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I. I n t r o d u c t i o n  
! 

i Bacbround.  The Uarry Diamond Labora to r i e s  (HDL) ope ra t e s  t h e  A. -- - 
1 Diamond Ordnance Rad ia t ion  F a c i l i t y  (DORF) which u t i l i z e s  a  r e sea rch  

r e a c t o r  w i t h  a s s o c i a t e d  experimental equipment. The f a c i l i t y  occupies 
a s i n g l e  remote b u i l d i n g  on 4.2 a c r e s  of  the  F o r e s t  Glen Annex of t h e  
Walter Reed Army Medical Center (WRAMC) near  S i l v e r  Spring,  Maryland. 
An i n t r a s e r v i c e  agreement between t h e  Commanding Of f i ce r ,  WFMYC and 
Commanding O f f i c e r ,  HDL e s t a b l i s h e s  t h e  WRAMC suppor t  s e r v i c e s  f o r  DORF. 

The r e a c t o r  i s  t h e  f a m i l i a r  General Atomic Company TRIGA Mark F, 
moderated by l i g h t  water  and mounted on a  t r a c k  suppor t  c a r r i a g e  assembly 
which can be moved through a 15,000 g a l l o n  c a p a c i t y  pool. The r e a c t o r  
core  c o n s i s t s  of  85 (maximum 87) f u e l  e lements ,  fou r  c o n t r o l  rods ,  
neutron source ,  and miscel laneous neutron d e t e c t o r s .  The f u e l  elements 
a r e  composed of  zirconium hydride moderator homogeneously combined with 
20% enriched uranium f u e l .  The c o n t r o l  system c o n s i s t s  of borated 
g raph i t e  s a f e t y ,  shim, r egu la t ing  and pu l se  c o n t r o l  rods ,  having e i t h e r  
s o l i d  aluminum o r  f u e l  fol lowers.  Experiments a r e  conducted i n  a  
20 x 20 x 8 f o o t  h igh  f a s t  neutron exposure room ad jacen t  t o  pool,  t h e  
pool i t s e l f ,  and w i t h i n  t h e  core. 

The f a c i l i t y  was o r g i n a l l y  developed i n  l a t e  1959 and began 
opera t ions  i n  September 1961. Modif icat ions app l i ed  s i n c e  then  inc lude  
(1) replacement of t h e  aluminum c l a d  f u e l  elements wi th  s t a i n l e s s  s t e e l  
c l a d  elements (1964), (2) automatic SCRAM timing (1969), ( 3 )  replacement 
of the  poison-followed t r a n s i e n t  rod wi th  an aluminum fo l lower  (1964), 
(4) replacement of aluminum fol lower c o n t r o l  rods  wi th  fue l - fo l lowed 
con t ro l  rods (1971), and (5) replacement of r e a c t o r  ins t rumenta t ion  
wi th  up- to-da te  in s t rumen ta t ion  (1973). 

The r e a c t o r  has t h e  c a p a b i l i t y  of t h e  fol lowing modes of opera t ion:  

1. S t e a d y - s t a t e  ope ra t ion  up t o  250 kl?. 

2. Square-wave ope ra t ion  up t o  250 kW. 

3. Pulse  o p e r a t i o n  r e s u l t i n g  i n  up t o  a  maximum peak power of 
2000 MW wi th  a  p u l s e  width of 9.5 ms a t  h a l f  maximum. 

B. The d e c i s i o n  t o  decommission t h e  DORF r e a c t o r  i s  t h e  culminat ion 
of an Army r e a c t o r  u t i l i z a t i o n  s tudy begun i n  mid-1975 t o  examine t h e  
requirement f o r  t h e  t h r e e  Army re sea rch  r e a c t o r s .  This s tudy  was done 
by HDL Nuclear Weapons E f f e c t s  Program Of f i ce  (NGIEPO) which i n v e s t i g a t e d  
t h e  fol lowing a l t e r n a t i v e s :  



1. Operat ion of t h e  three  r e a c t o r s  i n  t h e i r  p r e s e n t  l o c a t i o n s .  

2. The s h u t t i n g  down of one p u l s e  r e a c t o r .  

3. The c o n s o l i d a t i o n  of t h e  Aberdeen Pulse  Reactor  w i th  t h e  
Diamond Ordnance Radia t ion  F a c i l i t y  (DORF) a t  e i t h e r  F o r e s t  Glen, Md. 
o r  Aberdeen Proving Ground, Md. 

4 .  The conso l ida t ion  of t h e  DORF wi th  t h e  White Sands M i s s i l e  
Range (WSMR) p u l s e  r e a c t o r  with t h e  c l o s i n g  of t h e  Aberdeen Pulse  
Reactor. 

5. Closing down of  a l l  Army e f f e c t s  r e s e a r c h  r e a c t o r s  wi th  
experiments conducted a t  e i t h e r  ERDA o r  o t h e r  s e r v i c e  r e a c t o r  s i tes.  

6. The c l o s i n g  of one pulse  r e a c t o r  and t h e  DORF f a c i l i t y .  

I n  a d d i t i o n ,  a n  Army S c i e n t i f i c  Advisory Panel Ad Hoc Group on 
Pulse Reactors  was asked t o  review t h e  t e c h n i c a l  c a p a b i l i t i e s  of  t h e  
Army's two pulsed  r e a c t o r  f a c i l i t i e s  a t  WSMR and APRF and t o  review 
documentation inc lud ing  t h e  Study f o r  Requirements f o r  Nuclear Weapons 
Ef fec t s  Research Reactors  prepared by NWEPO, HDL. The Ad Hoc Group 
a l s o  v i s i t e d  DORF and a l though they  were not  asked t o  address  t h e  
DORF f a c i l i t y ,  t h e i r  conclusion was t h a t  i f  any of t h e  t h r e e  r e a c t o r s  
should be c losed ,  DOW would be t h e  l o g i c a l  candidate .  This  con- 
c lus ion  i s  based on t h e  a v a i l a b i l i t y  of TRIGA type  r e a c t o r s  a t  t h e  
Armed Forces Radio logica l  Research I n s t i t u t e  and o t h e r  f a c i l i t i e s  
na t iona l ly .  I n  January  1977 the  HDL were d i r e c t e d  by Headquarters,  US 
Army H a t e r i e l  Development and Readiness Command to  decommission DORF 
wi th  an i n i t i a l  c l o s u r e  d a t e  of 1 J u l y  1977. The c l o s u r e  d a t e  was 
subsequently changed t o  1 October 1977 so t h a t  planned experiments could 
be complered. 

C. The primary o b j e c t i v e  of t h e  decommissioning of t h e  DOW i s :  
(1)  to  remove t h e  S p e c i a l  Nuclear X a t e r i a l  (SNM), i .e . ,  r e a c t o r  f u e l  
elements,  and t o  r e t u r n  i t  t o  US Energy Research and Development 
Administrat ion (ERDA) f o r  d i sposa l ;  ( 2 )  t o  remove a l l  r a d i o a c t i v e  
ma te r i a l  from t h e  f a c i l i t y  and s h i p  to  a Nuclear Regulatory Commission 
(NRC) l i c e n s e d  b u r i a l  s i t e ;  and (3)  t o  decontaminate and prepare  t h e  
f a c i l i t y  b u i l d i n g  f o r  a l t e r n a t e  use. Upon completion of decommissioning 
the  f a c i l i t y  bu i ld ing  w i l l  be given t o  Walter  Reed Army Medical Center 
( W C )  f o r  t h e i r  use. The purpose of  t h i s  Decommissioning Plan  i s  t o  
o u t l i n e  t h e  method of accomplishing t h i s  o b j e c t i v e  i n  a s a f e  manner which 
w i l l  a l low l e a s t  exposure t o  personnel o r  contaminat ion t o  the environment. 



D. In decommissioning the DORF, the removal and shipment of the fuel 
elementsis relativelystraightforward but time consuming. There are 
approved TRIGA fuel shipping casks available, however they may not be 
available until early 1978 or later. Because of the Army's difficulty 
in obtaining indemnification, the shipmenr of the fuel will be performed 
by ERDA. The precise details of all tile ieconunissioning and dismantling 
operations cannot be specified sincetasks to be accomplished at a latter 
period are dependent upon results and judgement of earlier operations. 
For example, after the removal of the wood lining in the exposure room, 
the amount of concrete to be removed will depend upon its radioactivity. 
Therefore, this Plan will not give detailed procedures which may change 
at a latter date, but will give firm objectives which must be accomplished 
to complete the decommissioning operations. The detailed procedures and 
hazard analysis will be attached to the plan as appendices. 

If ORGANIZATION AND RESPONSIBILITIES 

A, The health and safety aspects of the Department of the Army nuclear 
reactor systems is a command responsibility. The specific command re- 
sponsibilities are stated in AR 385-80, Chapter 2. The organization chart 
for the DORF Decommissioning is shown in Fig. 1. 

1. Responsible Commander. The Commanding Officer, Harry Diamond 
Laboratories is the responsible commander. He has ultimate responsibility 
for the operation of the reactor. He shall comply with the requirements 
of AR 385-80 and insure that all operations of the DORF reactor systems 
are conducted in a safe manner. 

2. Reactor Safeguards Committee. The Reactor Safeguards Committee 
(RSC) is appointed by and reports to the Commanding Officer, HDL. The 
committee consists of personnel who collectively provide a broad spectrum 
of experience in reactor technology. The RSC will review the plans and 
procedures of decommissioning. 

3. Chief, Nuclear Radiation Effecaaboratory (Lab 200). The Chief, 
Lab 200 is the direct line of authority from the reactor commander to the 
HDL commanding officer. 

4. Reactor Commander. The Chief, Nuclear Effects Simulation 
Technology Branch (Br. 290), is the reactor commander as defined in AR 385-80. 
He has the direct responsibility for the safe, competent and efficient 
operation and use of the facility. These responsibilities wili continue 
through DOE? decommissioning. 

5. Physicist-in-Charge. The Physicist-in-Charge (PIC) is the 
Facility Supervisor. He has the direct and immediate responsibility 
for the facility. He is responsible for assuring that all operations are 
conducted in a safe manner and within the limits prescribed by the D O W  
Technical Specifications. These responsibilities will continue until the 
DORF decommissioning is concluded. 
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B. Support from Other Commands and Agencies 

1. Army Reactors Systems Health and Safety Review Committee (.\RCHS) 

The Safety Director, Office of Chief of Engineers, has been 
delegated the responsibility of surveillance and general guidance in all 
health and safety matters relating to Army nuclear reactor systems, which 
includes the decomissioning of DORF. The Army Nuclear Reactor Systems 
Health and Safety Review Committee (ARCHS) was established to assist in 
discharging this responsibility. The ARCHS will review and approve this 
decommissioning plan, safety analysis and other applicable documentation. - 

2. US Army Environmental Health Agency (USAEHA) 

Following decommissioning and in-house radiological surveys, the 
USAEHA will be requested to conduct an independent radiological survey of 
the DORF site. 

