o n  c a l c u l a t i o n .  

c1 

u 
I 

Beryllium r e f l e c t o r  design c r i -  
t e r i a ,  des ign  ca l cu la t ions ,  and 
d e s c r i p t i o n .  Prel iminary.  

Fuel-Cycle Analysis and Proposed Fuel 
and Burnable Poison D i s t r i b u t i o n  and 
Loading f o r  t he  HFPR and HFCE-2 

R. D .  Cheverton 61-2-36 
2 / 2 / 6 1  

H F I R  Beryllium Ref l e c t o r  - Prel iminary 
Design Report 

N e i l  Hi lve ty  6 1  -2-81 
2 / 2 1  / 6 1  

Nei l  Hi lve ty  
L. A .  Haack 
3 .  R .  McWherter 

Design c r i t e r i a  and expected 
performance and da ta  f o r  pool 
components. 

6 1  - 3  -82 
3/16/61 

HFIR Pool C r i t e r i a  

Addendum t o  HFIR Pool C r i t e r i a  Report 
CF 61-3-82 

N e i l  Hi lvety 
L. A .  Haack 
J .  R.  McWherter 

Design c r i t e r i a  and expected 
performance and d a t a  f o r  pool 
components. 

6 1-3 -82 
Add e ndum 
No. 1 
7 /18 /61  

D. T. Jones Experimental eva lua t ion  of 61-4-55 
4/18/61 

H F I R  Permanent Ref l ec to r  Flow Test 
W .  H. Kelley,  Jr. p res su re  drop requirements 

ac ross  permanent r e f l e c t o r .  

L, A .  Haack Prel iminary thermal a n a l y s i s  of 
t h e  HPIR con t ro l  p l a t e s .  

61-4-73 
4/18/61 

Some Temperature Aspects of the HFIR 
Control P l a t e  System 
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61-8-58 Prel iminary Analysis o f  the  HFIR Control  T .  G.  Chapman Prel iminary a n a l y s i s  of  hydraul ic  
8 i i a m  Rods loads on HFIR c o n t r o l  p l a t e s .  

In  genera l ,  not  app l i cab le  t o  
present  des ign .  

61-8-62 Natural  Convection Cooler f o r  Defect ive H. C .  Claiborne Design of  the  d e f e c t i v e  element, 
8 /21 /61  Fuel Elements from t h e  H F I R  - Design r e a c t o r  pool  hea t  exchanger. 

Calcu la t ions  

6 1-8- 75 Prel iminary Design of the HFIR Core and J. R. McWherter Descr ip t ion  of t he  design of t he  
8/25/61 Pressure  Vessel Assembly HFIR core  and pressure  v e s s e l  

assembly. (In 1962, to  p e r m i t  
d i s t r i b u t i o n  t o  DTIE, number 
O W L  TM-172 was assigned t o  
t h i s  r e p o r t .  ) I 0 

P 
t-! 

61-9-52 High Flux Isotope Reactor C r i t i c a l  Ex- D.  W .  Magnuson Resul ts  of  t he  second HFIR 
9/27/61 periment No. 2 c r i t i c a l  experiment (Par t  I ) .  

6 1 -10 -6 5 
10/18/61 

6 1-10- 70 
10/31/61 

61-11-32 
11/20/61 

62-1-11 
1/3/62 

EFIR Process Control System Studies S. J .  Ball Studies  a r e  reported on the  
primary loop pressure  c o n t r o l  
system and t h e  secondary-loop 
temperature c o n t r o l  system. 

Preliminary Report on Experimental Power R. D. Cheverton Power and f lux  d i s t r i b u t i o n s  i n  
and F l u x  D i s t r i b u t i o n  i n  HPCE-2 HFIR c r i t i c a l  experiment No. 2 

HFIR Control  Rod Drive Design Report C. W. Col l in s  Descr ip t ion  of p re1 iminary 
des ign  of HPIR c o n t r o l  rod 
d r ives .  See CF 67-11-34 fo r  
f i n a l  design.  

Revised HFIR Calcula t ions  for the 
Production of l4’J3u from the 147 Chain 

R. D.  Cheverton A p a r t  of the  H F I R  f i s s i o n  pro-  
duc t s  poisoning c a l c u l a t i o n s .  
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ORNL CF 
Report No. 

and Date T i t l e  Author 

62-5-31 Heat Evolution i n  HFIR F i r s t  Cycle E .  D.  Arnold 
5/8/62 Target  Rods 

62-5-14 Transuraniwi Process ing Development; D .  E. Ferguson 
6/4/62 

4 2 - 7 4  Transuraniiun Processing Development Do E. Ferguson 
7 /2 /62  

62-7-21 
7/10/62 

News Letter for Nay 1962. 

News Letter f o r  $we 1962 

The Thermal Conductivity a t  75'C of 
Cold-Pressed ~ l - G d 2 0 3  P e l l e t s  W .  Fulkerson 

D .  L .  McElroy 

T .  Kol l ie  

62-7-30 Boiling-Burnout Research a t  t h e  
7 /  16/62 Savannah River  Laboratory 

W .  R ,  Garnbill 

6 2 - 7 - 3 4  Heat Evolut ion i n  H F I R  F i r s t  Cycle E. D.  Arnold 
7 /  11/62 Target  Rods: Second Evaluat ion 

62-7-85 Thermal Expansion C h a r a c t e r i s t i c s  of D .  M. Hewette I1 
7 /  2 5/62 HFIR Target P e l l e t s  

D e  s c  r i p  t ion 

Heat genera t ion  r a t e s  i n  t a r g e t  
v s  t i m e  i n  cyc le .  See a l s o  O W L  
CF 62-7-34. 

Status of HFB t a r g e t  work. 

S t a t u s  of HFIR t a r g e t  work, 

Evaluat ion of thermal conduc- 
t i v i t y  of a p e l l e t  which may be 
s i m i l a r  t o  those i n  the  HFIR 
t a r g e t .  

Prel iminary r epor t  on the e f f e c t  
0 ;. of hot  spot  s i z e  and o r i e n t a t i o n  LJ 

on burnout.  

Heat genera t ion  r a t e s  i n  t a r g e t  
v s  t i m e  i n  cyc le .  

Thermal expansion of pro to-  
type HFIR t a r g e t  p e l l e t s  wi th  
11 vol  X Gd2O3 as a s t and- in  
was determined i n  the  range of  
25 t o  400'C. 

4 3 - 8 4  Transuranium Processing Developaerie D. E. Ferguson S ta tus  of HFIR t a r g e t  work. 
8/1/62 Hews Letter f o r  July 1962 
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Report No. 

and Date 

62-11-50 
11 /2O/62 

63-2-5  
2/4/63 

63-2-52 
2 / 2 1 / 6 3  

63-4-11 
4/5/63 

63-5-45 
5 /9 /63  

6 3 - 8 - 6 7  
8/27/63 

T i t l e  

F i s s i o n  Y i e l d  Curves f o r  241Pu, 
241Am, 242Am, and 245Cm 

Analy t ica l  Resul t s  and Macroscopic 
Thermal Neutron Absorption Cross- 
Sec t ion  Values f o r  I m p u r i t i e s  i n  
Type 6 0 6 1  A1 

Gamma Ray and Neutron Heat Generation 
i n  the  HFIR 

D i s t r i b u t i o n  and Loading o f  Fuel and 
Burnable Poison f o r  HFPRCE-3 

Prel iminary Analysis of HFIR Trans ien ts  
Resul t ing from Ramp Reac t iv i ty  Additions 

Calcu la t ions  f o r  t he  I r r a d i a t i o n  of 
Four TRU-HFIR Target  Protytypes i n  the  
MTR on the  O W L - 4 3  Program 

Author 

E.  D. Arnold 

R .  J. Beaver 

D. R. Vondy 

R. D .  Cheverton 

N .  Hi lve ty  
R. D.  Cheverton 
0. W .  Burke 

S .  D. Cl in ton  

Descrip t ion 

i e l d  curves  f o r  *hlPu, T t f ~ ~ " ~ % ~ & , , ,  and 2 4 5 ~ ~  have 
been obtained by e x t r a p o l a t i o n  
of func t ions  of known d a t a  f o r  
t h e  more common f i s s i o n a b l e  
i so topes .  

