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FOR EWOR D 

Since the Three Mile Islan d Unit 2 (TM I-2) acci dent of March 28, 1979, major 

recovery and research efforts have been set in motion. Plant cleanup is pro gressin g  

an d si gnificant research has already been performe d, and the pace of work i s  increasing. 

This volume reproduces presentations ma de at the TM I-2 Seminar held in 

San Francisco on December 4 and 5, 1981; the presentations in dicate the status of 

the plant an d of research efforts as of mi d-November 1981. 
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TMI-2 RECOVERY PROGRAM 

OBJECTIVES 

1. MAINTAIN REACTOR IN A SAFE CONDITION. 

2. COLLECT AND DISPOSE OF RADIOACTIVE FISSION PRODUCTS IN GAS AND WATER. 

3, DECONTAMINATE PLANT FACILITIES. 

4. DISASSEMBLE REACTOR, REMOVE AND DISPOSE OF FUEL. 

ALL OF THE ABOVE MUST BE ACCOMPLISHED WITH HIGHEST REGARD TO WORKER/ 

PUBLIC HEALTH AND SAFETY AND FULL COMPLIANCE WITH THE LAW. 

11/19/81 



PLANT STABILITY 

CORE COOLING 

• DECAY HEAT GENERATION IS APPROXIMATELY 50 KW 

• BULK TEMPERATURE CAVERAGED IN-CORE THERMOCOUPLES) IS 113°F. LOOP TEMPERATURES 

ARE THor 110°F, TcoLD 68°F. 

•CORE COOLING IS VIA DIRECT LOSS TO CONTAINMENT AMBIENT. NO FLOW IS INDICATED, 

BUT THERE IS THERMAL COOLING DUE TO CORE �T'S, 

CRITICALITY 

•CORE IS MAINTAINED SUBCRITICAL VIA CHEMICAL POISON C3500 PPM BORON) , 

•TWO STARTUP RANGE NEUTRON DETECTORS CBFsJ IN SERVICE. 

PRESSURE AND INVENTORY CONTROL 

eRCS PRESSURE MAINTAINED AT 90 C± 10) PSIG, VIA STANDBY PRESSURE CONTROL SYSTEM 

CSPC) . 

•RCS LEAK RATE IS APPROXIMATELY 0.1 GPM. 

BOUNDARY INTEGRITY 

•RCS BOUNDARY IS INTACT 

•CONTAINMENT BOUNDARY IS INTACT AND BUILDING IS MAINTAINED AT SUBATMOSPHERIC 

PRESSURE AND POTENTIAL LEAK PAHTS ARE MONITORED. 
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PLANT STABILITY 

OVERVIEW 

BY ALL INDICATIONS, REACTOR REMAINS STABLE AND THERE HAS BEEN NO RECENT 

DEGRADATION OF INSTRUMENTATION OR EQUIPMENT. THE INSTALLATION OF SPC AND 

OTHER SYSTEMS HAS SUBSTANTIALLY IMPROVED PLANT CONTROL, COMPARED TO EARLIER 

POST-ACCIDENT CONDITION. 
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DECONTAMINATION OF AUXILIARY AND FUEL HANDLING BUILDINGS 

• OPEN AREAS HAVE BEEN DECONTAMINATED C90% UNRESTRICTED AREAS). 

• CUBICLE CONTAMINATION IS APPROXIMATELY 50% COMPLETE. 

• LIMITED WORK IN 1981. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

OVERVIEW 

AUXILIARY AND FUEL HANDLING BUILDING DECONTAMINATION HAS BEEN 

ACCOMPLISHED TO AN EXTENT PERMITTING REASONABLE ACCESS TO THE 

BUILDING AND OPERATION/SURVEILLANCE OF NECESSARY EQUIPMENT. 

THE MAJOR EFFORT AT THIS POINT IS TO MAINTAIN THE STATUS QUO 

IN THESE AREAS. 
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DECONTAMINATION OF CONTAINMENT 

MAJOR ACCOMPLISHMENTS TO DATE INCLUDE: 

• CONTAINMENT ACCESS WAS REGAINED IN AUGUST, 1980. SINCE THEN, NUMEROUS CONTAIN-

MENT BUILDING ENTRIES HAVE BEEN MADE, FOR THE PURPOSES OF: 

INSPECTION AND CHARACTERIZATION 

DATA ACQUISITION 

DECONTAMINATION PLANNING <INCLUDING TWO MAJOR DECONTAMINATION TESTS) 

•43, 000 CURIES OF KRYPTON-85 GAS WERE RELEASED Td THE ENVIRONMENT IN JULY, 1980. 

• A SYSTEM HAS BEEN INSTALLED FOR REMOVAL OF THE HIGHLY CONTArHNATED WATER IN THE 

CONTAINMENT BASEMENT. AS OF NOVEMBER 15, APPROXIMATELY 250, 000 GALLONS <OF AN 

ESTIMATED 600, 000 GALLON TOTAL) HAD BEEN REMOVED. 

•DETAILED PLANNING AND ENGINEERING, IN SUPPORT OF CONTAINMENT DECONTAMINATION, 

ARE PROCEEDING. 
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DECONTAMINATION OF CONTAINMENT 

OVERVIEW 

SUBSTANTIAL PROGRESS HAS BEEN MADE IN PREPARATION FOR CONTAINMENT 

BUILDING DECONTAMINATION. CONDITIONS IN THE BUILDING ARE WELL 

UNDERSTOOD. THE DECONTAMINATION SCHEDULE DEPENDS ON FUNDING, BUT 
SHOULD BE COMPLETED THROUGH PHASE I <GROSS DECON) DURING 1982. 
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REACTOR EXAMINATION, DISASSEMBLY, AND DEFUELING 

CORE CONDITION 

THE TMI-2 CORE IS SEVERELY DAMAGED, ALTHOUGH TO A DEGREE NOT PRECISELY KNOWN 

(SEE GEND-007 FOR DETAILS) , FOR PLANNING PURPOSES, IT IS ASSUMED TO BE COMPRISED 

OF THREE REGIONS: 

1. A RUBBLE BED, INCLUDING FUEL FINES, PELLETS, AND SMALL FRAGMENTS OF CORE 

MATERIAL. 

2. AN AGGLOMERATED MASS OF PARTIALLY MELTED CORE-COMPONENTS OF VARIOUS MATERIALS. 

3, WEAKENED, BUT INTACT <OR PARTIALLY INTACT) FUEL ASSEMBLIES. 
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REACTOR EXAMINATION. DISASSEMBLY, AND DEFUELING 

MAJOR STEPS 

THE PRIMARY ACTIVITIES LEADING TO REMOVAL OF THE TMI-2 CORE ARE AS FOLLOWS: 

•NUMEROUS PREREQUISITES TO CONDUCTING MAJOR WORK IN THE REACTOR AREA, SUCH AS: 

--REMOVAL OF SUMP WATER 

--GROSS CONTAINMENT DECONTAMINATION 

--POLAR CRANE REFURBISHMENT 

--PROVISION OF FUEL HANDLING AND STORAGE SYSTEMS AND FACILITIES 

--ERECTION OF SUPPORT FACILITIES 

--CONSTRUCTION OF MOCKUP 

• PRE-HEAD LIFT EXAMINATION CVIA TV CAMERA INSERTED THROUGH CRDM NOZZLES) 

• INITIAL REACTOR DISASSEMBLY 

•REMOVAL, ENCAPSULATION, AND STORAGE OF FUEL MATERIAL 

•FINAL REACTOR DISASSEMBLY 

• FUEL DISPOSAL 
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REACTOR EXAMINATION, DISASSEMBLY, AND DEFUELING 

CURRENT AND PROJECTED STATUS 

MAJOR WORK TO DATE HAS BEEN IN AREAS OF: 
--TECHNICAL PLANNING 

--DEVELOPMENT OF PRE-HEAD LIFT EXAMINATION EQUIPMENT 
--IN-CONTAINMENT PREPARATION CSUMPWATER REMOVAL, INITIAL DECON) 

SCHEDULED MILESTONES: 

--PRE-HEAD LIFT EXAMINATION--OCTOBER 1982 

--FUEL REMOVAL--MARCH 1984 

CONTINUED PROGRESS IS HEAVILY DEPENDENT ON FUNDING 
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WATER MANAGEMENT 

STARTING POINT 

FOLL0\4ING T.HE TMI-2 ACCIDENT, THE ACCUMULATION OF RADIOACTIVELY CONTAr1INATED 

WATER POSED A MAJOR PROBLEM, AS FOLLOWS: 

• 500,000 + GALLONS OF ACCIDENT GENERATED WATER WAS STAGED IN AUXILIARY 

BUILDING TANKS. RADIONUCLIDE CONCENTRATIONS C1-10QvCr/ML GROSS ACTIVITY) 

PRECLUDED PROCESSING BY INSTALLED SYSTEMS, AND THERE WAS MINIMAL FREE­

BOARD FOR ADDITIONAL WATER COLLECTION. 

• APPROXIMATELY 600, 000 GALLONS OF HIGHLY CONTAMINATED C>lOOtJCr/ML) WATER 

HAD COLLECTED IN THE CONTAINMENT BUILDING BASEMENT. NO SAFE METHOD OF 

TRANSFERRING, STORING, OR PROCESSING WATER OF THIS ACTIVITY LEVEL EXISTED 

AT n11. 

•FACILITIES FOR ACCOMMODATING PROCESSING SYSTEM BYPRODUCTS CSOLID WASTES 

AND PROCESSED WATER) WERE INADEQUATE. 
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PROCESSING SYSTEMS 

EPICOR II 

THIS SYSTEM WAS INSTALLED IN SUMMER '79 FOR TREATMENT OF AUXILIARY BUILDING 

WATER. IT UTILIZES A SERIES OF REPLACEABLE ION EXCHANGERS CONTAINING ORGANIC 

AND INORGANIC MEDIA. AS OF EARLY 1981, EPICOR II HAD PROCESSED 565, 000 GALLONS 

OF INTERMEDIATE LEVEL WATER. 

IN SUMMER '81, EPICOR II WAS ADAPTED TO SERVE AS A POLISHING UNIT FOR SDS 

EFFLUENT. 

SUBMERGED DEMINERALIZER SYSTEM CSDS) 

SDS IS AN ION EXCHANGE SYSTEM CONCEPTUALLY SIMILAR TO EPICOR, BUT DESIGNED FOR 

THE HIGHER LEVELS OF RADIOACTIVITY IN THE REACTOR BASEMENT AND REACTOR COOLANT 

SYSTEM. IT IS INSTALLED IN THE TMI-2 SPENT FUEL POOL "B". AS OF NOVEMBER '81, 

OVER 200, 000 GALLONS OF REACTOR BUILDING WATER HAD BEE� PROCESSED VIA SDS. 
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WATER STORAGE SYSTEMS 

TANK FARM 

THIS SIX-TANK SHIELDED SYSTEM WAS INSTALLED IN THE TMI-2 SPENT FUEL 

POOL "B", SHORTLY AFTER THE ACCIDENT, TO PROVIDE ADDITIONAL SURGE 

CAPACITY FOR ACCIDENT WATER AND TO SERVE AS A FEED TANK FOR EPICOR 

AND SDS. 

PROCESSED WATER STORAGE SYSTEM 

THIS OUTDOOR TWO-TANK, 1,000,000 GALLON SYSTEM WAS INSTALLED IN 1980 

TO PROVIDE FOR STORAGE OF PROCESSED WATER CCONTAINS TRITIUM AND TRACE 

QUANTITIES OF OTHER FISSION PRODUCTS) AND FOR RECYCLE OF THIS WATER 

FOR OTHER RECOVERY USES. 



SOLID WASTE MANAGEMENT 

• TMI-2 RECOVERY SYSTEMS AND FACILITIES ARE REQUIRED TO ACCOMMODATE: 

1. SOLID WASTES RESULTING FROM CONTAMINATED WATER PROCESSING. 

2. CONTAMINATED EQUIPMENT AND MATERIAL AND OTHER RESIDUE FROM AUXILIARY, 

FUEL HANDLING, AND CONTAINMENT BUILDING DECONTAMINATION. 

• EXISTING PLANT FACILITIES AT TMI-2 WERE NOT ADEQUATE FOR THE LARGE QUANTITIES 

OF WASTE MATERIAL INVOLVED. THE SITUATION WAS AGGRAVATED BY THE LIMITED AVAIL­

ABILITY <FOR TMI-2 WASTES) OF COMMERCIAL OFF-SITE DISPOSAL FACILITIES. 



EPICOR II LINERS 

SYSTEMS AND FACILITIES FOR 

WATER PROCESSING SOLID WASTES 

• A TRANSFER CASK WAS DEVELOPED SPECIFICALLY FOR ON-SITE HANDLING OF EPICOR LINERS. 

eDE\�ATERING CAPABILITY IS INCLUDED IN THE EPICOR SYSTEM. <SOLIDIFICATION CAPABILITY 

WAS CONS�DERED, BUT NOT PROVIDED>. 

•SHIELDED STORAGE MODULES HAVE BEEN CONSTRUCTED ON SITE FOR SAFE STAGING PRIOR TO 

DISPOSAL. 

•EQUIPMENT IS BEING DEVELOPED FOR VENTING LINERS, PRIOR TO SHIPMENT. 

SDS LINERS 

• IN-POOL DEWATERING AND VENTING EQUIPMENT IS IN SERVICE. 

• STORAGE RACKS ARE INSTALLED IN THE 11B'' FUEL POOL. 
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DECONTAMINATION--SOLID WASTES 

• CONTAMINATED TRASH IS COMPACTED AND PACKAGED TO MINIMIZE VOLUME. 

• TO DATE, LIQUID DECON AGENTS HAVE BEEN DIRECT-SOLIDIFIED FOR DISPOSAL. 

• TEMPORARY STORAGE HAS BEEN PROVIDED IN EXISTING PLANT STRUCTURES. ONE NEW 

STORAGE FACILITY HAS RECENTLY BEEN COMPLETED AND ANOTHER IS IN THE PLANNING 

STAGES. 
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OFF-SITE DISPOSAL 

• THE DOE-NRC MEMORANDUM OF UNDERSTANDING REGARDING REMOVAL AND DISPOSITION 

OF TMI-2 SOLID NUCLEAR WASTES IS A MAJOR STEP IN RESOLVING THE DISPOSAL 

PROBLEM. 

• AS OF FALL '81, EFFECTIVELY ALL SOLID WASTE REMOVED FROM TMI-2 HAS BEEN 

DISPOSED AT THE RICHLAND, WASHINGTON SITE. THIS INCLUDES: 

23 EPICOR LINERS <THOSE CONTAINING RELATIVELY LOWER LOADINGS) 

2400 FILTER-FIVE GALLON DRUMS 

320 LSA BOXES 

• MAJOR DOE PARTICIPATION TO DATE INCLUDES: 

--EXAMINATION OF ONE HIGHLY LOADED EPICOR II LINER AT BATTELLE-COLUMBUS 

NATIONAL LABORATORIES. 

--PLANS AND DEMONSTRATION FOR VITRIFICATION OF SDS LINERS BY BATTELLE 

NORTHWEST NATIONAL LABORATORY, AT HANFORD, WASHINGTON. 

--PLANS FOR REMOVAL OF REMAINING EPICOR LINERS. 
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TMI-2 RECOVERY PROGRAM 

SUMMARY OF MAJOR ACCOMPLISHMENTS TO DATE 

• SUBSTANTIAL AUGMENTATION OF REACTOR CONTROL AND INSTRUMENTATION. 

• MAJOR, EFFECTIVE DECONTAMINATION OF AUXILIARY AND FUEL HANDLING BUILDINGS. 

• CONTAINMENT BUILDING: 

--ACCESS REGAINED 

--EXTENSIVE EXAMINATION & CHARACTERIZATION PROGRAM UNDERWAY 

• DESIGN, INSTALLATION, AND OPERATION OF LIQUID WASTE MANAGEMENT SYSTEMS, INCLUDING: 

EPICOR II SYSTEM 

SUBMERGED DEMINERALIZER SYSTEM 

PROCESSED WATER STORAGE SYSTEM 

• DESIGN, INSTALLATION, AND USE OF SOLID WASTE MANAGEMENT SYSTEMS, INCLUDING TRANSFER 

AND STORAGE. 

• MAJOR PLANNING, DEVELOPMENT, AND ENGINEERING PROGRAM FOR REACTOR DEFUELING. 
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Instru mentation and E lectrica l 
Program 

Presented by 

Richard D.  Mei n i nger 
EG &G Ida ho, Inc. 

December 1981 
TMI I&E·1 . 



Instrumentation & Electrica l  
Program 
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Instrumentation & E l ectrica l P rog ra m 

Reactor Building Fan Motors 
2 Years Continuous Operation With No Ma i ntena nce 
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I nstru mentat ion & E l ectri ca l P rog ra m 

GEl\TD Estab l is hed March  1980 

® enera l  P u b l ic U t i l i t ies 

rn lectr ic Power Resea rc h I nst i tu te 

�uc lear  Reg u latory Com m ission 

IQ)epa rtment of Energy 
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Instrume n tati o n  & E l ectr ica l Progra m 

TMI-2 P resents O pportu n ity to 
Obtain Information for 

En ha ncement  of Nuc lea r  Power 
I nd ustry Safety 



I nstru mentat ion & E l ectri ca l P rog ra m  

GEl\TD formed the 

�echnical 
�orking 

®roup 
to d i rect the overa l l  data acq u is i t i on prog ra m 
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Instrumentati on & E l ectr ica l Program 

GEND Formed Tech n ical 
Pla n n i ng Grou ps 

• T o  acq u i re data i n  a l l  resea rc h a reas 

• To ben ef i t  n u c lea r  tec h nology 



I nstru mentat ion & E l ectr ica l P rog ra m  

Instrumentation and Electrical 
Program Planning Group 

Nuclear Consultants•DOE* 
Architect Engineering F'irms 
NRC•Utilities•National Labs 

• Focused on i nd u stry I &E problems from accident 

• Reviewed accident  data 

• O utl i ned data acq u is i t i on p la ns 

• Estab l is hed pri ori t ies for test a nd exami nation 

TMII&E-7 



I nstru men ta t i o n  & E lectr i ca l  P rog ra m 

Instrumentation and Electrical 
Planning Group 

May 1980 

• S pecify w hat  to test 

• S pec ify what to save 

• Def i ne methods a nd obj ectives 

• Ba la nce b�tween need to restore p la n t  a nd 
need to preserve data 



Instru mentat ion & E lectr ica l P rog ra m  

Planning Report October 1980 

• Recom mended 228 i tems for test i ng 

- Importa nt  to p la n t  safety 
- Access i b l e  
- Represent  gener ic  i nstru m e n t  categories 



I nstru men ta t i o n  & E lectr i ca l  P rog ra m 

Planning Report 
(cont ' d) 

• Recom mended test i n g  a pproac h  

- Determ i n e operat iona l statu s 
- Com pi le  data book 
- Cond uct i n  s i tu  tests 
- Remove a nd test off-s i te 
- Tra nsfer i nformat ion 



Instrumentation & Electrical Program 

Instrumentation and Electrical 
Program Initiated May 1980 

• F i rst  I n  S i tu test J u ly 1 980 
• F i rst  device rem oved A u g u st 1 980 

TMII&E-8 



I nstru mentat ion & E l ectri cal P rog ra m  

Instrumentation and Electrical 
�echnica l J]Bvaluation ®roup 

Established Aug 1981 
• Review test a nd exa m i nat ion p la n s  

• Review data 

• P rovide prog ram g u ida nce 

TMII&E-9 



I nstru mentat ion & E l ectrica l P rog ra m  

Instru mentation and E lectr ica l  
TEG Members 

W.F. Sc hwa rz, Coordi nator 

J . D .  Lawton 

D.W. Dou ds 

R.  C hey ne 

C.W.  Mayo 

R.  Ku bi k 

EG &G I da ho 

G P U  (Met Ed) 

B N C  

U E&C 

SAl 

NSAC 
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I nstru mentat ion & E l ectrica l P rog ra m  

Instrumentation and Electrical 
TEG Members 

J.L. Voyles INPO (Detroit Edison) 

L. C. Oakes ORNL 

R. Feit NRC 

F. E. looper D O E  

A. Roble  N ortheast Ut i l i t i ·es 
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I nstru mentat ion & E l ectrica l Prog ra m 

Instru mentation Categories 

Resi sta nce 
tem peratu re 
devices 

P ress u re 
tra nsd u cers 

Self powered 
neu tron 
detectors 

Rad iati on 
mon i tors 

V i brat ion 
d etectors 

T h ermocou ples 

TMI l&E-1 2 



I nstru mentat ion & E l ectr ica l P rogra m 

Electrica l Com ponent  
Categories 

Ca b l es 

Polar  cra n e 

M otors 

Motor control 
c i rcu i ts 

Relays 

Solenoids 

Swi tc hes 

H eaters 

Va lve control lers 

TMI I&E-13 



I nstru mentat ion & E l ectri ca l P rog ra m  

Genera l Test Approach  
for 

Generic Categories 

• Determ i ne status 

• Determ i ne fa i l u re modes 

• A na lyze fa i l u re effects 

TMI I&E-1 4 



Instru mentat ion & E l ectr ica l P rog ra m  

Genera l  Test Approach 

• Determine status 
- Accident  data 
- M a i ntena nce record s 
- I n  s i tu tests 

TMI I&E-15 



Instrumentation & E l ectri ca l P rog ra m  

Genera l Test Approach  

• Determ i ne fa i l u re modes or c ha n g es i n  
operating characteristics 

- Sel ected rem ova l 
- Exa m i nat ion 
- Vendor pa rt ic i pat ion 

• Ana lyze fa i l u re effects 
- I m pact on system safety 

TMI I&E-1 6 



I nstru mentat ion & E l ectri ca l P rog ra m  

Areas of Interest During FY-1982 

TMI I&E-1 7 



Instrumentation & E l ectrica l P rog ra m 

Instrumentation and Electrical 
Program Areas of Interest 

i n  FY-1982 
• Area rad iation mon i tor instrumentation 

• Pola r cra ne area e lectrica l com ponents 

• Penetrat ions,  ca b l es,  a nd ca b l e  term i nat ions 

• Res ista nce tem peratu re d evices 

• Self powered neu tron detectors a nd thermocou pl es 

TMI I&E-1 8 



I nstru mentat ion & E l ectrica l Progra m 

Area Radiat ion Monitor 
Instrumentation 

• T h ree u n i ts rem oved to date 
- Fai l u res d u e  to rad iation dama g e  

a nd m oistu re 

• Dome mon i tor to be removed 

- Verify operati ng conf iguration 
- Determ i ne cause of fa i lure 
- Compa re accident  data to post 

accident rad iation envi ronment data 
TMI I&E-19 



Instrumentation & E l ectrica l P rog ra m  

Polar Crane Electrical 
Components 

• H ig h  concentrat ion of e lectrica l com ponents 
- Low radiat ion 
- H ig h  tem peratu re 
- Hyd rogen bu rn 
- P robable moistu re damage 

• Ini t ia l in s i tu tests com pl eted 
- Assess overa l l  damage 

• Remove and test motors , ca b l es,  and motor 
control com ponents 

TMI I&E-20 



I nstru mentat ion & E l ectri ca l Progra m 

Add i t ional Electr ica l  Com ponents 

Penetrations, Cables, a nd Cable Terminations 

• P roba b l e  damage by heat,  rad iat ion , a nd m oi stu re 

• Remove sa m ples a nd test to determ i ne 
rema i n i ng l ife 

• Perform i n  s i tu tests to determ i ne i f  rema ining 
items meet m ini m u m  l ife s pec if i cat ions 

• Resolve deconta m ination prob lems 

TMI I&E-21 



Instrumentation & E l ectrica l P rog ra m 

Resistance Tem peratu re Devices (RTD's) 
• Exa m i ne RTD ' s  

- Reactor coolan t  system 
- A i r  han d l i ng system 
- Secondary plant 

• Determ i ne survivab i l i ty 
- Fail u res 
- R i se t i m e  degradat ion 

• Com parison of s u rvivabi l i ty 
- LOCA q ual i f ied 
- Safety q ual i f i ed 
- Other 



Instrumentation & E l ectr ica l P rog ra m  

SPND's a nd Thermocou p les 

• 52 bund les with  7 SP N D ' s  and 1 
thermocou p l e  i n  eac h 

• Many SP N D ' s  fa i led 

• M ost thermocou ples st i l l  operat ing 

TMI I&E-22 



I nstru mentat ion & E l ectrica l Progra m 

SPND's a nd T hermocou p les 

• Early analys is  to d eterm i ne acc ident  core 
tem peratu re 

• Data on core u ncovery history 

• No rel ia b le  h i g h temperatu re data 

TMI I&E-�3 



Instru m e n tat ion & E l ec.tri ca l Prog ra m 

SPND's a nd Thermocou p les 

• Develop i n  s itu test to l ocate fa i l u re a rea 

• Ex-vessel  ca b l e  or con n ector fa i l u re f rom 
LOCA 

• I n-vessel  h igh temperatu re fa i l u re 

TMI I&E-24 



Instrumentat ion & E l ectrica l P rog ra m 

Ind ustry Involvement 

• Tec h n ica l  eva l uat ion g rou p 

• Su bcontractors 
- G P U 
- TEC 

U E&C 
SAl 

• Cooperat ive ag reem ents with  ven dors 
- develop test plans 
- eva l uate data 

• Fu l l  t i me i nformat ion coord inator 
- W. Sc hwa rz (717) 948-1 063 

TMI I&E-25 



Instru men tation & Electr i cal P rog ra m  

Accomplishments 
• Radiat i on m o n i tors & el ectron i cs 

• Neu tron d etectors 

• E l ectri cal compo n e n ts 

• Not ices on notepad 

- Rad iat ion m o n i tors i n stal l a t i o n  
- Radiation sensitive electronics 

• List of publications in handouts 
TMI I &E-26 



Survivab il ity, Sta ndards, Qual if icat io ns 

= Safety 
TMI I&E-27 





I NSTRUMENTAT I ON AN D ELECTR I CAL EQU I PMENT S URV I VAB I L ITY  RESULTS 
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TMI-2 

INFORMATION AND EXAMINATION PROGRAM 

DOMESTIC SEMINAR 

TASK (1.0) 
INSTRUMENTATION AND ELECTRICAL 
EQUIPMENT SURVIVABILITY RESULTS 

PRESENTATION BY 

M.B. MURPHY 

SANDIA NATIONAL LABORATORIES 
DECEMBER 4, 1981 



INSTRUMENTATION EQUIPMENT ANALYZED AT 

SANDIA LABORATORIES 

1. HP-R-211, AREA RADIATION MONITOR 

2. HP-R-213 , AREA RADIATION MONITOR 

3. YM-AMP-7023, LPM CHARGE AMPLIFIER 

4. YM-AMP-7025, LPM CHARGE AMPLIFIER 

5. NI-AMP-2, SOURCE RANGE NEUTRON PREAMPIJFIER 

6. MULTICONDUCTOR CABLE 



TMI-2 AREA RADIATION MONITORS 

DESCRIPTION: 

• 5 Gil TUBE DETECTORS AND 1 ION CILUIBER DOllE MONITOR. 