3. US Enerpv Research Development Administration (USERDA) 

ERDA will be requested to supply the fuel transfer casks and the 
transportation of the fuel elements to the disposal site. 

4. Civilian Contractor 

A contract will be negotiated for the dismantlement and 
decontamination of the facility, the packing and shipment for disposal 
of radioactive waste, and the preparation of the building for alternate use. 

111 OBJECTIVES 

A. Sumnary of Tasks 

The facility decommissioning will begin imediately after the 
approval of this Decommissioning Plan. The decommissioning operation will 
be completed when all accessible areas of the facility are radiologically 
safe and unrestricted for personnel occupancy. The Energy Research and 
Development Administration ERDA has been asked to negotiate the fuel 
cask and shipment contract. This approach is used becauss ERDA is 
indemnified and the Army is not. The fuel elements will be sent to the 
chemical reprocessing plant in Idaho or to other TRIGA reactor facilities 
specifiedby the University Relation Division, ERDA. The dismantling, 
removal of radioactive equipment, and building decontamination will be done 
by contract. The Decommissioning Plan will be prepared by HDL personnel and 
approved by the Army Reactor Systems Health and Safety Review Committee (ARCHS) 
before implementation. The overall layout of the reactor is shown in 
Figures 2 through 5. Generally, the decommissioning operation will proceed 
as follows: 





Fig;5-1 - -  Perspective view of DORF reactor 



Eig; 5-3 - -  Sectional elevation of DORF reactor 



- 
F i g .  6 2  - -  Plan view of DORF exposure room 



1. The r e a t o r  f u e l  w i l l  be t r a n s f e r r e d  from the  r e a c t o r  c o r e  t o  t h e  
in-pool  s t o r a g e  racks.  (Note: This w i l l  be  done immediately a f t e r  ope ra t ions  
cease  on 1 Cct 1977. These a r e  approved s tandard  pcol  s t o r a g e  f o r  t h e  f u e l  

I 
I 

elements and s t o r a g e  w i l l  a s su re  r e a c t o r  non-operabi l i ty) .  

2. The f u e l  elements and fue l - fo l lowed c o n t r o l  rods w i l l  be packaged 
i n  approved f u e l  sh ipping  casks and shipped t o  the  US Energy Research and 
Development Adminis t ra t ion  (EXDA), Idaho Reprocessing plan;; There i s  
a  possibility t h a t  some of the i r r a d i a t e d  f u e l  elements w i l l  be shipped 
t o  o t h e r  TRIGA r e a c t o r  f a c i l i t i e s .  The loading  w i l l  be performed by DORF 
personnel .  The f u e l  shipment w i l l  be performed by ERDA on a  c o s t  r e -  
coverable  b a s i s .  Uni r radia ted  f u e l  e lements  w i l l  b e - t r a n s f e r r e d  t o  t h e  
Armed Forces Radio logica l  Research I n s t i t u t e  (AFKRI). 

3 .  Standard con t ro l  rods and o t h e r  r a d i o a c t i v e  r e a c t o r  s t r u c t u r e s  
w i l l  be  shipped from the  f a c i l i t y  f o r  d i s p o s a l  a t  NRC l i censed  b u r i a l  
s i t e .  Se lec t ed  r e a c t o r  s t r u c t u r e s  w i l l  be shipped t o  i n t e r e s t e d  TRZGA 
r e a c t o r  owners. 

4.  The r e a c t o r  pool water w i l l  be d ischarged  t o  the  s a n i t a r y  sewer 
provided t h e  r a d i o a c t i v i t y  i s  w i th in  t h e  s t anda rds  s e t  by lOCFR20. 

5. The r e a c t o r  ca r r i age ,  core  suppor t  s t r u c t u r e ,  and pool  s h i e l d  
doors  w i l l  be removed and a c t i v a t e d  s e c t i o n s  w i l l  be shipped f o r  d i s p o s a l  
a t  a  NRC l i c e n s e d  b u r i a l  s i t e .  

6. The aluminum pool tank w i l l  be removed. Radioact ive s e c t i o n s  
w i l l  be shipped from t h e  f a c i l i t y  s i t e  t o  a n  approved b u r i a l  s i t e .  

7. S u f f i c i e n t  a c t i v a t e d  conc re t e  beneath t h e  aluminum l i n e r  w i l l  be 
removed t o  comply wi th  acceptable  s u r f a c e  contaminat ion l e v e l s  i n  hXC 
r e g u l a t o r y  Guide 1.86,  Termination of Operat ing Licenses f o r  Nuclear 
r e a c t o r s .  (See Table 1 )  

8. Wood l i n e r  i n  the  exposure room w i l l  be removed and shipped 
f o r  d i s p o s a l  a t  a  NRC l i censed  b u r i a l  s i t e .  

9. Act iva ted  concre te  i n  exposure room and exposure room plug 
door w i l l  be removed and shipped f o r  d i s p o s a l  a t  a  NRC l i censed  b u r i a l  s i t e .  
S u f f i c i e n t  conc re t e  w i l l  be removed t o  comply wi th  contamination l e v e l s i n  Table 1. 

10. Exposure room lead  s h i e l d  and h o i s t  and l ead  c u r t a i n  w i l l  be removed 
and a c t i v a t e d  s e c t i o n s  shipped f o r  d i s p o s a l  a t  a  NRC l i censed  b u r i a l  s i t e .  

1 .  A l l  a c t i v a t e d  s t r u c t u r e s  w i l l  be decontaminated o r  removed f o r  d i sposa l .  



TABLE I 

ACCEPTABLE SURFACE CONTAMINATION EVEIS - 
NUCLIDEa I  AVERAGE^ c I  MAXIMUM^ d I  REMOVABLE^ = 

-- 

Y-mt, 1-1-235, u.238, and i r ,modp=/ lw~m2 1 s , ~ d p m d 1 0 0 s m 2  1 . ~ 0 d ~ a i t 0 0 m 2  
amcrated decoy producti i i 

surface contuninrtion by both dpb ud bstr-p.mm*smltthg audidsr arlrtr, !he limits tstabbbsd for a t p b  a d  
bar-guamesmltt* nuctida rhould apply t f ~ .  

Betagrnrna emitters (nuclides 
with decay modes otha than alpha 
mission or spontaneous hion) 
except St-90 and others noted above. 

b~ d i n  thlltrbb, dpm(Untqntlonrprmlauts1 w r a , t b r n t a d ~ b l n d i a r t t i r r ~ ~ u ~ ~ e d b y c a e n c ~  
ma comb pr minu* o w  by UI rppr0prkw d s t ~ t ~ r  for buhmud, effkhxy, md pomeak fadon d t d  with the 
inrtrummtrtion. 

CMuwements of a v c w  contrmiarnt Ihoukl m t  be r e  ovur mort thrn 1 rqrurs mataf. For objects of len nrrfaa uy the 
avemga sbould be derived for each mch object. 

5000dpm&/100an2 

- dThc maximum wntun&utlon lsrd rpptbr to UI usr of not mom tbm 100 an2. 
4 -  

- - 
%e amount of rsnnmbk m d h c t h  materid par 100 ad of auf- arm &OW b bcaminal by d p h g  tbrt uu r i th  dry fitcr or 

soft absorbent paper, mod8rale prs~urs and amedng &a mmtmt d d& matsthi cm the wipe with m approprute 
inrtnrmcnt of k m n  cffkbucy. Whw mnovrbts contunlrutiarr an obw of h d a c e  arm h Ltttndbsd thc pcrtimnt k w h  
should be mducbd p m p t b d l y  md tha entfn mfwa &ould be wlpd. 

1 5 ~ d ~ r n & / 1 0 0 c r n 2  1000dprn&/100crn2 



12. Reactor  conso le  and a s soc ia t ed  equipment w i l l  be removed by 
HDL personnel  and shipped t o  AFRRI. 

13. Bui ld ing  w i l l  be prepared f o r  a l t e r n a t e  use  by removing 
parapet  and r e s t o r i n g  f l o o r  t o  bay l e v e l .  

14. Remove t h r e c  5000gal lon  waste water  hold-up tanks and 
reconnect sewer system. Tanks t o  be shipped f o r  d i sposa l  a s  non- 
r a d i o a c t i v e  waste.  

15. A f i n a l  s i t e  survey w i l l  be made by an independent agency t o  
i n s u r e  t h a t  none of  t h e  a reas  w i l l  exceed NRC gu ide l ines  f o r  un- 
r e s t r i c t e d  use. 

I V  TRAINING- - 
A. DORF Personnel.  Fuel  element handling w i l l  be done by DORF 

personnel  who have t h e  experience and t r a i n i n g  i n  t h i s  opera t ion .  Spec ia l  
t r a i n i n g  and b r i e f i n g s  w i l l  be conducted p r i o r  t o  t r a n s f e r  of t h e  f u e l  
elements t o  sh ipp ing  casks .  Other s p e c i a l  t r a i n i n g  w i l l  be conducted, 
a s  appropr i a t e ,  f o r  t hose  t a s k s  not  performed d u r i n g  nonaal r e a c t o r  
opera t ions .  Removal of l a r g e  items r e q u i r i n g  r i g g i n g  techniques w i l l  
r e q u i r e  personnel  ( c o n t r a c t o r )  who a r e  f a m i l i a r  w i th  t h e s e  opera t ions .  
Training w i l l  be o n - s i t e  and w i l l  be t h e  r e s p o n s i b i l i t y  of t h e  Phys ic i s t -  
in-Charge. 

B. NON-DORF Personnel.  A l l  non-DORF personnel  a s s o c i a t e d  w i t h  t h e  
decommissioning w i l l  r e c e i v e  a  b r i e f i n g  which w i l l  i nc lude  r e a c t o r  f a c i l i t y  
en t rance  and exit  procedures,  r a d i a t i o n  a r e a s  and exc lus ion  a r e a s ,  t h e  
i d e n t i f i c a t i o n  and meaning of var ious  r a d i a t i o n  s i g n s ,  c o n t r o l l e d  a r e a s ,  
and use of r a d i a t i o n  monitoring devices.  

C. SUPPORT UNITS. Per iodic  t r a i n i n g  of  suppor t  u n i t s  such a s  t h e  
f i r e  department personnel  and WRAMC m i l i t a r y  p o l i c e  i s  t h e i r  own 
r e s p o n s i b i l i t y ,  These u n i t s  have p a r t i c i p a t e d  i n  DORF q u a r t e r l y  emergency 
d r i l l s  and w i l l  be appr i sed ,  and b r i e fed  when necessary ,  o f  decommissioning 
opera t ions .  