The concent ra t ion  of impur i t i e s  
i n  Type 6061 A 1  were evaluated 
from the  s tandpoint  of a n a l y t i c a l  
de t ermina t ion a 

The hea t  genera t ion  i n  the  HFIR 
i s  given a s  a func t ion  of pos i -  
t i o n  and ma te r i a l  f o r  both gamma 
and neutron r a d i a t i o n .  t-' 

Ln 

Radial f u e l  and burnable poison 
d i s t r i b u t i o n s  a r e  spec i f i ed  f o r  
both t h e  inne r  and o u t e r  H F I R  
f u e l  a n n u l i .  

The t r a n s i e n t  behavior of t h e  
HFIR when subjected t o  ramp reac-  
t i v i t y  add i t ions  was inves t iga t ed  
t o  determine the  s a f e t y  system 
des ign  requirements f o r  p r e -  
vent ing  core  damage. 

Calcu la t ions  f o r  i r r a d i a t i o n  of 
t a r g e t  prototypes i n  t h e  MTR. 
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OWL CF 
Report No. 

and Date T i t l e  Author Descr ipt ion 

64-2-19 HFIR Review Committee - Meeting No. 4 J .  A. Lane Review Committee ques t ions  and 
2 111164 Pro jec t  answers concerning the  

f u e l  element design and f a b r i -  
ca t ion .  

6 4 - 2 - 2 0  HFIR Review Committee - Meeting No. 5 J. A. Lane Review Committee quest ions and 
2 / 1 2 / 6 4  Projec t  answers concerning the  

primary cool ing system compo- 
nents  and sh ie ld ing .  

64-2-53 HFIR Review Committee - Meeting No. 6 J .  A .  Lane 
2 / 2 6 / 6 4  

64-2  - 7 3  Thermal Def lec t ion  Test - H F I R  Outer G.  J .  Dixon 
2 / 3 / 6 4  Control P l a t e  

64-3-12  HFIR Review Committee - Meeting No. 7 61 .  A.  Lane 
3 / 4 / 6 4  

Review Committee ques t ions  and 
Pro jec t  answers concerning the  
core s t r u c t u r e  and core hydrau- 
l i c s .  

Descr ipt ion of tes t  conducted i n  
l a t e  1962 t o  determine the  the r -  
mal d e f l e c t i o n  encountered i n  a 
simulated HFIR ou te r  con t ro l  
p l a t e .  

c3 
I 

5 

Review Committee quest ions and 
P ro jec t  answers concerning the 
beryll ium r e f l e c t o r  design and 
the  r eac to r  poo l  system. 

64-4-44  
4 / 1 3 / 6 4  

HFIR Review Committee - Meeting Wo, 8 J. A.  Lane Review Committee quest ions and 
Pro jec t  answers concerning the  
con t ro l  region design and con t ro l  
rod f a b r i c a t i o n .  

64-4-68  HFIR Review Committee - Meeting N o .  9 3. A .  Lane Review Committee quest ions and 
4 / 1 4 / 6 4  Projec t  answers concerning the  

r eac to r  con t ro l  and instrumen- 
t a t i o n .  
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ORNL CF 
Report No 
and Date 

64-7-74 
7 f  27/64 

64-9 -36 
9/18/64 

64-le-8 
10/5/64 

64-11-7 
11/3/64 

6 4  -12 -43 
1 2 f  18/64 

6 5 -2-64 
2 J  26 / 65 

65-4-21 
4/12/65 

T i t  l e  

High Flux Iso tope  Reactor C r i t i c a l  
Experiment No. 3 .  P a r t  I. The 235U 
Content of F o i l s  Punched from Fuel 
P l a t e s  

Reactor Operations Review Committee 
Review o f  "The High Flux Isotope 
Reactor - Accident Analysis" 
(Second Draf t ,  Ju ly  1964) 

The Curiun-Americium Slug Cask Trarisf er 

HFIR Review Committee Meeting - 
October 14, 1964 

Prel iminary H F I R  Hydraulic Tes ts  

High Flux Isotope Reactor C r i t i c a l  
Experiment No. 3. P a r t  11. Resul t s  
of  Ant imony-124 -Source Experiments 

HFIR Review Committee Meeting - 
December 16, 1964 

Author Descr ip t ion  

J .  T. Thomas Evaluat ion of c r i t i c a l  expe r i -  
ment f u e l  element f a b r i c a t i o n  
r e s u l t s .  

Reactor Operations Report p re sen t s  t he  conclusions 
Review Committee and recommendations of RORC 

following review of t h e  second 
d r a f t  of t he  hazards r e p o r t .  

J. I?. Nichols Description of a transfer cask for 
and F. L. slugs containing transplutonium 
Peishel elements such as a 5-month irra- 

diated HFIR target. Heat transfer 
problems during shipment are dis- ? 
cussed. G 

J .  A.  Lane Overal l  review meeting t o  con- 
s i d e r  changes i n  design and new 
developments i n  technology 
evolving during the  per iod of 
t he  review. 

G .  J .  Dixon Data c o l l e c t e d  during t e s t  
per iod (9/25/64 t o  11/26/64} 
a r e  presented .  

J .  T. Thomas Evaluation of c r i t i c a l  exper i -  
ment antimony source f a b r i c a t i o n  
r e s u l t s .  

J .  A .  Lane Overal l  review meeting t o  con- 
s ider  changes i n  des ign  and new 
developments i n  technology 
evolving during the  per iod of  
the  review. 
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65-8-57 
8/24/65 

65-9-7 
9 / 3 0 /  65 

65-9-59 
9/17/65 

65-11-1 
11 / 3 0 /  65 

65-11 -29 
11/12/65 

65-11-29 
Supp. No. 1 
2/1/66 

C r i t i c a l  Experiments wi th  a HFIR Fuel 
Element 

Revised H F I R  Shutdown Heat Generation 
Rates 

Prel iminary "Turnaround" Tes t s  o f  a 
Simulated HFIR Target Unit 

HFIR Alignment Manual 

High Flux Isotope Reactor - Safe ty  
Review Questions and Answers 

High Flux Iso tope  Reactor - Safe ty  
Review Questions and Answers 

Author 

S .  3 .  Raffety 
J. T .  Thomas 
R. K. Reedy, Jr. 

T .  G. Chapman 

L. A.  Haack 
T .  G. Chapman 

W .  H. Kelley,  3r. 

T .  E. Cole 

T.  E. Cole 

Descr ip t ion  

Evaluat ion of experiments pe r -  
formed t o  determine the  reac-  
t i v i t y  of the  f i r s t  f u e l  element 
f ab r i ca t ed  f o r  u s e  i n  the  HFIR. 

Shutdown hea t  genera t ion  r a t e s  
f o r  a HFIR core  loading rev ised  
t o  r e f l e c t  dimensional changes, 
f a b r i c a t i o n  to l e rances ,  and 
ope ra t iona l  u n c e r t a i n t i e s .  

Prel iminary t e s t s  i n d i c a t e  t h a t  
a t a r g e t  rod can be s a f e l y  re- 
moved as soon as 20 minutes 
a f t e r  shutdown. n 

I 
tu Col lec t ion  of procedures,  da t a ,  t-' 

and genera l  information on the  
alignment,  indexing, and f a s t e n -  
ing of t h e  s t r u c t u r a l  components, 

Questions r a i sed  by AEC concern- 
ing t h e  HFIR Safe ty  Analysis,  
and answers by OWL, a r e  d e t a i l e d  
i n  this r e p o r t .  Also included 
i n  ORNL-3573. 

Addit ional  ques t ions  r a i sed  by 
AEC concerning the  H F I R  Safe ty  
Analysis,  and answers by OWL, 
a r e  d e t a i l e d  i n  t h i s  r e p o r t ,  
Also included i n  ORNL-3573. 
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66-5-38 
5/12/66 

66-6-62 
6 /21/66 

66-7-11 
7/7/66 

66-7-27 
7/15/66 

66-8-31 
8/16/66 

66 -8-48 
8/3/66 

T i t l e  

1965 RORC Review of the  High Flux 
Isotope Reactor (HFIR) 

HFIR Quar te r ly  Report - January,  
February, and March o €  1966 

WFIR Neutron F luc tua t ion  Spectra  During 
Increase of Power t o  50 Mw 

The R e a c t i v i t i e s  of Several  HFIR Fuel 
Elements: Memo No. 3 

HFIR C r i t i c a l  Experiment No. 3. P a r t  
I V .  "Eu203-Ta-Al Control Cylinder 
Ca l ib ra t ion  and Experiments Supporting 
H F I R  Star tup ' '  

Data Report - P o s t i r r a d i a t i o n  Exam- 
i n a t i o n  of HFIR Target Rod TRU-4 

Author Descr ip t ion  

Reactor Operations Annual review of HFIR by RORC 
Review Committee ( r eac to r  opera t ing  a t  20 Mw).  