ALL KANUFACTURED BY VICTOREEN INC. 

• 4: ARE KNOWN TO HAVE FAURD EITHER DURING OR SINCE THE ACCIDENT 

• Gil TUBE DETECTORS ARE NOT LOCA QUALIFIED BUT HAVE "0" RING SEAL 

AND DESIGNED FOR 10 5 RADS (3 FAILED) 
• DOllE MONITOR BERKETICALLY SEALED INSIDE 2" LEAD /SS CON'.L'AINER AND 

LOCA QUAID'IED (FAILED) 
• HP-R-211 (PERSONNEL HATCH) AND HP-R-213 (INCORE TUBE ACCESS AREA) 

REMOVED AND ANALyzED 



HP-R-211 RADIATION DETECTOR ANALYSIS 

CONCLUSIONS: 

1. TRANSISTOR PUNCH-THROUGH CAUSED DEGRADED OUTPUT 

2. SPRAYS BNTERBD IMPROPERLY MATED CONNECTOR BACKSHELL ALLOWING 
HV SHORTS 

3. DETBCI'OR WAS MOUNTED UPSIDE DOWN 

4. IWLTIVALUBD OUTPUT DISCOVERED 

5. IMPROPER CABLE MATCHING CIRCUIT COMBINED WI1'H RADIATION 

DEGRADATION OF TRANSISTORS AND Gil TUBE CAUSE MULTIVALUED 
OUTPUT 

8. TOTAL G.AW4 DOSE OF 2.5 X 10 5 RADS, FROM TRANSISTOR AND 
EIASTOKBRIC DATA 

7. KA.JOR SURFACE CONTAMINANTS: CS-134-, CS-137, SR-90 

8. DECONTAMINATION TECHNIQUES WIRE EVALUATED 
9. RADIATION TDIB HISTORY BEING INVESTIGATED 



HP-R-211 STRIPCHART 

10�������������������� 

10-t 101 102 lOs 
HOURS SINCE MARCH 28 



MULTIVALUED READOUT 

10�������������������� 10-3 



HP-R-213 RADIATION DETECTOR ANALYSIS 

CONCLUSIONS: 

1. FAD.RD AT TIKI OF HYDROGEN BURN 

2. NO INTERNAL CONTAMINATION 

3. BROUN GM TUBE 

4-. GAMMA RADIATION TOTAL DOSE OF 8 X 10 5 RADS 



TMI -2 LOOSE PARTS MONITORING 

DESCRIPTION: 

• ROCKWELL LPM SYSTEM USES PIEZOELECTRIC TRANSDUCERS AND CHARGE 
AMPLIFIERS INSIDE CONTAINKINT. 

• 7 OP 8 STBAII GENERATOR MONITORING CIIANNBLS INOPIRABLB TODAY. 
PROBABLY PAU.IJ) DURING FIRST TWO DAYS. 

• BNDBVCO CHARGE CONVIR'l'IRS MOUNTED OUTSIDE D RING. 

• 2 CHARGE CONVERTERS RIIIOVID AND ANAL'YZID. 
ONI MARGINAL. ONI BAD. 

• CHARGE CONVERTER BAS RADIATION SUSCIPTABLB MOS TRANSISTOR 
• USED FOR POST ACCIDENT MONITORING AND OUTPUTS WIRE ASSUKID 

(INCORRECTLY) TO Bl ACCURATE. 



CHARGE CONVERTER 
YM-AMP-7023/7025 ANALYSIS 

CONCLUSIONS: 

1. DISTORTED OR NO OUTPUT CAUSED BY MOS V GS(th) RADIATION DEGRADATION 

2. ESTIMATE THIS DESIGN USABLE UP TO ONLY 1.2 X 10 5 RADS 

3. TOTAL GAMMA DOSE OF 9 X 10 4 AND 2.2 X 10 5 RADS 
FROII MOS TRANSISTOR DATA 

4. DO NOT USE MOS TRANSISTORS IN ANY APPUCATION IN A NUCLEAR 
REACTOR 



MODEL 2652 - OUTPUT BIAS VS. GAMMA 

OUTPUT DC BIAS (VOLTS) 
35 

30 

25 

20 

15 

10 

5 

0�------------�--------------�--------------� 
1 10 100 1000 

Y RADIATION (KRADS) 



TMI-2 NEUTRON DETECTORS 

DESCRIPTION: 

• TWO NON-CLASS lE SOURCE RANGE CHANNELS MANUFACTURED BY BAILEY 

USING BFS DETECTORS 

• PREAMPLIFIERS HOUSED IN TRIPLE BOX AND MOUNTED OUTSIDE D RING 
• ONE CHANNEL FAILED IN MID APRIL. 1979 

• PREAMPLIFIER HAS 4- TRANSISTORS AND 5 IC's 



TMI-2 NEUTRON DETECTOR ANALYSIS 

CONCLUSIONS: 

2. SPARE PREAMPLIFIER ANAL'YZED AND OK 

9. CHANNEL FAILURE IN THIS AND A POWER RANGE CIIANNIL POSSmLY 

DUE TO CABLE CONNECTIONS IN PENETRATIONS 

4. RECOMMEND CONFORMAL COATING OF ASSEMBLED PRINTED WIRING 
BOARDS BECAUSE OF IIUIOD ENVIRONKENTS 



HP-R-211 CABLE ANALYSIS 

DESCRIPTION: 

• CONNECTS TO AREA MONITOR HP-R-211 

• RAYCIIEII FLAKTROL (TM) CABLE, 10 INSUlATED CONDUCTORS, 2 COAX 

CONCLUSIONS: 

1. NO MEASUIWJLE DEGRADATION IN STRENGTH, ELONGATION OR 
RESISTIVI1'Y PROPERTIES 

2. RADIATION LEVELS UNDER 10 8 RADS 



TMI-2 LESSONS LEARNED 

1. TMI-2 ALLOWS ASSESSMENT OF EQUIPMENT IN AN ACTUAL 

OPERATING PLANT 

• INSTAIUTION AND MAINTENANCE PRACTICES (UNANTICIPATED) 

• BASIC EQUIPMENT EVALUATION 

2. MORE CONSIDERATION SHOULD BE GIVEN TO DESIGN, TESTING 

AND INSTALLATION OF ANY INSTRUMENT (SAFETY-RELATED OR 
NOT) 

• POST ACCIDENT MONITORING IKPROVEMENT 

3. TMI-2 ENVIRONMENT WAS A "MILD" LOCA BUT STILL EQUIPMENT 

FAILED 

4. SEVERAL SIMPLE CIRCUIT DESIGN CHANGES HAVE BEEN 

IDENTIFIED 

5. THREE NOTEPAD ALERTS HAVE BEEN ISSUED 



HP-R-211 TOTAL GAMMA RADIATION DOSE 

NOMINAL RADS 

(X10 5) 

ERROR BARS 

RADS (X10 5) 

TRANSISTOR GAIN 1 
DEGRADATION 

2.5 

0.8 TO 5. 1  

ELASTOMER 2 
TEFLON BUNA NITRILE 
SLEEVE 0-RING 

2.0 

0.7 TO 6.0 
(EST) 

310.0 

1. AVERAGE OF' 6 TRANSISTORS. INCLUDES BIAS & ANNEALING 
EFFECTS. 

2. AVERAGE OF 2 TEFLON SLEEVES AND 1 0 RING. 

3. THE "0" RING APPEARS TO BE NEAR BUT UNDER ITS DAMAGE 

THRESHOLD OF 10 6 RADS. 



HP-R-211 CONTAMINATION NUCUDES 

• RATIO Cs 137 TO Cs 134 = 6.3/1 

• TOP HORIZONTAL SURFACE Cs 137 = 0.973 )lCi/ em 2 

• BODY (MOSTLY VERTICAL) Cs 137 ·= 0.103 )lCi/cm 2 

• OTHER RADIOISOTOPES (CONNECTOR THREADED RING) 

Sr 0.11 )lCi 

Te NOT DETECTED 

Pu <0.002 JtCi 

U NOT DETECTED (<10 ppm) 



HP-R-211 DECONTAMINATION 

APPROACH NO SCRUBBING, MINIMIZE CHEMICALS 

DECONTAMINATION STEP 

HANDLING 
PERCENT ACTIVITY 
DECREASE PER STEP 
(Cs 137) 44 

mRAD /HR AFTER 
DECON STEP (HOTSPOT)! 

BETA 98.2 
GAMMA 7.9 

WATER 
SPRAY 

14.5 

80.0 
6.6 

1. PEAK TO AVERAGE RATIO "' 2 (GAMMA) 
2. TWO APPLICATIONS OF TURCO 4512 

DETERGENT 
SPRAY 

10.5 

7 1.0 
5.9 

LOW P 
STEAM 

37.3 

46.2 
3.4 

TURCO 45122 
SPRAY/SOAK 

46.2 

15.7 
1.5 

Mmf 8/24/81 



TMI-2 AREA RADIATION MONITORS 

DESCRIPTION: 

• 4 MONITOR CHANNELS KNOWN TO BE INOPERABLE 

• 2 Gil TUBE DETECTORS ANALYDD. HP-R-211 AND HP-R-213 

• DOME MONITOR (ION CIWIBER) NOT EXAKINED YET 

• Gil TUBE DESIGNS NOT LOCA QUALIFIED 



RADIATION DETECTOR ANALYSIS 

CONCLUSIONS: 

1. TRANSISTOR PUNCH-THROUGH CAUSED HP-R-211 DIGRADBD OUTPUT 

2. SPRAYS BNTERID CONNECTOR BACKSH KIJ. 

3. DETICTORS WIRI KOUNTID UPSIDE DOWN 

4-. KULTIVALUBD OUTPUT CAUSED BY RADIATION DEGRADATION 

5. BRODN Gil TUBI IN BP-R-213 CAUSED BY HYDROGEN BURN 

8. TOTAL GAIOIA DOSIS OF 2.5 X 10 5 AND 8 X 10 5 RADS 

7. MAJOR SURFACE CONTAIONANTS: CS-134-, CS-137. SR-90 

8. DICONTAIIINATION TICBNIQUIS EVALUATED 

9. RADIATION TIME HISTORY BIING INVISTIGATID 



OTHER TMI-2 EQUIPMENT ANALYZED 

. LPM CHARGE CONVERTERS (2) - ENDEVCO 

• ONE MARGINAL, ONE BAD (OTHERS BAD ALSO) 
• MOS TRANSISTOR DEGRADED PROBABLY IN FIRST 2 DAYS 

• DESIGN PROBABLY USABLE UP TO 1.2 X 10 5 RADS 

• TOTAL GAIOIA DOSE 9 X 10 4 AND 2.2 X 10 5 RADS 

• DO NOT USE KOS TRANSISTORS IN NUCLEAR REACTORS 

SOURCE RANGE NEUTRON PREAMPLIFIER - BAILEY 

• PREAMPW'IER OPERATES WITHIN SPECIFICATIONS 

• FAILURE PROBABLY IN CABLE CONNECTIONS 

• OTHER POTENTIAL CABLE CONNECTION FAILURES INDICATED 

• RECOIOIEND CONFOIUIALLY CO AT PRINTED 1fiRING ASSEMBLIES 

MULTICONDUCTOR CABLE - RAYCHEM 

• NO MEASURABLE DEGRADATION 



CRYSTAL RIVER #3 DOME MONITOR RESPONSE 
DESCRIPTION: 

• 4-0,000 GAIJ,ONS OF PRDIARY COOLANT DISCHARGED INTO CONTAINMENT IN 
2 HOURS THROUGH PORV AND CODE SAFETY VALVES ON FEBRUARY 28, 1980 

• DOllE RADIATION MONITOR 80 R/hr. CALCULATED IS 4- R/hr. 

• GENERAL EMERGENCY SHOULD BE DECLARED ON HIGH RANGE GAUVA HIGH 
AIAIUI (8 R/hr AT TMI-2) BUT WAS NOT 

• PROBABLY A GENERAL ATOMICS ION CHAMBER INSIDE STAINLESS-STEAL 
SHROUD 

COMMENTS: 

• CRYSTAL RIVER PEOPLE BELIEVE MONITORS WERE OK 

• CALCULATED LEVELS DO NOT CORRESPOND TO MEASURED LEVELS 
• SDIIIARITY DISTS WITH TMI-2 DOME MONITOR 

• TIII-2 CALCULATIONS TO COMPARE TO DOME MONITOR READINGS 

• DOES A MEASUREMENT PROBLEM DIST 



TVA LOOSE PARTS MONITOR EXPERIENCE 

DESCRIPTION: 

• LPM CHARGE CONVERTERS (ENDEVCO MODEL 2652M4) AT SEQUOIA 1 FAU.ED 
DURING FIRST YEAR OPERATION 

• PROBABLE GAMMA DEGRADATION· OF MOS TRANSISTORS LIKE TMI-2 

• TEC LPM DESIGN. CONVERTERS .LOCATED WITHIN 10' OF TRANSDUCER IN 
mGH GAMMA FIELDS 

• DEGRADATION DIAGNOSED BY BIAS VOLTAGE MEASUREMENT 

STATUS: 
• CHARGE CONVERTERS AT SEQUOIA 1 Be 2, WATTS BAR 1 Be 2, AND 

BEIJ.EFONT 1 Be 2 BEING REPLACED 

• SEQUOIA 1 CONVERTERS BEING SHIPPED TO SANDIA FOR ANALYSIS 

• NOTEPAD NOTIFICATION TO BE MADE BY TVA AND TIO 



MECHAN I CAL COMPONENTS P ROGRAM P LANS 

G .  S l ite r  

E l ectric Power  Res e a rc h  I ns titute 





TMI·2 
DOMESTIC SEMINAR 

TMI·2 Mechanical Component Information 
and Examination Program Plans 

Presented By: 

George Sliter 
Electric Power Research Institute 

December 1981 



PROGRAM OBJECTIVES 

• Use Condition & Performance of Selected TMI·2 
Mechanical Components to Identify Improvements in 
Safety & Cost-Effectiveness 

• Component and System Design 

• Codes and Standards 

• Specification of DBA Conditions 

• Fabrication, Installation, Maintenance, and Operating Procedures 

� Qualification Requirements 



PROGRAM PLAN 

Phase I- Program Development (1981) 
• Establish Site Facilities and Interfaces 

• Compile Background Information {Recovery Schedule, 
Environment, Component Data, etc .) 

• Establish QA and Decon Protection Plans 

• Develop Detailed Program Plan for Major Examinations 

• Perform Test Case Recovery and Examination of One or 
Two Lead Components 

Phase II- Program Implementation (1982 
and Beyond) 
• Implement Program Defined by Phase I 



PROGRAM APPROACH 

• Industry Committee Coordinated by EPRI Produced List 
of 34 Candidate Components (1980) 
• Pumps, Valves, Snubbers, Supports, Coatings, etc. 

• Prime Contractor (lEAL): 

• Examine "Lead" Components 

• Pr.ioritize & Order Candidate Components for Exam in 1982 and Beyond 
(Utility, AlE, Vendor Input via Questionnaire) 

• In-situ Tests, Recovery, and Lab Exam Performed by GPU 
and Other Contractors (Coordination with TIO) 

· • Data Analysis & Recommendation of Technology 
Improvements via Reports and Seminars 



MECHANICAL COMPONENT INFORMATION 

AND EXAMINATION PROGRAM 

Data EVALUATION 
,... Retrieval 

. .. 
• Dose .. 

Events • Accessibility Program 
Components � • Recovery Schedule ... 

Candidates .. 
Industry 

• Operations Impact 

... • Cost 
Questionnaire t .. 

• Value to Industry [P" 

: n 

Test Cases 
Program .. Plan 

.. 
I I 

Baseline Data 
1. Mechanical • Conduct Report Technology .. .... ........ 

2. Environmental • Examinations ... Results - Improvement -



CANDIDATE COMPONENTS 

1. Reactor Coolant Pump 10. Various Isolation Valves 

2. Reactor Coolant Pump Motor 11. Control Rod Drives & Position Indicators 

3. Pilo�·Operated Relief Valve 12. Pressurizer Safety Valves 

4. Pressurizer Block Valve 13. Coatings 

5. Pressurizer Relief Valve Piping & Supports 14. Airlock Door Seals 

6. Major Component Supports 15. Reactor Drain Tank Relief Valves 

7. MiscellaneoUJs Metallurgical Specimens 16. Mechanical Snubbers 

8. Steam Gunerrator 17. Makeup System Filters 

9. Hydraulic Snubbers 18. Cranes and Hoists 



CANDIDATE COMPONENTS 

(Continued) 

19. Reactor Vessel Closure Seals & Bolting 28. CRD Service Structure Fans 

20. Makeup Pumps 29. Reactor Vessel Cavity Cooling Fans 

21. Pressurizer Heaters 30. Letdown Coolers 

22. Reflective Insulation 31. Pipe & Cable Tray Supports 

23. Reactor Building Air Cooling Unit 32. Concrete Surfaces 

24. Reactor Building Quick-Opening Dampers 33. Electrical Distribution Panels 

25. Reactor Building Quick-Opening Damper 
Pilot Valve 

26. Reactor Building Ductwork 

27. Miscellaneous Valves 

34. Containment Spray Header 

35. Refueling Canal Seal 



NEAR-TERM CANDIDATE SELECTION 

• Field of Candidates Dominated by Accessibility and 
Schedule 

• Four Candidates in Finals for Near-Term 
1. Pilot Valves for Containment Isolation Valves 

2. Coatings 

3. Mechanical Shock Suppressors (Snubbers) 

4. Reflective Insulation 



NEAR-TERM CANDIDATE SELECTION 

(Continued) 
• Attributes Evaluated 

1. Objectives of the MCI&EP 

2. Impact on TMI·2 Recovery Effort 
3. OccupaUonal Exposure 

4. Cost 

5. Total Entry Hours Required 

6. Knowledge of Baseline and Accident Condition Data 

7. Probability of Successful Results 

8. Alleviates Data Preservation Requirements 

• Selected Snubbers as Lead and Insulation as Backup 



NEAR-TERM CANDIDATE #1 
MECHANICAL SNUBBERS 

Parameters Subject to Exam 
• External Conditions; Corrosion, Distortion 

• Freedom of Motion of Attachment to Pipe 

• Breakaway Friction Force 

• Damping Characteristics 

• Structural Integrity 



NEAR-TERM CANDIDATE #2 
REFLECTIVE INSULATION 

Parameters Subject to Exam 
• External Conditions; Corrosion, Distortion 

• Ease of Decontamination 

• Insulating/Conductance Properties 



ENVIRONMENTAL CONDITIONS 

• Radiation 

• Containment Spray 

• Steam 

• Temperature 

• Humidity 

• Pressure 

• Submergence 

• Hydrogen Burn 



USE OF RESULTS 

• Document Non-Failures and Failures 

• Compare Conditions to Specification 

• Non-Failures, Either: 

• Verify Design within Bounds of Conditions Experienced 

• Indicate Margin 

• Failures 

• If Inside Design Envelope; Correction Needed 

• If Outside Design Envelope; Technical Interest 



PROGRAM PLANS 

1982 Likely Candidates 
• Coatings 

• Pressurizer Safety and Relief Valves 

• Polar Crane 

• Other Valves within Containment 

• Some Supports 

• Cooling Fans 

• Visual Examinations of Accessible Components 

Beyond 1982 - Depends Heavily on TM/·2 Schedule 



PR IMARY SYST EM PR ESS UR E BOUN DARY CHARACT ERIZATION 

Electric Power Research Institute 





TMI-2 

INFORMATION AND EXAMINATION 

PROGRAM 

PRIMARY SYSTEM PRESSURE BOUNDARY CHARACTERIZATION 

I D EF I N I T I ON OF TH E R M A L  TRA N S I E NT S  A S S OC I AT ED W I TH TH E 

U P P ER P LE NUM R EG I ON� B E LT L I N E R EG I ON � NOZZLE B E LT R EG I ON � 

A ND TH E V E S S E L  I N L E T  P I P I NG D UR I NG TH E ACC I D E N T � R E S EARC H P R OJ E C T  

(D EC EMB E R  1981) 

I C OD I FICAT I O N OF A G E N E R I C  R EQUA L I F I CAT I O N STANDARD ( FRAMEWORK 

D E V E LO P ED U ND ER E P R I R E S E A R C H  P R OJECT ) 

I D EF I N I T I ON OF MAT E R I AL P R O P E R T I E S R EQU I R EM E NTS FOR 

R EQUA L I F I CAT I ON 

I D EF I N I T I ON O F  T H E R M A L� STR E S S � A ND F R ACTUR E A NA LYS I S  

R EQU I R EM E N T S  F OR R EQ U A L I F I CAT I O N 

I D E F I N I T I ON O F  N O N -D E STR U C T I V E EXAM I NAT I ON R EQU I R EM E NTS F O R  

R EQ U A L I F I CATION 



TMI-2 

I NFORMATION AND EXAM I NATION 

PROGRAM 

PRIMARY SYSTEM PRESSURE BOUNDARY CHARACTER I ZATION 

I R E S EA R C H  P R OJECT "TH ERMA L A N A LYSIS O F  TMI-2 P R E S S U R E BO U NDARY" 

C ONTRACTOR: G E N E R A L  E LE C TRIC C OM P A NY - VA L L E CITO S N U C LEAR 

CENTER 

THE THERMAL MOD E L  O F -TH E  B E LT LIN E R EGION IS U N D E R  C ON ST R U C TION . 

MATERIA L  P R O P E R TIE S HAV E B E E N  C O L LE C T ED � A ND N OD A L  S TR U C TU R E  

A ND DIM E N SIO NIN G HAV E B E EN COM P LETED . G AMMA HEATING 

DISTRIB U TION E S TIMAT E S  HAV E B E E N  COM P U T ED . BOU NDARY CONDITION S 

F OR T H E  A N A LYSIS AR E B EING E S TAB LI S H ED . 