V. QUALITY ASSURANCE 

A. The DARCOM requirements  f o r  q u a l i t y  a s su raace  a t  r e a c t o r  f a c i l i t i e s  
i s  contained i n  DARCOM Supplement 1 t o  AR 385-80. The s u r v e i l l a n c e  
requirements and management procedures i n  t h e  DORF Technical  S p e c i f i c a t i o n s ,  
and ENRADMON and Heal th Physics Plans a r e  designed t o  a s s u r e  t h a t  adequate 
con t ro l  over  a c t i v i t i e s  a f f e c t i n g  a l l  a s p e c t s  of  t h e  r e a c t o r  system ope ra t ions  
a r e  slaintained. Addi t ional  q u a l i t y  assurance  dur ing  decomiss ion ing  w i l l  



be implemented,-as necessary ,  i n  accordance wi th  t h e  above DARCOM Supplement 
and p resen t  DORF procedures and plans.  

-- 
V I .  RADIATYON PROTECTION 

A. Personnel  Monitoring 

1. Basic  Rad ia t ion  P ro tec t ion  Standards 

a. The b a s i c  r a d i a t i o n  p r o t e c t i o n  s t anda rds  a r e  p resc r ibed  i n  Army 
Regulat ion 40-14, and Walter  Reed Army Medical Center Regula t ion  40-10. 
Every e f f o r t  w i l l  be  made t o  maintain t h e  r a d i a t i o n  dose equ iva len t  a s  f a r  
below t h e  fo l lowing Radia t ion  P ro tec t ion  Standards a s  p r a c t i c a b l e .  P o s i t i v e  
e f f o r t s  w i l l  be c a r r i e d  o u t  t o  f u l f i l l  t h i s  o b j e c t i v e ;  and, de terminat ion  of 
necess i ty  w i l l  be weighed a g a i n s t  the  b e n e f i t s  t o  be expected. 

b. Basic Rad ia t ion  P ro tec t ion  s t anda rds  adapted f o r  t h e  c o n t r o l  of  
occupat ional  exposures t o  i o n i z i n g  r a d i a t i o n  inc lude :  

(1)  The accumulated dose equiva lent  of r a d i a t i o n  t o  the  whole- 
body; head and t ruck ;  a c t i v e  blood-forming organs;  gonads; o r  l e n s  of 
the  eye w i l l  not  exceed: 

( a )  1.25 rem i n  any ca lendar  q u a r t e r ,  nor 

(b) 5 rem i n  any 1 ca lendar  year 

( 2 )  The accumulated dose equ iva len t  of r a d i a t i o n  t o  t h e  s k i n  
of t h e  whole-body ( o t h e r  than hands and forearms);  cornea of  t h e  eye; and 
bone w i l l  not exceed: 

( a )  7.50 rem i n  any ca lendar  q u a r t e r ,  nor 

(b)  30 rern i n  any 1 ca lendar  year  

(3)  The accumulated dose of r a d i a t i o n  t o  t h e  hands and 
w r i s t s  o r  t h e  f e e t  and ank les  w i l l  not exceed: 

( a )  18.75 rem i n  any ca lendar  q u a r t e r ,  nor 

(b)  75 rem i n  any 1 calendar  year  

(4)  The accumulated dose of r a d i a t i o n  t o  t h e  forearms w i l l  not  
exceed: 

( a )  10 rem i n  any ca lendar  q u a r t e r ,  nor 

( b )  30 rem i n  any 1 ca lendar  year 



(5)  The accumulated dose equiva lent  o r  r a d i a t i o n  t o  t h e  thy ro id ;  
o t h e r  organs;  t i s s u e s ;  and organ systems w i l l  not  exceed: 

( a )  5 rem i n  any c a l e r d ~ r  q u a r t e r ,  @or  

(b)  15  rem i n  any 1 calendar  year  

(6) I n d i v i d u a l ( s )  under 18 years  of age,  females known t o  be 
pregnant ,  and o c c a s s i o n a l l y  exposed i n d i v i d u a l ( s )  w i l l  no t  be  exposed t o  a  
whole-body dose equ iva len t  of more than: 

( a )  Zmi l l i r em i n  any 1 hour, nor  

(b) 100 m i l l i r e m  i n  any 7  consecut ive  days ,  nor 

( c )  500 mi l l i r em 

(d)  more than 10  percent  of t h e  va lues  i n  (Z) ,  (3 ) ,  ( 4 )  
and (5)  above, f o r  o t h e r  a r e a s  o f  t h e  body 

(7)  Ind iv idua l s  ove r  18  years  of age but  who have not y e t  
reached t h e i r  19 th  b i r t h d a y  may be occupat ional ly  exposed t o  i o n i z i n g  
r a d i a t i o n  provided t h a t  they do not  exceed 1.5 rem dose equ iva len t  co t h e  
whole-body i n  any ca l enda r  q u a r t e r ,  nor 3 rem i n  t h e  12  consecut ive  months 
p r i o r  t o  t h e i r  1 9 t h  b i r thday .  

2. Monitoring Devices 

a .  A f i l m  badge i s  t h e  primary dosimeter dev ice  f o r  monitoring 
personnel  exposure. personnel  s e l e c t e d  f o r  personnel  monitoring w i l l  
inc lude:  

(1)  Ind iv idua l s  who a r e  l i k e l y  t o  be exposed t o  s u f f i c i e n t  
r a d i a t i o n  from a l l  occupat ional  exposures t o  r e c e i v e  a n  accumulated dose 
i n  excess of t e n  (10) percent  of t h e  app l i cab le  b a s i c  Radia t ion  P ro tec t ion  
Standard. 

(2) Those o t h e r  i n d i v i d u a l s  s e l e c t e d  by t h e  Heal th P h y s i c i s t  
on duty. . .  ~ ~ .~ 1 

~ .. . ~~ 

. ... I 
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(3)  Cont rac tors  w i l l  provide dosimeters  f o r  t h e i r  own personnel.  
! ---A.-.-......-.--,-.- - -  
'-.b,.~ ..The fol lowing types of Personnel monitoring dev ices  will be 

a v a i l a b l e :  

(1) Whole Body badge: S e n s i t i v e  t o  be ta ,  x- ray  and gamma 
r a d i a t i o n  and worn t o  measure t h e  exposure received by t h e  whole body 



i 
I 
I (2 )  Wrist badge: Same a s  t h e  whole body except  t h a t  i t  i s  

i provided wi th  a w r i s t  band so t h a t  i t  can  be  used t o  measure t h e  dose  t o  

i t h e  hands 
1 

(3) Pccket i o n i z a t i o n  chambers w i l l  be used t o  p rov ide  a means 
of  o b t a i n i n g  r a p i d  i n d i c a t i o n  of accumulated dose over  s h o r t  p e r i o d s  of time. 
This chamber enables  ind iv idua l s  t o  monitor t h e i r  own accumulated dose. 

1 3. Documentation 

a. WRAMC Health Physics w i l l  supply  t h e  f i l m  badges?. 
a r e  kep t  on WRAMC Form 119 (Film Badge App l i ca t ion  and Record of Occupational 
Ex te rna l  Radia t ion  Exposure). Heal th Phys ics  w i l l  exchange f i l m  badges 

I and t r a n s m i t  the  f i l m  packets ,  a long wi th  photodosimetry r e p o r t s ,  t o  

I Lexington-Bluegrass Army Depot f o r  monthly development and exposure 

i eva lua t ion .  Records of exposure w i l l  be maintained a s  fo l lows:  

1 (1 )  The Lexington-Bluegrass Army Depot main ta ins  permanent 

i r eco rds  of  a l l  exposures and r e t u r n s  t h e  Photodosimetry Report (DA 3484) 
t o  t h e  WRAMC Heal th  i 

i 

(2) The WRAMC Heal th Physics  Of f i ce r  maintains DD Form 1141 
f o r  a l l  m i l i t a r y  and c i v i l i a n  personnel  a s s igned  o r  a t t a c h e d  t o  WRAMC. 

b. Cumulative d a i l y  Pocket i o n i z a t i o n  chamber dose r ead ings  w i l l  
be recorded on WRAMC Form 705, "Pocket Dosimeter Log". 

__-*. .--- -....--- 
..-- \..-I-~__- 

.~.. c . , - - - In  genera l ,  c o n t r a c t o r s  w i l l  main ta in  t h e i r  own reco rds  of 

.*. 

7 
. f i l m  badge exposures.  However, they  w i l l  be  suppl ied  pocket dos imeters  

.* j""' a t  t h e  d i r e c t i o n  of -the Heal th P h y s i c i s t  and exposure records  w i l l  be 1 
>'' mainta ined  on Form 7051 

i 
i 
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I_____ -..-... - . .  "_"._".l___l----~-~~'' 
m t o r i n g  Devices 

Use of personnel  monitoring dev ices  i s  conta ined  i n  WRAMC 
Regula t ion  40-10, Annex E (PERSONNEL MONITORING). During t h e  DORF 
decommissioning t h e  fol lowing gene ra l  gu ide l ines  w i l l  be followed:' 

a. Film badges: Each person who occupies  a c o n t r o l l e d  a r e a  w i l l  
wear a f i l m  badge, (be ta ,  gamma) u n l e s s  s p e c i f i c a l l y  exempted by t h e  Heal th 
P h y s i c i s t .  These badges w i l l  be  worn a t  a l l  t imes w i t h i n  t h e  c o n t r o l l e d  
a r e a  and l e f t  a t  t h e  f a c i l i t y  when leaving .  Neutron and w r i s t  badges w i l l  
be worn a t  t h e  d i r e c t i o n  of t h e  Heal th Phys ic is t ,  

b. Pocket dos imeters ;  Each person who occupies  a c o n t r o l l e d  a r e a  
w i l l  wear a s e l f - r e a d i n g  pocket dosimeter  t o  provide a n  i m e d i a t e  i n d i c a t i o n  
of accumulated dose over s h o r t  pe r iods  of time. 



c.  Con t r ac t  s p e c i f i c a t i o n s  w i l l  r e q u i r e ,  a s  a  minimum, 
t h a t  t h e  c o n t r a c t o r  w i l l  supply t h e  above ( a  and b) moni tor ing  d e v i c e s  
f o r  t h e i r  personne l .  

5. A d m i n i s t r a t i v e  Con t ro l  

a. S t a f f  Personnel :  The f u e l  e lements  w i l l  be  removed from 
c t o r  pool  t o  t h e  sh ipp ing  c a s k s  by DORF s t a f f  personne l  who have had 

expe r i ence  i n  hand l ing  TRIGA Fue l  e lements .  A l l  personne l  w i l l  b e  b r i e f e d  
on t a s k s  and haza rds  t h a c  exist. Rehea r sa l s  and "dry runs"  w i l l  b e  made t o  
r educe  r a d i a t i o n  exposure  and t o  reduce  haza rds  where a p p l i c a b l e .  

b. Con t r ac to r s  and V i s i t o r s :  

( 1 )  Con t r ac to r  work w i l l  beg in  a f t e r  t h e  f u e l  e l emen t s  have 
been removed and sh ipped  from t h e  f a c i l i t y .  Therefore ,  t h e  major  s o u r c e  of 
r a d i a t i o n  haza rd  w i l l  be  gone when they  beg in  t h e  f a c i l i t y  d i s m a n t l i n g  
and decontamina t ion .  However, t h e  c o n t r a c t o r s  w i l l  be th roughly  b r i e f e d  
o n  t h e  l o c a t i o n  of t h e  remaining r a d i o a c t i v e  m a t e r i a l  and hazards  involved ,  
a l s o  u s e  and c o n t r o l  of moni tor ing d e v i c e s  and s a f e t y  p r ecau t ions  r o  b e  
u t i l i z e d .  