R. V. McCord Operating repor t  f o r  f i r s t  
B .  L .  Corbet t  q u a r t e r  of  1966. 

D, N. Fry Neutron f l u c t u a t i o n  measure- 
ments were made t o  d e t e c t  any 
unusual resonances i n  t h e  
frequency spectrum of t h e  neu- 
t r o n  d e n s i t y  f l u c t u a t i o n s .  

E.  B.  Johnson Report of r e a c t i v i t y  acceptance 
tes t s  on seven f u e l  e lements:  

0 
I 
h) 
13 

3-0, 2-1 ;  4-0, 4-1;  5-0, 5 - 1 ;  
6 -0 ,  6-1; 7-0, 7-1 ;  8-0, 8-1; 
9-0, 9-1. 

J.  T.  Thomas Evaluat ion of  c r i t i c a l  expe r i -  
ments t o  eva lua te  r e a c t i v i t y  
c o n t r o l  and power d i s t r i b u t i o n  
under seve ra l  cond i t ions .  

D .  E .  Wilson Experiment performed t o  d e t e r  - 
G. A. Moore mine adequacy of heat  t r a n s f e r  

across  the pe 1 l e t  - t o  -c ladding  
gap, t h e  e f f e c t  of c y c l i c  
thermal s t r a i n  across  t h e  f i n s ,  
the  t ransformation of X-8001 
aluminum t o  s i l i c o n ,  t h e  p re s -  
su re  bui ldup from f i s s i o n  gases ,  
and the  swel l ing from s o l i d  
f i s s i o n  products .  
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66-8-64 
8 / 2 6 / 5 6  

De  s c r i p  t i o n  Author T i t l e  

Opera t ing  r e p o r t  f o r  t h e  p e r i o d  
th rough  December 1%5. ( F i r s t  
i s s u e  of p e r i o d i c  o p e r a t i n g  
r e p o r t s  on t h e  HFIR.)  

HFIR Operat ing Report f o r  t h e  Period 
Through December o f  1965 

R. V. McCord 
B. L .  Corbe t t  

Report  of r e a c t i v i t y  accep tance  
t es t s  on two fuel e l emen t s :  
10-0, 10-1; 11-0, 11-1. 

The R e a c t i v i t i e s  of Two High F l u x  
I so tope  Reactor  F u e l  Elements,  
Nos. 10 and 11: Memo No. 4 

E .  13. Johnson 66-9 - 16  
9 /12 /66  

E v a l u a t i o n  of r a d i a t i o n  damage 
i n  terms of f u e l - p l a t e  rnechan- 
i c a i  i n t e g r i t y  and heat-removal  
c a p a b i l i t i e s .  

In fo rma t ion  P e r t a i n i n g  t o  HFTR Fue l  
P l a t e  Rad ia t ion  Damage S t u d i e s  

R. I). Chevertsn 
T.  M. Sims 

66-10-29 
10/14/66 

Opera t ing  r e p o r t  f o r  the second 
q u a r t e r  o f  1966.  

c1 

-P 
w I R. V.  McCord 

B.  I,. Corbe t t  
66-10-74 
10/28/66 

High Flux I s o t o p e  Reac to r  W a r t e r i y  
R e p o r ~  - A p r i l ,  May, and June o f  
1966 

E v a l u a t i o n  o f  c a l c u l a t i o n s  of 
space and energy d i s t r i b u t i o n  
of  t h e  n e u t r o n  f l u x .  

W .  A .  Hartman 6 7 -1 -55 
1/11/67 

S p a t i a l  and Energy D i s t r i b u t i o n s  o f  
t h e  F a s t  Neutron F lux:  A Comparison 
of C a l c u l a t i o n s  w i t h  Measurements i n  
t h e  HFIR 

R.  c .  Weir SUXIIE~KY 0 5  RZRC review meet ings 
on t h e  i n s t a l l a t i o n  and ope ra -  
t i o n  of a h y d r a u l i c  t u b e  i r -  
r a d i a t i o n  f a c i l i t y  i n  rhe HFIR 
t a r g e t  r e g i o n .  

The Reactor  Experiment Review 
Committee's Review o f  t h e  HFIR 
C e n t r a l  Hydraul ic  Tube I r r a d i a t i o n  
F a c i l i t y  

67-5-36 
5/17/67 

Ancua1 review o f  SFII. by RORC. 1966 RORC Review of t h e  igigh Flux 
I s o t o p e  Reactor  (HFSR) 

R e  a c t 0 r Ope r a t ior. s 
Rev i e w Comm I t t e e 

67-6-2 
6 / 2 / 6 7  
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and Date T i t l e  Author D e s c r i p t i o n  

The R e a c t i v i t i e s  of  Severa l  High Flux E .  B.  Johnson 
Iso tope  Reactor  Fuel Elements:  Memo R. K .  Reedy t e s t s  on 13 f u e l  eleiicents: 

Report of r e a c t i v i t y  acceptance 67-6-4 
6 /5 /67  

No. 5 12 -0 ,  1 2 - 1 ;  13-0, 13-1; 14-0, 

14-1; 15-0, 15-1; 16-0, 16-1;  
17-0, 1 7 - 1 ;  18-0, 18-1; 19-0, 

22 -0 ,  2 2 - 1 ;  23-0, 23-1; 24-0, 
1 9 - 1 ;  20-0, 20-1; 21-0, 21 -1 ;  

24-1 

67-6-52 The Generat ion of Hydrogen i n  TRU-HFIR J .  P. Nichols  Es t imates  of hydrogen genera-  
7 /10/67  T a r g e t s  t i o n  r a t e s  i n  TRU-HFIR t a r g e t s  

d u r i n g  i r r a d i a t i o n  i n  t h e  HFIR 
i s  land.  

Reactor  Opera t ions  Discuss ion  o f  c o n t r o l  p l a t e  0 67-8-2 Reactor  Operat ions Review Committee 
8 f  2/67 Meeting J u l y  25 ,  1967, HFIR Cont ro l  Review Committee bear ing  b r a c k e t  f a i l u r e  problem. LR & 

P l a t e  Mechanical Problems 

67-8-30 Reactor Operat ions Review Committee Reactor Opera t ions  Report p r e s e n t s  recommendations 
8 /  18/6 7 Meeting August 1 7 ,  1967, HFIR Cont ro l  

P l a t e  Bearing Support Problem 
Review Committee of RORC on t h e  c o n t r o l  p l a t e  

b e a r i n g  suppor t  problem. 

67-8-54 Reactor  Operat ions Review Committee Reactor  Opera t ions  Modif ica t ions  t o  b e a r i n g s  and 
8/29/67 Meeting Held August 29, 1967, on t h e  Review Committee t r a c k s  were reviewed and 

HFIR Cont ro l  P l a t e  Bearing Problem s t a r t u p  recommended. 

67-10-1 Reactor  Operat ions Review Committee Reactor  Operat ions F u r t h e r  d i s c u s s i o n  of c o n t r o l  
10/2/67 Meeting 9/29/67, HFIR Cont ro l  P l a t e  Review Committee p l a t e  bear ing  mounting l u g  

Mechanical Problems f a i l u r e s .  Recommendation made 
t o  d e l a y  s t a r t u p  u n t i l  both t h e  
mechanism o f  f a i l u r e  and i t s  
cure a r e  more convinc ingly  dem- 
o n s t r a t e d ,  and a t e s t  program 
t o  a s s u r e  s a f e  o p e r a t i o n  i s  
e s t a b l i s h e d .  
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67-11-6 
11/1/67 

67-11-20 
1L/ 2 0/6? 