I R E S EAR C H  P R OJECT "P R IMARY P R E S SU R E  B O U NDARY R EQUA LIFIC ATIO N" 

C ONTRACTO R: N EG OTIATIO N S  U ND ER WAY WITH THE BABCOC K AND WILC OX 

COM P A NY - LYN C HB U R G  



TMI-2 
I NFORMATION AND EXAM I NAT I ON 

PROG RAM 

PRIMARY SYSTEM PRESSURE BOUNDARY CHARACTERIZATION 

EMPHASIS ON REACTOR P RES SURE V E S S EL AND HEAD BECAUSE: 

- THEY ARE PRIMARY SYSTEM COMPONENTS MOST LIKELY TO HAVE BEEN 

SUBJECTED TO SIGNIFICANrLY ADVERSE CONDITIONS 

- WHETHER OR NOT THEY ARE QUALIFIED FOR FURTHER SERVICE HAS MAJOR 

IMPACT ON PLANT RECOVERY STRATEGIES AND PLANS 



TMI-2 

I NFORMATION AND EXAM I NAT I ON 

PROG RAM 

PRIMARY SYSTEM PRESSURE BOUNDARY CHARACTERIZATION 

PRINCIPAL PURPOSES : 

- TO ACCELERATE RE S EAR C H AND DEVELO PMENT EF FORTS  I N AREA S  WH I CH CAN 

PROVIDE INPUT INFORMATION AND ADVANCED METHODS AND TECHNIQUES OF 

VALUE IN TMI-2 PR I MARY SYSTEM COMPONENT QUALIFICATION ASSESSMENT 

AND CONFIRMATION , 

- TO UTILIZE TMI-2 PRESSURE VESSEL AND HEAD AS KEY APP LICATIONS 

OF METHODS AND PROCEDURES CONSIDERED FOR CODIFICATION .AND ACCEPTANCE 

FOR GENERIC USE IN QUALIFYING PRESSURE BOUNDARY COMPONENTS FOR 

FURTHER SERVICE IN NUCLEAR SYSTEMS , 



TM I -2 

I NFORMAT I ON AND EXAM I NAT I ON 

PROG RAM 

P R I MA R Y  SY ST EM P R E S S U R E  BOUNDARY C HARAC T E R I ZAT I O N 

CAT E GOR I E S O F  E F F O R T  I NC LUD E : 

- T EC H N I C A L  I N P U T  TO AND I NT E GRAT I ON W I T H G P U ' S BA S E  P R O G RAM 

- ADVA N C ED METHOD S  D EV E LO P M E N T  A N D  D EMO N S T RAT I O N 

- DATA AC QU I S I T I O N AND A N A LY S I S  

- C OM P I LAT I ON A ND D I S S EM I NAT I O N O F  R E S U LT S  



TM I -2 
I NFORMAT I ON AND EXAM I NAT I ON 

PROG RAM 

PR I MA R Y  S Y S T EM P R E S S U R E  BOU NDARY C HARAC T E R I ZAT I O N 

I NT EGRAT I ON W I T H G P U ' S BA S E  P R O G RAM A ND OT H E R  I & E T A S KS 

I ND E P E ND E NT C A LC U LAT I O N S  O F  T EMP ERAT U R E  TRA N S I E N T S  AT C R I T I CA L  

LOCAT I ON S . 

- ADD I T I ON A L  B E N C HMAR KS F R OM C A P S U LE SAM P LE S 1  C O R E C O M P O N E N T S 1 U P P ER 

P L E N UM I N T E R NA L S 1 ETC . 

- A N A LYT I C AL S U P P O R T  TO A S S E S S M E N T  O F  I M P O S ED STR E S S E S 1  MAT E R I A L 

P R O P E R T I E S 1  ETC . 



TMI-2 
INFOR�ATION AND EXAMINATION 

PROG RAM 

P R I MA R Y  S Y ST EM P R E S S U R E  B O U N DA R Y  C HARAC T ER I ZAT I ON 

R E QUA L I F I CAT I ON O F  C OM P O N E N T S  F O R  C O N T I N U ED U S E  A F T E R  EX P E R I EN C I N G 

C ( EMER G E N C Y ) O R  D ( F A U LT ED ) T R A N S I E N T S  

F R OM NCA -2142 . 2 ( A S M E  S EC T I ON I I I ) 

C - " T H E  OCC U R R E N C E  O F  S T R E S S  TO L E VE L  C L I M I T S MA Y N E C E S S I TA T E  

R EMOVA L O F  T H E  C OM P O N E N T  F O R  I N S P ECT I ON OR R E PA I R  O F  DAMAG E 

TO C OM P O N E N T  OR S U P PO R T " 

D - " T H E  S ET S  O F  L I M I T S  P E RM I T  G R O S S  G E N E R A L  D E F O RMAT I ON S  W I T H 

SOME C O N S EQU E N T  LO S S  O F  D I M E N S I O N A L  STAB I L I T Y AND DAMA G E  

R EQU I R I N G R E PA I R J WH I C H MA Y R E QU I R E R EMOVA L O F  C OM P O N E NT 

F R OM S E R V I C E " 



TM I -2 

I NFORMAT I ON AND EXAM I NAT I ON 

P ROG RAM 

PRIMARY SYSTEM PRESSURE BOUNDARY CHARACTERIZATION 

UNRESOLVED TECHNICAL/PROCEDURAL ISSUES : 

- HOW MUST DETERMINATION BE MADE AS TO WHAT LOADING CONDITIONS WERE 

IMPOSED ON THE COMP·ONENTS 

- HOW CAN REQUIREMENTS FOR ACCEPTABILITY OF CONTINUED OPERATION BE 

CLEARLY DEFINED? 

ALTERNATIVE APPROACHES: 

- ANSI-TYPE STANDARD DEFINING STEPS REQUIRED FOR COMPONENT 

REQUALIFICATION 

- DIRECT TECHNICAL EVALUATION OF SPECIFIC COMPONENT (S)  WITHOUT N ECESSARILY 

LEADING TO A CODE STANDARD AS THE END PRODUCT 



TMI-2 
I NFORMAT I ON AND EXAM I NAT I ON 

PROG RAM 

P R l MA R Y  S Y S T EM P R E S S U R E BO U NDA R Y  C HARAC T E R I ZAT I ON 

ADVA N C ED T EC H N I QU E S  F O R : 

- R EMOT E I N S P EC T I O N AND EXAM I NAT I ON O F  RAD I OA C T I V E C OM P O N E N T S  

- " R E PA I RABLE " AC QU I S I T I O N O F  MAT ER I A L SAM P L E S  

- D E T E R M I NAT I ON O F  C OM PO N � NT MA T E R I A L P R O P E R T I E S B Y  SAM P L E - T E S T I NG 



TM I -2 

I NFORMAT I ON AND EXAM I NAT I ON 

PROG RAM 

PR I MARY SYSTEM P RESSU RE BOUNDARY CHARACTER I ZAT I ON 

D EV E LO PM E N T  O F  N O N -DE S T R U C T I V E EVA LUAT I O N AND R E PA I R  T E C H N I QU E S 

F O R  MAJ O R  TM I -2 P LANT C OM P O N E N T S  

I I NC E N T I V E TO AVO I D  R E P LAC I NG P R E S S U R E V E S S E L  A ND 

ST EAM G E N E RATO R S  

I S H O U LD ATT EM P T  T O  AVO I D  I ND I SC R I M I NATE U S E  O F  ADVA N C ED ND E 

T EC H N I Q U E S  T H A T  F I ND I ND I CA T I O N S  N O T  C A U S ED B Y  T RA N S I E N T �  

W H I C H WER E D E EM ED AC C E P TA B L E  OR W E R E D E T E C T ED AT P R E S S U R E 

I N S P E C T I ON 

I STR E S S  A N A LY S I S  O F  T H E  TRAN S I E NT H I STORY S HOWS R EG I O N J U ST 

B E LOW S O M E  N O Z Z L E S  EX P E R I E N C ED TH E G R EAT E ST T H ERMAL S H OC K 

I I N N ER S U R F A C E VO LUM E ( 1  TO 1 . 5  I N C H E S  O F  M ETA L ) M O S T  C R I T I CA L  

B EC A U S E  O F  T H E RMA L S T R E S S  G RAD I E NTS 

I S OM E  N O Z Z L E S W E R E D I R EC T LY U S ED I N  V E S S E L  R E F LOOD � A N D  

OTHE R S  W E R E NOT U S ED 



TM I -2 

I NFORMAT I ON AND EXAM I NAT I ON 

PROG RAM 

PR I MARY SYSTEM PRESSU RE BOUNDARY CHARACTER I ZAT I ON 

D E V E L O P M E N T  OF N O N -D E ST R U C T I V E  EVA LUAT I O N A ND R EPA I R  T E C H N I QU E S  

F O R  MAJ OR TM I -2 P LA N T  C OM P O N E N T S  

I R EQ UA L I F I CA T I ON O F  TM I -2 P R E S S U R E B O U NDARY R EQU I R E S  T H E  

A P P LICATION O F  BEST AVAILA B L E  ND E TEC H NOLOG Y 

I P R I NC I PA L  T EC H N I CA L  P R OB L EM I S  T H E  EXAM I NAT I ON O F  T H E  N EAR 

S U R F AC E  R EG I ON AT TH E P R E S S U R E V E S S E L  I N N ER D I AM E T E R  B E LOW 

T H E  I N LE T  N O Z Z L E S  

I R EG I ON W I TH H I G H E ST TH ERMAL S HOC K D U E  TO H I G H D R Y  O U T  

T EM P ERATU R E S  AND S U DD E N  C OO L I NG D U R I NG R EF LOOD 

I L E S S  S EV ER E LY DAMAG ED MATER I A L I N  N O Z Z L E S J N O Z Z L E -TO - S H E LL 

W E LD S J  A ND VO LUM E B E LOW N O Z Z L E S  C A N  B E  U S ED F OR C OM PAR I SO N  

I D I F F ER E NC E S  B E TW E E N  G R OU P S  O F  I N S P E C T I O N R EG I O N S  CAN B E  

ATTR I B U T ED TO TRA N S I E N T  I ND U C ED DAMAG E 



TM I -2 

I NFORMAT I ON AND EXAM I NAT I ON 

P ROG RAM 

· PR I MARY SYSTEM PRESSU RE BOUNDARY CHARACTER I ZAT I ON 

D EV E LO P M E N T  O F  N O N -D E ST R U C T I V E EVA LUAT I ON AND R E PA I R  T E C H N I QU E S  

F O R  MAJ O R  TM I -2 C OM P O N E N T S  

STA R T I N G F R OM T H E  EX I S T I NG W E ST I N G H O U S E  A ND F RAMATOM E T E C H N O LO G Y  

T H E  CR I T I CA L  A S S E S SM E NT O F  N EAR S U R FAC E CRAC K - L I KE F LAW D E T E C T I O N 

AND S I Z I N G C A P AB I L I T Y O F  VAR I O U S  T E C H N O LOG I E S W I LL B E  MAD E , 

I S E V E R A L  CAND I DAT E P R OC EDU R E S  AND T E C H N I QU E S  W I LL B E  

I D E N T I F I ED AND LABORATORY I N ST R UM E N T S  B U I LT 

I D EV E LO P M E N T  O F  T E S T MATR I X  AND N E C E S SA R Y  A C C E P TA N C E C R I T E R I A 

I KNOWN J WE LL C HARAC T E R I Z ED J C LAD T E S T  S P EC I M E N S  W I LL B E  

FABR I CATED U S I NG T EC H N I QU E S D EV E L O P ED A T  W E ST I NG HOU S E  U ND E R  

E P R I C O NTRACT 

I CAND I DA T E  P R O C EDU R E S  AND T EC H N I Q U E S  W I L L BE EVALUATED BY 

E XAM I NAT I O N O F  THE T E ST S P E C I M E N S  A ND I N  V I EW O F  T H E  

AC C E P TA N C E C R I T E R I A  



TM I -2 

I NFORMAT I ON AND EXAM I NAT I ON 

PROG RAM 

PR I MARY SYSTEM PRESS U RE BOUNDARY CHARACTER I ZAT I ON 

DEV E LO P M E N T  O F  N O N -D E ST R U C T I V E EVALUAT I ON A ND R E PA I R  T EC H N I QU E S  

F O R  MAJ O R  TM I -2 C O M P O N E N T S  

T H E  I N T EG RAT I O N OF T H E  S U C C E S S F U L J AC C E P T ED T E C H N I QU E  I N TO TH E 

E P R I P R E S S U R E  V E S S E L  I N S P ECT I ON S Y S T EM N O N  U ND E R  D EV E LOPM E N T  

W I LL P R OV I D E F O R  T H E  T I ME LY F I E LD R EAD I N E S S  O F  T H E  B E S T  N EAR 

S U R F AC E  EXAM I NAT I O N CAPAB I L I TY .  

I R ED E S I G N O F  TH E AC C E P TED T EC H N I Q U E  TO F AC I L I TA T E  F I E LD U S E  

M U S T  I N C LUD E I N T EG RAT I O N I N TO TH E E P R I P R E S S U R E V E S S E L  

I N S P EC T I ON S Y S T EM . T H E  S Y S T EM W I LL B E  I N  F I E LD EVALUAT I O N 

I N  OC TOB ER 1982 AND W I L L  T H E R E F OR E B E  T H O R O U G H LY D EB U G G ED 

B E F O R E  I TS U S E  AT TM I -2 .  

I F I E LD D EMON STRAT I O N AND C H EC K O U T  O N  T E ST S P EC I ME N S  AT T H E  

R EAC TOR S I M U LAT I O N F AC I L I TY O F  T H E  I N T E G R AT ED S Y S T EM 

B E F O R E  S H I P M E N T  TO TM I -2 .  FAC I L I T I E S C U R R E NTLY EX I ST AT 

SWR I I N  S A N  A N T O N I O  A ND MAY B E  F I N I S H ED I N  T I M E  AT T H E  

ND E C E N T E R  I N  CHAR LOTT E . 





RA D IAT ION AN D ENV IRONM ENT PROGRAM 

P. Y arrin gton 

Sandia National L abor atories 





T M I - 2  S E M I N A R  

RADIATION AND ENVIRONMENT 

P R E S ENTAT ION B Y  

P .  YAR R I N GTON 

D E C E M B E R  1 9 8 1  



RADIATION AND ENVIRONMENT 
P R O G R AM O B J E CTIV ES 

• D ET E R M I N E  F I S S I O N  P R O D U C T  D I S P E R S A L  P A TTE R N S  A N D  

T R A N S P O RT M E C H A N I S M S  

• D ETE R M I N E A C C I D E N T  E N V I R O N M E N T S  F O R  S E L E C T E D  

I N S T R U M E N T S  A N D  C O M P O N E N T S  

• C O M P A R E  F I S S I O N  P R O D U C T D A T A  W IT H  E X I S T I N G  LW R 

A C C I D E N T  A S S U M PT I O N S  

• I D E N T I F Y  G E N E R I C  D I S P E R S A L  A N D  A T T E N U A T I O N 

M E C H A N I S M S  



RADIATION AND ENVIRONMENT 
P OTENTIAL PR O G RAM B E N E FITS 

• I M P R O V E D  B A S I S  F O R E Q U IP M E N T  D E S I G N  

R E Q U I R E M E N T S  

• I M P R O V E D  M ET H O D S  A N D  A S S U M PTI O N S  FO R 
A C C I D E N T  A N A LY S E S  



RAD IATI O N  AN D ENVIR O N M ENT 

P LA N N I N G G R O U P  O B J E C TIV E S  

• I D E N T I F Y  M A J O R  L O C A T I O N S  O F  F I S S I O N  P R O D U C T 

D E P O S I T I O N  

• S P E C I F Y  T Y P E S  O F  S A M P L E S  T O  B E  A C Q U I R E D 

• R E C O M M E N D  P R O C E D U R E S  F O R  S A M P L E 

A C Q U I S I T I O N 

• S P E C I F Y A N A L Y S E S  T O  B E  P E R F O R M E D 

• D E F I N E  S A M P L E S  F O R  A R C H IV E  S T O R A G E  



RADIATI ON AND ENVI RONMENT PLAN N I N G  GROUP 

H .  M .  BURTON 

D .  A .  DAHLG R EN 
A .  s .  BENJ AM I N  

c .  E .  CRO UTHAMME L 

R .  S .  D E N N I N G 

L .  G .  FAUST  

J .  A .  G I E S E KE 

W .  C .  HO P K I N S  

A .  P .  MAL I NAUS KAS  

J .  ·w . MANDLE R 

A .  D .  r1 1 LLER  

A .  C .  M I LLUN Z I 

w .  F .  PAS EDAG 

l .  D .  P E R R I GO 

A .  K .  Po sTMA 
R .  L .  R I TZMAN 

R .  R .  SHERRY  
P .  YARR I N GTON 

EG&GJ  H1 1 /T I O  
SAND I A  LABORATOR I E S  
SAN D I A  LABORATOR I E S 

ExxoN N u c LEAR 

BATTE LLE CO LUMB U S  LABORATO R I E S 

BATTE LLE  PAC I F I C  N o RTHWEST  

LABO RATO R I E S 

BATT ELLE  CO LUMBU S LABO RATO R I E S 

GPU/BECHT E L  
O A K  R I DG E  NAT I ONAL  LABORATOR Y  

EG&G I DAHO J I N C .  

EP R I /NSAC 
DOE/N PD 

N RC/DOR  
BATT E L LE PAC I F I C  NORTHWEST  

LABORATO R I E S 

CONTRACTOR )  N RC/DOR 
Sc i EN C E  AP P L I CAT I ON S )  I N c .  

N RC/ RES 
SAND I A  lABORATOR I E S 



RA.D IATION AND ENVIRONMENT 

T A.S K  SELECT I O N  CR ITERIA 

• C O M P A R E  L I C E N S I N G  A S S U M PT I O N S  

• A S S E S S  S A FETY S Y S T E M  P E R F O R M A N C E  

• V A LI D AT E / D E V ELO P A C C I D E N T  A N A LY S I S  M O D E L S  

• D E F I N E  E Q U I P M E N T  E N V IR O N M E N T S  

• D I A G N O S E  T H E  A C C I D E N T  



RADIATION AND ENVIRONMENT 

Technical Evaluat ion Group (TEG) 

TEG O bject ive 

TE C HN I CAL R EV I EW O F  P ROG RAM I MP LEME NTAT I ON ACT I V I T I E S 

T E G  Rev iew Process (Regular  Bas is)  

REV I EW PROGRAM P LAN FOR  DATA ACQU I S I T I ON  AND  ANALYS I S  

REV I EW R E S U LT S  OF  TAS KS AND ANALY S E S  T O  DATE 

RECOMMEND PROGRAM P LAN MOD I F I CAT I ON S  A S  WAR RANTED 



RADIATION AND ENVIRONMENT 

Technical Evaluat ion Group 
R .  DENN I N G 

G .  E I DAM 

D .  LE I GH 

A .  MAL I NAU S KAS * 

J ,  MANDLER* 

A .  f1 I LLUNZ I *  

W .  PAS EDAG* 

F .  TooPER  

D .  WALKER 

P .  YAR R I N GTON * 

*PLANN I N G GROUP  PART I C I PANTS 

BATTELLE CO LUMBU S lABORATOR I E S 

EG&G/T I O  

BEC HTEL/NFO 

OAK R I DG E NAT I ONAL LABORATORY 

EG&G/ I NEL 

DOE/NPD 

N RC 

DOE/SPD 

WE ST I N G HOUS E/OPS 

SAND I A  NAT I ONAL lABO RATOR I ES 



RAD I AT I ON AN D  ENV I RONMENT 

G. R. E i dam 

EG&G I dah o , I n c .  





�� 
Domest ic 
Sem i na r  

Rad iat ion a nd Envi ron ment  

G . R. E idam 
EG &G 

Tec hni ca l Integ rat ion Off ice 

Decem ber 1 981  
TMI  R&E·1 



Rad iat ion & E nv i ron m e n t  

Resu l ts to Date & Fu tu re P la ns 

• F i ss ion prod u ct tra n s port a nd d epos i t ion  

• Decontami nat ion a nd person n e l  ex pos u re 
con trol 

• Reactor bu i ld i n g damage assessme n t  

• Rad i on u c l id e  mass ba la nce 

TMI R&E-2 



Rad iat ion & E nvi ron men t 

Fission Prod uct 

Transport and Depos it ion 

TMI R&E-3 



Rad iat ion & E nvi ron ment  

Fission P rod uct F low Paths 
To environment 

Waste gas 
system 

A u x i l i a ry B u i l d i n g  
Gas 
• 
I 

I 

! 
' 

Gas 
\ Gas 

Pressurizer 

RB sump 

To environment 

TMI R&E-4 



Rad iation & E nviro n m ent  

Fiss ion P rod u ct Sa m p l es Ta ken 

• Reactor coola n t  system l i q u id 

• Reactor b u i l d i n g basem ent  

• Rea ctor b u i l d i ng atmosphere 

• Ma keu p a n d  l etdow n  d em i n era l izer system 

• Reactor coo l a n t  b l eed ta n k  

• A u x i l i a ry b u i l d i n g  su m p  

• Reactor b u i l d i n g  s u rface depos i t ion  

T M I  R&E-5 



R a d i a t ion & E nv i ron m e n t  

Fiss ion P rod u ct Tra n sport 
Sam ples to be Ta ken 

• Reactor coo l a n t  system l iq u i d  
• Reactor coo l a n t  system s l ud g e  
• R ea ctor coola nt d ra i n  ta n k  
• R eactor b u i l d i ng basem ent  
• Rea ctor b u i l d i n g s u m p  
• A i r  cool ers 
• M a ke u p  a nd l etdown d em i n era l izer system 
• Reactor coola nt bleed ta n k  
• Reactor b u i l d i n g  s u rface depos it ion 

TMI  R &E-6 



Rad iat ion & E nv i ro n m en t  

RCS Sam ple 

J.tC i/m l of F i l tered Sol u t i on 

Marc h  29 , 1 97 9 August 1 4, 1 980 
1 34cs 3 . 3 2  E-1 1 . 3 5  E-2 

1 37cs 1 . 2 1  E + 0 5 . 02 E-2 

1 44c e 1 . 83 E-1 1 . 03 E-1 
239 , 240p u 3. 25 E-5 9 . 0  E-8 

238 u 4 E-7 4 E-8 

TMI R&E-7 



Rad i a t i o n  & E nvi ron ment 

Reactor Bu i ld i ng Basement 

Sa m ples ta ken 

• 401  Penetrat ion 

· • 3 - one l i ter sa m pl es 

• 8 - a pproxi mately 1 00 m i l l i l i ter sa m pl es 

• 1 - 1 00 m i l l i l i ter s l u d g e 

TMI  R&E-8 



Rad ia t ion  & E n v i ron men t 

Reactor Bu i ld i ng Basement  

-- 0 - Basement  f loor 
282 eleva t ion 

TM I R&E-9 



Entry I 



E ntry VIII 



Radiation & E nvi ro n m en t  

Reactor B uilding Basem en t 

Top Sa m ple M id d l e  Sa m ple Pa rticulate 
!J-Ci/ m l  !J-Ci/ m l  !J-C i/g 

1 34cs 1 .85 E + 1 1 . 84 E + 1 1 . 7 9  E + 2 

1 37cs 1 .43 E +  2 1 .42 E +  2 1 . 2 9  E + 3 

1 29 1 5 .5  E-6 5 .4 E-6 0 . 24 E + O  

238p u 4.0 E-8 NA 5.0 E-7 

1 44ce N D  N D  7 . 6  E + 1 

8amplee. takeR May · 1 4,. 1 8 8 1  

TMI R&E-1 2 



TM I -2 R E ACTO R  BU I LDI NG BASEME NT WATER SAMP L E  A NALYS E S  R E S U LTSa 

Samp l e  : 1 3 

Nu c l i d e . ( J.�C i /m l ) ( J.�C i / m l ) 

5 �n N D* N D  
60co >6E -04 >3 E -03 
90 sr 5 . 0  :!: 0 . 2 E +QO  5 . 4 :!: 0 . 2 E +Q O  
90 sr 5 . 4 :!: 0 . 5 E +QO 5 . 2  :!: 0 . 5 E +QO  
1 06Ru N D  N D  
1 25sb >3 E -02 >3 E -02 
1 29 I 5 . 5  :!: 0 . 7 E -06 5 . 4 :!: 0 . 7 E -05 
1 34 Cs 1 . 8 5  :!: 0 . 01 E +Q1 1 . 84 :!: 0 . 01 E +Q1 
1 37Cs 1 . 4 3  :!: 0 . 01 E +Q2 1 . 4 2  :!: 0 . 01 E +02 
1 44 ce N D  N D  

( llg/m l ( J.�g/ m l ) 

2 35u d E -02 d E -02 
2 3 9Pu 
2 38Pu 4 :!: 1 E -08 NA 
2 3 9Pu 2 . 2  :!: 0 . 7E -04 NA 

a.  Co nc e n tr a t i o n s  a s  of 6-1-8 1 .  
*ND  = no t detected 
**NA = not  a na l yzed 

6 

( J.�C i / m l ) 

N D  

>2 E -03 

5 . 2  :!: 0 . 2 E +O O  

5 . 1  = 0 . 5 E +OO  

N D  

>3 E-02 

3 . 8 :!: 0 . 5 E -06 

1 . 86 :!: 0 . 01 E +01 

1 . 43 :!: 0 . 01 E +02 

N D  

( J.�g/ m  1 )  
d E-02 

NA 

NA 

8 

Sl u r ry Supern a t e  P a rt i cu l a te  
( J.�C i / m l ) ( J.�C i / m l ) ( J.�C i / g s o l i d s }  