(2)  V i s i t o r s  will  be accompained a t  a l l  times when w i t h i n  
t h e  c o n t r o l l e d  area. The e x i s t i n g  e n t r a n c e  s i gn - in - log  and pe r sonne l  
dos ime te r  mon i to r ing  procedures  w i l l  be  fol lowed,  i. L 

B. L iqu id  Waste P roces s ing  \ 

A l l  l i q u i d  was te  a t  t h e  f a c i l i t y ,  excep t  comode and u r i n a l s ,  d r a i n  
i n t o  15,000 g a l l o n  hold-up tanks. Before  d i s c h a r g e  t o  t h e  s a n i t a r y  sewer, 
t h e  t ank  a f f l u e n t  i s  saqlpled and ana lyzed  f o r  r a d i o a c t i v i t y  t o  i n s u r e  t h a t  
t h e  maximum p e r m i s s i b l e  c o n c e n t r a t i o n  (MPC) l i s t e d  i n  10CFR20 i s  n o t  exceeded. 

i C. R a d i o l o g i c a l  S u ~ v e y s  

1. P l a n t  surveys .  ?he procedures  f o r  r a d i o l o g i c a l  surveys  are c o n t a i n e d  
i n  t h e  DORF H e a l t h  Phys ics  Plan. These procedures  i n s u r e  t h a t  the f a c i l i t y  
i s  provided  w i t h  adequa t e  r o u t i n e  r a d i o l o g i c a l  d a i l y ,  weekly and monthly 
checks.  P a r t i c u l a r  a t t e n t i o n  w i l l  be made of r a d i o a c t i v e  dose  rates d u r i n g  
f u e l  t r a n s f e r  t o  s h i p p i n g  ca sks  and d u r i n g  dismant lement  of  r a d i o a c t i v e  
s t r u c t u r e s  t o  i n s u r e  minimum exposure  t o  personne l .  ~ d d i t i o n a l  .-.a" ... . su rveys  - . ~. ~ , 

and a c t i v a t i o n  a n a l y s i s 8 . w i l l  be done d u r i n g  c o n c r e t e  removal t o  de t e rmine  
+hen s u f f i c i e n t  material i s  removed s o  t h a t  t h e  area c a n b e  made a n  u n - .  
t e s t r i c t e d  area.! The Heal th  P h y s i c i s t  w i l l  in form and a d v i s e  persons  o f  
a n t i c i p a t e d  o r - '&x i s t i ng  r a d i a t i o n  haza rds  and t h e s e  hazards  w i l l  be  pos t ed  
when r e q u i r e d .  
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2. Contamination Control Plan. Control points will be established 
at the point of entry of any contaminated area. The procedures established 
in the Health Physics Plan will be followed. Materials and tools removed 
from the contaminated area will be svr'7eyed. It is the goal of the 
decommissioning to remove sufficient activated materials so that the residual 

t exceed the values in Table 1. - 
3. Effluent Monitoring. Air borne effluents will continue to be 

monitored by the existing stack monitor as required by the DORF Technical 
Specifications. Local air borne activities will be monitored using a 
Staplex Air Sampler as directed by the HP. All building air is exhausted 
through the absolute filters and out the stack. 

VII DOCUMENTATION AM) RECORDS 

1. Decommissioning log. A log will be kept of all events, as they 
occur, during decommissioning. The purpose of the log is to present as a 
record of all the events, drawings, sketches and other information that 

I are required to perfom decomissioning tasks. As a minimum, the following 
will be recorded: 

i a. Daily job status 

b. I~itiation and completion of each task 

c. Personnel injuries 

d. Accidents 

e. Schedule delays 

f. Facts bearing on any problem areas 

g. Major shipments (incoming and outgoing) 

1 h. Weekly summary: Work progress should be summarized in the 
I 

log on a weekly basis. 

1 2. Health - P h ~ i c s  - Log. A health physics log will be maintained 

i recording the chronological decommissioning events. The health physicist 
1 on duty will be responsible for maintaining the log. As a minimum the 
1 
J following will be recorded: 
! 
i a, Remarks pertaining to de&.'Ey monitoring of decommissioning 

tasks to include any special monitoring performed. 



b. The number and weight of radioactive waste containers filled 

c. Status of radioactive waste in storage awaiting shipment 

d. Amount (gallons and activity) of liquid waste discharge (to 
incfude hold-up tanks) 

e. Amount and average concentration of airborne activity discharged. 

f. Movement of all highly radioactive equipment, components of 
structures. 

g. All incidents pertaining to radiological safety 

h. Facts bearing on any problem areas 

I i. Issuance and termination of all radiation work permits (RWP) 

j. Shipment of radioactive samples (quantity and description) 
and analysis results when received from Health Physics or a contractor. 

3. Quality Control and Assurance. Quality control and quality 
assurance inspections and tests, where applicable, will be the responsibility 
of the Physcisit-in-Charge. Results of inspections, quality control and 
quality assurance observations will. be kept in the decommissioning log. 

4. Disposition. After completion of the decommissioning task, all 
logs will be forwarded to the HDL Technical &Administration Support Office 
for disposition. 

B. Reports 

1. Final Inspection Report. The reactor Commander (Chief Branch 290) 
shall be responsible for preparing a report on the final inspection of the 
decommissioned DORF. 

2. Final Decommissioning Report. The Reactor Commander (Chief Branch 290) 
will be responsible for the preparation of the final decommissioning report. 
This report will contain all the aspects of the decommissioning tasks and 
contain the safety analysis of the facility in its ultimate status. The 
report will be forwarded through Commander, DARCOM (ATTN: DRCSF-P) to 
Chief of Engineers (ATTN: DAEN-SON). 

3. Monthly Decommissioning Progress Report. A monthly decommissioning 
progress report will be prepared by the Physicist-in-Charge and forwarded 
to the Commander DARCOM (ATTN: CRCSF-P) by the 15th day of the month immediately 
following the reporting period. 



C. Records 

1. Fuel  Accountabi l i ty .  The DORF f u e l  e 
Mater ia l )  a c c o u n t a b i l i t y  w i l l  be t r a n s f e r r e d  from t h e  US Army, Harry 
Diamond Labora tor ies  t o  EXDA. The f u e l  elements w i l l  be s e n t  t o  the Idaho 
Reprocessing P lan t  o r  t o  o t h e r  TRfGA r e a c t o r  p l a n t s  as d e t e m  by the  
Universi ty Re la t ions  Divis ion ,  ERDA. 

2. F i l e s  and Records. A f t e r  completion of decommissioning, a l l  
DORF opera t ions  l o g s  and records  w i l l  be t r a n s f e r r e d  t o  HDL Technical  and 
Administrat ion Support Of f i ce  f o r  r e t e n t i o n  o r  f i n a l  d i s p o s i t i o n  i n  
accordance wi th  AMC Supplement t o  AR 385-80. 

V I I Z  EMERGENCY PLANS 

A. DORF Emergency Plan  

The Emergency P lan  requi red  by the  Technical S p e c i f i c a t i o n s  w i l l  
be i n  e f f e c t  through t h e  Decommissioning operat ions.  The purpose of 
the  DORF Emergency Plan i s  t o  e s t a b l i s h  t h e  procedures t o  b e  followed i n  
the  event of an  acc iden t  o r  emergency a t  t he  r e a c t o r  f a c i l i t y .  Accordingly, 
t hese  procedures are t o  i n s u r e  t h e  p ro tec t ion  of t h e  h e a l t h  and s a f e t y  of 
personnel under acc iden t  o r  emergency condit ions.  The o b j e c t i v e  of t h e  
Emergency Plan  i s  t o  provide  complete and coherent  procedures f o r  dea l ing  
with emergency and a c c i d e n t  s i t u a t i o n s .  The p o t e n t i a l  emergency condi t ions  
which may a r i s e  a t  t h e  D0R.F a r e  c l a s s i f i e d  i n t o  two c a t e g o r i e s :  

(1) The Design Basis Accident and, (2 )  varying degrees of l e s s e r  
accidents .  Af te r  the SNM f u e l  has l e f t  t h e  f a c i l i t y  s i t e ,  t h e  Design Basis 
Accident cons ide ra t ions  would no longer be i n  e f f e c t .  

B. OTHER PLANS AND SOPS 

The fol lowing p lans  and standard ope ra t ing  procedures w i l l  be i n  
e f f e c t  during decommissioning where appl icable :  

1. Technical S p e c i f i c a t i o n s  f o r  the  DORF, 13 Aug 1973 

2. Health Physics Plan f o r  the  DORF Reactor ,  18 March 1975 
I 
1 

3. DORF ENRADMON PLAN, 1 Feb 1977 
! 

4. Operations Procedures f o r  DORF, #DL Pamphlet 70-5 

5. DORF Emergency Plan 1973 

6. Physical  S e c u r i t y  Plan,  DORF, 25 Sept 1975 



Sol id  Radioact ive Waste. The shipment of  s o l i d  r a d i o a c t i v e  waste 2 ,  - .--. 
w i l l  be con t rac ted  to  a  commercial c a r r i e r .  Disposal w i l l  be i n  accordance 
w i t h  AR 755-15 a t  an NRC l icensed  b u r i a l  s i t e .  I t  i s  expected t h a t  s o l i d  
r a d i o a c t i v e  waste w i l l  be low l e v e l .  

X, DECOMMISSIONING TASKS --..- ----- 
A l i s t i n g  of the  decommissioning t a s k s  i s  tabula ted  i n  Appendix 2. 