6 7-11  -34  
1l/LC/6 7 

67- 1:-35 
11/ 17/67 

67 41-51 0 
111 22/ 67 

Title 

The React ivi t ies  of H i g h  FLUX Isotope 
Reactor Fuel Elements 25 Through 41: 
Nemo JJo. 6 

L i s t  of Repor%s P e r t a h i n g  t o  the 
P 3 r n  Project 

Con t ro l  Element Drives f o r  t h e  High 
Flux Isotope Reactor 

React o r  Operat i oris Review C omirit t e e 
Mse-Lings Bel5 Bwenker 15, 16, 17, 1967, 
0-1 the  EFR Cortrol Plate  Bearisg 
Problems 

Ad Interim Review PzneL f o r  HFLK Coatxol 
Plates; Progress Report 370. 1 

A u t  ho r 

E. B. Johnson 
R. IC. Reedy 

FFIX St3,ff 

J .  E.  Jones,  J r .  

D e s c r i p t i o n  

Report of r e a c t i v i t y  acceptance 
t e s t s  on 17 addi t ional  fuel 
eleaerits - 25 t h r o ~ g j i  41. 

reports  l i s t e d .  

Descr ip t ion  o f  t h e  X F I R  rod  
d r i v e  system i n c l u d i n g  gear  
boxes f o r  t he  shim s a 5 e t y  
plates  and sh im r egu la t ing  
c y l i n d e r .  The s a f e t y  r e l e a s e  
mechanism i s  included i n  th i s  
de sc r i p %  ion .  (1 

w 
Reactor Operations RORC recornendations on con-tsol  cn 
Review ComrrLttee p la te  bearing p d b l e r n s  . 

A. A. Abbatielio Review Panel recomerdations 
A. P. Praas 
3 .  R, Martin 

on control  p l a t e  bearing pmblems e 

V 5, Trent, 2:. 
A. 
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ORNL-TM-99 
1 2 /  1 2 / 6 1  

ORhTZ -TM - 1 14 
11/15/61 

OWL-TM-165 
5 / 1 8 / 6 2  

ORNL -TM- 1 7 2 
8/25/61  

OWL-TM-2 74 
8 / 1 7 / 6 2  

ORrn-TM- 2 9 9 
7 / 2 7 / 6 2  

T i t  l e  

Cooling of t h e  HFIR Beryl l ium Ref lec-  
t o r  Following a Reactor  Scram o r  an  
E l e c t r i c a l  Power Outage 

Void C o e f f i c i e n t  of  R e a c t i v i t y  Asso- 
c i a t e d  w i t h  t h e  I s l a n d  Region of t h e  
High Flux Iso tope  Reactor  

Transuranium Element Research and 
Product ion  - ORNL C o n t r i b u t i o n  t o  
FY 1 9 6 2  Research Supplement t o  t h e  
AEC Annual Report t o  Congress 

P r e l i m i n a r y  Design of t h e  HFIR Core 
and P r e s s u r e  Vesse l  Assembly 

The Detec t ion  of  B o i l i n g  i n  a Water- 
Cooled Nuclear  Reactor  

An Es t imate  of t h e  E f f e c t  of Neutron 
Energy Spectrum on Radia t ion  Damage 
of S t e e l  

Author 

H .  A. McLain 

R.  D. Cheverton 

D. E. Ferguson 
A. Chetham-Strode 
3. R. McWherter 

J .  R. McWherter 

A .  L.  Colomb 
F. T .  Binford 

H. C.  C la iborne  

D e s c r i p t i o n  

Thermal stresses i n  t h e  b e r y l -  
l ium r e f l e c t o r  were c a l c u l a t e d  
f o r  c o n d i t i o n s  fo l lowing  a 
scram w i t h  s imultaneous l o s s  
of c o o l a n t  flow and f o r  an  
e l e c t r i c a l  power outage .  

Examination of t h e  HFIR void  
a c c i d e n t  . 

B r i e f  d e s c r i p t i o n  of  t h e  
r e s e a r c h ,  product ion ,  and 

uranium elements .  r.! 

D e s c r i p t i o n  of t h e  d e s i g n  of 
t h e  K F I R  c o r e  and p r e s s u r e  
ves se l  assembly, (This r e p o r t  
was o r i g i n a l l y  i s s u e d  a s  CF 
61-8-75. TM number ass igned  
t o  permit  d i s t r i b u t i o n  t o  
DTIE . ) 

chemical  process ing  of t r a n s -  c1 
I 

-;I 

A d e s c r i p t i o n  of a method t o  
d e t e c t  t h e  onse t  of b o i l i n g  
by t h e  a n a l y s i s  of  a c o u s t i c a l  
and n u c l e a r  n o i s e .  

E f f e c t  of t h e  n e u t r o n  energy 
spectrum on t h e  r a d i a t i o n  
damage of  t h e  p r e s s u r e  v e s s e l .  
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ORTXL-TPI-456 
4.1 1/63 

P r e s s u r e  E q u a l i z a t i o n  by F l u i d  Ex- 
change Betweer, P a r a l l e l  Flow Channels 

OWL-IT.",-647 C o m p a t i b i l i t y  of Cadmixa-Bearing 
IO/l/Q3 M a t e r i a l s  w i t h  t h e  HFHR F u e l  P l a t e  

Constituents 

QLVL-TM-661 Thermal-FatigLie Analysis  o f  t t e  HFIR 
2 / 1 7 / 6 6  

Ofth\TL-TM-778 High Pressure Test of  t h e  HFIR 
10/28!63 Rec ip roca t ing  Rod Sea l  

OIIML-TM-8:;:; F a b r i c z t i o n  and P r e i r r a d i a t i o n  Data 
5 / 6 4  f o r  %FIR P r o t o t y p e  T a r g e t  Rods 

ONL-TM-649  The EfEect o f  Gamma R a d i a t i o n  on t h e  
4 / 2 7 / 6 4  Thermal Conduc t iv i ty  of Aluminum 

Cor ros ion  Product  Fi lms 

Author 

T .  G .  Chapnar, 
P .  N .  Stevens 

T.  I). Watts 
K. K. Sinha 

J. T.  Veaard 
A .  E .  Carden 

FJ. H. Ke l i ey ,  Jr. 
R. M. K i l l ,  Jr.  

J. D. Sease 
D. M. Hewecte I1 

J. C.  Griess 
H. C.  Savage 
3 .  M .  Baker 

Des c r i p  t i o n  

Psessure  e q u a l i z a t i o n  by c ros s -  
f l o w  o f  w a t e r  between p a r a l l e l  
channe l s  through holes  was e v a l -  
ua t ed  e x p e r i m e n t a l l y  €or u s e  i n  
t h e  H F I R  c o n t r o l  rod r e g i o n  
h y d r a u l i c  stLidies.  

Compa t ib i l i cy  s t u d y  between 
v a r i o u s  cadmium -bea r i n g  mat e r - 
i a l s  and t h e  f i l l e r  s e c t i o n  
c o n s t i t u e n t s ,  aluminum and B4C. 

Superposed d e f o r n a t i o n s  fro:n 
a n a l y s e s  of s i m p l e  e lements  l e d  

~ 

i t o  recommendation of r e l i e v i n g  tc 
thermal s t r a i n  by removing a2 

a x i a l  r e s t r a i n t s .  

E v a l u a t i o n  of t w o  c o n t r o l  s o d  
s e a l  housing d e s i g n s  and sev-  
e r a l  m a t e r i a l s  combinat ions of  
d r i v e  rods,  s e a l  r i n g s ,  and 
seal  housings f o r  use i n  t h e  
RF I R .  

F a b r i c a t i o n  and p r e i r r a d  i a  t i o n  
d a t a  Eor H P I R  p r o t o t y p e  t a r g e t  
rods :or i r r a d i a t i o n  i n  ETB. 

Experiment t o  de t e rmine  t h e  e f -  
f e c t  of g a m a  r a d i a t i o n  on t h e  
thermal c o n d u c t i v i r y  of  corro-  
s ion  product  f i l m s  (boehmite) 
formed on aluniinum surfaces i n  
water.  