>2 E -04 NA** ND 

>BE -04 NA 1 . 7 :!: 0 . 2 E +01 

NA NA 8 = 2 E +02 

NA 5 . 3  :!: 0 . 5 E +OO 7 . 8 :!: 0 . 8E+02 

>4 E-04 NA N D  

>5 E-02 NA 4 . 5  :!: 0 . 2 E+02 

NA 2 . 5  = 0 . 5 E-06 NA 

1 . 8 7  :!: 0 . 01 E +01 NA 1 . 7 9 :!: 0 . 04E +02 

1 . 44  :!: 0 . 01 E +02 NA 1 . 2 9 :!: 0 . 01 E +03 

>8E -03 NA 7 . 6  = 0 . 6 E +01 

( J.�g/ m l ) ( J.�g/ m l ) ( mg/ g so l i d s }  

NA NA 8 . 8  :!: 0 . 9E-02 

5 :!: 1 E -0 7  NA 5 :!: l E -07 

2 . 6  = 0 . 5E -03 NA 2 . 9  :!: 0 . 6 E-03 



Radiat ion & E nv i ron m e n t  

Reactor Bu i ld i ng Atmosphere 

Est i mated 
p,C i/cm3 of Reactor B u i ld i ng 
B u i ld i ng Vol u m e I nven tory (p,C i) 

134c5 1 . 1 E-1 0 6 . 1  E +O 

1 37cs 7 . 2  E-1 0 4. 0  E + 1 

1 44ce <a E-1 1 < s  E + O  

2aau < 6  E-1 3 < 4 E-2 
238p u < 6  E-1 2 <4 E-1 

1 29 1 5. 7 E-1 1 3 . 2  E+O 
TMI R&E-13 Semple. t • k e n  April 2 9. , 1 8 8 0  to. M a y  2 ,  1 8 8 0  



RA DI O NUC L I D E  CO NTE NT I N  T H E  TM I U N I T-2 REACTOR B U I LD I NG ATM OSP H ERE  APR I L 2 9  - MAY 2 ,  1 980 

Es t i ma t ed c 

llC i / c �  a t  STP 
llc i I c� Re actor  Bu i l d i ng 

I s o tope Bu i l d i ng Vo l ume I n ventory ( llC i ) 

3 H 4 . 7  .:1: 0 .8 ( -5 ) 4 . 0 :i: 0 • 7 ( -5 ) 2 . 2 .:1: 0 .4 ( 6 ) 
1 4c 3 . 5  .:1: 0 . 9 ( -7 ) 3 . 0  .:1: 0 . 8 ( -7 ) 1 . 7  .:1: 0 . 5 ( 4 ) 
5 4Mn 2 .:1: 2 ( -1 1 ) 2 .:1: 2 ( -l l ) 1 .:1: 1 ( 0 ) 
5 8co 1 . 0  .± 0 . 3 ( -l l ) a 9 .:1: 3 ( -1 2 ) 5 .:1: 2 ( -1 ) 
60c o 3 .± 2 ( -1 2 ) a 3 .:1: 2 ( -1 2 ) 2 .:1: 1 (  -1 ) 
8 5Kr 1 .  02 .:1: 0 • 05 ( 0 ) 8 . 8  .:1: 0 . 4 ( -1 ) 4 . 9  .:1: 0 . 2 ( 1 0 ) 
8 9sr 7 .± 3 ( -l l ) a 6 .:1: 3 ( -l l ) 3 .:1: 1 ( 0 ) 
9 0 sr 1 . 9 .:1: 0 . 3 ( -1 0 ) 1 . 6  .:1: 0 . 3 ( -1 0 ) 9 .:1: 2 ( 0 ) 
9 ly <3 E -l l <3 E-l l < 2 E +O 
9 5zr  <2  E-l l <2  E-l l < 1 E+O 

l 06Rh  <1  E -1 0  < 9  E�l l < 5 E+O 
l lOmAg 1 . 6 .:1: 0 . 6 ( -l l ) b 1 . 4 .:1: 0 . 5 ( -l l ) 8 :i: 3 ( -1 ) 
1 25sb <2  E-1 0  < 2  E-1 0 < 1 E+l 
l 29mTe 4 :i: 2 ( -l O ) a 3 .:1: 2 ( -1 0 ) 2 .:1: 1 ( +1 ) 
1 29 I 6 . 6  .:1: 0 . 5 ( -l l ) 5 . 7 .:1: 0 . 4 ( -l l ) 3 . 2 .:1: 0 . 2 ( 0 ) 
1 34cs 1 . 3 .:1: 0 . 1  (-1 0 ) 1 . 1  .2: 0 . 1 ( -1 0 ) 6 . 1  .:1: 0 . 6 ( 0 ) 
1 37C s  8 . 4 .:1: 0 . 9 ( -1 0 ) 7 . 2  .:1: 0 . 8 ( -1 0 ) 4 . 0 .:1: 0 . 4 ( +1 ) 
1 44ce < 9  E-l l < 8  E-l l < 5  E+O 
2 35 u < 7  E-1 3 < 6  E-1 3  <4 E-2 
2 38u < 7  E -1 3  < 6  E-1 3  <4  E-2 
2 38Pu < 7  E -1 2  < 6  E-1 2 <4 E-1 

2 39 / 240P u < 2  E-1 2  < 2  E-1 2 < 1 E-1 

a .  Ca l cu l ated  from a m i xt u re o f  pos i t i ve res u l t s  a n d  l es s-th a n  v a l ue s . 
b .  Th e o n l y  p os i t i ve v a l ue found  for l lOmAg was o n  th e 1 1 h o t 1 1 f i l ter t es t  I o d i ne  Spec i es 2 .  

c .  Bu i l d i ng i n ven t o ry wa s es t i mated  by mu l t i p l y i ng t h e  meas u red  concen trat i o n  t i me s  a bu i l d i n g 

free vo l ume of 5 . 5 8  x 1 01 0  c� . 



Rad iat ion  & E nvi ron m e n t  

Makeu p a nd Letdown System 

M U-F-5 8 Debr is  Sample 

M U-F-5 8 f i l ter: letdow n  f i l ter  
M U-F-2A f i lter: M a ke u p  f i l ter  

M U-F-2 8 .  f i l ter:  Ma ke u p  f i l ter 
M U-F-4A f i l ter:  Sea l i nj ect ion f i l ters 
M U-F-48 f i l ter: Sea l  i nj ect ion f i l ters 

TMI R&E-1 4 



Rad iat ion  & E nvi ron m e n t  

Makeu p a nd Letdown System 

Sa m pl e  Res u l ts 

N u c l ide 

95zr  

1 34cs 

1 37 cs 
1 44ce 

JLC i/g m 

6 . 3  

285 . 1  

2606.8  

760 .2  

Samp le.  ta k e n  F e b ru a ry. 2 7 , 1 9 8 1  
TMI R&E-1 5 



MU-F-5 8  DEBR I S SAMPL E 
( TAKEN FEBRUARY 2 7 , 1981 ) 

Nu c l i d e  

5 4M g 
6 0C o  
9 5zr 

1 06Ru  
1 34cs 
1 3 7  C s  
1 44Ce 

. 1 2 5 sb 

J.IC i / gm 

14 . 4  

1 65 . 9  
6 . 3 

388 . 8  
285 . 1  

2606 . 8  
760 . 2  

1 606 . 0  



Rad iation & E nvi ron ment 

Reactor Coola n t B l eed Ta n k  
Sa m p l es:  

' ' A ' ' Reactor Coola n t  B l eed Ta n k  L iq u i d & 
S l udge 

' ' B ' ' Reactor Coola n t  B l eed Ta n k  L i q u i d  
' ' C ' ' Reactor Coola n t  B l eed Ta n k  L i q u i d  
' ' A ' ' Reactor Coola n t  B l eed Ta n k  Ga m ma Sca n 

RCS 
letdown � 
system 

RCBT B 

F i l ters 

RCS 
� Ma keu p 

System 

TMI R&E-1 6 



Rad iat ion  & E n v i ro n m e n t  

Reactor Coola nt Bleed Ta n k  

Ta n k  

A 

B 

c 

1 44c e 

< 2  E-4 
<4 E-6 

7 . 9 E-6 

4 .4  E-6 
4.4 E-6 
5. 3  E-1 

A ll s a m p l e s  t a k e n  b efore Fe b ruary 4 ,  1 9 8 0  

239 , 240 p u 

<4 E-8 

3 E-8 

3 E-7 

238 u 

1 . 8 E-8 

7 . 0  E-8 

3 . 0  E-8 

TMI R&E-1 7 



Rad iat ion & E n v i ron men t 

Reactor - Coola n t B l eed Ta n ks 

F u tu re sa m pl es from : 

' B ' reactor cool a n t  b l eed ta n k  s l u d g e  
' C '  reactor coola nt  b l eed ta n k  s l u d g e  
S h i p  a nd a na lyze RCBT ' A '  s l u d g e  

� R C BT " C "  � � R C BT " B " � 
R C BT 

" A " 

TMI R&E-1 8 



R a d i ati on & E nv i ro n m e n t  

Rad ioact ive Debri s  on Ta n k  Ma nway 



TM I -2 RCS , A N D  RCBT S OL I D  SAMP L E  ANALYS I S  - GAMMA RA Y S P E C TR OME TR Y  
M E AS UREME NTS ( �C i / m l  of f i l t ered s o l u t i o n a t  To ) 

Gamma-R ay Spectrome try An a l ys i s  

Sa mp l e 1 34 cs 1 3 7c s  1 44ce 

RC S-1 3 . 3 2  + 0 . 03E -1 1 . 2 1 2  + 0 . 005 1 . 83 4 + 0 . 005E -1 
-

RCS-2 1 .  3 5 + 0 • 03 E -2 5 • 02 + 0 • 04 E -2 1 . 03 0  + 0 . 005E-1 

R C BT -A 8 . 79 + 0 . 08E -2 4 . 98 + 0 . 01E-1 8 . 3  + 0 . 2E-3 
-

RC BT -B 9 . 05 + 0 . 07 E -2 4 . 5 2 + 0 . 02 E -1 5 . 6 + 0 . 8E-4 
- -

R C BT-C 1 . 64 + 0 . 03E -2 7 . 5 6  + 0 . 05E-2 1 . 4 7 + 0 . 03E-3 

N OT ES : Ad d i t i o n a l  rad i o n u c l i des  were d et e c t ed i n  th e fo l l ow i ng s amp l es :  

Sa mp l e 60c o 1 25sb 1 06Ru 5 4Mn 

RC S-1 2 . 0  + 0 . 2 E -3 2 . 4 + 0 . 5E -2 7 + 1 

RC S-2 8 + 1 E -1 6 + 1 E-4 

RC BT-C 4 . 6  +.  0 .  8E-5 

-- = n o t  d e t e c t e d  

Al l s amp l es t a k e n  pri o r  to Augus t 24 , 1980 



TM I -2 RC S AND  RC BT SOL I D  SAM P L E  ANALYS I S - ALP HA I S OTOP I C MEASUREME NTS 
( �C i / m l  OF  F I LTER E D SOL UTi O N  AT T0 ) 

A l ph a  I s otop i c  An a l ys i s 

SarnpJ e 2 38�ll 2 3 9 , 240�1J 2418rn 242crn 244crn 
RC S-1 3 .  7 + 0 . 2E -6 3 . 2 5  + 0 . 09E-5 5 . 7  + 0 . 3E -7 7 + 2E-7 < 6E -9 

-

RC S-2 2 . 4 + 0 . 8 E-7 9 + 5 E -8  4 . 5  + 0 . 6 E -7 <3 E-7 <4 E -8 
-

RC BT-A 1 . 3 + 0 . 2E -6 1 . 04 + 0 . 05E -5 2 . 1  + 0 . 1 E -7 3 + 2E -8 < 5E-9 
-

RC BT -B < 5 E -8 1 . 4  + 0 . 5 E -7 <6 E-8 < l E-7 <4E -8 -

RC BT-C < 6E -8 3 . 9 + 0 . 5 E-7 1 . 3 + 0 . 6E -8  < l E -8 5 + 3E -9 

Al l s amp l es taken  pr i o r  to Aug u s t  24 , 1 9 80 

2 35tJ 2 34u 238tJ 
5 + 2 E-7 2 . 2 + 0 . 2 E-5 4 + 1 E-7 - -

<2 E-8 < 5 E-8 4 + 1 E-8 

< 2E-8 < 5E -8 6 + 3 E -8 

< 2 E-8 <8E-8 < 2 E-8 

< 9E -8 4 + 2E-7 5 + 1 E-7 -



TMI -2 RCS  AND RC BT L I QU I D  SAMPL E GAMMA SP ECTR OME TRY ANAL YS I S  BE FORE AND  AFTER F I LTRAT I O N  

llC i / m l  a t  T i me o f  Meas urements , 1 5  De c  1 980 llC i / m l  at  T0 

1 34cs 1 3 7c s 1 34 cs s 1 3 7c s 
Sa mp l e To BF AF BF  AF AF AF 

RC S-1 29  Ma r 7 9  5 . 3 2  + 0 . 04 E +1 5 . 1 1 + 0 . 04 E +1 3 . 3 5 + 0 . 02 E +2 3 . 42  + 0 . 02 E +2 8 . 7 7 + 0 . 07E+1 3 . 56 + 0 . 02 E +2 

RC S-2 14 Au g 80 4 .4 1  + 0 . 03 4 . 4 5  + 0 . 06 2 . 9 2  + 0 . 0 1 E +1 2 . 8 1  + 0 . 02E +1 6 . 1 4 + 0 .  08 2 . 87  + 0 . 02E +1 
-

RC BT-A 20 Dec 7 9 5 . 5 8 + 0 . 05 5 . 4 3  + 0 . 007 3 . 5 0  + O . Ol E +l 3 . 3 1  + 0 . 02 E +l 6 . 06 + 0 . 07 3 . 3 3  + 0 . 02 E+1 

RC BT -B 28  Jan  80 5 . 5 8  + 0 . 04 5 .  7 1 + 0 .  06 3 . 6 5  + 0 . 01 E +1 3 . 5 5  + 0 . 02E +1 7 . 79 + 0 . 08 3 . 7 1 ·  + 0 . 02E +1 

RC BT -C 4 Fe b 80 8 . 5 7 + 0 . 05 7 . 74 + 0 . 04 5 . 2 6  + 0 . 02 E+1 4 . 83 + 0 . 01 E +1 1 . 050  + 0 . 005 E+1 5 . 05 + 0 . 01 E +1 

N OT ES : BF = Be fore F i l tr a t i on 

AF  = Aft er F i l trat i on 

Ad d i t i on a l n uc l i d es  d et ec ted 

llC i / m l  a t  T0 
60c o 

Samp l e To BF 

RC S-1 2 9  Ma r 7 9  2 . 1  + 03 E -1 



TM I -2 RC S  AND  RC BT SOL I D  SAM P L E  ANALYS I S  - BETA I S OTOP I C  MEASUREME NTS 
( �C i / m l  OF  F I LTER E D SOL UT IO N AT T0 ) 

Bet a  I sotop i c  Ana l ys i s  
Samp l e 90 sr 89sr 9 1y 5 5  Fe  64N i 

RC S-1 9 . 4 + 0 . 9E -3 < 1 0  < 2E-3 1 . 0  + 0 . 1 E -2 3 . 1  + 0 . 3E-6 
- - -

RC S-2 3 . 9  + 0 . 3 E -1 <9  < 7 E-5 1 . 4 + 0 . l E-3 8 . 2  + 0 . 8 E -7 
- - -

RC BT-A 2 . 0  + 0 . 1E -1 < 2E -1 < 9E -6 1 . 8 + 0 . 2E -4 1 . 0  + 0 . 1 E-6 
- - -

RC BT -B 4 . 4 + 0 . 6 E -2 < 5 E-1 < l E-5 6 . 3  + 0 . 6 E -5 2 . 6 + 0 . 4 E-7 
- - -

RC BT-C 1 . 4 + 0 . 1 E -2 < 2E -5 < 2 E -5 3 . 1  + 0 . 4E -5 4 . 3 + 0 . 4E -7 
- - -

Al l s amp l es taken pr i o r  to Augu s t  24 , 1980 



TMI -2 RCS  AN D RC BT F I LTRATE A NALYS I S  3 H ,  1 4 c , 144ce , AND  1 2 9 I ( �C i / m l  a t T0 ) 

Samp l e To 3 H 1 4c 144ce 1 2 9 I 

RCS-1 2 9  Ma r 7 9  1 . 7 1  + 0 . 08 7 . 2 1  + 0 . 07 E-4 1 . 80  + 0 . 09 E -2 5 . 3 + 0 . 3 E-6 
- -

RC S-2 14 Au g 80 8 . 8  + 0 . 4 E -2 7 . 0  + 0 . 7 E -5 < 9E -5 3 . 4 + 0 . 2E-6 
- -

RC BT-A 20  Dec 7 9  2 . 0  + 0 . 1 E -1 1 . 04 + O . Ol E-4 < 2 E-4 4 . 4  + 0 . 2 E-6 
- - -

R C BT -B 28  Jan  80 2 . 6 + 0 . 1 E -1 3 . 3 4 + 0 . 03E -4 <4E-6 4 . 4 + 0 . 2 E -6 
- -

RC BT -C 4 Feb 80 1 . 5 7 + 0 . 08E-1 1 . 6 3 + 0 • 02 E -4 7 . 9 + 0 . 7 E -6 5 . 3  + 0 . 3 E -1 
- - -



TM I -2 RCS  AND  RC BT F I LTRATE SAMP L E  A NALYS I S  - pH , CONDUC T I V I TY ,  SPEC I F I C  GRAV I TY , A N I O NS AND  E L EME NTAL 

Sa mp l  e 3 

RC S-1 

RC S-2 

RC BT-A 

RC BT -B 

RC BT-C 

N OT ES : 

_E!:!_ 
8 .4 3  

7 . 94 

8 . 00 

8 . 6 3  

8 .6 4 

( 1 )  
( 2 ) 

(3) 

E l emen t a l  An a l ys i s  by Al terna t i ve C u rre n t  Spark Em i s s i on 
Spec t rome t ry ( vgjm l ) {Cat i o n ) 

Cond u c t i v i ty Spec i f i c  
( vmh o/  em)  Grav i ty Al  B C a  F e  K M g  Na  S i 

2 . 98  1 . 005 4  3 2 300 1 < 1  < 0 . 1  0 . 2  1 050  3 

2 . 7 2 1 . 0080 4 3 50 0  3 1 3  < 0 . 1  0 . 9  795  3 

1 . 1 8  1 . 002 1 1 1 400  8 <0 . 6  < 0 . 1  2 3 60 2 

1 . 3 3  1 . 001 4 0 . 8 760 8 < 0 . 6  < 0 . 1  2 4 2 3  2 

1 . 3 6  1 . 001 2 1 860  5 <0 . 6  0 . 3  0 . 9  383 3 

Anions Analysis by Jon Chromatography 1 , 2 ( ug/ml} 

Sa mp l e F- C l- Br- S04-2 P04-3 N03-

RC S-1 < 1 . 0  2 . 1 < 1 0  28 < 1 0  1 0 . 3  

RC S-2 <0 . 5  <0 . 1  < 1 . 0  2 3 < 1 . 0  3 . 1  

RC BT-A < 1 . 0  5 . 0  < 1 0  1 4 7  < 1 0  3 . 2 

RC BT -B 2 . 0  1 1 . 7  < 1 0  9 2 < 1 0  3 . 2  

RC BT-C < 1 . 0  1 0 . 3 < 1 0  205 < 1 0  2 . 0 

H i gh l eve l s of  boron i n terf ered w i th th e N02 - a na l ys e s . 
An u n i de n t i f i ed p eak i n  RC BT-A was t en t a t i ve l y  i den t i f i ed as t h e  o xa l a t e  i on ( C 204-2 ) a t  a l eve l of 
1 5 . 6 v g / m l . 
Al l s ampl es taken prfor to August  24 , 1980 . 



TM I -2 RC S AND RC BT F I LTRA TE ANALYS I S  - ALP HA I S OTOP I C  ( �C i / m l  a t  T0 ) 

Sa mpl e  __ 
T ...... o __ 

RC S-1 2 9  Mar 79  

RC S-2 14 Au g 80 

RC BT-A 20 De c 7 9  

R C BT-B 28  Jan 80 

RC BT-C 4 Fe b 80 

238p!J 

2 : 7 + 0 . 2 
E-6 

< 9 E -8 

< l E-8 

4 . 7  + 0 . 6 
E-8 

< l E -7 

2 39 , 240p!J 
3 . 8 + 0 . 1  

- E-5 

3 . 2 + 0 . 4  
- E-7 

<4E-8 

3 + 1 E -8 

3 . 0  + 0 . 6  
- E-7 

p a I s ot op 1 c  

235u 
2 . 7  + 0 . 3 

- E-7 

< 2 E -8 

< 2 E -8  

<3E-8 

<2 E -8 

2 34u 2 38tJ 
4 . 2  + 0 . 2 1 . 0  + 0 . 8 

- E-6 - E-6 

< 8E-8 < 2 E -8 

< 6 E -8 1 . 8 + 0 . 4  
- E-8 

< 8E -8 7 + 3E-8 

< 6E-83 3 + 1 E -8 

241Am 

2 . 4 + 0 . 2  
E-7 

8 + 3E-7 

7 + 5E-9 

<4E -8 

1 . 4 + 0 . 6 
- E-8 

242 cm 

6 + 2 
E-7 

< 6E-8 

< 7 E-9 

7 + 2 E-7 

9 + 3E-8 

244 cm 

1 . 1  + 0 . 2  
- E-7 

8 +E-8 

2 . 3  + 0 . 5 
- E-8 

2 . 0  + 0 . 5  
E-7 

5 + 4E-9 



TM I -2 RC S AND RC BT F I LTRATE ANALYS I S  - BETA I S OTOP I C  ( �C i / m l  at  T0 ) 

Sampl e To 90 sr 89sr 91 y 55  F e  63 N i  

RCS-1 29 Mar 7 9  5 . 7  + 0 . 3E-4 <4E-1 5 . 9 + 0 . 5E-2 < 5 E-5 1 . 4 + 0 . 1 E-4 
-

RC S-2 14 Au g 80 2 . 3 + O . l E +l < 400 3 . 8 + 0 . 2 E -3 2 . 1  + 0 . 2 E-3 <3 E-5 
-

RC BT-A 20  Dec 7 9  1 . 2  + 0 . 1  <8E-1 < 5E-6 4 . 5  + 0 . 5 E-6 1 .  7 + 0 . 1 E-5 

RC BT-B 28  Jan 80 3 . 2 + 0 . 2E-1 <4 < 9E-5 <2E-5 <3E-5 

RC BT -C 4 Fe b 80 5 . 3  + 0 . 3 E-1 <6 8 + 6E-5 <2E-5 <3 E-5 



Rad iation & E nvi ron ment  

Reactor Coola n t  D ra i n  Ta n k (RCDT) 

F u tu re p la ns 

• L i q u id sa m p l e  f rom R C DT 
• S l u d g e  sa m p l e  from R C DT 
• Sa m p l e  from RC DT cu b i c l e  

RCDT 
C u bic le  /' 

� R u pture d isc 

R C D  Ta n k  

r- r-

A 

TMI  R&E-20 



Rad iat ion & E nvi ron m e n t  

Su rface 
Depos i t ion 

Boot ie  res id u e  

E ntry smea rs 
G a m ma sca ns 3 0 5-foot e l .  