7. SOP No. 4 Area Radia t ion  Monitoring System 

8. SOP No. 6 Procedures f o r  Measuring Fuel Elements and Fuel  
Following Control Rods 

9. SOP No. 8 C r i t e r i a  f o r  Replacement of Pre and A b s o l u ~ e  
F i l t e r s  i n  Exhaust System 

10. SOP No. 12 Procedures f o r  Spec ia l  Nuclear Mate r i a l  (SNM) 
Inventory  

11. SOP No. 13 Personnel Access Control 

12. biRAMC Health Physics Regulat ions,  40-10 

I X  CONTRACTING 

A. Nuclear Fuel  Shipment 

The shipment of  the  DORF Spec ia l  Nuclear Mater ia l  (SNM) is  
governed by AR 55-5, Department of Transpor ta t ion  Regulation and 
Nuclear Regulatory Commission Regula t ion  10CFR71. U.S. Energy Research 
and Development Administrat ion has been asked t o  con t rac t  f o r  t h e  
sh ipping cask and f o r  t h e  shipment o f  the  f u e l  elements t o  the  reprocess-  
i n g  p l a n t  i n  Idaho. A l i censed  B a t t e l l e ,  Columbus BM-1 sh ipping cask  f o r  
the  s tandard  TRIGA f u e l  elements i s  a v a i l a b l e  i n  November 1977, o r  i f  t h i s  
d a r e  cannot  be  met e a r l y  lq78. A d i f f e r e n t  cask w i l l  b e  used f o r  t h e  
f u e l  followed con t ro l  .~ -- rods&nd , instrumented f u e l  elements because of t h e i r  

'-1Ziiger l eng th .  Some of the  f u e l  elements  may be shipped to  o t h e r  TRIGA 
r e a c t o r  f a c i l i t i e s ,  

B. -- Sol id  Radioact ive Waste Shipments -- 
. ~.., 7 k - .  

1. Contro l  Rods, ~ h g c o n f r o l  rods  w i l l  be shipped wi th  the  s o l i d  
r a d i o a c t i v e  waste, . The con tac t  dose r a t e s  from these  rods i s  not expected 
t o  exceed 100 mr/hr. 
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TERMINATION OF OPERATING LICENSES 
FOR NUCLEAR REACTORS 

Section 50.51, "Duration of licenw, renewal," of 10 
CFR Part 50, "Licmsing of Production and Utilization 
Facilities." requires that each license to operate a 
production and utlfization facility be issued for a 
specified duration. Upon expiration of the specified 
period, the license may be either renewed or terminated 
by the Commission. Section 50.82, "Applications for 
termination of licenses." specifies the requirements that 
must be satisfied to terminate an operating license, 
including the requirement that the dismantlement of the 
facility and disposal of the component parts not be 
inimical to the c m o n  defense and security or to the 
health and safety of the public. This guide describes 
methods and procedures considered acceptable by the 
Regulatory staff for the termination of operating 
licenses for nuclear reactors. The Advisory Committee 
on Reactor Safeguards har been consulted concerning 
this guide and ha concurred in the rgUlptory position. 

B. DISCUSSION 

When a licensee decides to terminate hir nuclear 
reactor operating Hcense, he may, ar a flnt step in the 
process, request that hh operating lfcmw be amended to 
reatrict him to possess but not operate the facility. The 
advantage to the licensee of converting to such a 
poxestion+nly license is reduced sumillance require- 
menis in that periodic surveillance of equipment im- 
portant to the safety of reactor operation is no longer 
required. Once this possesdon-only license is issued, 
reactor operation is not permitted. Other activities 
related to cessation of operations such as unloading fuel 
from the reactor and placing it in storage (either onsite 
of offsite) may be continued. 

A license having a ponenion-only license must 
retain, with the Part 50 license, authorization for special 
nuclear material (10 CFR Part 70, 'Special Nuclear 
Material'9, bypmduct material (10 CFRPart 30. "Rules 
of General Applicability to Licensing of Byproduct 
Material"), and source material (10 CFR Part 40, 
"Licensing of Source Material"), until the fuel, radio. 
active components, and snurces are removed Prom the 
facility. Appropriate administrative controls and facility 
requirements are imposed by the Pan 50 license and the 
technical speciflcationa to assure that proper surveillance 
is performed and that the reactor facility is maintained 
in a safe condition and not operated. 

A possession-only license permits variow options and 
procedures for decommiaPioning, such as mothbslling, 
entombment, or dismantling. The requinmmts imposed 
depend on the option selected. 

Section 50.82 provldes that the licensee may dis- 
m t l e  and dispose of the component parts of a nuclear 
reactor in accordance with existing regulations. For 
research reacton and critical facilities, this has usually 
meant the disauembly of a reactor and its shipment 
offsite, sometimes to another appropriately licensed 
organization for further use. The rite from which a 
reactor h been removed must be decontaminated. as 
necessary, and inspected by the Commission to deter- 
mine whether unrestricted access can be approved. In 
the c a s  of nudear power reacton, dismantling has 
usually b n n  accomplished by shipping fuel offsite, 
making the reactor inoperable, and disposing of some of 
the radioactive components. 

Radioactive components may be either shpped off- 
site for burial at an authorized burial ground or secured 
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on the site. Those radioactive materials remaining on the 
site mud be isolated from the public by physical banicrs 
or other means to prevent public aecess to hazardous 
levels of radiation. Surveillance k necessary to assure the 
long term integrity of the barriers. The amount of 
surveillince iequired depends upon (I) the potential 
i:az3;d to the hcalth and safety of the public from 
~,Ai,;itive material remaining on the site and (2) the 
integrity of the physical bamers. Before areas may be 
released for unrestricted use, they must have been 
decontaminated or the radioactivity must have decayed 
to less than prescribed limits (Table I). 

The hazard associated with the retired facility is 
evaluated by considering the amount and type of 
remaining contamination, the degree of confmement of 
the remaining radioactive materials, the physical security 
provided by the confinement, the wsceptibility to 
release of radiation as a result of natural phenomena, 
and the duration of required surveillance. 

C. REGULATORY POSITION 

I. APPLICATION FOR A LICENSE TO POSSESS BUT 
NOT OPERATE (POSSESSION-ONLY LICENSE) 

A request to amend an operating license to a 
possessiononly license should be made to the Director 
of Licensing, U.S. Atomic Energy Commission, Washing- 
ton, D.C. 20545. The request should include the 
following information: ' 

a. A description of the  current status of the facility. 

b. A description of measures that will be taken to 
prevent criticality or reactivity changes and to minimize 
releases of radioactivity from the facility. 

c. Any proposed changes to the technical specifica- 
tions that reflect the possession-only facility status and 
the necessary disassemblylretirement activities to be 
performed. 

d. A safety analysis of both the activities to be 
accomplished and the proposed changes to the technical 
specifications. 

e. An inventory of activated materials and their 
location in the facility. 

2. ALTERNATIVES FOR READOR RETIRE= 

Four alternatives for retirement of nuclear reactor 
tacilities are considered acceptable by the Regulatory 
staff. These are: 

a. Mothballing Mothballing of a nuclear reactor 
facility consists of putting the facility in a state of 
protective storage. In general, the facility may be left 
intact except that all fuel assemblies and the radioactive 

fluids and waste should be removed from the site. 
Adequate radiation monitoring, environmental surveil. 1 
lance, and appropriate security procedures should bc 
established under a possession-only license to ensure that 
the health and safety of the public is not endangered. 

b. In-Place Entombment. In-place entombment con- 
sists of sealing all the remaining highly radioactive or 
contaminated components (e.g., the pressure vessel and 
reactor intemals) within a structure integral with the 
biological shield after .having all fuel assemblies, radio- 
active fluids and wastes, and certain selected com- 
ponents shipped offsite. The structure should provide 
integrity over the period of time in which significant 
quantities (greater than Table I levels) of radioactivity 
remain with the material in the entombment. An 
appropriate and continuing surveillance program should 
be established under a possession-only license. 

c. R e m d  of Radioactive Components and D i s  
mantling AU fuel assembties, radioactive fluids and 
waste, and other materials having activities above ac- 
cepted unrestricted activity levels (Table I) should be 
removed from the site. The facility owner may then have 
unrestricted use of the site with no requirement for a 
license. If the facility owner so desires, the remaindn of 
the reactor facility may be dismantled and ail vestiges 
removed and disposed of. .'7 

d. Conversion to a New Nuclear S y d m  or a Fossil 
<. 

Fud System. This alternative, which applies only to -A 
nudear power plants, utilizes the existing turbine system 
with a new steam supply system. The original nuclear 
steam supply system should be separated from the 
electric generating system and disposed of in accordance 
with one of the previous three retirement alternatives. 

3. SURVEILLANCE AND SECURXTY FOR TIIE RE 
TIREMENT ALTERNATIVES WHOSE FINAL 
STATUS REQUIRES A POSSESSION-ONLY 
LICENSE 

A fadi ty  which has been licensed under a poses 
sion-only license may contain a significant amount of 
radioactivity in the form of activated and contaminated 
hardware and structural materials. Surveillance and 
commensurate security should be provided to assure that 
the public hedth and safety are not endangered. 

a. Physical security to prevent inadvertent exposure 
of personnel should be provided by multiple locked 
bamers. The presence of these barriers should make it  
extremely difficult for an unauthorized person to gain 
access to areas where radiation or contamination levels 
exceed those specified in Regulatory Position C.4. To 
prevent inadvertent exposure, radiation areas above 5 
d h r ,  such as near the activated primary system of a 

, .. ,_ 
power plant, should be appropriately marked and should 
not be accessible except by cutting of welded closures or .J 
the disassembly and removal of substantial structures 



andlor shielding material. Means such ac a remote- 
readout intrusion alarm system should be provided to 
indicate to designated personnel when a physical barrier 
is penetrated. Security personnel that provide access 
control to the facility may be used inatead of the 
physical barriers and the intrusion alarm systems. 

b. The physical barriers to unauthobd  entrance 
into the facility, e.g.. fencer, buildings, welded doors, 
and access openinp, should be inspected at least 
quarterly to aature that these barriers have not detsrior. 
ated and that locks and locking apparatus are intact. 

c. A facility radiation survey should be performed at 
least quarterly to verify that no radioactive material is 
escaping or being transported through the containment 
barriers in the facility. Sampling should be done along 
the most probable path by which radioactive material 
such as that stored m the inner containment regions 
could be transported to the outer regions of the facility 
and ult~mately to the environs. 

d. An environmental radiation survey should be 
performed at least semiannually to veniy that no 
signficant amounts of radiation have been released to the 
environment fmm the facility. Samplst such as soil, 
vegetation, and water should be taken at locations for 
which statistical data has been established during reactor 
operations. 

e. A site representative should be designated to be 
responsible for controlling authorized access into and 
movement within the facility. 

f. Administrative procedures should be established 
for the notification and reporting of abnormal occur- 
rences such as (1) the entrance of an unauthorized 
person or persons into the facility and (2) a significant 
change in the radiation or contamkration levels in the 
facility or the offdte environment. 

g. The following reports should be made: 

(1) An annual report to the Director of Licensing, 
U.S. Atomic Energy Commission, Washington. D.C. 
20545, describing. the results of the environmental and 
facility radiation surveys, the status of the facility, and 
an evaluation of the performance of security and 
surveillance measures. 

(2) An abnormal occurrence report to the Regula- 
tory Operations Regional Office by telephone within 24 
hours of discovery of an abnormal occurrence. The 
abnormal occurrence will also be reported in the annual 
rep>rt described in the preceding item. 