I ,  
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ORNL-TM-902 Spec i f i ca t ions  f o r  HFIR Fuel 
8 / 6 4  Elements HFIR-FE-1 

OWL-TM-959 
1 /65  Element Shipping Cask 

Analysis of HFIR I r r a d i a t e d  Fuel 

OW-TM-1029 Laboratory Corrosion Studies  f o r  
6 /65  t h e  High Flux Isotope Reactor 

ORhX-TM-1030 Dynamic Corrosion Studies  f o r  t h e  
9 / 66  High Flux Iso tope  Reactor 

OWL-TM-1084 HFIR Target  Design Study 
9/3/65 

ORNL-TM-1095 Fabr ica t  ion and P r e i r r a d i a t i o n  
6/65 Data of  HFIR Target  Elements f o r  

Savannah River I r r a d i a t i o n s  

Author Descr ip t ion  

G .  M. Adamson, Jr .  Spec i f i ca t ion  covers  r equ i r e -  
J .  R. McWherter ments f o r  the two types of  

aluminum-base f u e l  elements 
which c o n s t i t u t e  t he  HFIR f u e l  
assembly. (Spec i f i ca t ion  i s  
c u r r e n t l y  being r e v i s e d . )  

J .  H. Evans Analysis of sh ie lded  t r a n s f e r  
G. H. Llewellyn cask t o  e s t a b l i s h  compliance 
T .  W.  P icke l  w i th  requirements f o r  Bureau 
A. E. S p a l l e r  of  Explosives approval  and A E C  
B. W .  Wieland r egu la t ions .  

Resul t s  of s t a t i c  t e s t s  con- 
ducted a s  t h e  f i r s t  phase of 1 

0 

w 

J. L. English 
J. C. Griess  

the  cor ros ion  t e s t  program. 0 

J. L. Engl ish Resul t s  of  dynamic tes t s  c a r -  
J .  C.  Griess r i e d  out  i n  a s t a i n l e s s  s t e e l  

pump loop as  the  second phase 
of' HFIR cor ros ion  t e s t  program. 

Studied e f f e c t s  of  242Pu load-  
ing ,  number of  rods,  neut ron  
f lux ,  cyc le  t i m e ,  and p e l l e t -  
tube conductance t o  recommend 
i n i t i a l  t a r g e t  rod loading.  

T.  G, Chapman 

J. D.  Sease Descr ip t ion  of des ign  and fab-  
r i c a t i o n  of t a r g e t  elements 
conta in ing  2 4 2 P ~  f ab r i ca t ed  f o r  
i r r a d i a t i o n  a t  Savannah River ,  
t oge the r  with r e s u l t s  of exam- 
i n a t i o n  of  completed elements.  
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ORNL-TM-1138 Operat ing Manual f o r  t h e  HFIR - 
6 / 6 5  D e s c r i p t i o n  of t h e  F a c i l i t y  

O'RVL-TM-1168 Operat ing 'Manual f o r  t h e  HFIR - 
7/65  Operat ing Procedures  

ORNL-TM-Pl93 C a l c u l a t i o n s  of  Charge and Contour 
9 /65  Dimensions of  Powder-Loading A s -  

s e a b l y  Used i n  t h e  P roduc t ion  of 
K F I R  Composite Fuel  Coxpacts 

OWE-TM-1259 A Second Genera t ion  o f  Reactor  
9 /1 /65  Control  Systems as  Applied t o  

t h e  HFIR 

ORVL-TM-1291 The Release and Adsorpt ion of 
10/1/65 Methyl Iod ide  in t he  B F l R  Maximum 

Cred ib le  Accident 

Author  

H F I R  S t a f f  

HFIR S t a f f  

T .  D. Watts 
W .  J. Werr,er 
J .  P .  Harrmond 

E. C.  Oakes 

R.  E, A ~ E ~ R J S  

D e s c r i p t i o n  

D e s c r i p t i o n  of  t h e  I-IFIR f a c i l i t y .  

Operat ing procedures  f o r  t h e  H F I R .  

P r e s e n t s  method € o r  c a l c u l a t i n g  
t h e  dimensions of a powser- 
l oad ing  assembly an6 a t t e n d a n t  
f u e l  and f i l l e r  composi t ions (as 
a p p l i e d  t o  inne r -annu lus  p l a t e s )  
r e q u i r e d  f o r  t h e  p roduc t ion  of  
t h e  p r e c i s i o n  corriposite compact 
to t h e  s t r i n g e n t  l oad ing  and I 

0 

w con tour  s p e c i f i c a t i o n s .  0 

A s a f e t y  system, a s t a r t - u p  
in s t rumen t  cove r ing  10 decades ,  
and a m u l t i p l e  channel  r e g u l a t i n g  
s y s t e m - - a l l  t r a n s i s t o r i z e d  and 
employing modular c o c s t r u c t i o n - -  
z r e  d e s c r i b e d  a s  a p p l i e d  t o  t h e  
EFIR. 

Study unde r t aken  t o  e s t a b l i s h  
W. E. Browning, Jr. both t h e  maximum pe rcen tage  of 
Wm. 8 .  CQtt re l l  t h e  i o d i n e  i n v e n t o r y  which could 
G. IJ. Parker e x i s t  i n  t h e  cor;tainment vessel  

as methyl i o d i d e ,  and the e f f i -  
c i e n c y  of t h e  HFIR-SBHE system 
f i l t e r  f o r  methyl i o d i d e .  



O W L  
Report No. 
and Date Title Author 

ORNL-TM-1332 Neutron Density Fluctuations Induced B. R.  Lawrence 
12/29/65 by Hydraulic Noise in a Nuclear Power 

Reactor 

ORNL-TM-1348 Influence of Irradiation on the H. E. McCoy, Jr. 
1/66 Tensile Properties of the Aluminum J. R. Weir 

Alloy 6061 

Description 

Feasibility study to determine 
whether or not reactor parameters 
can be obtained by suitable 
analysis of the random fluctua- 
t i o n s  of certain physical vari- 
ables in the power reactor system, 

Study made to determine whether 
the mechanical properties of the 
aluminum alloy 6061 are altered 
significantly by irradiation. 

ORNL-TM-1372 HFIR Pressure Vessel and Structural J. R. McWherter Reviews design and fabrication 
1 /66 Components Material Surveillance R. E. Schappel precautions against brittle n 

Program J ,  R. McGuffey fracture, and outlines materials- Ld I 

t-J and corrosion-surveillance 
program e 

OWL-TM-1377 Fabrication of Aluminum-Base Irradia- M, M. Martin Describes materials of construc- 
2 / 6 6  tion Test Plates W. J. Werner tion and methods of fabrication 

for the miniature aluminum-base 
irradiation test plates prepared 
at ORNL and records the pre- 
irradiation data measured at ORNL. 

C .  F. Leitten, Jr. 

ORNL-924-1388 HFIR Cladding-Failure Detector J.  T. DeLorenzo Describes the operation of the 
12 /8/65 cladding-failure detector and 

gives a procedure for determining 
the proper operational settings 
for the pulse amplifier, p u l s e -  
height discriminator, and the 
high-voltage supply. 



OWL 
Re.port No. 

and Date T i t l e  

0 ~ T L - W - 1 3 9 3  D e s c r i p t i o n  of  F a c i l i t y  Rad ia t ion  and 
12/8/65 Contamination Alarm Systems I n s t a l l e d  

i n  t h e  3FTR Faciliry, Building 7900 

ORNL -TM - 144 0 
3/9/66 in t h e  HFTR Mockup 

Re c omme nd e d Hy d r a  u 1. -i c Me a s u r erne n t s 

ORhL-TM-1471 Determinat ion o €  t he  Power vs Reac- 
7/5/66 t i v i t y  Frequency Response Fucct ior ,  

o f  a Power Reactor ,  w i t h  A p p l i c a t i o n  
t o  the  H F I R  

OWL-TX-1472 A Mathercatical M3del f o r  t h2  HFTR 
1 0 / 2 4 / 6 6  R e a c t i v i t y  C a l c u l a t i o n  

OXNL -TM - 1 4 8 8 
7/56 Bandling Procedures  f o r  H F I R  Fuel  

Ex pe r ixe  n t a 1 D e  t e rmin a t Lon o f Sa f e 

Elements Outside t h e  Reactor  

ORNL-BI-1532 Operat ing S a f e t y  L i m i t s  f o r  t h e  
Xev. 9/16/66 High Flux I s o t o p e  Reactor  (HFIR) 

(100 &J Maxirnum Power) 

ORIL-TM-1628 F a b r i c a t i o n  Procedures  € o r  Manu- 
11/66 f a c c u r i n g  H F I R  F u e l  Elements 

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

J. A.  R d s s e l l ,  Jr, D e s c r i p t i o n  of r a d i a t i o n  and 
D .  J. Knowles contaminat  i o n  alarm systems 

i n s t a l l e d  i n  t h e  HFIR. 