Rad iat ion s u rveys 

Reactor service stru ctu re s m ea rs 

Pa i n t c h i ps from the dome 

Concrete sa m p les 

Water sa m p les 

TMI R&E-21 



Rad iat ion  & E nvi ron m e n t  

Su rface Depos i t ion 
N E  

NW N E  
Dom e Dome 

1 34cs 4.7 3 E-4 4. 3 9 E-2 

1 37cs 3 .41  E-3 3.22 E-1 

1 29 1 2 . 5 3 E-7 4 . 74 E-6 

1 44ce < 3 .99 E-5 < 2 . 7 8  E-5 

Sample• taken February 3. and 5 ,. 1 9 8 1  

TMI R&E-22 



Rad iat ion & E nvi ron ment 

Pola r C ra ne Rad iat ion Map 
Su rface Depos i t ion 

, 5 0 0  Ton 
I P o l a r C ra n e  

I n s i d e  g i rd er " A "-

2 0 0 -y 1�1 � 
3 5 0  {3 

-----

1 2 0 'Y 1 80 'Y 1 2 0 'Y 

,JY1;.iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii/g\08n-o {3-- 840 {3 - 1  • o 5 R {3 ��---=����:::il.l, 

\ 1 2 0 'Y 
840 {3 

P e n d a n t  
2 0 0  'Y C a b L 2 0 0  'Y 

1 . 4 R  {3 3 5 0  {3 
TMI R&E-27 

All -readings In mR/hr. or mrad/hr. unless otherwise. noted 

Data taken July 1 ,  1 8 8 1  



Radiation & Envi ronment 

Control Rod Drive Mecha nism 
Radiation Map 

Fa n ho u s i ng� 

n Neutro 
sh ield 
tanks ------- r -: 

I I I I 
I I It"\_ . I 347 

-
r- 300 

"'--

220 
'"' T 1 20 

� 1 80 
1 50 � 250 

0=-r--- 800 
o - r--. - 850 

a: t o t o t o  ·rr 7 R  
� 327 ' 

� 1 2R "}" 
.f _ _ _ _ _ _  - - - - - - _ _ _ _ _ _ _ _  \ - .,  

I 322 ' I 

AI readiR•• In mR/� unleM olher'WIM • .-11 
Data takeR March. 1 8,. 1 8 8 1  

-6 ' '  
TMI  R &E-26 



Service Structure Survey 

Contact on 
wa lkway 

Fan housing 

Neutron 
shield 

ta nks --� 

1 .5R y 
3R {3 

W E 
Looking 

North 

80 )' 

(u nder tank) 
All readings In mR/hr or mrad/hr unless otherwise noted 

347 ft 

900 )' 
3.2ii 13 

322 ft-6 i n .  

NOTE: 
D•t• T•ken 
Decemb•r 1 1 , 1 8 8 0  

• n d  JUIJ 2 3 ,  1 8 8 1  



8- --
0------

R 

. -..... -·" · •-'­®-CT-Mft.UWI. - .u. ll _._,.. 

® --
CJ - 0 "'•,_....-

j ------t-R•dlatlon Survey 
----f- 3�5' Elevation 

-r---+--_LI E . ntrlee 1 _5 



CD - -- - l 
B 

0----- -- ---f -------t----+---./-1-

(� ' 

. .  , 
'., _ c ; . 

• . : . l j -

. . :_ 1 1 '; --

_ l  

a R 

�..:- · - -

EB *'IC-.. 11 ·ll'fll - 1'1.1* •1 -IUI'IIo 

® ... --

. � ------ - - - -
__ _ J_ -+-- - - "•�Uatlon Survey 

I I 

I -r�f-+-;::.:·:::tlon -t -t rt -- 1 - - - --

1 I I i I 



Rad i a t i o n  & E nv i ron men t 

Su rface Depos i t ion 

C R D M  Smea r  Res u l ts 

N u c l id e  j-t C i / s m ea r  

#2 # 3  
1 34cs 7 . 7  E + O  2 . 6  E + 1  

1 3 7cs 5 . 6  E + 0  2 . 6  E + 1 

1 44ce/P r 4.4 E-3 5 . 5  E-2 

238p u 3 .8  E-6 1 . 1 E-2 

S a m p le t a k e n  M a y  1 4 ,. 1 8 8 1  

# 5  
1 . 5 E +  0 

1 . 2 E + 2  

1 . 2 E-2 

7 . 3  E-6 

Top of Serv ice Stru ctu re S u rvey 

I 
\ 

/ 

/ 
/ 

/ 

� � 

5 

' 
' 

' 
' 

v 

TMI R&E-23 



Rad iat ion & E nvi ro n m e n t  

Su rface Depos i t ion 

Activi t ies P ri or to G ross Deconta m i nat ion Experi m en ts 

• 46 concrete a nd ca rbon steel sa m pl es 

• 2 l iq u id sa m p l es 

• 4 a i r  cooler  ga m ma sca n s  

• 1 0 f loor a nd wa l l  g a m ma sca n s  

• 1 00 TLD measu rements 

• 3 a i r sa m ples TMI R&E-28 



Rad i a t i o n  & E nv i ron men t 

Resu l ts to Date & Futu re P la ns 

• F i ss ion prod u ct tra n s port a nd depos i t i on 

• Deconta m i nat ion a nd person nel  exposu re 
con trol 

• Reactor bu i ld i n g damage assess m e n t  

• Rad i on u c l ide  mass ba la nce 

TMI R&E-29 



Rad i a t i o n  & E n v i ron m e n t  

Resu l ts to Date & Futu re P la ns 

• F i ss i on prod u ct tra n sport a nd d epos i t i o n  

• D eco n ta m i nat ion  a n d person n e l  expos u re 
con trol 

• Reactor b u i ld i n g d a m a g e  assess m e n t  

• Rad i on u c l id e  mass ba la n ce 

TMI R&E-30 



Ra d i a t i o n  & E n v i ro n m e n t  

Reactor Bu i ld i ng Damage Assessment  

• P h otos of every e n try 
• Sa mpl es rem oved 
• D a m a g e  map 
• Tempera t u re est i m a tes 

TMI  R&E-31 



R a d i a t i o n  & E nv i ron m e n t  

Reactor B u i ld i ng Da mage Assessm ent,  
305-ft E levat ion 

TMI R&E-32 



U pender · " A "  

U pender • "B" 

RefueHn• C•n•l Surver 

* Contact with wal l  a pproximately 4.5'  high 

N .-

Alternate Internals storage 
sta nd location 

(outline on floor only) 

All readings In mR/hr or mrad/hr unless otherwise noted 

NOTE: 

December 1 1 , 1 8 8 0  

•nd �ulr 2 3 ,  1 8 8 1  



CONTR OL ROD DRI VE  MEC HAN I S M  SME AR RES ULTS ( �C i / SMEAR-�TAKEN MAY 14 , 1981 ) 

Samp l e 1 

1 34cs 3 . 9 7±0 . 2 0 ( 0 ) 

1 37cs 2 • 8 7±0 • 02 ( 1 ) 

1 44 Ce /  Pr 4 . 8 5±0 . 1 9 ( -3 ) 

1 06Ru 3 . 7 6±0 . 6 1 ( -3 )  

2 39 / 240p u 2 • 3 3±0 . 1 2  ( -5 ) 

2 38pu 2 . 4 1±0 . 1 9 (  -6 ) 

2 4 1Am 3 . 06±0 . 3 5 (  -6 ) 

2 42 / 243 cm 3 . 1 6±1 . 5 8 ( -7 ) 

2 44cm < 1 . 02 ( -7 ) 

Samp l e 2 

7 . 7 3±0 . 3 8 ( 0 ) 

6 • 5 8±0 • 02 ( 1 ) 

4 . 90±0 . 01 ( -3 ) 

3 . 3 8±0 . 09 ( -3 ) 

2 . 1 6±0 . 5 ( -5 ) 

3 . 84±0 . 63 ( -6 ) 

3 . 2 3±0 . 2 8 ( -6 ) 

2 . 88±1 . 1 7  ( -7 ) 

1 .  2 2±0 . 54  ( -7 ) 

Samp l e 3 

2 • 6 2±0 . 1 3  ( 1  ) 

1 . 8 7±0 . 01 ( 2 ) 

2 . 4 7±0 . 07 ( -2 ) 

1 . 1 9±0 . 1 1 ( -2 ) 

1 .  5 6±0 . 08 ( -4 ) 

1 . 1 0±0 . 08 ( -5 ) 

1 . 83±0 . 09 ( -5 ) 

1 .  6 9±0 • 3 2 ( -6 ) 

1 .  4 1 ±0 • 6 5 ( -7 ) 

Samp l e 4 Samp l e 5 

8 . 05±0 . 4 1 ( 0 )  1 .  5 9±0 • 08 ( 0 ) 

5 . 74±0 . 02 ( 1 ) 1 . 1 5±0 . 02 ( 3 ) 

5 .  59±1 .  06 ( -3 ) 1 . 2 0±0 . 02 ( -2 ) 

1 . 88±0 . 4 1 ( -3 ) 4 . 42±0 . 33 ( -3 ) 

1 .  62±0 .  09 ( -3 ) 3 . 9 2±0 . 2 9 ( -5 ) 

2 . 24±0 . 35 ( -6 ) 7 . 2 6±1 . 23 ( -6 ) 

3 . 01 ±0 . 43 ( -6 ) 3 . 05±0 . 3 0 ( -6 ) 

4 . 05±2 . 2 5 ( -7 ) 3 . 09±1 . 2 6 ( -7 ) 

9 . 3 5±7 . 64 ( -8 ) 5 . 86±3 . 9 1 ( -8 ) 



ACT I V I T I ES ON  PA I NT C H I P FOUND  ON  THE  F LOOR SOUTH OF SEAL TABL E  ( TAKEN ON  FEB RUARY 3 AND 5 ,  1 9 8 1 ) 

Nuc l i de s  Tes t 1 Tes t  2 Tes t  3 

1 34cs 4 . 7 3± . 3 6 ( -4 ) 1 .  2 1  :l: • 06 ( -4 ) 7 . 03± . 32 ( -4 ) 
1 3 7 Cs  3 . 4 1± . 08 ( -3 ) 9 . 2 3± . 1 7 ( -4 ) 5 . 1 5± . 05 ( -3 ) 

5 1 cr < 1 . 3 5 (  -4 ) < 2 . 43 ( -5 < 6 . 60 ( -5 ) 
5 4Mn < 1 . 84 ( -5 ) <3 . 6 9 ( -6 )  < 6 . 4 0 ( -6 ) 
5 9Fe <2 . 8 7 ( -5 ) < 5 . 94 ( -6 ) < 9 . 95 ( -6 )  
5 8co <1 . 1 9  ( -5 ) < 2 . 42 ( -6 )  <4 . 04 ( -6 ) 
6 0c o < 7 . 1 2 ( -5 ) < 1 . 4 9 { -6 ) <2 . 52 ( -5 ) 
6 5z n <4 . 5 3 ( -5 ) < 9 . 34 ( -6 )  < 1 . 5 9 ( -5 ) 
9 5Nb < 1 . 2 2 (  -5 ) <2 . 5 3 ( -6 ) <4 . 33 ( -6 )  

1 10mAg <2 . 4 9 ( -5 ) <4 . 9 7 ( -6 ) <8 . 68 ( -6 ) 
1 06Ru < 1 . 5 5 ( -4 ) <2 . 9 7 ( -5 ) < 5 . 7 1 { -5 ) 
1 24S b  <5 . 2 8 ( -5 ) < 1 . 1 3  ( -5 ) < 1 . 80 ( -5 ) 
1 25Sb  < 1 . 7 1 ( -4 ) <3 . 2 2 ( -5 ) < 6 . 90 ( -5 ) 
1 4 1 ce < 1 . 4 6 ( -5 ) <2 . 05 ( -6 ) < 5 . 3 7 ( -6 ) 
1 44 ce <3 . 99 ( -5 ) < 5 . 93 { -6 ) < 1 . 4 5  ( -5 ) 

90 Sr 4 . 1 7± . 24 ( -3 ) 
8 9sr < 1 . 3 1  ( -5 ) 

1 29 ! 2 • 5 3± • 2 5 ( -7 ) 

1 Le ach port i on of pa i n t  ch i p  ( u sed NaOH ) 
2 Pa i n t ch i p  cou n t ed af ter l each w i t h NaOH 
3 Or i g i na l  p a i n t  ch i p  



ACT I V I TI ES O N  PA I NT C H I P TAKE N  FROM NEAR STAI RWE LL  ( TAKEN ON FEBRUARY 3 AND 5 ,  1981 ) 

Nuc l i de s  Tes t 1 Tes t  2 

1 34cs 4 • 3 9± • 2 1  ( -2 ) 3 . 5 6± . 1 8 ( -3 ) 
1 3 7c s 3 . 2 2± . 1 0 (-1 ) 2 . 90± . 1 0 { -2 ) 

5 1 cr < 7 . 1 9 ( -4 ) < 1 . 63 ( -4 ) 
5 4Mn <2 . 00 (-5 ) < 7 . 1 2 ( -6 ) 
5 9Fe  <4 . 50 {-5 ) < 1 . 44 ( -5 ) 
5 8co <2 . 40 (-5 ) <6 . 8 9 { -6 ) 
60co <4 . 60 (-5 )  <2 . 48 { -5 )  
6 5zn <4 . 09 ( -5 ) < 1 . 69 (  -5 ) 
9 5Nb <4 . 00 ( -5 )  <8 . 70 {-6 ) 

l lOmAg <2 . 6 6 ( -5 ) <9 . 64 ( -6 ) 
1 06Ru <3 . 3 4 ( -4 ) <8 .48 { -5 ) 
1 24sb <3 . 1 0 ( -5 ) < 1 . 93 ( -5 )  
1 25sb <5 . 80 (-5 ) < 1 . 1 5 ( -4 ) 
1 41 ce < 1 . 00 ( -4 ) < 1 . 34 ( -5 ) 
1 44 ce <2 . 78 ( -5 ) 

90sr 9 •. 6 7± . 30 ( 03 ) 
8 9sr <5 . 8 9 ( -5 )  

1 29 I 4 • 7 4± . 4 7 ( -6 ) 

1 Le ach port i o n  of  pa i n t ch i p  ( u s ed NaOH ) 
2 Pa i n t  ch i p  cou n t ed af ter l each w i th NaOH 

3 Or i g i na l  p a i n t  ch i p  

Tes t  3 

5 . 01± . 24 ( -2 ) 

3 . 64± . 67 ( -1 ) 

< 7 . 69 { -4 ) 

<2 . 44 ( -5 )  
<5 . 1 8 ( -5 ) 

<3 . 07 ( -5 ) 
< 5 . 1 0 { -5 )  

<4 . 63 ( -5 ) 
<4 . 45 { -5 ) 
<3 . 26 ( -5 ) 
<3  . 94 (  -4 ) 

<3 . 65 ( -5 )  

< 6 . 3 1 ( -5 )  

< 1 . 44 ( -4 ) 



Service Structure Survey 

� Contact on 

Q wa l kway 

Fan hou s i ngs 

Neu tron 
shield 
ta n ks 

E W 
�----�-

Look i n g  
South 

200 )" 

® ::; 700 )" - 700 'I==;:::::: 
I 1:8R {3- UR {3 

'- - - - - - - - - - - - -

347 ft 

NOT�: 

Dece•lt•r 1 1 , 1 8 80 

end J•lr 23,  1 8 8 1  

327 11 e 
322 ft·6 i n .  

A l l  readings I n  mR/hr o r  mrad/hr. unless otherwise noted 



Top of Service Structu re Su rvey 

unless otherwise noted 

I 

NOTE: 
Data Take• 
March 1 8, 1 8 8 1  

"" N 



A. Moved Deck P lates 



B. Da ma g ed 
E l evator 
Door 



C. Floor Debris 
and Rust 
Accu m ulation 



D. Damaged 
Stairwell 
Door 



E. Stairwell 
leading to 
Flooded 
Basement 

I 



Rad iat ion  & E nvi ron m e n t  

Reactor B u i l d i n g  Damage Assessment, 
347-ft E l evat ion 

T M I  R & E-38 



A. I m plod ed Stora g e  D rum 







D. Telephone 
Damaged 
By High 
Temperatures 



\ ' 



F. B urn ed M a i ntena n ce Ma n ua l  



Rad iat ion  & E nvi ron m e n t  

Pola r C ra ne Damage Map 
(Top V iew) 

G i rd er ' B '  

G i rd er ' A '  

I 
I 
I 
I : · D u ct 
I 
I 
I 

\ ' 1:: I 
\_ _ _ _ _  _) 

TMI R&E-45 



A. M el ted Rope 



B. Bu rned Pola r  C rane 
O perator ' s  C ha i r  





D.  Extens ive Rust on  B ridge 
D rive Motor 



E. Paper a nd B l istered Pa i nt 



R a d i a t i o n  & E n v i ron m e n t  

Reactor B u i ld i ng Da mage 
Assessment F u tu re 

H 2  b u rn i nvest i ga t i o n  
Tota l d a m a g e  assess m e n t  re port 
E n try p h oto reports · 

T M I  R & E-5 1 



Ra d iat ion & E nv i ron m e n t  

Resu l ts to Date & Futu re P la ns 

• F i ss ion prod u ct tra n s port a nd d epos i t ion  

• Deconta m i nat ion a n d person n el  expos u re 
con trol 

• Reactor bu i ld i ng da mage assess m e n t  

• Rad ion u c l ide  mass ba la nce 

TM I R&E-52 



Rad iat ion & E nv i ron ment  

Rad ion uc l ide Mass Ba la nce 

P u rpose 

• K now where the rad ion u c l ides a re 

• Accou nt  for tota l i nventory of rad i on u c l ides 

• U ndersta nd rad i on u c l ide f low paths 

• Better the i nd ustry ' s  u ndersta nd i ng of 
f iss ion prod uct tra nsport a nd depos i t ion 

• U pdate tra nsport a nd depos i t ion m odels 
TMI  R&E-53 



Rad iat ion & E nv i ron men t 

Rad i on u c l i d e  Mass Ba la n ce 
C u rrent  effort 

• Iden tify,  orga n i ze, a nd com pi le ex ist i n g  data 

• Recom mend f u rther sa m pl i ng 

• O u tl i ne a na lyt ica l proced u res to ca l c u late 
m iss i ng i nformat ion 

Rad ion u c l ides 

i n  Core 

Rad ion u c l ides 
Fou nd 

Rad ion u c l ides 
Sti l l  i n  C ore 

T M I  R&E-54 



R a d i a t i o n  & E n v i ro n m e n t  

I 

Rad ion u c l ide  Mass Ba la nce 
F u tu re act iv i t i es 

/ 

• Assem b l e  a n d sort a l l  c u rre n t  d a ta 

• U s e  ca l c u l a t i o n a l m od e l s  for u n reported 
n u c l i d es 

• P re pa re f i rst  d raft  of a 1 2 9 1  m a s s  ba la n c e  

> < 

R x  B l d g  S u m p  

F i l te rs 

A u x  B ld g  Sa m p l es 

RC DT sa m p les p R C BT sa m p l es 

TMI R&E-56 



Rad iat ion & E nvi ron ment  

Resu l ts to Date & Fu tu re P la ns 

• F i ss ion prod u ct tra n s port a nd depos i t ion  

• Deconta m i nat ion a nd person n e l  expos u re 
control 

• Reactor bu i ld i ng damage assess m e n t  

• Rad ion u c l ide mass ba la nce 

TMI R&E-57 



DE CONTAM I NAT I ON AN D DOSE R EDU CT I ON 

D .  W .  Le i g h 

Bech tel  Corpo ra t i on 





Tf� I - 2  

DOMEST I C  SEM I NAR 

DECONTAM I NAT I ON AND DOSE REDUCT I ON 

I P ROG RAf1 PLAN AND RESU LTS TO DATE 

I FUTU RE P LAi�S 

P RESENTED BY 

D .  W .  LE I G H  

BECHTEL CO RPORAT I ON 

DECH1BER 1981 



MAJOR RECOVERY PLANS 

TECHNICAL PLANNING 

CONTAINMENT CHARACTERIZATION 

DECONTAMINATION 

• GROSS 

• HANDS-ON 
• SUPPORT 

REACTOR DISASSEMBLY AND DEFUELING 

WASTE MANAGEMENT 

RCS DECONTAMINATION 

REQUALIRCA TIONIDECOMMISSIONING 

7/3 1 /8 1 



PIIOCESS CONTANIENT 
DIARACTERIZATION 

- CONTAMIENT 
SUMP WATER 

FUEL REMOVAL AND DECONTAMINATION SEQUENCE 

CONTROLLING RECOVERY SEQUENCE 

POLAR HEAD AND FUEl GROSS PilE-HEAD UPPER REMOVAl 
- DECONT AMiliA 11JN - CRANE f- lFT EXAM - INTEIIHALS r- Alll r--OF 347'8" El. IIEFUAIIISHMENT REMOVAl PACkAGING 

REQUAlR:AllJN IICS 
DECONT AMiliA 11JN 

- 011 
OECOMMISSIIM«l 

7/3 1 18 1  



CONTAINMENT 
CHARACTERIZATION 1-

1"' - - - ,  

I AUXILIARY I 
BUILDING 

I DECDN. I 
L - - - .1  

PROCESS 
CONTAINMENT 
SUMP WATER 

FUEL REMOVAL AND DECONTAMINAnON SEQUENCE 
COMPLETION OF BUILDING DECONTAMINATION 

GROSS � DECONTAMINATION 
OF 347'6" El. 

POLAR IT CRANE r--
REFURBISHMENT 

I 
I . r - - - ,  I I HANDS-ON I L.; DECON p 347'6" El. I 

L - - - J  I 

PII£-HEAD 
LFT EXAM f-

l r - - - ,  r - - - ,  Ll GROSS I I HANDS
-
ON I 

I i:s�. ITI i:s�. I L - - - J I L _ _ _  J I 

HEAD AND 
UPPER 

INTERNALS 1-
REMOVAL 

1 r - - - ,  r - - - ,  
I I GROSS I I HANDS-ON I -. DECON - DECON I 282'6" El. I I 282'6" El. I 

L - - - .1  L - - - J  

FUEL 
REMOVAL 

AND � 
PACKAGING 

REOUALFICATION RCS 
DECONTAMINATION � DR 

DECOMMISSIONING 

7/3 1 18 1  



TECHNICAL PLANNING 

CONTAINMENT CHARACTERIZATION 

PLANNING DOCUMENTS 

• DATA ACQUISmON ENTRIES 
• REACTOR BUILDING CHARACTERIZATION 

SUPPORTING DOCUMENTS 

• ENTRY REPORTS 

AUG 1 980 
SEP 1 980 

• TECHNICAL DATA BOOK • REACTOR BUILDING CHARACTERIZATION 
• NUMEROUS ANALYTICAL REPORT 

7/3 1 /8 1  



TECHNICAL PLANNING 

REACTOR BUILDING DECONTAMINATION 

PLANNING DOCUMENTS 

• PLANNING STUDY FOR CONTAINMENT ENTRY 
AND DECONTAMINATION (PHASE Q 

• TECHNICAL PLAN FOR REACTOR BUILDING 
GROSS DECONTAMINATION (DRAFT) 

• TECHNICAL PLAN FOR REACTOR BUILDING 
HANDS-ON DECONTAMINATION 

• TECHNICAL PLANT FOR SUPPORT DECONTAMINATION 

SUPPORTING DOCUMENTS 

• PRELIMINARY ASSESSMENT OF CONTAINMENT 
DECON TECHNIQUES 

• EARLY · DECONTAMINATION OF TMI-1 
REACTOR BUILDING 

• DECONTAMINATION TECHNIQUES TEST PROGRAM 
• REACTOR BUILDING LARGE-SCALE DECON TEST 
• DOCUMENTATION OF FUEL HANDLING AND 

AUXILIARY BUILDING DECON 

JUL 1 979 

MAY 1 981 

JAN 1 982 

(?) 

SEP 1 980 

FEB 1 981 

MAY 1 981 
JUN 1 981 
AUG 1 981 

7/3 1 /8 1 



TECHNICAL PLANS 

TECHNICAL PLANNING 

RCS DECONTAMINATION 

• RCS ·oECONTAMINA liON PLAN 

SUPPORT STUDIES 

• RCS CHEMICAL DECONTAMINA liON STUDIES (B&W) 
• REACTOR COOLANT SYSTEM 

DECONTAMINA liON & DOSE REDUCTION (EPRI) 

ONGOING 
ONGOING 

7/3 1 181  
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11111 --·--,.. 
0 ----/tw 
D NOT JUIIIVIYID 

tiOTI: 
tell W'OTI IUCH AI OftAINI. ..WU. 
AND AI" COOU .. I NOT IMOIIIN ON 
THti JIGUIU. 