1 

i h. Records or logs relative to the following items 
b 

x should be kept and retatned until the license IS temi- 
3 ,  I . )- nated, after which they may be stored with other plant 
L records: 

1.86 

(1) Environmental sumys, 

(2) Facility radiation surveys, 

(3) Inspections of the physical barnen. and 

(4) Abnormal occurrences. 

4. DECONTAMLNATlON FOR RELEASE FOR W 
RESTRICTED USE 

If it is desired to terminate a license and to eluninate 
any further surveillance requirements, the facility should 
be sufficiently decontaminated to prevent risk to the 
public health and safety. After the dewntamination is 
satisfactorily accomplished and the site inspected by 
the Commission, the Commission may authorize the 
license to be terminated and the facility abandoned or 
released for unrestricted use. The licensee should per- 
form the decontamination using the following guide. 
liner: 

a. The licensee should make a reasonable effort to 
eliminate residual contamination. 

b. No covering should be applied to radioacttve 
surfaces of equipment or structures by paint. plattng. or 
other covering matenal until tt IS known that contamlna- 
tion levels (determined by a survey and documented) zre 
below the limits spenfied in Table I. In addit1011 a 
reasonable effort should be made (and documented) to 
further minimize contamination prior to any such, 
covering. 

c. The radioactivity of the interior surfaces of pipes. 
drain lines, or ductwork rhould be determined by 
making measurements at all traps and other appropriate 
access points, provided contamination at these locations 
ia likely to be nprescntatiw of contamination on the 
interior of the pipes, drain lines, or ductwork. Surfaces 
of premises, equipment, or scrap which are likely to be 
contaminated but are of such size, construction, or 
location as to make the surface inaccessible for purposes 
of measurement should be assumed to be contaminated 
in excess of the permissable radiation limits. 

d. Upon request, the Commission may authorize a 
licensee to relinquish possession or control of premises. 
equipment, or snap having surfaces contaminated in 
excess of the limits specified. This may include. bur :a 

not Limited to, special circumstances such as the transfer 
of premises to another licensed organization that will 
continue to work with radioactive materials. Requests 
for such authorization should provide: 

(I) Detaded, specific information describing the 
premises, equipment, scrap, and radioactive contami- 
nants and the nature, extent, and degree of residual 
surface contamination. 



(2) A detailed health and safety analysis indi- 
catlng that the residual amounts ,of materials on surface 
areas, together with other considerations such as the 
prospective use of the premises, equipment, or scrap, are 
unlikely to result in an unreasonable risk to the health 
and safety of the public. 

e Pr~or to release of the premises for unrestricted 
uw, the l l ~ e n r e  should make a comprehensive radiation 
suntey estabiishtng that contamination is within the 
l ~ m ~ t s  spenfied in Table I. A survey report should be 
filed w~th  the Director of Licensinb U.S. Atomic Energy 
Commission, Washington, D.C. 20545, with a copy to 
the hrector of the Regulatory Operations Regional 
Office having jurisdiction. The report should be filed at 
least 30 days prior to the planned date of abandonment. 
nK sumy report should: 

(1) Identify the premises; 

(2) Show that reasonable effort has been made to 
reduce residual contamination to as low as practicable 
levels; 

(3) Describe the scope of the s u a y  and the 
general procedurn followed; and 

(4) State the finding of the survey in units 
specified in Tabk 1. 

After review of the report, the Commission may 
inspect the facilitin to confm the survey prior to 
granting approval for abandonment. 

5. REACTOR RETIREMENT PROCEDURES 

As indicated in Regulatory Position C.2, several 
alternatives are acceptable for ructor facility retirement. 
If minor dbaembly or "mothbaUing" is planned, this 
could be done by the existing opcrattng and rndntc- 
nance procedum under the license in effect. Any 
planned actions involving an unreviewed safety question 

or a change in the technical specifications should be 
reviewed and approved in accordance with the require- 

1 

ments of 10 CFR 550.59. - J 

If major structural changes to radioactive components 
of the facility are planned, such as removal of the 
pressure v w l  or major cumponents of the primary 
system, a dismtlement plan includiig the information 
required by 550.82 should be submitted to the Cornmi* 
sion. A dismantlement plan should be submitted for all 
the alternatives of Regulatory Position C 2  except 
mothballing However, minor d i i m b l y  activities may 
still be performed in the absence of such a plan, 
provided they an permitted by existing o p t i n g  and 
maintenance procedures. A dismantlement plan should 
include the following: 

a. A description of the ultimate status of the facility 

b. A description of the dismantling activities and the 
pncautions to be taken. 

c. A safety analysis of the dismantling activities 
including any emuents which may be released. 

d. A Mfety a d y a  of the facility in its ultimate 
status. 

---. 
Upon satisfactory review and approval of the dir- 

mantling plan, a dismantling order is hued by the 
Commislion in accordance wlth 550.82. When dis- - J 

mantling is completed and the Conrmirtion has bem 
notified by letter, the appropriate Regulatory Opra- 
tions Regional O f f ~ e  inspects the facility and verifia 
completion in accordana with the dismantlement plan. 
If residual radiation levek do not excad the valua in 
Table 1, the Commission may terminate the licmr. If 
these level8 are exceeded, the licewe retains the 
poaession-only licmae under arhich the dismantling 
activities have baa conducted or, u m alternative, may 
make application to the State (if m Agreement State) 
for a byproduct matenah l i c a s ~  
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! TABLE I 

ACCEPI'ABLE SURFACE CONTAMINATION LEVEL5 

I .Where errface c o n ~ h o n  by both dphr and baia-gunmranlttlng nucbder exists, the M t r  eaUMvbod for alpha. d 

I 
beia-mmm+mttina nucklsl should apply ladopondmtly. 

i b ~ s  umd I. thb table, dpm (dklntcontlonr p a  minute) mernr tb. n t s  of smlrrion by ndtoscttm mrtsdrl u &Oamtaed by c a w  

1 the munts per mfnuts okevcd by M appro@* detsdex for btekpmund, e5cbney, and geanarlc facton &ted wtth the 
Lutmmentaiian 

1 CMeasurementa of avenge con(unuunt should not be ow? more thm 1 aqum mew. For o b ~ a  of iew d a a  .rs., the 
averap should be domed for each such obpct 

I C) - d~ muvnum cnntnmiuation have1 apphs t o m  area of not more thm 100 can2. 
bi-he amount of removable ndiorctive matoxid per 100 cn? of surf- .ru rhould be deternod by wipiq tbrt uu wth dry mier or 

1 soft abwrbent p.pcr, applying moderate pmum, md anssrmg the mount of ndiotctlvs material on the wipe vlth m appmpnntt 
uutrumcnt of known emdarcy. When movable mntnminnuon on cbkct~ of lcrr nulace w ia deiemunsd tbc pcmnent h b  

i should be reduced proportion& and ihe enme d u a  should be lwlpaL 

I 

Beta-gsmma emitters (nuclides 

I 
wrth decay modes other than alpha 
rrisslon or spontaneous fission) 
e x a p t  Sr-90 and others noted above. 

{ 

5000 dpm &I100 an2 15,000 dpm&/lW em2 1000 dpm &/I00 cm2 



Appendix 2 

! 
- 

. The DORF decommissioning tasks are divided into three phases: 

1 (1). ~Aactor fuel removal and shipment, (2) Facility decommissioning, and 

i 
(3) Preparation of building for alternate use and Post-decommissioning 
tasks. 

Phase I Tasks: Reactor Fuel Removal and Shipment 

Prepare decommissioning Plan. 
Obtain ERDA agreement to ship and dispose reactor fuel. 
Prepare fuel handling Safety Analysis Report (FHSAR). 
Obtain ARCHS approval of FHSAR. 
Negotiate rental of licensed shipping casks (either HDL or ERDA). 
Prepare Appendix A data, "Description of Specification Haterial 
and Designation of Processing Batch Size" and "Idaho Chemical 
Processing Plant Fuel Receipt Criteria", and send to ERDA, Idaho. 
Remove fuel elements, prepare for shipment. 
Transportation of fuel elements to ERDA, Idaho or to TRIGA 
reactor facilities. 

1 
j Phase I1 Tasks: Facility Decommissioning 

1. Prepare dismantlement plan. 
2. Obtain ARCHS approval of dismantlement plan. 
3. Establish acceptable surface contamination levels for release of 

premises for unrestricted use. 
4. Prepare specifications for dismantlement contract. 
5. Award dismantlement contract. 
6. Radioactive equipment and structure removal: 

Removal of core support structure 
Removal of pool lead shield doors 
Pool water discharge to sanitary sewer. (water analysis 
to assure within lOCFR2O limits) 
Removal of aluminum tank liner and activated concrete under 
the liner 
Removal of wood timber lining and concrete in exposure room 
and plug-door 
Removal of lead shield hoist and curtain in exposure room 
Activation analysis/dose rate measurements at bottom of pool 
and in the exposure room to assure acceptable residual con- 
tamination levels. 
Packaging of radioactive material for shipment to disposal site 
Removal of water treatment system and activated sections of 
exposure room air-conditioning ducts. 



7 .  Transfer  r e a c t o r  console  ins t rumenta t ion  and o t h e r  a n c i l l a r y  
equipment t o  t h e  Armed Forces Radio logica l  Research I n s t i t u t e  (AFRRI). 

8. Remove j i b  c rane  h o i s t .  

9. Remove machine shop equipment and 100 kW emergency g e n e r a t o r ,  --- -.- , - 

( t o  be surp lused  o r  t r a n s f e r r e d  t o  o t h e r  

10. Prepare procedures o r  d i s c r i p t i o n s  of method f o r  accomplishing 
t h e  d ismant l ing  t a sks  where applicab'le.  

11. Desc r ip t ion  of t h e  b i o l o g i c a l  s h i e l d  and e s t ima tes  of  t h e  
con ten t  and ex ten t  of induced r a d i o a c t i v i t y .  

12. Contamination con t ro l  : 

(1)  Dust c o l l e c t i o n  and a b s o l u t e  f i l t e r i n g  procedures.  
(2)  Resp i r a to r  and p r o t e c t i v e  c l o t h i n g  requirements.  
( 3 )  A i r  Sampling Procedures. 
(4)  Other Heal th Physics requirements o r  procedures.  

13. Removal of t h r e e  5000 g a l l o n  water  ho 

Phase 111 Prepara t ion  of Building f o r  A l t e r n a t e  Use &- - 
1. Pos t  decommissioning r a d i o a c t i v i t y  survey p r i o r  t o  cover ing/  

r e s u r f a c i n g  former a c t i v a t e d  a reas .  
2 .  Prepa ra t ion  of bu i ld ing  f o r  a l t e r n a t e  use: 

L- - 
a.  Dismantle concre te  parapet  t o  f l o o r  l e v e l .  