R. J. Kedl Recommendations f o r  h y d r a u l i c  
measurements i n  the H F I R  mockup 
(1/10/61). 

B. R.  Lawrence Space independent numerical  
t echn ique  which avo ids  e v a l u a -  
tion o f  t r a n s f e r  f u n c t i o n s  i n  
a n  a l g e b r a i c  form i n d i c a t e s  
100-Mw o p e r a t i o n  wi thou t  servo  
has  a f requency response peak 

0 
I w 
rd 

a t  10 c p s .  

5. R .  Lawrence D e s c r i p t i o n  of  a model f o r  c a l -  
W. P.  Danforth c u l a t i n g  expected r e a c t i v i t y  
J. B. Bullock changes of  t h e  HFIR by means o f  

ar: on-line d i g i t a l  c o z p u t e r .  

S .  J .  R a f f e t y  Experimental  d e t e r n i n a t i o n  of 
J .  T. Thomas s a f e  handling procedures  f o r  

HFIR f u e l  e lements  o u t s i d e  the  
r e a c t o r .  

L i m i t  e s t a b l i s h e d  $or  e a c h  
o p e r a t i n g  v a r i a b l e  which hzs 
d i r e c t  r e a c t o r  s a f e t y  s i g n i f i -  
cance .  

J, Binns Procedures  f o r  manufacture  and 
G .  M. hdamson, Jr.  i n s p e c t i o n  of  H F I R  f u e l  assen- 
R. W. Knight b l i e s .  



ORNL 
Report No 

and Date T i t l e  

ORNL-TM-1638 Nuclear Instrument Xodule Maintenance 
(parts 1 Ib'lanuals 
through 38) 
1968 

OWL-TM-1677 In-Place Iodine F i l t e r  Tests a t  
12/66  the  HFIR 

OWL-TM-1687 HFIR Homogeneity Scanner, Produc- 
2 / 6 7  

ORNL-TM- 1 
2/67  

t i o n  Model, Operating and Main- 
tenance Manual 

32 Charac ter iza t ion  of U308 D i s p e r  ions 
i n  Aluminum 

O W - 7 2 4 - 1 7 1 2  
3/67 €or  the  High Flux Isotope Reactor 

The Fabr ica t ion  of Target Elements 

Author 

J. L. Anderson 
e t  al. 

J. H.  Swanks 

J. W. Reynolds 
R. L .  Shipp 
T .  F.  S l i s k i  
W .  H.  Longaker 
K. K. Klindt  

D.  0 .  Hobson 
C. F. Le i t t en ,  Jr .  

J. D. Sease 

Descr ipt ion 

Separate rnanual for each amplifier 
chassis o r  component. 

Resul ts  of in-place iodine f i l t e r  
tes t s  i n  the  SBHE and HOG systems. 

Manual descr ibes  the  opera t ion  of 
t he  homogeneity scanner and main- 
tenance procedures f o r  the e l e c -  
t r o n i c  components. 

0 
I Charac ter iza t ion  of d i spers ion  L3 f u e l  t o  he lp  pred ic t  i r r a d i a t i o n  w 

performance and t o  e s t a b l i s h  
ma te r i a l  and process spec i f i ca -  
t ions .  

Covers t h e  f a b r i c a t i o n  and per -  
t i n e n t  p r e i r r a d i a t i o n  da ta  of 37 
342~u-conta in ing  t a r g e t  elements 
t o  be used f o r  the  f i r s t  HFIR 
t a r g e t  i r r a d i a t i o n s ,  39 U02-Ta- 
conta in ing  simulated t a r g e t  
elements f o r  i n i t i a l  s t a r t u p  
experiments the HFIR, and 18 
a d d i t i o n a l  '%?u-containing 
t a r g e t  elements fabr ica ted  
e a r l i e r  f o r  i r r a d i a t i o n  a t  SRL. 



c
-3

4
 

F c F F C 

-
i
 

4. -,- 0
 

2 

0
 

N
 

F: 
cu k

 
0
 

G
I al a 

k
 

a 
2
 

*J
 

-2 
... 
n
s
w
 

2
4

; 
E-, 

r-, 
w
 

k
 
0
 

4-J 

a
 E 



* .  

OWL 
Report No e 

and Date T i t l e  Author De sc r i p  t ion 

ORNL-TM-1903 HFIR Fuel Element Steady S t a t e  Heat N. Hi lve ty  Reports 1960-1964 f u e l  element 
12/67 Transfer  Analysis  T .  G. Chapman s teady s ta te  hea t  t r a n s f e r  

a n a l y s i s  s t u d i e s .  See ORNL- 
734-1904 f o r  l a t e r  a n a l y s i s .  

OWL-TM-1904 HFIR Fuel Element Steady S t a t e  Heat H. A .  McLain Following tests which showed the  
12/67 Transfer  Analysis - Revised Version f u e l  element d e f l e c t s  i n  one d i -  

r ec t ion ,  a new thermal-hydraul ic  
computer ana lys i s  program was 
w r i t t e n .  Power (flow over  t h e  
e n t i r e  core  ins tead  of j u s t  a hot  
s t r e a k )  and o t h e r  changes were 
made. Analysis showed i n c i p i e n t -  
b o i l i n g  power l i m i t s  were 139 0 

and 153 Mw a t  0 and 2500 Mwd, LJ 
r e spec t ive ly .  

I 

VI 

ORNL-TM-1961 On-Line C a l i b r a t i o n  of HFPR Control D. N.  Fry Study made t o  eva lua te  t h e  rod 
9/13/67 Rods Using t h e  Rod O s c i l l a t i o n  o s c i l l a t i o n  method of measuring 

Technique d i f f e r e n t i a l  con t ro l  rod worth. 

OWL-TM-2017 High Flux Isotope Reactor Quarter ly  R,  V.  McCord Operating r epor t  fo r  t h e  second 
9/27/67 Report - Apri l ,  May, and June of E.  L. Corbet t  q u a r t e r  of 1967. 

1967 

OWL-TM-2078 High Flux Isotope Reactor Quarter ly  R. V ,  McCord Operating report  f o r  the t h i r d  
11/13/6'7 Report - July, August, afid September B. L. Corbett quarter of 1967. 

of 1967 

OWL-2872 Removal of Radioiodine from A i r  R .  E.  Adams Removal of rad io iodine  from a i r  
3/17/60 Streams by Activated Charcoal W .  E .  Browning, Jr. streams by ac t iva t ed  charcoa l .  



c-3%
 

.A
 

k
 

r
-
4

2
 

a
o
 

2
2

 

.
.

.
.

 
9

z
a

-J
 

... 
h

d
Q

 

a, 
r
l 

U
 

.d
 

E-r 



ORNL 
Report No. 

and Date T i t l e  Author 

ORNL-3230 Effec t  of Heat Flux on the  Corrosion J. C. Griess  
1 2 /  5/61 of Aluminum by Water. Pa r t  111. H. C .  Savage 

F i n a l  Report on Tests Rela t ive  t o  the  J .  G .  Rainwater 
High-Flax Isotope Reactor T. H.  Mauney 

J. L .  English 

ORNL-3290 Transuranium Quarterly Progress D.  E. Ferguson 
4/6/62 Report f o r  Period Ending February 

28, 1962 

Prel iminary Solut ion C r i t i c a l  Experi-  O W L  - 33 59 
5/28/63 ments f o r  t he  HFIR L. W .  G i l l ey  

J. K. Fox 

D. W. Magnuson 

GRVJL-3375 Transuranium Quarterly Progress Conpiled by 
l/ 181 63 Report f o r  Period Ending August 

31, 1962 
D. E. Ferguson 

CIFUTL-3408 Transuranium Quarterly Progress Compiled by 
5/ 31/ 63 Report for Period Ending November 

30, 1962 
D. E. Ferguson 

OWL- 3442 Tests  of High-Efficiency F i l t e r s  and E.  C. Par r i sh  
5 /17/6 3 F i l t e r  I n s t a l l a t i o n s  a t  ORNL R. W .  Schneider 

Descr ipt ion 

Tests t o  determine the  e f f e c t  o f  
very  high hea t  f luxes  on the  cor-  
ros ion  of 1100 and 6061 aluminum 
a l l o y s  by water .  

Status of HFIR target work. 

Experiments were conducted on 
assemblies wi th  a c e n t r a l  H20 
column surrounded by an annular  
region of uranyl  n i t r a t e  s o l u -  
t i o n  which i n  t u r n  was surrounded 
by a heavy and/or  l i g h t  water 
r e f l e c t o r  region. 