FIGURE 1 - GENERAL RADIATION LEVELS AT 305' ELEVATION 
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FIGURE 2 - GENERAL RADIATION LEVELS AT 347' 6" ELEVATION 
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LARGE DECON TEST OBJECTIVES 

RADIOLOGICAL CONDITIONS 

• DETERMINE REMOVABLE ACTIVITY 

• PERFORM AREA RADIATION SURVEYS 

• PERFORM SURFACE CONTAMINATION SURVEYS 

• DETERMINE CHANGES IN AIRBORNE CONTAMINATION LEVELS 

OPERATIONAL CONDITIONS 

• PROVE ADEQUACY OF APPROACHES PRESENTED IN GROSS DECON· 
lAMINATION PLAN 

• ESTABLISH SUPPORT SYSTEMS AND EQUIPMENT REQUIREMENTS 

• PROVIDE DATA TO ESTIMATE 
• WORKER PRODUCTIVITY 
• MAN-REM EXPOSURE VALUES 
• RATES OF WASTE GENERATION 



f·1 5 

0·1 4 

TMI·2 DATA ACQUISITION PROGRAM 
CONTAINMENT ENTRY DATED MAY 1 4, 1 981  

AREA I - LOW PRESSURE FLUSH ONLY 
AREA II - LOW PRESSURE FLUSH FOLLOWED BY HIGH PRESSURE FLUSH 
AREA Ill - HIGH PRESSURE FLUSH ONLY 

I -t'  1 -r  I I  

AREA II 
(220 FT2) 

AREA I 
(570 FT2) 

14  

AREA I 
(460 FT2) 

o OO 

1 



TENTATIVE CONCLUSIONS 

• LP/HP HOT WATER COMBINATION PROVED EFFECTIVE IN REMOVING DIRT, 
GREASES, AND RADIOACTIVE CONTAMINATION 

• 1 05 DPM/1 00 CM2 ACHIEVED FOR ALL SURFACES EXCEPT FLOOR WHICH 
APPROACHED 1 05 DPM/1 00 CM2 

• AIRBORNE ACTIVITY REDUCED BY A FACTOR OF ABOUT 50 
• DECONTAMINATION FACTOR (OF) FOR FLOOR SURFACES ESTIMATED AT 

20-30 
• APPROXIMATELY 0.3 J.tCIICM2 OF ACTIVITY REMAINS ON FLOOR SURFACE 

(DETERMINED BY CALCULATION) 
• AREA RADIATION DOSE RATE WAS REDUCED BY A FACTOR OF 1 .2 TO 

1 .4 (BY MEASUREMENT ONE METER ABOVE FLOOR) 
• AIR-COOLED SUITS WORKED WELL FOR DURATION OF TEST 
• LP/HP DECONTAMINATION RATE WAS ABOUT 1 000 FT2/HR (AVERAGE 

FOR HORIZONTAL & VERTICAL SURFACES) 
• LIQUID WASTE GENERATION RATE ABOUT 0.1 GAUFT2 
• IN-CONTAINMENT DECONTAMINATION CREW OF 3 PERSONNEL WAS 

ADEQUATE 
• SUPPORT SYSTEMS LOCATED OUTSIDE REACTOR BUILDING PROVED 

EFFECTIVE FOR THIS TEST 



DECONTAMINATION EXPERIMENT 
OBJECTIVES 

CRITERIA DEVELOPMENT 
TECHNIQUE DEVELOPMENT 
. DECONTAMINATION EFFECTIVENESS 
ADMINISTRATIVE CONTROLS 
TRAINING REQUIREMENTS 
CONTAMINAmN CONTROL 
PERSONNEL DOSIMETRY 
CHARACTERIZATION OF RAIIAnDN CONIITIONS 



DATA ACQUISITION PROGRAM FOR DECONTAt.INATION EXPERIMENT 

A. PEIIFOMI IBIBIAL 1.1 PEIIfOIIII DATA 
AREA CLEANUP OF �.....t ACCIUISIT10N 
315'-0" REVATI* TASK I1 

LP R.UIH 
311' REV All* 

(COfiTII8ENCY) 

2.1 PEIIfORII DATA 
1-- ACQUISITION 

TASK I1 

LP R.UIH ENCLOSED 
ITAIIWELL SIIEL­
EFFECnYEIIEII 

4.1 PEIIRIIII DATA 8. PROVIIE IIIEL-
� ACQiaiTION 

TASK I4 
�.....t Rill DRAIIS ON ....... � 

347'.f" ELEVATI* 

C. :r:,L�� 3.1 PERFOIIM DATA 
ELEVATI* AND AllY � � 

ACQU11111011 
IPEaAL ACCESS TD TASK 13 
POLAR CRANE 

LPIII' R.USH CRANE 

D. liST ALL UTI.II'Y 
- ITATI* (LP . ... AII) � 

ON 347'.f" ELEVATI* 

E. PERFOIIII IEIIERAL 
1-- AREA CLEANW OF ..._ 

347'.f" REV All* 

5.1 PEIIfORII DATA 1.1 PEIIfORII DATA 
ACQUIIITlOII 
TASK II 

H. PROVIIE MEL..-
ACQUIIITlOII � 
TASK II 

- Rill DRAIII ON 
315'-0" REVATI* 

LPIII' R.UIH 
34T.f" 

LP R.UIH Rx iVC 
AREA I RERJEa.. 
CANAL 

.. R.USH 315' 

F. .sTALL IYSTa 
TD ICEEPLP 1 ..  -
HDIEI IUIPMED 

NOTES 
1. ALPHABE11C SYIIIIOLI IIOT ADDRESSED AS DATA ACQiaiTION TASKS 

OFF 347' .f" R.OOR 2. NUIIEIICAL IYMBOLI IDENT1FY DATA ACQU11111011 TASKS 



DECONTAM INATION  EXPER I M ENT 
SCOPE OF EFFORT 

• LOW PRES S U RE FLU S H  

• LOW PRESS U RE FLU S H  

• * H I G H  PRES S U RE FLU S H  

• LOW & H IG H  PRES S U RE FLU S H  

• H IG H  PRES S U RE FLU S H  

• LOW PR ES S U R E  FLU S H  

*CONTINGENCY 

305 ' ELEVATIO N  

C RAN E 

C RAN E 

347 ' -6 "  ELEVATION 

305 ' ELEVATIO N  

REFU ELI N G  CANAL 



DECONTAMINATION EXPERIMENT 
EXPECTED RESULTS 

• DOSE REDUtnoN MRIHR 
LOCATION (BEFORE) 

305' ELEVA nON 200·1000 

CRANE 50·70 

347' ·6" ELEVATION 100·500 

• MAN-HOURS (PLANNED-IN CONTAINMENT) 

• MAN·REM (ESnMATED) 

MR/HR 
(AFTER) 

1 50·300 

10·50 

50·100 

290 

95 



FUTURE PLANS 
FOR DATA ACQUISITION PROGRAM 

• ASSESS SURFACE CONDmONS (AFTER GROSS DECON) 

• OBTAIN PHOTOGRAPHS FOR DECON PLAN IMPLEMENTATION 

• PERFORM 282' ELEVATION RADIATION AND CONTAMINATION SURVEY 

• SAMPLE FOR SLUDGE ON 282' FLOOR 

• OBTAIN REACTOR COOLANT DRAIN TANK (RCDT) SAMPLE 

• PROVIDE DEFUELING OPERATIONS DATA SUPPORT 

• PROVIDE RESTORATION OPERATIONS DATA SUPPORT 



UT I L I TY WASTE  MANAGEMENT P LAN 

R . S . Dan i e l s  

Bechte l  Nat i o n a l , I nc .  





TM I-2 
D O M ESTI C S E M I NAR 

Uti l ity Waste M a nagem ent Plan 

Presented By 

R .  S .  Daniels 
Bechtel National ,  I nc .  

Decem ber 1981 



G oals :  

• Define disposal endpoint for each waste stream 

• DOE I N  RC memo of understanding resolved outstanding 
problems 

• Evaluate al l  elements of waste generation, processing,  
sol idification, packaging,  interim onsite storage, trans­
portation, permanent disposal in  cost benefit comparison 
using ALARA techniques 

• Provide adequate waste processing to assure min imum 
waste volu m es for handl ing and disposal 

• Provide adequate onsite storage for wastes generated 
d u ring recovery operations 



Cu rrent Objectives : 

• Document current l iquid processing systems, e. g ., EPICOR- 1 1  
and SDS 

• I dentify future waste streams 

• Evaluate a lternative processing methods 

• Recom mend preferred approach using cost benefit 
technique, e. g . , dol lars and person- rem 



Futu re Waste Problems 

• Volume reduction of sol id  wastes from decontamination 
• compaction, incineration 

• Processing of chemical  deconta m ination sol utions 
• chelate deactivation or sol idification 
• evaporation of chemical  sol utions 

• RCS decontamination 
• mechanical  
• chemical  

• Refueling Canal cleanup during defuel ing 
• sol u ble and particulate source terms 



Uti l ity Waste M a nagem ent Pla n 

• Sum mary 

• I ntroduction 
• Waste Management Planning 
• Waste Characterization 
• Processing M ethods 
• Packaging 
• Ons ite Storage Faci l ities 
• Transportation M ethods & Shipping Containers 
• Final Disposal Options 
• Cost Bases 

• Waste Streams - ( physical ,  chemical,  radiological ,  un­
treated quantity f (ti me) ) 
• Gases 
• Liq uids 
• Solids 



Uti l ity Waste Management Plan (Cont. ) 
• Waste Processing 

• Gases - fi ltration, sor p tion, storage 
• Liquids - fi ltration,  IX, sol idification 
• Solids - compaction,  incineration,  disassem bly I sec­

tioning 

• Waste Packaging & Handl ing 
• LSA boxes, 56-gallon drums, l iners- EPICOR I I ,  SDS 

• Waste Storage 
• Liquids-processed water 

• Sol ids-l iners & d rums 

• Waste Disposal 
• transportation mode 
• shipping containers 
• Disposal  endpoint 

• Quality Assurance 



DEPARTM E NT O F  E N E RGY FUTURE  P LANS 

N .  Gers tei n 

U . S .  Department  o f  Energy 





TM I -2 DOM E ST I C S E M I N A R  

D E PA R TM E N T  O F  E N E R G Y F U TU R E  P LAN S 

P R E S E N T E D  B Y  

N O R M A N  G. E R ST E I N  

U . S .  D E PA R TM E N T  O F  E N E R G Y  

D E C E M B E R 1 98 1  



M E M O R AN D U M  O F  U N D E RSTAN D I N G 

J U LY 1 5,  1 98 1  

• B E TW E E N  D O E A N D N R C 

• R E M O V A L A N D D I S P OS I T I O N O F  SO L I D  

N U C L E A R  WAST E S  F R O M  C L E A N U P  O F  
T H R E E M I L E  I S L A N D U N I T  2 P L A N T  



C U R R E N T LY 

I D E N TI F I E D TM I -2 SO L I D  WAST E S  

• E P I CO R - 1 1 S Y ST E M  WAST E S 

• S U BM E R G E D  D E M I N E R A L I Z E R SY ST E M  W AST E S  

• R E A CTO R F U E L  

• T R A N S U R A N I C  C O N TAM I N AT E D  WAST E M AT E R I A L S 

• M A K E U P  A N D P U R I F I C AT I O N S Y ST E M  R E S I N  A N D 

F I L T E R S  

• OT H E R  SO L I D  R A D I O ACT I V E  WAST E S  



DO E R O L E  AN D R E SPON S I B I L I T I E S  

• D E T E R M I N E  G E N E R I CA L L Y B E N E F I C I A L  R E S E A R C H 

D E V E L O PM E N T A N D  T E ST I N G  A CT I V I T I E S  O N  TM I -2 

SO L I D  W AST E S  

• CO N D U C T  A CT I V I T I E S A T  A P P R O P R I AT E  D O E  

F AC I L I T I E S  

• R E I M B U R SA B L E  D I SPOSA L O F  WAST E S  N O T S U I TA B L E  

F O R  CO M M E R C I A L  F A C I L I T I E S  

• P R OV I D E T E C H N I CA L  S U P PO R T  T O  N R C A N D  L I C E N S E E 



WASTE I MMOB I L I ZAT I ON P ROGRAM 

R .  E .  Ho l zworth 

EG&G I daho , I n c .  





�� 
Domestic 
Sem i nar  

Waste I m mobi l izat ion P rog ram 
P resented by 

R. E.  Holzworth 
EG &G I da ho, I nc. 

Decem ber 1 981  

TMI WIP·1 



Waste I m mobi l izat ion P rog ra m  

P u rpose 

Provide Generic I nformation on Accident  
Radioactive Waste Hand ling ,  Processing, 
and D isposa l .  

TMI WIP-4 



Wa ste I m mobi l izat ion P rog ra m  

TM I-2 Spec ia l  Wastes a nd Rout i ne  
LWR Wastes 

Wa ste Form 

Com b u st i b l e  
Wa ste 

Zeol i tes 

H i g h  Activity 
Res i n s  

Low b u rn u p  
f u e l  debris 

TM I-2 
Vol u m e/Activ ity 

Leve l 

2 0 0 , 0 0 0  - 4 0 0 , 0 0 0  
tt3ts lrs 

1 . 1 x 1 o· C i/tt3 

88 to 592 tt3 

< 7 500 C i/tt3 

< 1 380 tt3 

54, 5 0 0  C i 

6-1 2 d ru m s  

Rou ti n e  LWR 
Waste Vol u m e/ 

Activ i ty Level 

7 , 000 - 1 0 , 0 0 0  tt3/yr 
0. f X 1 o·3 C i/ft3 

None 

N o n e  

N o n e  

T M I  WIP-2 



Waste I m mobi l i zat ion P rog ra m 

TM I-2 Wastes a nd Rou ti ne 
LWR Wastes 

TM I-2 Rou t i n e  LWR 
Vol u m e/Act iv i ty Waste Vol u m e/ 

Waste Form Level Act iv i ty Level 

S l u dg es 
250 tt3 

N eg l ig i b l e  
1 . 6 - 60 C i/ft3 

F i l ters 490 ft3 Trace M FP a nd 
< 400 R/ h r  T R U  < 1  R/ h r  

Low Activ ity 4240 tt3 7 , 000 - 1 0 , 000 
. 

tt3Jyr Res i ns max1 m u m  
< 0. 2 5  C ilft3 < 1  C ilft3 

TMI WIP-3 



Waste I m mobi l izat ion P rog ra m  

E lements 
• Res i n character i zat ion 

• Res i n d i spos i t ion tec h nology 
- Resi n D i s pos i t i on Tec h nology 

Devel opm en t  P rog ra m  
- H i g h_ I n teg r i ty C o n ta i n er P rog ra m 

• Zeol i te d i spos i t i on tec h n ology 
- Zeol i te D i spos i t ion  Tec h n ol ogy 

Developm ent  P rog ra m 

- Zeol i te V i tr i f i cat i on Demonstrat ion 
P rog ra m 

• F i l ter tec h nology 
T M I  W I P-5 



Waste I m mobi l i zat ion P rog ra m  

Res i n  C ha racteri zat ion P rog ra m  

O bj ectives 

Provide I n formatio n  a nd Requirements 

• I n ter i m storage 

• F u rther process i ng 

• Tra ns portat ion a nd d i s posa l 

• S helf  l i fe proj ections 

TMI WIP-6 



Waste I m m obi l i zat ion P rog ra m 

Res i n C ha racter izat ion P rog ra m 

Accom pl ishments:  

• PF-1 6 l i n er s h i pped to BC L 
• Com pleted exa m i nat ions of gases, l iq u ids ,  

res i ns ,  a nd l i n er 
TMI WIP-7 



Waste I m m ob i l i z a t i o n  P rog ra m  

Resi n C ha racter i zat ion Exa m i nat ion Res u l ts 

Post Vent i ng Gas A na lys is  

Maj or const itu ents 

Ca rbon D i ox i d e  
Oxyg en 
N i trogen 
Ca rbon Monox i d e  
Hyd rogen 

Hyd roca rbon gases 

Vol u m e percent  

5 .5  
0 .2  

8 0 . 0  
0 . 2  

1 2 .4  
P P M  by vol u m e 

550 
TMI WIP-8 



Waste I m mobi l izat ion P rog ra m 

Res i n C ha racter izat ion Exa m i nat ion Resu l ts 

L i ner V isua l Exam · 

• Exter ior - c l ea n ,  good con d i t ion 

• I nter ior - g e n era l ly good cond i t ion (som e b l i steri ng) 

• Ma nway cover - corroded (ru sty with  b lack d epos i ts 
d u e  to no protective coat i ng) 

TMI WIP-9 



Waste I m m ob i l izat ion P rog ra m  

Resi n C haracter izat ion Exa m i nat ion Res u l ts 

lon Excha nge Med ia I nspect ion 

• Core sa m p l e  i nd i cates t h ree layers 

• Maj or i ty of ga m ma act iv i ty i n  top layer 
(a bou t 6 i nc h es) 

• O rga n i c res i ns i n  good cond i t ion  

• Tem peratu re prof i le: � T = 2°F 

T M I  W I P-1 0 



Waste I m m ob i l i zat ion  P rog ra m  

Resi n C haracter izat ion Exa m i nat ion Res u l ts 

L iq u id A na lys i s  

• pH 
• Cond u ctiv ity 
• S u lfates 
• C h l ori des 
• V i s u a l i ns pect ion 

5 . 3 
30 J,tm ho 
5 .2  mg/m l 
3 .0  m g/m l 
Very c l ea n  

TMI WIP-1 1 



Waste I m mobi l izat ion P rog ra m 

Res i n  C ha racterizat ion Exa m i nat ion Res u l ts 

Prel i m i nary Conc l us ions 

• Exa m i nat ion resu l ts cons isten t  with  
previou s GPU a na lys is  

O n- is la nd tem pora ry storage accepta b l e  

TMI WIP-1 2 



Waste I m mobi l i zat ion P rog ra m  

Resi n  D isposi ti on Tec h nology 

O bj ective 

• Effect a g eneric ,  safe, cost effect ive 
d is posa l demonstrat ion prog ra m 

• U ti l i ze EP I C O R  I I  pref i l ters to s u pport 
prog ra m 

TMI WIP-1 3 



Waste I m mobi l izat ion P rog ra m  

Res i n D ispos i t ion Tec h nology 

I ntermed iate 
depth buri a l  

Development  

�Dnl O R 

I nterim 
storag e  '0' 

H i g h  i nteg rity O R O R Sol i d if ication 
conta i ner process i n g  
packing 

TMI WIP-1 4 



Waste I m m ob i l i za t ion  P rog ra m  
H i g h  I n teg r i ty C o n ta i n e r  P rog ra m 

Object ive 
• P rovi d e  g e n er ic ,  cost effect ive waste 

d i sposa l opt ion u s i n g  E P I C O R I I  res i n  a n d l i n er  
as a refere nce base 

TMI  WIP-1 5 



Life Expectancy 300 ears 

TMI WIP-1 6 



Waste I m mobi l i zat ion P rog ra m 

I n terna l Envi ron ment  
I n i t ia l H eat G enerat ion : 

Atm os p here: 

C h l ori de  Content: 

pH : 

Maj or I sotopi c 
Contents:  

Tota l I nteg rated Dose: 

I ntern a l  P ress u re: 

8 watts max i m u m  

H 2 , SOx, C H 4, N Ox, 
C O ,  C 02 , H a  

2 - 200 ppm 

2 to  1 1  (f ree l iq u i d) 

1 060 C i C es i u m  
64 C i  Stront i u m 

1 09 R - Beta 
1 09 R - Ga m ma 

1 0  ps i g  

TMI WIP-1 7 



Waste I m m obi l i zat ion P rog ra m  

Externa l E nvironment  

• Soi l tem peratu re 

• Soi l c h lorid e  content  

• Soi l pH 

• Com b i n ed pressu re 

20° ± 1 0°C 

0 to 300 ppm 

4. 0  to 9 . 0 

1 50 ps ig  

TMI WIP-1 8 



Waste I m mobi l ization P rog ra m 

Corros ion Ba rri er Concrete 
Rei nforc i ng 

84.00 i n .  

1-- 61 .50 i n .  d i a  ---

L i d  l i ft i n serts 

Vent assembly  

Ca rbon steel  coated with  
c a ri::)o l i n e  3 0 0  a n d  3 0 2  

E poxy coa t i n g  ( 2 0  m i l) 

Polystyrene l i ner  

H .d .  pol}t'styrene d isc 
Hydra ted a l u m i n u m  ox i d e  

1 /4 "  c a r b o n  steel l i ner  

TMI WI P-1 9 



Wa ste I m m ob i l izat ion P rog ra m 

Zeol i te D i s pos i t ion Tec h n ol ogy 

O bj ective 

Effect a n  R&D p rog ra m  for d i s posa l 
demon stra t i o n  of t h e  SDS zeol i te l i n ers 

TMI WIP-20 



Waste I m mobi l izat ion P rog ra m 

L i ners 

B u r i a l  

Pool 

I n t e r i m  

stora g e  

I m m o b i l izat ion 

TMI WIP-21 



Waste I m m ob i l i zat ion P rog ra m  

Zeol i te V i tr if i cat ion Demonstrat ion P rog ra m 

Obj ectives 

• Esta bl is h  tec h n i ca l  feas i b i l i ty of v i tr i fy i ng zeol i tes 

- Develop a mea ns of i m mobi l iz i ng h i g h  
s peci f ic  activi ty i norga n i c  ion exc h a n g e  
m ed ia 

- P rovi d e  characteri zat ion of vi tr i f ied waste 

• �ond u ct fu l l  sca l e  demonstrat ion u t i l i z i ng  loaded 
TMI ion exc ha nger l i ners 

TMI WIP-22 



Waste I m mob i l izat ion P rog ra m 

Zeol i te V itr i f icat ion Process 

Vitrified 
glass 

�:::::::::::-1 canister 

Off gas 

I n  ca n 
melter 

Feed 
hopper 

TMI WIP·23 



Waste I m mobi l i z a t i o n  P rog ra m 

Zeol i te V i tr i f i cat ion System 
Load C e l l  

· •  

Ha n d l i n g  F i x t u re 
. : 

M i xer  
F eeder 

r.:::::::::J• --- A i r  t. 
� 

. • 
. . 

.. . 
. . 

Sta r 
Feeder ........ � 

· . 
. ..  

\ \ • 
. 

·
· � 

. . . 

Gamma Level . : 

Detector \ .�:·.� 
. ... . 
:J' . . . . . 

•• 

I I 
I I : 
I I I 1 1 � ��---- P u l se 

I I I F i l ter 
I I I U n i t  
I I I 
L.l. J  

E x i sti n g  6 Zone 
F u rnace (8A) 

To Off G a s  
System 

!.'.] Fu rnac . . · 

Service .· �. T/C s  Typ Ea Zone 

Leads , . 

� :· . r 

:::��� 1 I l l p I ;.�·���:· 
, • ·-. ,. • • • • .,• • • •  • • • 1 • • , ,  4 .  

· 
. . . I ,  • • ,. • . I . . • ... 

· f.� . t • .: : : : .A t :  ... \ :  ::· .. · .. ·· �:-i ... · :" � '•t ;  1 \ \  ; , • ; •• -. ... ::··· .: ;· • TM I W I P-24 
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Waste I m mobi l i zat ion P rog ra m 

Zeol i te V i tr i f icat ion Demonstrat ion P rog ra m  

Accom pl is hments 

• Flows heet work cond u cted 

• Fou r fu l l-sca l e non-ra d i oactive m e l ts cond u cted 

• Tra nsportat ion safety a na lys i s  perform ed 

• P repa rat ions u nderway for rad i oactive mel ts 

TMI WIP-26 



Waste I m mobi l izat ion P rog ra m  

F i l ter Tec h nology 

Obj ective 

Effect a gener ic ,  safe, a nd cost effective R&D 
prog ra m for TM I-2 wastes u ns u i ta b l e  for 
com m ercia l la nd b u ria l 

TMI WIP-27 



Waste I m m obi l i zat ion P rog ra m  

Waste Form 

F i l ters 

Ta n k  Bottom 

M echa n i ca l  

Com pon e n ts 

F i l ter Tec h nology 
Packag i n g  Conta m i nate 

Remova l 
I m mobi I ization 

& Testi ng 

v 
D i s posa l 

Demonstra tion 

TMI WIP-28 



Waste I m m obi l izat ion P rog ra m  

Rad ioactive Debris  on Ta n k Ma nway 

TMI WIP-29 



Wa ste I m mobi l izat ion P rog ra m 

Makeu p P u r i f icat ion System 
F i l ter Cartr idge 

TM I W I P-30 



Waste I m m obi l izat ion P rog ra m 

Su m mary 

• TM I-2 offers u n iq u e  opportu n i ty for ha nd l i ng 
s pecia l waste forms 

• I nformat ion ava i la b l e  for com m ercia l 
radwaste ma nagem ent  a pp l icat ion 

• Not sett i ng precedent  

TMI WIP-31 





I N FORMAT I ON AND EXAM I NAT I ON P ROG RAM 

DATA BAN K 

F .  J .  Kocs i s  I I I 

EG&G I da h o , I n c .  





I nformation & Exam i nation P rogram 

Data Ba n k  
P resented by: 

Fra n k  J.  Kocsis  I l l  
EG &G Ida ho, I nc . 