?$$ b. F i l l - i n  pool  ho le  and r e s u r f a c e  t o  bay f l o o r  l e v e l .  
c. F i l l - i n  l ead - sh ie ld  h o i s t  ho le  i n  exposure room and 

r 
r e s t o r e  f l o o r  t o  l e v e l  of entrance.  

d. Remodel and r e a c t i v a t e  a i r - cond i t ion ing  system. 
e. Remodel e l e c t r i c a l  d i s t r i b u t i o n  and sewer system where 

app l i cab le .  
f. Remove o f f i c e  and l abora to ry  t r a i l e r .  
g. Remove a l l  o t h e r  HDL equipment and f u r n i t u r e .  
h. Reconnection of sewer l i n e s  a t  hold-up tank a r e a ,  f i l l  

ho le  and relandscape.  

3. Pos t  decommissioning i n s p e c t i o n  by Independent Agency. 

4. Post  decommissioning I.G. Inspec t ion  and f i n a l  decommissioning 
r e p o r t .  



Appendix 111 

TRIGA Fuel Shipping Cask Analys is  

~ h c  s h i  he B a t t e l l e  

Memorial I n s t i t u t e  B M I - 1  cask and ano the r  cask  not y e t  determined. The 

B M I - I  c a s k  w i l l  be used t o  s h i p  t h e  s t anda rd  l e n g t h  DORF f u e l  elements .  

Another cask  must be used f o r  t h e  f u e l  fo l lower  c o n t r o l  rods (FFCR) and t h e  

thermocouple instrumented f u e l  e lements  (TCFE) because of t h e  l o n g e r  o v e r a l l  

l ength .  

This  appendix conta ins  the  BMI-1  c e r t i f i c a t e  of compliance and t h e  

cask s a f e t y  a n a l y s i s  a s  follows: 

1. C e r t i f i c a t e  of Compliance No. 5957, Revision 1, of the  B M I - 1  

sh ipp ing  package. 

2. S a f e t y  Analysis  Report f o r  shipment of  t h e  TRIGA f u e l  by t h e  

Un ive r s i ty  of Arizona. 

3.  Supplement No. 1 t o  r eques t  f o r  l i c e n s e  t o  t r a n s p o r t  i r r a d i a t e d  

TRIGA f u e l  i n  B M I - 1  Shipping Cask, June 1972. 

4.  Unive r s i ty  of Arizona TRIGA l o a d i n g - t o - c r i t i c a l  experiment. 

5. Summary of i n i t i a l  C r i t i c a l i t y  Experiment f o r  Torrey Pines TRIGA 

Mark I11 Reactor  S tar tup .  

6. Supplement No.1 t o  reques t  f o r  l i c e n s e  t o  t r anspor t  i r r a d i a t e d  

TRIGA f u e l  i n  B M I - 1  Shipping Cask, June 1973 (replacement pages 12 through 20 

t o  i tem 3 ) .  

7. Analys is  of She l l s  of Revolution Subjected t o  Symmetrical and 

Nonsymmetrical Loads. 

8. DORF reac ro r  s t a r t -up .  
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'f s 
, INTRODUCTION 

\. 

This r e p o r t  documents information of t h e  amount and type  of r a d i o a c t i v e  

ma te r i a l  t h a t  w i l l  be present  i n  t h e  s t r u c t u r e . a n d  bu i ld ing  of t h e  Diamond 

Ordnance Radia t ion  F a c i l i t y  a f t e r  removal of t h e  r e a c t o r  f u e l  i n  t h e  s p r i n g  

of 1978. Such information i s  requi red  f o r  decommissioning p lans  and must 

be supplied t o  t h e  Army Reactor Committee f o r  Heal th  and Sa fe ty  (ARCHS) 

p r i o r  t o  t h e i r  approval  of such plans.  The information i s  a l s o  needed by 

t h e  waste-disposal  a r e a  d i r e c t o r a t e  who must budget f o r  s p e c i f i c  volumes and 

r ad ioac t ive  l e v e l s .  F i n a l l y ,  t h e  i s o t o p i c  composition of t h e  r a d i o a c t i v e  

waste i s  necessary  f o r  l abe l ing  con ta ine r s  a t  t h e  time of shipment. 

The f i r s t  s e c t i o n  of t h i s  r epor t  i s  a  summary f o r  those  who need on ly  

t h e  f i n a l  r e s u l t s  on type,  l o c a t i o n  and amount of r e s i d u a l  r a d i o a c t i v i t y .  

Sect ion two d e s c r i b e s  t h e  i n v e s t i g a t i v e  procedtires,  d i scusses  t h e  p o s s i b l e  

sources of r a d i o x t i v i t y  and t h e  p r o p e r t i e s  of t h e  r a d i o a c t i v e  i s o t o p e s  

found. Graphs of i s o t o p i c  ana lyses  and c a l c u l a t i o n s ,  which conver t  d e t e c t o r  

response t o  s p e c i f i c  a c t i v i t i e s ,  a r e  included i n  t h i s  secc ion .  The second 

sec t ion  a l s o  provides  t h e  d e t a i l e d  c a l c u l a t i o n s  of volumes, weights and t o t a l  

r a d i o a c t i v i t y  i n  t h e  va r ious  sec t ions  of DORF. The f i n a l  s e c t i o n  c o n t a i n s  

recommendations based on th ings  discovered dur ing  t h i s  s tudy.  

S W R Y  

The r a d i o a c t i v i t y  t h a t  w i l l  remain a t  DORF a f t e r  t h e  f u e l  removal i n  t h e  

spr ing  of 1978 has  been c a r e f u l l y  es t imated  based on c r i t e r i a ,  measurements and 

necessary assumptions documented i n  t h i s  r e p o r t .  A concise  summary of t h a t  

r a d i o a c t i v i t y  i s  given i n  Table I. The most predominant r a d i o a c t i v e  i s o t o p e s  

i n  t h e  concre te  a r e  cobalt-60 and europium-152 and -154. The most predominant 

m 
i so topes  i n  lead  a r e  antimony-124 and s i lver -110 . The wood and s t e e l  (mainly 

i n  t h e  lead-shield h o i s t )  a r e  not  very  r a d i o a c t i v e  and easy t o  d i spose  o f .  The 

aluminum i t s e l f  is almost non-radioact ive but  t h e r e  i s  a r a d i o a c t i v e  Phenoline 



l i n e r  which tends t o  s t i c k  t o  t h e  aluminum. Its r a d i o a c t i v i t y  comes from 

cobalt-60 and zinc-65. A l l  of these  r e a d i o a c t i v e  i s o t o p e s  have h a l f - l i v e s  

i n  excess  of 60 days. 

l / ~ h i s  r ep resen t s  a summation of t h e  v a l u e s  given i n  Table X.  ~ 

11 TABLE I. Summar!? of t o t a l  r a d i o a c t i v i t y  t o  be  expected from m a t e r i a l s  
i n  t h e  DORF s t r u c t u r e  a f t e r  c o r e  removal. I - 

Mass 
Mate r i a l  

CONCRETE 

(If whole p l u g  
door included).  

LEAD 

ALUMINUM 

WOOD 

STEEL 

- 

GRAND 

TOTAL 

Volume 
( l b s )  

82,170 

(170,050) 

55,753 

2,288 

34,944 

2,662 

177,817 l b s  ' 

R a d i o a c t i v i t y  

- 1  1. --- 1 

( f t 3 )  

412 

(850) 

112 

1 5  

1344 

5.5 

1889 f t 3  

(89 tons)  ! I 

( m i l l i c u r i e s )  

36.24 

(36.24) 

13.34 

I 

75.71 

0.33 
I 

0.03 

I 
I 

I 
! 0.126. Cur i e s  



5 .  

IDENTIFICATION OF THE RADIOACTIVITY 

Iso tope  I d e n t i f i c a t i o n ;  

The p r i n c i p a l  method of i d e n t i f i c a t i o n  was gamma-radiation spectroscopy 

wi th  a germanium l i t h ium-dr i f t ed  d e t e c t o r ,  o r  Ge(Li) c r y s t a l .  The c r y s t a l  

is housed i n s i d e  a very  low-act ivi ty- lead cave l i n e d  wi th  wood. Numerous 

background analyses  confirm t h a t  f o r  photons wi th  ene rg ie s  g r e a t e r  than  

140 keV, samples wi th  low a c t i v i t i e s  (two t o  t h r e e  t imes background) can be 

success fu l ly  analyzed f o r  s p e c i f i c  photon ene rg ie s .  A p l o t  of a multichannel 

analyzer  spectrum of t h e  background i s  given i n  Fig. 1. The p r i n c i p a l  higher  

energy peaks i n  t h e  background spectrum a r e  t h e  511-keV 'gammas a s soc ia t ed  

wi th  a n n i h i l a t i o n  r a d i a t i o n  and t h e  1461~keV peak from 4 0 ~ ,  a r a d i o a c t i v e  

i so tope  which is found n a t u r a l l y  i n  almost a l l  "non-radioactive".materials. 

The method of ana lyses  provides f o r  very  good r e s o l u t i o n  of t h e  photon 

ene rg ie s  i n  t h e  range 140 k e V t o  2500 keV a t  approximately 9.7 keV per  

channel of 256 t o t a l  channels.  The e l e c t r o n i c  equipment i s  s u f f i c i e n t l y  

s t a b l e  over counting per iods  of 50,000 seconds permit energy assignment 

wi th in  two percent .  Graphs of t h e  gamma s p e c t r a  of t h e  v a r i o u s  m a t e r i a l s  

i nves t iga t ed  a r e  shown. (See Fig .  2 through 5 ) .  

The method does n o t  provide f o r  t h e  u l t ima te  i n  accuracy f o r  determining 

s p e c i f i c  a c t i v i t y .  The c r y s t a l  e f f i c i e n c y  ( d i s i n t e g r a t t o n s  per  count a s  a 

func t ion  of energy) can only be  accura t e ly  assigned f o r  a well-defined 

'geometry. The samples i n  t h e  present  s i t u a t i o n  v a r i e d  i n  s i z e a n d  shape. 

Therefore,  they were suspended above t h e  c r y s t a l  so t h a t  t h e i r  c e n t e r s  of 

mass were approximately t h r e e  cent imeters  from t h e  a c t i v e  volume of t h e  



de tec to r  and e f f i c i e n c i e s  were determined w i t h  c a l i b r a t e d  po in t  sou rces .  

The e r ro r  a s soc ia t ed  w i t h  t h i s  procedure is es t imated  t o  6 e  no g r e a t e r  than  

SO%, based on a volume i n t e g r a t i o n  of point-source response  a t  p o i n t s  i n  

space r ep resen ta t ive  of t h e  sample s i z e .  For t h e  t a s k  a t  hand such accuracy 

is s u f f i c i e n t  . 