Report on the s ta tus  of the ORNL, 
trmsuranimn work as of August 
31, 1962 

Report on the status of the  ORNL 
transuraniuT work as of November 
30, 1962. 

Tests t o  measure the  f i l t r a t i o n  
e f f i c i e n c y  of h igh-ef f ic iency  
f i l t e r s  . 

c1 
I 
w 
4 



OKYL 
Report No. 

and Date T i t l e  Author D e s c r i p t f o n  

omz-3543 
2 / 6 4  

E f f e c t  of Heat Flux on t h e  Cor ros ion  
of Aluminum by Water .  Pa r t  IV. 
Tescs R e l a t i v e  t o  the Advanced Test  
Reactor and C o r r e l a t i o n  with Pre -  
v i o u s  Kesalts 

R e s u l t s  of t e s t s  t o  i n v e s t i g a t e  
t h e  c o r r o s i o n  of 6061 and X-8001 
aluminum a l l o y s  and t h e  r e s u l t a n t  
fo rma t ion  of a n  a d h e r e n t  COEO- 

s i o n  product  on t h e  co r rod iEg  
s u r f a c e .  

J. C. Griess 
H. C .  Savage 
J. L. English 

ORNL-3 5 5 7 
2 / 6 4  

Mechanical P r o p e r t i e s  of X-8001 and 
6061 Aluminum Alloys and Aluminum- 
Ilase Fuel D i s p e r s i o n  a t  Elevated 
Temperatures 

W. R. Mart in  
J, R. Weir 

Creep and t e n s i l e  p r o p e r t i e s  
measured o v e r  range 70-60O"P 
f o r  A'rR f u e l  p l a t e s .  

OR% - 3 5 7 2 
Vol. 1 
5 / 6 4  

The Righ Flux I s o t o p e  Reactaor, 
A F u n c t i o n a l  D e s c r i p t i o n  

F. T. Binford 
E .  N .  Cramer 

Reac to r  d e s c r i p t i o n  i n  suppor t  
of a c c i d e n t  a n a l y s i s .  

OWL-3 5 72  
Vol. 2 
3 / 6 4  

The High F l u x  I s o t o p e  Reactor  - 
Se lec t ed  C o n s t r u c t i o n  Drawings 

F. T. E i n f o r d  
E. N .  Cramer 

Reactor  d e s c r i p t i o n  i n  s u p p o r t  
o f  a c c i d e n t  a n a l y s i s .  

ORNL- 3 5 '7 2 
Vol. 1, 
Rev. 1 
Pkirch 1965 

The Higk Flux I so tope  Beactor, 
R F:mctional Descr ip t ion  

Xew pages an6 f ibares  issaed to 
a l i m i t e d  d i s t r i b u t i o n  t o  b r i n g  
the reacSor d e s c r i p t i o n  up t o  daze. 

ORNL-35 7 3  
4 / 5  7 

The High Flux I s o t o p e  Reeactor - 
Acc iclei;t Anal y s  i s  

P. T .  Binford 
T .  E. Cole 
E .  N. Cramer 

Coripiled by 
.fjJ . 2, (1 Bmch 

Inc ludes  o r i g i n a l  a c c i d e n t  
a n a l y s i s ,  and responses  t o  AEC 
questions. 

ORNL-365 1 
3c$. 1964 

Transuranium Q u a r t e r l y  Progress 
Report f o r  Per iod Ending February 
29, 1964 

Status of t r a n s u r m i m i  prograrn as 
of February 29, 1964$, 

QRKL- 3685 
9 / 6 4  

A R e a c t i v i t y  Computer f o r  Use With 
Nuclear  Reactor  Con t ro l  Systems 

Desc r ibes  a colnputer f o r  checking 
t h a t  r e g u l a t i n g  rod motion i s  
+hac expec ted  from r e a c t o r ' s  
power h i s t s r y  . 

L. C.  Oakes 

Y 
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ORNL 
Report No. 
and Date 

O W L  - 3 6 99 
10/ 64 

OWL-373 7 
1/65 

OWL-3 780 
4/65 

ORNL-3848 
10/65 

O W -  39 2 9 
4 / 6 6  

6RNL-4052 
4 /67  

Title 

A Miniaturized Fission Chanber and 
Preamplifier Assembly (9-2617) for 
High Flux Reactors 

Continuous Scanning X-Ray Attenuation 
Technique for Determining Fuel 
Inhomogeneities in Dispersion Core 
Fuel Plates 

Development of Nondestructive 
Testing Techniques for the High Flux 
Isotope Reactor Fuel Element 

Effects of Reactor Operation on 
HFIR Coolant 

Parallel Plate Multisection Ionization 
Chambers for High Performance Reactors 

Characterization and Production of 
U308 for the High Flux Isotope Reactor 

Author 

D. P. Roux 
E. Fairstein 
S. H. Hanauer 
G. C. Guerrant 
J. L. Kaufman 

B. E. Foster 
S .  D. Snyder 
R. W. McClung 

R. W. McClung 

G. H. Jenks 

D. P. Roux 

W. J. Werner 
J. R. Barkman 

Description 

Description of an articulated 
assembly consisting of a fission 
chamber, a preamplifier, and 
flexible cables, which has been 
developed to meet t h e  space and 
environmental requirements of 
h i g h  flux reactors. 

Describes system which automatic- 
ally scans 0.007 square inch 
areas. 

c2 

Ld I 
\ij 

Report on nondestructive testing 
methods which were studied, de- 
veloped, and applied to the 
evaluation of various properties 
during fabrication development 
for HFIR. 

Calculations of radiolytic gas 
production and stability of  HNO3 
(added to suppress corrosion 
film) 

Describes design and testing of 
HFIR ion chambers. 

Characterization and production 
of  U308 for t he  HFIR. 



0xx-L 
Report No. 

and Date 

OWL-4056 
1 /6  7 

T i t l e  A u t  fior 

Swe 11 ing o f  U A l 3  - k l  Cornpac t s J .  i. Gregg 
R.  S.  Crouse 
W. J.  Werner 

0&\%-4iG8 I n i t i a l  Development of IiFIR Fuel 
1016 7 Assemblies 

X. J .  Beaver 
3. W. Tacker t  
J. N. Erwin 
G .  M. S l a u g h t e r  
W .  J. Kueera 

O'KNL-4 149 
10/6 7 

Analysis  of Neutron F l u c t u a t i o n  J. C .  Robinson 
S p e c t r a  i n  t h e  ORR and t h e  X F I R  

Irradia-Lion Behavior of A l ~ m i m ~ q -  R.  J. Beaver 
Base Dispersions Coctalning E ~ m ~ i m  A. E. Richt  
Oxides K. M. Y s r t i s  

D e s c r i p t i o n  

Obse rva t ions  on o u t - o f - p i l e  t e s t s  
i n d i c a t e  UA13-Ai compacts s w e l l  
a s  UA1-j i s  formed, and t h a t  
vacuum degass ing  a t  t empera tu res  
n e a r  500°C (below t h e  conve r s ion  
t empera tu re )  o r  silicon a d d i t i o n  
:nay s t a b i l i z e  t h e  i r . t e r :ne t a l l i c .  

Report d e s c r i b e s  L n i t i a l  develop-  
ment of HFIR-type Euel a s sembl i e s  
aimed a t  demons t r a t ing  f e a s i b i l -  
i t y  and concluded w i t h  t h e  f a b r i -  
c a t i o n  of t h e  S - l ~ g - ~ ~ ~ l J  aluminum- 

c r i t i c a l  experiment  Eo. 2 
base  Errel assembly f o r  t h e  3FIR c1 1 

4L 
0 

Analys i s  of  n e u t r o n  f l u c t u a t i o n  
s p e c t r a  i n  t h e  ORR and t h e  H F I R .  

I r r a d i a t i o a  behavior of aluminm- 
Sase dispersions containing 
emopium oxides. 



Appendix t3 

BIBLIOGRAPHY ON FLUX-TRAP REACTORS 

Alichanow, A. I . ,  et al., “ A  Heavy Water Resedrch Reactor,” Proc. Intern. Conf. Peaceful Uses 
Atomic Energy, Geneva, 1955, 2, 331. 

Babcock and Wilcox Company and Lockheed Aircraft Corporation, Proposal lo thc Atomic Energy 
Commission for an Engineering Test Reactor, vol I .  Technic-nl Description and Progrtun Plan, 
June 30, 1955. 