. Decem ber 1 981  

TMI I&EP·1 



I nformation & Exa m i nat ion P rog ra m 

Data Ba n k  

A u tomated Docu m e n t  C on trol  
System (ADOCS) O bjectives: 

• Centra l  poi nt  for col l ect ion of TM I-2 
resea rc h a nd development  data 

• Centra l ized ma nagement  of data 

• Red u ced t i me i n  data sea rc h a nd retr i eva l 

• · H istor ica l  report i ng m ed i u m  for TM I-2 
R&D activi t ies 

• Tech n i ca l  i nformation tra n sfer to n u c l ea r  
i nd ustry 

TMI I&EP-2 



I nformation & Exa m i nat ion P rog ra m 

Data Ba n k  

Docu ment  Con trol  C e n ter 

• 6800 D ocu m ents i ndexed i n  data ba n k  system 

- A l l  resea rc h a nd deve lopment  
docu mentat ion 

- Reports 
- Corres pondence 

• 345 Tit les i n  l i bra ry 
- Federa l reg u lat ions 
- G ener ic R&D reports 

• 70 Videota pes on f i l e  

TMI I&EP-4 



I nformation & Exa m i nat ion P rog ra m 

Data Ba n k  

Docu ment F low P rocess 

No 
End Stored in  

Hard 
Copy 

No 

TMI I&EP-5 



I nformation & Exa m i nat ion P rog ra m 

Data Ba n k  

Cu rrent  Activi t i es 

• Docu ment  Control Center fu l ly operat iona l  
- Control  of a l l  TM I-2 R&D 

docu mentat ion 
- Copy a nd m icro f i l m  control 
- Tec h n ica l  pu b l icat ions control 

• Data ba n k at  E P R I/NSAC operat iona l 

• Tec h n ica l  i nformation tra n sfer 
- TI &EP U P DATE 
- N u c lea r  N otepad 
- G E N D  reports 

TMI I&EP-6 



I nformation & Exa m i nat ion P rog ra m 

Data Ba n k  

G EN D  Docu ments Ava i lab le 
• G E N D  001 

• G E N D  002 

• G EN D  003 

• G END 004 

• G E N D  005 

• GEND 007 

• G EN D  008 

• G E N D  009 

G EN D P l a n n i n g R e port 

H ers h ey Deco n ta m i n a t i o n  M eet i n g  R eport 

T I & E P  A n n u a l  R e port ( FY-80) 

I n ter i m Sta t u s  R e port of t h e  TM I-2 P e rson n e l  
Dos i m etry P roj ect 

C ha racter iza t i o n  of the TM I-2 R eactor B u i ld i ng 
Atmos p h ere P r i or to B u i l d i n g P u rg e  

TM I-2 C ore Sta t u s  S u m m a ry 

T h e  C i t i z e n s  R a d i a t i o n  M o n i tor i n g  P rog ra m for 
the TM I A rea 

M easu rement  of 1-1 29 a nd Rad i oa ct ive 
P a rt icu late Concentrat ions i n  the  TM I-2 
Conta i n m ent  Atmosp here D u ri ng a nd After 
V e n t i n g  

TMII&EP-7 



I nformation & Exa m i nat ion P rog ra m 

Data Ba n k  

G EN D  Docu ments Ava i lab le (cont ' d) 
• G EN D  01  0 Vol .  I 

• G E N D  0 1 0 Vol .  I I  

• G E N D  01 1 

• G EN D  0 1 3 

• G EN D  0 1 6 

• G EN D  0 1 9 

I n-vessel  I n s pect ion  Before H ea d  
Remova l (Conceptu a l 
Deve l opm e n t) 

I n-vesse l  I n s pect ion Before H ead 
Remova l (Tool i n g & 
System Des i g n) 

C a n i ster Des i g n  C o n s i d erat ions for 
Packa g i ng  TM I-2 Damaged F u el a nd Debr is  

Reactor Bu i l d i n g P urg e a nd K r-8 5 Venti n g  

Accou nta b i l i ty S t u d y  for TM I-2 F u e l  

Ta s k  P la n  f o r  the U . S.  D O E  TM I-2 P rog ra m s  

TMI I&EP-8 



I nformation & Exa m i nat ion P rog ra m 
Data Ba n k  

Req uest i ng Gend Reports 

Nationa l  Tec h n i ca l  I nformati on Servi ce (NTIS) 

5285 Port Roya l Road 
Spri ngf ie ld ,  V i rg i n ia 2 2 1 6 1  
P hone (703) 487-4600 

TMI I&EP·9 



I nformation & Exa m i nat ion P rog ra m 
Data Ba n k  

D O E  Sponsored Prog ram I nformation 

TI O Docu ment  Control Center 
P . O .  Box 88 
M idd l etown,  Pen n sylva n ia 1 70 5 7  
P hone (7 1 7) 948-1 0 1 9· 

EPRI  Sponsored P rog ram I nformat ion 
N u clea r  Safety A na lys i s Center 

341 2  H i l lv i ew Aven u e  
P .O.  Box 1 041 2  
Pa lo A l to, C a l iforn ia  943 0 3  
P hone (41 5) 85 5-2999 

TMI I&EP-1 0 





CORE EXAM I NAT I ON P ROG RAM OVERV I EW 

A .  C .  M i l l u n z i  

U .  S .  Depa rtment  of Energy 





Core Exam i nat ion P rogram 
Overview 

P resented by 

A. C.  M i l l u nz i  
D O E  

Decem ber 1 981 

TMI CEP·1 



Core Exa m i nat ion  P rog ra m  P l a n  

Task P la n n i n g  
G rou ps 7 . 2  & 7 .4 

O rga n izat ion 

Joi n t  C oord i nat i n g  
C om m i ttee 

Tec h n ica l Work i n g  
G rou p 

Tec h n ica l Eva l u at ion 
G rou p 

I m p lementat ion 

T M I  CEP-2 



C ore Exa m i n a t i o n  P rog ra m  P l a n  

O bj ect ives 

P rovi d e  i nd u stry & N RC w i t h  sc i ent i f ic  

& e n g i n eeri n g  data for 

E n ha nced u nd ersta nd i n g of cou rse & con seq u e n ces of t h e  a cc i d e n t  

• Assess i n g present  & f u t u re acc i d e n t  a na lys i s  m ethod s  

• Tec h n ica l  bases for f u t u re l i cen s i n g cr i ter ia  

• Accident  conseq u e nce m i t igat ion 

• I m proved d es i g n s  

• I m proved operat ion & ma i ntena nce proced u res 

TMI CEP-3 



Core Exa m i nat ion P rog ra m  P l a n  

Scope 

• I n s i tu data acq u i s i t ion 

• Off-s i te d eta i led exa m i nat ions 

TMI CEP-4 



C ore Exa m i n a t i o n  P rog ra m P la n  

I n S i tu Data Acq u is i t ion 

• Before head rem ova l 

• Before p l en u m  rem ova l 

• Before f u e l rem ova l 

• D u ri ng f u e l  rem ova l 

• After f u e l  rem ova l 

TMI CEP-5 



Core Exa m i nat ion P rog ra m  P la n 

Off-S i te Data Acq u is i t ion 

• Deta i l ed phys i ca l ,  m ec ha n i ca l ,  m eta l l u rg ica l 
a nd c hem i ca l  a na lyses of sel ected core 
sa m pl es to q ua nt ify the res ponse of the 
core to the acc ident. 

TMI CEP-6 



C ore Exa m i n a t i o n  P rog ra m P la n  

I nd ustry Representat ion for 
P la n n i ng 

- NSSS vendors 
- EPRI  
- I DC O R  prog ra m 
- N RC 
- D O E  
- TI & EP 
- Sa ndia  
- LAN L 
- EG &G Ida ho 

TMI CEP-7 



Core Exa m i nat ion  P rog ra m  P la n  

C ha rter 

• Review exi st i n g  p la n s  a nd prog ra m s  

• Assess R&D data req u i rements 

• Form u late data acq u i s i t ion cr i ter ia 

• Recom mend revis ions or add i t ions  

• Eva l uate data 

• E n ha nce i nformat ion transfer 

T M I  CEP-8 



C ore E xa m i n a t i o n  P rog ra m  P l a n  

P rod uct 

• U pdated core damag e assessment  p la n 

• P re l i m i nary data acq u is i t ion req u i rements 
a nd s pec i f icat ion out l i n es 

• Data eva l uat ion s u m mary rev iew 

TMI CEP·9 
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TMI-2 
DOMESTIC SEMINAR 

CORE REMOVAL APPROACH 

PRESENTED BY 
R. L. FREEMERMAN 

BECHTEL NATIONAL, INC. 

DECEMBER 1 981 



PLANNING OBJECTIVES 

• PROVIDE ACCESS TO THE REACTOR RIEL BY METHOIICAL, PREPLANNED 
IISASSEMBL Y OF THE REACTOR BOTH EXTERNALLY AND INTERNALLY. 

• REMOVE THE CORE FROM THE REACTOR AND STABILIZE IT BY EN· 
CAPSULA liON IN SEALED CONTAINERS WHICH WILL BE TEMPORARILY 
STORED IN THE SPENT FUEL POOL. 

• PROVIDE DETAILED INFORMATION AS TO THE POST-ACCIDENT CONIITIONS 
OF THE CORE AND OTHER REACTOR INTERNALS THROUGH INSPECTION 
PROGRAMS INTEGRAL TO THE IISASSEMBL Y/DEFUELING PROGRAMS. 



PLANNING CRITERIA 
• MAXIMIZE EFFICENCY SO AS TO MINIMIZE THE IISASSEMBLYIDEFUELING 

nME PERIOD. 

• STRESS ALARA CONSIDERAnDNS FOR ALL IISASSEMBL YIDEFUELING 
OPERAnDNS. 

• WHENEVER PRACTICABLE, PRESERVE THE AS IS CORE CONDI110N SO AS TO 
MAXIMIZE THE EFFECnVENESS OF THE DATA ACQUISmDN PROGRAMS. 

• PROVIDE FOR MAXIMUM REUSE OF PRESENTLY INSTALLED REACTOR 
COMPONENTS. . 

• DEVELOP CONTINGENCY TECHNIQUES IN THE EVENT THAT IMPLEMENT ATKIN 
OF PROPOSED TECHNIQUES PROVES UNSUCCESSFUL OR INAPPROPRIATE. 

• CRITICALITY NOT POSSIBLE IF BORON CONCENTRATION MAINTAINED WITIIN 
PRESCRIBED LIMITS. 



TMI UNIT 2 

SCHEMATIC LAYOUT 

SERVICE BUILDING 





Pressu rized Water Reactor 

Plenum Assemb 

Core Support Ass�mblv • li ll 

Core Basket • iii •• 

Lower Grid 

l ncore I n strument 
Guide Tubes · 

;T£"'"""'!!t-�l 
I I n let N ozzle 

Babcock & Wi lcox 



SEQUENCE FOR 

REACTOR DISASSEMBLY AND DEFUELING 

REACTOR ltSPECTION 
...,. CONTROL ROD � BEFORE HEAD � .. DISCOHNECTS REMOVAL 

OTHER 
�--... -� HEAD REMOVAL �--�-:._, 

PREPARAllONS 

PLENUM 
ASSEMBLY � 
REMOVAL 

REACTOR 
CORE 

ltSPECTION 

SPENT RJR  

- �-
-

POOL r. 
RERJRBISHMENT 

RJEL REACTOR 

REMOVAL r.. COOLANT SYSTEM � 
DECONTA,.,ATlON 

CORE SUPPORT 
ASSEMBLY 
REMOVAL 



REACTOR BUILDING PREPARATIONS 

• DECONTAt.INATION OF THE OPERATING FLOOR FOR DOSE REDUCnDN 

• DEVELOPMENT AND INSTALLATION OF SUPPORT SYSTEMS 

• ESTABUSHMENT OF FACILITIES FOR EQIJIIMENT AND PERSONNEL ACCESS 

• CLEANUP OF THE REACTOR COOLANT SYSTEM WATER 

• TRAifiNG AND QUAUFICATION OF PERSONNEL, PROCEDURES, AND EQUIPMENT 

• REFURBISHMENT OF POLAR CRANE 

• OBTAINING REGULATORY APPROVALS 



REACTOR 
Blll.llltG .. 

PREPARATIONS 

SEQUENCE FOR 

REACTOR DISASSEMBLY AND DEFUELING 

> · ·• · • · · .•. . · · · • •· · ·· · ·· · •. · . i REACTOR ltSPECTION � .CONTIIOL ROO _., BEFORE HEAD .._ ·DISCONNECTS REMOVAL 

OTHER 

-. REACTOR VESSEL � RJEL TRANSFER t----t-. 
HEAD REMOVAL CANAL FI.L 

.__ __ ...,. HEAD REMOVAL t----.. 
PREPARATIJNS 

PLENUM 
�-. ASSEMBLY _., 

REACTOR 
CORE 

ltSPECTION 
-- --

-
RJEL REACTOR 

REMOVAL _., COOLANT SYSTEM -. 
CORE SUPPORT 

ASSEMBLY 
REMOVAL REMOVAL 

SPENT AJEL  
POOL � 

RERJRBISHMENT 

DECONTAMitATIOH 



348'-8 318" ELEV. -""'r------� 

330'-6" ELEV. I 

322'-6" ELEV. J: I a# a s a 1 • 1 .tlk 1 • 1 a 

WORKING PLATFORM 

SERVICE STRUCTURE 

VENT VALVE 
TIC NOZZLE 

- CRDM NOZZLE 

VESSEL HEAD 

� I I CONTROL ROD 
GUIDE BRAZEMENT 

I 1 I CORE SUPPORT 
SHIELD 

1 l l  1 1 PLENUM 

31 2'.0 1 /4" ELEV. \ I 1P' . I I I I Ill ... - ...m-::'1 \ I UPPER GRID 

• I I I I I I I CORE 

REACTOR AND SERVICE STRUCTURE 











REACTOR 
BUI.DitG ... 

PREPARATIONS 

SEQUENCE FOR 

REACTOR DISASSEMBLY AND DEFUELING 

REACTOR ltSPEC110H � CONTROL ROO _,. BEFORE HEAD �· �ECTS REMOVAL 
� REACTOR VESSEL � RIEL TRANSFER �--�-.. r- HEAD REMOVAL CANAL FI.L 

OTHER 
..._ ___ � HEAD REMOVAL ..,_ __ .., 

PREPARATIONS 

REACTOR 
CORE 

lfSPECTION 

SPENT RIEL 

� -­
- -

POOL � 
RERJRBISHMENT 

RJEL REACTOR 

REMOVAL � COOLANT SYSTEM � 
DECONTAMifATION 

CORE SUPPORT 
ASSEMBLY 
REMOVAL 



CONSIDERATIONS FOR CANAL CLEANUP SYSTEM 

• Must control potential high radiation levels from canal due to suspended particulate 
and soluble contamination from exposed core 

• Must control water clarity in canal for visibil ity 

• Must maintain high boron concentration in canal water 

• System design , including flowrate filtration efficiency and curie loading , must ac­

commodate the above concerns 



REACTOR 
Blll.IH .. 

PREPARA110NS 

SEQUENCE FOR 

REACTOR DISASSEMBLY AND DEFUELING 

REACTOR lfSPECTION � CONTROL ROO _. BEFORE HEAD � IISCOHNECTS REMOVAL 

OTHER 
..__ __ -.t lEAD REMOVAL t--__ ,.. _ _, 

PREPARAllONS 

PLENUM 
ASSEMBLY � 
REMOVAL 

REACTOR 
CORE 

lfSPECTION 

RIEL REACTOR 

REMOVAL � COOLANT SYSTEM � 
DECONTA-ATION 

SPENT RIEL 
POOL • 

RERJRBISHMENT 

CORE SUPPORT 
ASSEMBLY 
REMOVAL 



FUEL TRANSFER CANAL FILL 
• Installation of seal plate between the reactor vessel flange and bottom of the canal 

• Development and installation of a canal cleanup system with filters and/or 
demineralizers 

• Installation of fuel handling equipment and modifications to existing fuel transfer 
system 

• Fill ing the canal with borated water 









REACTOR VESSEL HEAD REMOVAL 

• Attachment of l ifting equipment to the head and polar crane 

• Ufting the reactor vessel head and placement on the storage stand 



SEQUENCE FOR 

REACTOR DISASSEMBLY AND DEFUELING 

REACTOR ltSPECTION 
� =�:� ... BEFORE nfAD � 

REMOVAL . ••. • . . • \ · } > > < ··· · · · • • REACTOR 
U.DIIG � .., REACTOR VESSEL . ... RIEL TRANSFER 1----t� 

HEAD REMOVAL CANAL FI.L -
PREPARATIONS 

OTHER 
. . . 

.._---e� HEAD REMOVAL 1'----4--' 
PREPARATIONS 

PLENUM 
ASSEMBLY ... 
REMOVAL 

REACTOR 
CORE 

ltSPECTION 

SPENT RIEL 
POOL ...-

RERIRBISHMENT 

RIEL 
REACTOR 

REMOVAL 
� COOLANT SYSTEM � 

DECONTAMitATION 

CORE SUPPORT 
ASSEMBLY 
REMOVAL 







OTHER HEAD REMOVAL PREPARATIONS 

• Removal of neutron shield tanks and insulation panels at bottom of reactor vessel 
head 

• Flushing the underside of the reactor vessel head and top of plenum assembly 

• Detensioning and removal of the 60 studs which attach the head to the reactor 
vessel 



REACTOR 

SEQUENCE FOR 

REACTOR IISASSEMBL Y �\NO DEFUELING 

REACTOR ltSPECTION � CONTROL ROD ...., BEFORE HEAD � IISCONHECTS REMOVAL 

IJUI.IJitG � .,. REACTOR VESSR � RJEL TRANSFER Jo----e_-. 
HEAD REMOVAL CANAL fi.L PREPARATIONS - > 

...._ __ .. _ _. ttEADREMOVAli t-----t _ _. 
f!)IEPARA11QHS•• .. ·.· 

-
PLENUM 

ASSEMBLY ... 
REMOVAL 

REACTOR 
CORE 

ltSPECTION 

SPENT RJEL  

-- --
-

POOL .._ 
RERJRBISHMENT 

RJEL REACTOR 

REMOVAL � COOLANT SYSTEM � 
DECOHTAMitATlOH 

CORE SUPPORT 
ASSEMBLY 
REMOVAL 



SEQUENCE FOR 

REACTOR IISASSEMBL Y AND DEFUELING 

REACTOR 
BUI.IH � 

PREPARATIOHS 
OTHER 

.__ __ .... � HEAD REMOVAL t----.... 

PLENUM 
ASSEMBLY � 
REMOVAL 

PREPARATIOHS 

REACTOR 
CORE 

ltSPECTION 

SPENT RJEL 
POOL � 

RERJRBISHMENT 

RJEL REACTOR 

REMOVAL 
� COOLANT SYSTEM � 

DECONTAr.INATION 

CORE SUPPORT 
ASSEMBLY 
REMOVAL 



T O P  O F  S E R V I C E 

S T R U C T U R E  

L E A D S  C R E W  

S U P PO R T  

R V  H E A D  

E L E V A T I O  

C ONT R O L  

C ONT R O L  R O D  ------...._ 
G U I D E 

A 

L E A D S C R E W  
� 

L EA D  S C R E W  

H O L D I NG T O O L  

@ I t i t 
I I 

R E L E A SE 

C O N T R O L  

S P R I NG 

' 

,, 
II 

l E A D  S C R E W  

~ 
LE A D  S C R E W  

H O L D I N G 

T OO L  

IN-HEAD LEADSCREW 

HOLDING TOOL AND MANIPULATOR 











REACTOR HEAD 
SERVICE STRUCTURE 

REACTOR PRESSURE 
VESSEL HEAD 

(81 TONS) 

38 FEET 

IO STUDS AND  
NUTS (20 TONS) 

r¥1='" rf "" w rt-fri Di I n _ _, .•. .,:a •• • • ··k· � .  , . � ·  BOTTOM OF 

• • • rti •• CANAL FLOOR 

�111..1 Iff II L .. . c UPPER PLENUM 

17111�����-:i�'=�+-11-- UPPER GRID 

ASSEMBLY 

(55 TONS) 

't �II I I PREDICTED CORE 
DAMAGE AREA 

R II 1 1 CORE SUPPORT 
STRUCTURE 

(1 1 2.5 TONS) 

��- .. �r �m�����--- LOWER GRID 
� FLOW DISTRIBUTOR 

CUT A WAY VIEW OF REACTOR PRESSURE VESSEL 



(,..\ 
'-./ 

::1 
I I 

INITIAL PARTING CUT AT GUIDE TUBE-TO-COVER PLATE 
WELD (TYPICAL • 69 PLACES) 

COVER PLATE AREAS POTENTIALLY REQU IRING ENLARGEMENT 
(TYPICAL • 8 PLACES) 

RIB CUTIING LINE 
(TYPICAL • 40 PLACES) 

PARTIAL PLAN VIEW OF UPPER PLENUM SURFACE SHOWING 

COVER PLATE AND RIB SECTIONING LOCATIONS. 



CONTROL ROD OR 

BURNABLE POISON ROD SPIDER 
-

( \ REGION OF PROBABLE BINDING AND/OR FUSING. 

I f \ I \ _,  

SECTION OF UPPER GRID & ENDFITIING. 

-

FUEL -� ASSEMBLY 

I UPPER END 

AmNG 



'\ />:;-' i \ ' · ·--"/< ', / 
; ,  ,/ "' /"!' '=" , · ,  " 
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. " ,........ . / · "'·  · . _.,�·- · .  

/ � .. / ............ ............. . J . ·  
\ ..,..,.., / . � . 

. /\ ' .....__ . . .. · · .  ' ·- - . ·  /" · -_ . . \ .  ! - .) " • .• ' r· ·: . - . . . 
I .  ' I I .......... • / . �  • . ' . I 

\ i I u i } � / -� ·� \ '  ,._) I i 1�\.�_/ 1 �/ ,, /().-' • .  · .  \ �::::/' � / ·....-::::y / \ .. I � "-
. _,..-- ·' \ . ' - ''\ \ . . .  

! .....-.... 1 \ ' 1 1 ,' ) '. \ : ; I : o 1 

I ••. / I  / 
' .,_,i'· / .' 

PLAN VIEW OF UPPER GRID AND FUEL ASSEMBLY ENDFITTING, 

SHOWING AREA OF PROBABLY BONDING AND/OR FUSING AND 

ALTERNATE CUT LOCATION. 



REACTOR 
IIUI.DitG � 

PREPARAllONS 

SEQUENCE FOR 
REACTOR IISASSEMBL Y AND DEFUELING 

CONTROL ROO REACTOR IISPECTION 
.... 

IISCONNECTS � BEFORE HEAD .. 
REMOVAL 

REACTOR VESSEL RJEL TRANSFER .., HEAD REMOVAL .,. CANAL fi.L 1--....... 
OTHER 

...._ __ .. _ _. HEAD REMOVAL 1----ut�., 
PREPARATlONS 

SPENT RJEL 
POOL � 

RERJRIISHMENT 

-

RJEL 
REACTOR 

REMOVAL .. COOLANT SYSTEM � 
DECONTA-ATIJN 

CORE SliiPORT 
ASSEMBLY 
REMOVAL 





REACTOR HEAD 
SERVICE STRUCTURE 

REACTOR PRESSURE 
VESSEL HEAD 

(81 TONS) 

38 FEET 

IO STUDS AND 
NUTS (20 TONS) 

r¥r if y H fH'jt Di ' n - �  ... . .. .. • - .. ,... ... � .  , . : .  BOTIOM OF 
• • • .2 • •  CANAL FLOOR 

�IIIJ I� II L .. I c UPPER PLENUM 

������firH-t-- UPPER GRID 

ASSEMBLY 
(55 TONS) 

U II I I PREDICTED CORE 
DAMAGE AREA 

• ell II 1 1 CORE SUPPORT 
STRUCTURE 

(1 1 2.5 TONS) 

�:,{U�ilF.&Fr:lJf J ; I LOWER GRID 

�--� ' /)7 FLOW DISTRIBUTOR 

CUTAWAY VIEW OF REACTOR PRESSURE VESSEL 





CORE DATA 

NUMBER OF FUEL ASSEMBLIES 

FUEL RODS PER FUEL ASSEMBLY 

NUMBER OF CONTROL RODS 

WEIGHT OF FUEL ASSEMBLY 

TOTAL CORE WEIGHT 

FUEL ASSEMBLY LENGTH 

1 77 

208 
&9 

1535 LBS. 

300,000 LBS. 

1 && IN. 