(December 1956). 
Bolger, J. C., S. F. D’Urso, and R. 0. Maak, Feasibility Study of Superflux Reactor, EPS-X-293 

Carter, W. L. (group leader), Design Study o f  an Advanced Tes t  Reactor (ORSORT Study), ORNL- 

Cheverton, R. D. (group leader), High Flux Research Reactor (ORSORT Study), OKNL-CF-56-8-206 

Cheverton, R. D., Further Studies of a D20 Moderated High Flux Research Reactor (to be published). 
Choudhury, J., Critical Calculations for the Core of a Very Nigh Flux  Research Reactor, Geneva 

Conference Paper 1503, August 1958. 
Cole, T. E., and A. M. Weinberg, “Technology of Research Reactors,” Ann, Rev. Nucl. Sci. 12, 

221 (1962). 
Ergen, W. K., Flux Distribution in a Reactor Consisting of a Spherical Shcll of Fuel in an infinite 

Moderator, ORNL-CF-57-12-100 (Dec. 24, 1957). 
Ergen, W .  K. ,  Fluxes Obtainable in a Flux-Trap Reactor, ORNL-CF-58-1-4 (Jan. 15, 1958). 
Ergen, W. K . ,  High Thermal Neutron Flux from Fission. Uversimpfified Cases,  ORNL-CF-58-2-127 

Ergen, W .  K., Homogeneous High-Flux Reactor, ORNL-CF-58-3-68 (Mar. 31, 1958). 
Feinberg, S. M., et al., Uranium-Water Intermediate. Reactor Used for Obtaining High lntensrfy Neu- 

Fowler, T. B., Maximum Thermal F l u x  per Mw in  Three-Region Homogeneous Reactors, ORNL-CF- 

Francis,  T. L., et al., “A Flux-Trap Reactor for Advanced Engineering Tests,” Trans. Am. Nucl. 

Kasten, P. R., M. I. Lundin, and C. L. Segaser, Aqueous Homogeneous Research Reactor, ORNL- 

Kelber, C .  N., The  Theoretical Physics of the Argonaut Reactor, ANL-5710. 
Leyse ,  C. F., et nl., High Flux Reactors for University Research, INTERNUC-22 (March 1958). 
Leyse ,  C. F., et al., An Advanced Engineering Test  Reactor, INTERNUC-23 [see a l s o  AECU- 

I,eyse, C .  F., e f  al., “A High Flux Pool-Type Research Reactor,” Trans. Am. Nuct. Soc. 1(1) 

Link, L. E., The Mighty itlouse Research Kcacfor. Preliminary Design Study, ANL-5688. 
Link, L .  E.,  ct al., Design of a High F l u x  Research Reactor - Mighty Mouse, Geneva Conference 

Mallon, R. G., Conceptual Design of An Advanced Engineering Test  Keactor, ASTRA, 200 E 1.1 

Nestor, C. W., Jr . ,  Flux Peaking in Homogeneous Reactors, ORNL-CF-57-8-84 (August 1957). 
Osredkar, M., and R. Stephenson, Thermal Flux in the Central Moderator Zone of Thermal and Fast 

Phill ips Petroleum Company, Cobalt-60 Production Reactor, fD0-16421. 
Ribaric, M . ,  The Design o f  Spherical Shell Reactors, Geneva Conference Paper 4’75, August 1958. 
Stewart, H., e f  al . ,  “Low-Power Thermal Test Reactor for Nuclear Phys ic s  Research,” Nucleonics 

U.S. Atomic Energy Commission, San Francisco Operations Office, Design Requirements for the 

CF-57-8- 5 (Augutst 1957). 

(August 1956), 

(Feb. 26, 1958). 

fron Ffuxes,  Geneva Conference Paper  2142, 1958. 

58-3-76 (Mar. 18, 1958). 

SOC. l(1) (June 1958) (abstract). 

2256 (April 1957). 

3427 and Addendum for preliminary report). 

(June 1958) (abstract). 

Paper 423, June 1958. 

(Mar. 1, 1957). 

Reacfors, Geneva Conference Paper 2411, August 1958. 

11(5), 38. 

Livermote Pool Tes t  Reactor, May 1955. 
D-1 

/.....:,.. :. .. :,:.:.:.:. ..:.:.: ........................... - - - - - - -  





i 
d 

O R N L - 3 5 7 2  ( R e v .  2 )  
UC-80 - Reactor Technology 

INTERNAL DISTRIBUTION 

1. Biology Library 
2-4. Central Research Library 
5-6. ORNL - Y-12 Technical Library 

Document Reference Section 
7. Laboratory Shift Supervisor 

8-41. Laboratory Records Department 
42. Laboratory Records, ORNL R.C. 
43. G. M. Adamson, Jr. 
44. R. G. Affel 
45. J. L. Anderson 
46. D. S. Asquith 
47. S. E. Beall 
48. M. Bender 
49. F. T. Binford 

54. F. R. Bruce 
57. C. D. Cagle 
58. R. D. Cheverton 
59. W. G. Cobb 

60-61. T. E. Cole 
62. 6. L. Corbett 

63-87. J. A. Cox 
88. E. N. Cramer 
89. S. J. Crorner (K-25) 
90. F. L. Culler 
91. G. L. Dixon 
92. B. C. Duggins 

50-55. A. L. Boch 

93. E. P. Epler 
94. W. K. Ergen 
95. R. L. Ferguson 
96. J. H. Gillette 
97. L. A. Haack 
98. J. W. Hi l l ,  Jr. 
99. R. M. Hill, Jr. 

100. W. H. Jordan 
101. J. A. Lane 
102. C. E. Earson 

103-127. R. V. McCord 
128. H. G. MacPherson 
129. H. A. McLain 
130. J. R. McWherter 
131. L. C. Ookes 
132. R. B. Parker 
133. A. M. Perry 
134. K.  H. Poteet 
135. M. E. Ramsey 
136. A. F. Rupp 
137. H. W. Savage 
138. T. M. Sims 
139. M. J. Skinner 
140. C. C. Webster 
141. A. M. Weinberg 
142. G. Young 

EXTERNAL D15TRIBUTION 

143. E. E. Hall, DRDT Report Staff, AEC, Washington 
144. R. Devine, Bethesda Technical Library, AEC, Washington 
145. D. J. Skovholt, Division of  Reactor Licensing, AEC, Washington 
146. T. R. Jones, Division of Research, AEC, Washington 
147. E. E. Kintner, DRDT, AEC, Washington 
148. Milton Show, Division of Reactor Development and Technology, AEC, Washington 
149. M. Biles, D iv is ion  of Operational Safety, AEC, Washington 
150. C. Zabel, ACRS, AEC, Washington 
151. S. R. Sapirie, AEC, Oak Ridge 
152. H. M. Roth, AEC, Oak Ridge 
155. L. H. Jackson, AEC, Oak Ridge 

154-155. J. A. Lenhard, AEC, Oak Ridge 



. 

156. R. L... Fcrguson, AEC, Chicago Opeiations Office 
157. Eric Blomberg, AD Atornenergi, Sweden 
158. K. J. Bobin, Mol, Belgium 
159. J. R. Colley, South Africa Atomic Energy Board 
160. 1.. F. Franzen, lnst i tut  fur Reactorsicherheit der Technische, Moln 
161. Masamoci Kanbnro, Japan Atomic Energy Research Inst i tute 
162. F. B. Buoni, Wright-Patterson Air  Force Base 
163. J. J .  M. Snepvangers, Reactor Centrum Nederland 
164. Karl E. Wirtz, Karlsruhe, Germany 
165. 11. Mayer-Leibnitz, lnstitut Max Von L ~ ~ t ~ e - P a u l  Langovin, Saclay, France 

166-170. J. Chatoux, Inst i t i i t  Max Van Laue-Paul langevin, Saclay, France 
171. N. Hilvety, Union Carbide Corporation, Parma Research Center, Cleveland 
172. C. E. Winters, Union Carbide Corporation, Parma Research Center, Cleveland 
173. J. A. Swartout, Union Carbide Corporation, New York 

194- 178. M. Levenson, Argonne National Laboratory, Argonne, 11 l inoi s 
179. Laboratory and University Division, AEC, ORQ 

180-436. Given distribution as  shown in TID-4500 under Reactor Technology category 
(25 copies - CFSII) 