ESTIMATED PEAK CORE TEMPERATURES 

• NRC SPECIAL INQUIRY GROUP (ROGOVIN) 

• BATTELLE COLUMBUS LABS 

• WESTINGHOUSE - NUCLEAR ENERGY SYSTEMS 

• PRESIDENT'S COMMISSION 

• NSAC 

• LASL 

4400 F 

41 30 F 

4760 F 

4000 F 

3140 F 

4220 F 



MELTING POINTS OF COllE MATERIALS 

MATERIAL 

FUEL (U02) 

CLADIING ON FUEL (ZIRCALOY - 4) 
CLADIING ON CONTROL RODS (STAINLESS STEEL( 

END A I liNGS (STAINLESS STEEL) 

SPACER GRIDS ONCONEL) 

CONTROL ROD POISON (AG- IN-CD) 

BURNABLE POISON (AI203 - B4C) 

Zr02 (BY-PRODUCT, METAL - WATER REACTION) 

RANGE OF ESTIMATED PEAK 
CORE TEMPERATURES 

MELTING 
TEMPERATURE (F) 

5080 
3362 
2600 
2600 
2300 
1 472 
3686 
491 9 

3140 - 4760 



DAMAGE ESTIMATES 

MINIMUM MAXIMUM 

FAILED RIEL RODS ('I•) 80 100 

RIEL TEMPERATURE (K) 3100 4800 

CLADDING OXIIIZED IN 40 60 
ACT1YE FUEL REGION ('/•) 
LIOUIRED FUEL LOCALLY POSSIBLE PRESENT OVER MOST 

OF CORE RAIIUS, 
PERHAPS EXTENDIHG 
DOWNWARD TO 1 M  

ABOVE CORE BOnOM. 
MOLTEN RIEL NONE POSSIBLE IN A FEW 

LOCALIZED AREAS OF 
CENTRAL CORE 

CORE SLUMPING PROBABLE YES 

CONTlNUED • • •  



DAMAGE ESTIMATES (CONTINUED) 
MINIMUM MAXIMUM 

RIEL ROO FRAGMENTA110N, YES YES 
DEBRIS BED FORMATION 

PEIIFHERAL RODS A FEW NOT ALL FALED AND 
BREACHED, SOME EMBRII I LED, MANY 
EM BRITT LED WITH LIQUIFIED RIEL 

CONTROL RODS AND SPACEII SQME MEL liNG EXTENSIVE MEL 11NG 
GRIDS 

IIST11UMENT TUBES MOST INTACT ALL FAI.ED 

EMBHII I LEMENT 1.8 0.9 
LEVEL (M ABOVE BOTTOM 
OF CORE AT CENTERLIIE) 

UPPER PLENUM ASSEMBLIES NO IISTORT10N, MELTING OYER 
MELTING, OR RISING CENTRAL LOWER 
TO OTHER STAINLESS REGION, MAJOR 
STEEL COMPONENTS SLUMPING POSSIBLE. 



SUMMARY OF POTENTIAL RANGE OF CORE CONDmONS 

MATERIAL 

LOOSE CORE DEBRIS 

FUSED CORE DEBRIS 

EMBRrrTED CLADIING 

STRUCTURALLY INTACT RODS 

QUANTITAnYE ASSESSMENT 

70,000 TO 1 28,000 LB 

LENGTH OF RJSED REGION 
0 TO 6.5 FT 

29,000 TO 70,000 LB 

70,000 TO 1 13,000 LB 
LENGTH, 0 TO 1 2.8 FT 



REACTOR 

SEQUENCE FOR 

REACTOR IISASSEMBL Y AND DEFUELING 

CONTROL ROD 
REACTOR ltSPEC110N 

.... 
IISCONNECTS � BEFORE HEAD � 

REMOVAL 

Blll.DIIG � REACTOR VESSEL RJEL TRANSFER � HEAD REMOVAL � CANAL FI.L to-..... -. 
PREPARATIONS 

OTHER 

..._ __ ..... � HEAD REMOVAL t----.. -:.-
PREPARATlONS 

PLENUM 
ASSEMBLY _., 
REMOVAL 

REACTOR 
CORE 

ltSPECTION 

- --
- -

. .  , · · · ·SPENT.RJEL· ' : . : ·: . , : .  ( > ·, · · . POOL · .  < � 
RERJRBISHMENT 

FUEL 
REACTOR 

REMOVAL 
... COOLANT SYSTEM � 

DECONTA-ATION 

CORE SUPPORT 
ASSEMBLY 
REMOVAL 



SPENT FUEL POOL REFURBISHMENT 

• Removal of previously installed submerged demineralizer system (SDS) 

• Development and installation of new storage racks for the removed fuel 

• Fill ing the pool with borated water 





REACTOR 
BliLDIIG .. 

PREPARA11011S 

SEQUENCE FOR 
REACTOR IISASSEMBL Y AND DEFUELING 

REACTOR INSPEC1ION � CONTROL ROO � BEFORE HEAD � IISCOfiETS REMOVAL 

OTHER 

REACTOR VESSR RJEl TRANSFER ..,. HEAD REMOVAL � CANAL FI.L .,__.....,._._ 
�--... -� lEAD REMOVAL t----... 

-

PLENUM 
ASSEMBLY � 
REMOVAL 

PREPARATIONS 

SPENT RJEL 
POOL � 

RERJRBISHMENT 



FUEL REMOVAL 

• Development of fuel canisters to contain the fuel and core components before 
removal from the reactor vessel area 

• Development and installation of handling equipment for fuel and fuel canisters 

• Removal of fuel debris 

• Separation of fused core materials 

• Removal of complete or partial fuel assemblies 

• Removal of incore instrumentation 
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TOOL MAST 
ON AUXILIARY 
BRIDGE 
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SEQUENCE FOR 
REACTOR IISASSEMBL Y AND DEFUELING 

REACTOR 

CONTROL ROO REACTOR INSPEC110N 
� IISCONNEm -.. BEFORE HEAD ... 

REMOVAL 

IJUI.IJit8 � 
PREPARAliJNS 

REACTOR VESSEL RIEL TRANSFER - HEAD REMOVAL � CANAL FI.L ...___.._ 
OTIIER 

--------� HEAD REMOVAL t----... _.­
PREPARATIOHS 

PLENUM 
ASSEMBLY � 
REMOVAL 

REACTOR 
CORE 

ltSPECTlON 

SPENT RJEL  
POOL � 

RERJRBISHMENT 

-



REACTOR 

SEQUENCE FOR 
REACTOR IISASSEMBL Y AND DEFUELING 

REACTOR ltSPEC110N � CONTROL ROD � BEFORE HEAD r-IISCONHECTS REMOVAL 

BUI.DitG � 
PREPARATlONS OTHER 

.._ __ ... _� HEAD REMOVAL t-----1-:.-

PLENUM 
ASSEMBLY � 
REMOVAL 

PREPARAllONS 

REACTOR 
CORE 

ltSPECTION 

SPENT RJEL 
POOL ro-

RERJRBISHMENT 
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TM I - 2  REACTOR EVALUAT I ON P ROG RAM 

H .  M .  B u rton 

EG&G I daho , I n c .  





TM I-2 Reactor Eva l uation P rogram 

H . M .  B u rton 
EG &G1 Ida ho, I nc. 

Tec h n ica l  I nteg rat ion Off ice 

Decem ber 1 981 

TMI REP-1 



The Reactor Eva l uation P rogram 

Will Contribute to the Development of 
Nuclear Power 

• P rovides 

Tech nology for post-accident  recovery 
- Data on accident  effects 
- Tec h nology for TM I-2 core a nd i ntern a l s  remova l 

TMI REP-2 



The Reactor Eva l uation P rogram 

Provides Tec h nology for Post-Accident  
Recover 

TMI REP-3 



TM I-2 Reactor Eva l u a t i o n  P rog ra m  

Post-Acc ident  Recovery 
Tech nology 

• Conti ngency C R D M  remova l eq u i pm en t  a nd 
tec h n i q u es 

• T h rou g h-head i nspect ion a nd sa m pl i ng 
tec h n i q u es 

• H ead remova l tec h n iq u es 

• P len u m  rem ova l tec h n iq u es 

• Fuel  rem ova l tec h n iq u es 

• Ca n n i ng and accou ntab i l i ty technology 

TMI REP-4 



TM I-2 Reactor Eva l u at ion P rog ra m 

CRDM a nd Throug h-Head Work 
Req u i re Spec ia l Tech n iq ues 

• Poss i b l e  cond i t ion 
- C R D M  l eadscrews may be fu sed 

to sp iders 
- Ra d i at ion l eve ls  may be h i g her tha n  

norma l d efu el i ng l eve ls  
- P l en u m  i n tern a l s  cond i t ion u n know n  

• Status 
- B&W eq u i pment  d evel oped 
- I ns pect ion sched u l ed for last  

q ua rter 1 982 
TMI REP-5 



TM I-2 Reactor Eva l u a t i o n  P rog ra m 

Head Remova l Tech n iq u es 

• Poss i b le cond i ti on 
- Rema i n i ng l ead screws 

may req u i re destru ct ive 
sepa rat ion 

- U nderhead spraydow n  
may b e  req u i red if  
rad iat ion levels  a re h i g h  

• Statu s 
- Tec h n iq u es bei ng 

developed in  1 982 

TMI REP-6 



TM I-2 Reactor Eva l uat ion P rog ra m  

P l en u m  Rem ova l Tec h n iq u es 
• Poss i b l e  cond it ions 

P le n u m  a ssem b l y  may be d i storted 

M eta l l u rg ica l bon d i n g  may be present  i n  p l e n u m  a ssem b l y  

F u e l  or control materi a l s  may be bon d ed t o  u pper g rid  

• Sta tu s  

Review of destru ctive remova l tec h n i q u es com p l eted 

Eq u i pment  fu n ct iona l req u i rements u nder  d evelopment  

T M I  REP-7 



TM I-2 Reactor Eva l u a t i o n  P rog ra m 

Fuel  Remova l Tech n iq u es 

• Poss i b l e  cond i t ion 

- Core cond i t ion u n know n :  est i mates 
va ry widely  

• Statu s 

- Revi ew of tool i ng req u i rements a nd 
cont i ngenc ies com p l ete 

- Def i n i t ion of fu nctiona l req u i rements 
u nder development pr ior to i n i t iat ion 
of des ig n 

TMI REP-8 



TM I-2 Reactor Eva l uat ion P rog ra m  

Ca n n i ng a nd Accou n ta b i l i ty 
Tec h n ol ogy 

• Poss i b le  cond i tion 

F u e l  fa i l u re cond it ion w i l l  req u i re f iss ion prod u ct 
barr ier  for storage 

Convent iona l S N M  accou nta b i l i ty tec h n i q u es d iff i c u l t  
i f  f u e l  is  severe· ly damaged 

• Statu s  

Accou nta b i l i ty stu dy for T M I-2 f u e l ,  G E N D  0 1 6 

Ca n ister des i g n con s i d erat ion s,  G EN D  01 1 

T M I  REP-9 



The Reactor Eva l uat ion P rog ram 

Provides Data on Accident  Effects 

TMI REP-1 0 



TM I-2 Reactor Eva l uat ion P rog ra m  

Accident  Effects 

• Provides data on core a nd reactor i nterna ls 
throug h 

- P re-h ead remova l core da mage 
assessment 

- I n  s i tu data acq u is i t ion 

TMI REP-1 1 



TM I-2 Reactor Eva l u a t ion  P rog ra m  

Approach to Core 
Damage Assessment  

• Norma l C R D M  u ncou pl i ng ���� 

- F i rst loweri n g  & venti ng  of 
reactor coola n t  system 

- Eac h  su ccessfu l u ncou pl i ng 
provides core access a nd 
later head remova l 

- Eac h u ns u ccessfu l 
u ncou pl i ng provid es 
data on cond itions 

TMI REP-1 2 



TM I-2 Reactor Eva l uat ion P rog ra m  

Approach to Core 
Damage Assessment  

• Abnorma l CRDM u ncou pl i ng 

- A pply B&W s u ppl i ed eq u i pment  to 
t h rou g h-head exa m i nat ions 

- Perform video i ns pection of p len u m  
a nd top of core 

- Sa m pl e  debr is  on p len u m  cover 
- Perform u nderhead rad iat ion s u rvey 
- Remove req u i red C R D M s  u s i ng 

cont i ngency tool i ng 

TMI REP-1 3 



TM I-2 R eactor Eva l u a t i o n  P rog ra m  

Approach  to I n-Vessel  Data 
Acq u is i t ion 

• Ident ify tec h n iq u es & develop eq u i pment  to 
docu ment  i n-vessel  cond i t ions for 

- Su bseq u ent  a na lyses 
- A n a lyt i ca l sa m pl e  sel ect ion 
- Defu el i ng process d ec i s ions 

TMI REP-1 4 



TM I-2 Reactor Eva l uat ion P rog ra m  

Approach  to I n-Vessel Data 
Acq u is i t ion 

Ident ify tec h n iq u es & deve lop eq u i pm en t  to 

• P rovide data i n  s u p port of s pec i f i c  i n  s i tu 
data needs 

• Extract s pec i f ic  sa m pl e  materia l s  i n  su pport 
of a na lyt ica l req u i rements 

TMI REP-1 5 



TM I-2 Reactor Eva l u a t ion  P rog ra m  

P hases of I n  S i tu Data 
Acq u is i t ion 

• H ead i ns pect ion 

• Post-head remova l core damage assessment  

• P len u m  i ns pect ion 

• Core exa m i nat ion : pr ior to a nd d u ri ng f u el 
remova l 

• I nterna ls i nspection after fue l  remova l 

TMI REP-1 6  



T he Reactor 
Eva l uat ion P rog ram 

P rovides Tec h no-logy 
for TM I-2 Core 

a nd 
I nterna ls  Remova l 

TM I-2 
Reactor 
Vessel 

Plenum 
cover 
plate 

Upper 
grid 

Lower 
grid 

assembly 

In core 
i nstrument 

guide tubes 

Core 
former 

1 0  

5 

0 
'"' 
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TM I-2 R eactor Eva l u a t i o n  P rog ra m  

Su pports Core a nd I n terna ls 
Remova l 

• U pper p l en u m  assem bly remova l a nd 
i nteri m storage 

• Core debr is remova l ,  ca n n i ng ,  a nd i nteri m 
storage 

• Pa rt ia l a nd i ntact f u e l  assem b l i es remova l ,  
ca n n i ng ,  a nd i nteri m storage 

• TM I-2 core remova l for off-s i te exa m i nat ion 

TMI REP-1 8 



TM I-2 Reactor Eva l uat ion P rog ra m  

Contr ibu tions of the TMI-2 
Reactor Eva l uat ion P rogram 

• Provides generic tec h nology for post­
accident recovery 

• Develops data for i m proved accident  
assessment codes, ru lemaki ng bases,  a nd 
operationa l  safety 

• Removes a major obstacle to recovery at 
TM I-2 

TMI REP-1 9 





CORE EXAM I NAT I ON P ROGRAM PLAN 

J .  E .  Hans on 

EG&G I da ho , I n c . 





�� 
D om esti c 
Sem i na r 

Core Exa m i nat ion P rog ra m  P la n  
P resented by 

J . E.  Ha n son 
EG &G Ida ho. I nc. 

Decem ber 1 981 

TMI CEPP-1 



C ore Exa m i nat ion P rog ra m  P la n 

Acknowledgements 

• P la n n i ng G rou p 7 .4 

• G END 001 , 7 .4, TM I-2 fue l  a nd core 
com ponent  exa m i nat ions 

• Tec h n i ca l  Eva l uat ion G rou p - reactor 
assessment  

• Reactor Eva l uat ion P rog ra m 

• Data Eva l uat ion Program 

TMI CEPP-2 



Core Exa m i nat ion P rog ra m P la n  

P la n n i ng O bj ect ives 

• Develop rat iona l e a nd bas i s  for exa m i nat ion 
prog ra m 

• Develop recom m endat ions for fu el  a nd 
com ponent  exa m i nat ions 

• Ident ify req u i red su pport act iv i t ies 

TMI C EPP-3 



Core Exa m i n a t i o n  P rog ra m  P la n  

P la n n i ng Bas is 

• P rovide data for 
- E n ha nced u ndersta nd i ng of acc i d e n t  
- Assess i ng acc ident  a na lys i s  m ethods 
- Tec h n i ca l  bases for f u tu re l icen s i n g  

cr i ter ia  
- Acc i d e n t  conseq u ence m i t i gat ion 
- I m proved operat ions & ma i ntena nce 

proced u res 

TM I CEPP-4 



Core Exa m i n a t i o n  P rog ra m  P l a n  

Data for Assess i ng Acc ident  
Ana lys is  Methods 

Data need ed 

1 .  Copla na r f l ow b l ocka g e  

2. uo2 d issol u t ion by molten 
z i rca loy 

3. L iq u id zi rca loy reloca tion 
and freezi n g  a nd s lag 
formation 

Data obta i na b l e  

1 .  Rad ia l a nd axia l exte n t  of 
core b l oc kages a n d  a reas of 
red u ced cool a b i l i ty 

2 .  Exte n t  of U 02 d issol u t ion 
by m olten zi rca loy 

3. Rad i a l  a nd axia l exten t  of 
l i q u id z i rca loy relocat ion 
a nd freezi n g  a nd s lag 
formation 

TMI CEPP-5 



C ore Exa m i n a t i o n  P rog ra m  P l a n  

Data for Assess i ng Acc ident  
Ana lys is  Methods (cont ' d) 

Data need ed 
4. Debris bed format ion a nd 

cool a b i l i ty 

5 .  H i g h  tem peratu re ox idat ion 
k i n etics of  sol id  a nd l iq u id 
z i rca l oy 

6 .  Rod fra g m e n tat ion u pon 
q u e n c h i n g  

Data obta i na b l e  
4. Rad ia l a nd axia l exte n t  of 

format ion a nd p hys ica l ,  
chem ica l ,  a nd hyd ra u l i c 
c ha ra cter ist ics of debr is  

5 .  Exte n t  of  ox idat ion of U 02 

6 .  Therma l s hock 
frag m e ntat ion 
of  em br i tt led fuel  rods a nd 
other  core com pon e n ts 
d u ri n g ref lood 

TMI CEPP-6 



Core Exa m i na t i o n  P rog ra m P l a n  

Data for Assess i n g Acc i d e n t  
A na lys i s  M ethod s  (cont ' d) 

Data n eeded 
7. P ea k  tem peratu re i n  the 

core 
8.  F ission prod uct  re l ease,  

tra nsport, a nd depos it ion 

9.  Exte n t  a nd k i n etics of i n ner  
s u rface c ladd i n g  ox idat ion 

1 0. C ladd i n g  deformat ion a nd 
ru ptu re 

Data obta i na b l e  
7 .  P ea k  core com pon e n t  

tem peratu res 
8. F i ss ion prod uct  rete n tion i n  

f u e l  a nd depos it ion o n  core 
com pon e n ts a n d  w i th i n  the 
pr i m a ry system p i p i n g  

9 .  Exte n t  a nd th ickness of 
i n ner  s u rface c ladd i n g 
ox idat ion 

1 0 . Bow, ba l l oon i ng ,  a nd 
ru ptu re of z i rca loy c ladd i n g 

T M I  C EPP-7 



Core Exa m i n a t i o n  P rog ra m P la n  

Data for Assess i ng Acc ident  
Ana lys is Methods (cont ' d) 

Data n eeded Data obta i na b l e  
1 1 .  H i g h  tem peratu re m eta l­

l u rgica l i nteract ion between 
core materi a l s  (e. g . ,  
eu tectics) 

1 2 . Molten f u e l  a nd c ladd i n g  
i nteraction with  coola n t 
a n d  associated en erg et ics 

1 3 . Neu tron a bsorber materia l 
behavior d u r i n g  severe 
core damag e accidents 

1 1 .  I nteractions between core 
materia ls  

1 2 . Evi dence, if  a ny,  of ra p id  
d eformat ions a nd fa i l u res of 
com pon e n ts from pressu re 
pu l ses, a nd the format ion 
a nd d is persa l of l iq u id f u e l  
d roplets 

1 3 . Exte n t  of damage to 
a bsorber materia ls  a nd 
i n teraction with  other core 
com pon ents 

TMI CEPP-8 



Core Exa m i n a t i o n  P rog ra m  P l a n  

Data for Assess i ng Acc ident 
Ana lys is  Methods (cont ' d) 

Data n eed ed 

1 4. Hyd rogen evol u t ion 

1 5 . Behavior of molten fue l  

Data obta i n a b l e  

1 4 . Hyd rog en evol u t ion ca n be 
assessed by m eas u r i ng 
extent  of u o2 a nd z i rca loy 
ox idat ion 

1 5 . Fuel  melt i n g  proba bly  d id 
not occu r i n  TM I-2 

TMI CEPP-9 



C ore E xa m i n a t i o n  P rog ra m P la n  

Data for Futu re L icens i ng 
C ri ter ia 

• Def i n i t i on of coolab le  geom etry 

• C ri ter ia for pea k c ladd i ng tem peratu re a nd 
l oca l m eta l react ion 

• C ri ter ion for  tota l hyd rogen gen erat ion 

• Rad io log i ca l conseq u ences 

TMI CEPP-1 0 



Core Exa m i nat ion P rog ra m P la n  

Data for Accident  M i t igat ion 
Eva l uat ion 

• I n herent  m i t igators w h i c h  may have acted 

• Potent ia l add i t iona l m i t i gators 

• Des i g n featu res w h i c h  en ha n ced or 
detracted f rom core coola b i l i ty 

• Materia l i ncom pata b i l i t ies 

TMI CEPP-1 1 



C ore Exa m i nat ion  P rog ra m P l a n  

Data for Reactor O perat ion a nd 
Ma i ntena nce 

• Potent ia l i m proved safety 
i nstru mentat i on/s u rviva b i l i ty 

• Replacem ent  of damaged core com pon ents 

• Assess m ent  of com pon e n t  stru ctu ra l  
i n teg r i ty 

• Debr is  remova l tec h n iq u es 

• Com pon ent  d econta m i nat ion tec h n iq u es 
TMI CEPP-1 2 



C ore E xa m i n a t i o n  P rog ra m  P l a n  

Su pport i ng Activ i t i es 

• E n ca ps u lat ion mater ia ls  a nd tec h n iq u es 

• Packag i ng a nd s h i pp i ng  

• Arc h ive p la n  a nd fac i l i ty 

• Remote exa m i nat ion fac i l i t ies a nd 
eq u i pment  

• Su rvei l la nce ca ps u l e  exa m i nat ion 

TMI CEPP-1 3 



Core Exa m i nat ion  P rog ra m  P l a n  

P resent  Status a nd 
Accom pl is h ments 

• I n i t ia l p la n n i ng com pleted 7 .4 report 

• Recom m endat ions made to tec h n i ca l  
worki ng g rou p 

• E nca ps u lat ion feas i b i l i ty stu dy beg u n  

• S pecia l n u c lea r  mater ia l accou nta b i l i ty 
stu dy com p l eted 

• Core damage s peci f icat ion stu dy com p l eted 

TMI CEPP-1 4 



C ore Exa m i nat ion  P rog ra m P l a n  

P resent  Status a nd 
Accom pl is hments (cont ' d) 

• Arc h iv i n g ,  repackag i ng ,  a nd pre l i m i nary 
exa m i nat ion s ite sel ected 

• Tec h n i ca l  Eva l u at ion G rou p form ed 

• D eta i l ed i n  s i tu data acq u i s i t i on p la n n i n g 
u nd erway 

• Deta i led core exa m i nat ion p la n n i ng 
u nderway 

TMI CEPP-1 5 





P RE - H EAD REMOVAL REACTOR  EVALUAT I ON 

G .  E .  Ku l yny c h  

Babcock  & W i l cox  





T M I - 2  

D O M ESTI C S E M I N A R  

P R E- H EA D R E M OVAL R EACTO R 

EVALU ATI O N  

Pre se n ted  by 

G . E .  Ku ly n ych 
Ba bcock & Wi l cox 

Decem ber  19 8 1  



TM I - 2  
P re- H ea d  Re m ova l Rea cto r Eva l u at i o n  

O bj ectives 

• Co n d it io n s  I n s i de Reactor Vesse l  

• Ben ch ma rk Ra n ge of Co re Da m age 
Est imates 

• Deve l o p  Too l i n g  fo r C R D M  Se para t ion  



T M I - 2  
P re- H ea d  Re mova l Rea cto r Eva l u at io n 

Key E l em e nts of Progra m 

• Se l ect i o n  of Access P at h  

• Rad io log ica l Co ntro l  Syste m 

• Water Level  M o n ito r i n g  Syste m 

• Co nti n ge n cy Too l i n g for C reat i n g  
A b n o rm a l  Access 

• Deve l o p  M a n i p u l ato rs a n d  Se l ect 
I n s pect ion  Eq u i p m e nt 

• Sam p l e  Too l 
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Reactor Head a n d  Serv ice Structu re 
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Cam era Co ntro l  U n it 



T M I - 2  
P re- H ea d  Re mova l Rea cto r 

Eva l u at i o n 
Typ i ca l  Eq u i p m e n t  U n d e r  Deve l o p m e nt 

• Camera Co ntro l U n it 

• Camera w it h  S h i e l d  

• U n d e r h e a d  Speci a l  L ight i n g  

• U n d e r h e a d  C a m e ra M a n i p u l ator 

• M a n i p u l ato r G u i de Tu be 

• M ec h a n i ca l Le a d s c rew Se p a rato r 

• U n d e r h e a d  Lea d screw C u tt i n g  Too l s  

• U n d e r h e a d  P l asma Cutte r a n d  C l am p  

• P l e n u m  Cover Sa m p l e  Too l 



Cam e ra With Sh i e l d  



U n derhead Spec i a l  L ight i ng 



U n d e rh ead Camera M a n i pu l ator 
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M ech a n ica l Le a d screw Sepa rato r  
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U n d er h ea d P l as m a C u tte r a n d  C l a m p  



P l e n u m  Cover S a m p l e  Too l 
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