Rat ional  of Sample S e l e c t i o n  

The job was t o  i d e n t i f y  t h e  r ad ioac t ive  content  and q u a n t i t y  of m a t e r i a l s  

t h a t  w i l l  have t o  be removed from t h e  DORF site s o  t h a t  i t  can  be c e r t i f i e d ,  

by post-decommissioning r a d i o a c t i v e  survey, a s  an u n r e s t r i c t e d  a r e a  f o r  

poss ib l e  publ ic  use.  Th i s  survey,  t o  be  conducted by t h e  Army Environmental 

Heal th Agency (AEHA), must be  accomplished p r i o r  t o  any f i l l i n g ,  s e a l i n g  o r  

burying a c t i v i t i e s .  Th i s  presented two problems. How can we i d e n t i f y  t h e  

r a d i o a c t i v i t y  i n  p r e s e n t l y  inaccess ib l e  a r e a s ,  such a s  below t h e  r e a c t o r  

pool ,  before t h e  r e a c t o r  f u e l  and h igher- leve l  r a d i o a c t i v e  s t r u c t u r e s  have 

been removed? L3at amount of m a t e r i a l  w i l l  have t o  be removed from w a l l s  

and f l o o r s  t o  reach an acceptable  AEHA l e v e l ?  

The f i r s t  problem was a t tacked as fol lows.  Represen ta t ive  samples of 

a l l  t h e  m a t e r i a l  types  a r e  a c c e s s i b l e  i n  t h e  exposure-room a r e a .  Because 

of t h e  s i g n i f i c a n t l y  l a r g e r  thermal-neutron c r o s s  s e c t i o n s  of m a t e r i a l s  

and t h e  f a c t  t h a t  t h e  DORF-TRIGA r e a c t o r  i s  zirconium-hydride moderated and 

water-cooled r e a c t o r ,  t h e  thermal component of t h e  spectrum i s  t h e  dominate 

source  of induced r a d i o a c t i v i t y .  A s  w i l l  be d iscussed  l a t e r ,  t h e  predominance 

of r ad ioac t ive  europium confirms t h i s .  Therefore,  i s o t o p i c  ana lyzes  of 

exposure room samples a r e  r e p r e s e n t a t i v e  of t hose  i n  p r e s e n t l y  i n a c c e s s i b l e  



'' , 

a reas .  Furthermore, w i th  f a c i l i t y  dosimetry da ta  f o r  t h e  va r ious  l o c a t i o n s ,  

we can e s t i m a t e  t h e  r e s i d u a l  r a d i o a c t i v i t y  i n  remoce l o c a t i o n s  wi th  s i g n i f i -  

, c a n t l y  d i f f e r e n t  f l u x  exposure l eve l s .  

The second problem of  how much ma 

because we do not  have good guidance on the.amount of  r a d i o a c t i v i t y  i n  

volume t h a t  can remain. NRC Regulation 1.86, the  c u r r e n t  guide,  c l e a r l y  

s p e c i f i e s  l e v e l s  f o r  removal sur face  contamination but  i s ,  a t  b e s t ,  vague 

on volume ac t i ' v i ty  and how t o  de tec t  i t .  The c r i t e r i a  s e t  f o r  khe a n a l y s i s  

i n  t h i s  r e p o r t  a r e  a s  fol lows:  

(1) Once t h e  r e a c t o r  support s t r u c t u r e  has been removed t h e r e  w i l l  be 

no h igh- leve l  r a d i o a c t i v e  waste remaining i n  the  DORF s t r u c t u r e .  Our 

analyses confirm t h i s .  

(2)  Based on e x i s t i n g  allowable concent ra t ions  of r a d i o a c t i v e  m a t e r i a l s  

i n  water and a  s p e c i f i c  a c t i v i t y  propor t ional  t o  m a t e r i a l  d e n s i t y ,  we can set 

-5 
an al lowable s p e c i f i c  a c t i v i t ;  of 2  x  10 microcur ies  per  gram a s  t h e  maximum 

permiss ib le  concen t ra t ion  of  radionucl ides i n  water  when i t  i s  known t h a t  

S r  90, 1129, ( I  124, I 126, 1 1 3 1 ,  Table I1 on ly ) ,  Pb 210, Ra 226, Ra 228, * .  
Cm 248, and Cf 254 a r e  not  present .  Since t h e  d e n s i t y  of water  i s  one g/cm 3 

3 3  -5 . 3 
and the re  a r e  28317 cm / f t  , 2 x  10 & l / g  corresponds t o  0.57 pCi / f t  of water.  

(3)  It i s  assumed t h a t  t h e  r a d i o a c t i v i t y  i s  d i s t r i b u t e d  i n  t h e  m a t e r i a l  

t o  be removed i n  p ropor t ion  t o  the inc iden t  thermal f luence  (f lux-t ime product )  

and a t t enua ted  exponen t i a l ly  according t o  thermal-neutron r e l a x a t i o n  l eng ths ,  

( i .e . ,  the  i n v e r s e  of microscopic removal c ross  s e c t i o n s  f o r  broad beams). 

H a l f - l i f e  decay i s  taken i n t o  cons idera t ion  f o r  the  period u n t i l  sp r ing  1978. There- 

f o r e ,  t h e  depth of m a t e r i a l  t o  be removed, D i n  cen t ime te r s ,  i s  determined 

2. 

10 CERZO, no te  t o  Appendix B 
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by r e l a t i v e  f l u e n c e  l e v e l  a t  t h e  s u r f a c e ,  @ / @ O ,  and 

3 
where A i s  t h e  a c t i v i t y  i n  p C i / f t  es t imated  from t h i s  study. The v a l u e s  

of r e l a x a t i o n  l e n g t h  a r e  given i n  Table 11. 

I 
i TABLE 11. Mate r i a l  d e n s i t i e s  and r e l a x a t i o n  l e n g t h s ,  L I 
i ~~ ~ ~~ 

i- 
Mate r i a l  - Density Relaxat ion  Length 

Concrete  

Lead 

Wood 0.42 g/cm3 

Measured R a d i o a c t i v i t y  

Samples taken from t h e  DORF exposure room were concre te ,  wood, aluminum, 

lead and a ta r -paper- l ike  l i n e r  i n s t a l l e d  between t h e  aluminum pool t ank  and 

t h e  concre te  pool  base .  Although t h e  aluminum i t s e l f  has  very  l i t t l e  r e s i d c a l  

r a d i o a c t i v i t y  ( l e s s  than  8 x 1 0 - ~ p ~ i / ~ m  f o r  t h e  s e c t i o n s  counted) ,  t h e  

Phenoline paper i . . ,  t h e  tar-paper l i n e r )  has  t h e  h ighes t  s p e c i f i c  a c t i v i t y  

of a l l  t h e  m a t e r i a l s  examined. Since t h i s  l i n e r  t ends  t o  s t i c k  t o  t h e  aluminum, 

f o r  a l l  p r a c t i c a l  purposes t h e  aluminum tank e x h i b i t s  t h i s  ac t - iv i ty .  

Tables I V  through I X  g ive  a  breakdown of t h e  i s o t o p i c  composition of t h e  

r a d i o a c t i v i t y  i n  t h e  va r ious  samples. Tables  I V  and V a r e  composed of s e v e r a l  

add i t iona l  pages t h a t  s e rve  a s  d e t a i l e d  examples of t h e  methods of ana lyses  

and a r e  s e l f  explanatory  when reference  i s  made t o  t h e  graphs of t h e  mult ichannel-  

analyzer ou tpu t .  F igs .  1 through 5 a r e  t h e  mult ichannel-analyzer  gamma s p e c t r a  

f o r  t h e  v a r i o u s  types  of samples. The energy of t h e  photopeaks i s  r e l a t e d  t o  



9; 
TABLE 111. GAMMA SPECIFIC ACTIVITY AWD THE NUMBER OF MICROCURIES PER UNIT OF 

MATERIAL FOR VARIOUS IiADIOACTIVE MATERIALS FROM THE DORF EXPOSURE ROOM 

Type of  
Mate r i a l  'Docat ion i n  Exposure Room 

S p e c i f i c  A c t i v i t y  A c t i v i t y  pe r  u n i t  
(d/s .g)  of  m a t e r i a l  

1. PHENOLINE PAPER On aluminum tank near  exposure room 63 6 3.6 w i / s q  f t  
end of pool 

2. CONCRETE 

3. CONCRETE 

4 .  LEAD 

5.  LEAD 

From f r o n t  p a r t  of room about  
4 f e e t  from r e a c t o r  

Very near  r e a c t o r  a t  exposure room 
end of tank 

From c u r t a i n  above t h e  movable l ead  72 0.62 pCi/lb 
s h i e l d  

From b r i c k  i n  middle of  t h e  movable 2 05 
l ead  s h i e l d  

6. WOOD From very  near  r e a c t o r  and concre te  1.3 0.40 l i ~ i / f  t3 
sample #3 ,  above, 

Jx 
From gross  be ta  p lus  gamma ana lyses ,  t h e  beta-to-gamma a c t i v i t y  of  a l l  t hese  d i f f e r e n t  m a t e r i a l s  i s  
approximately 1.8. 



s p e c t r a  f o r  the  var ious  types of  samples. The energy of t h e  photopeaks 

is r e l a t e d  t o  s t a r t  the  channel number ( abc i s sa )  by t h e  fo l lowing equat ion:  

E(keV) = (channel +2.5) x 9.69 2 2 %  

For c l a r i f i c a t i o n ,  the  gamma-ray peaks a r e  i n d e n t i f i e d  by i s o t o p e  and t h e i r  

energ ies  i n  keV (and i n  p a r e n t h s i s )  a r e  given f o r  most of t h e  peaks. 

The s p e c i f i c  a c t i v i t y  (d/s.g) f o r  each measured sample i s  compared 

i n  Table 111. This t a b l e  a l s o  provides  t h e  number of microcur ies  pe r  

u n i t  most p r a c t i c a l  f o r  t h a t  type of  ma te r i a l .  This latter informat ion  is  

used i n  Table X t o  determine the  t o t a l  r a d i o a c t i v i t y  i n  the  voiumes of  

r a d i o a c t i v e  ma te r i a l s  a t  DORF. 
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CONCLUSIONS & RECOMMENDATIONS 

The p r i n c i p a l  conclus ion  from t h i s  s tudy i s  t h a t  once t h e  r e a c t o r - g r i d  

support s t r u c t u r e  has  been removed t h e r e  i s  ve ry  l i t t l e  r a d i o a c t i v i t y  re- 

maining a t  DORF. Unfortunately the  l e v e l s  a r e  d e f i n i t e l y  above background, 

but  only  by f a c t o r s  of s e v e r a l  hundred, and t h e  r a d i o a c t i v i t y  i s  mainly 

d i s t r i b u t e d  throughout concre te  wa l l s  and f l o o r s .  Deep excavat ions w i l l  

not  be necessary. However, t h i s  i s  of l i t t l e  consequence i f  one s t i l l  has  t o  

remove s e v e r a l  i nch - th i ck  l aye r s  from l a r g e  areas .  This i s  t h e  s i t u a t i o n  

i n  the  exposure room. I n  f a c t ,  t h e  exposure-room decontamination i s  by 

f a r  the  major problem and s e v e r a l  poss ib l e  methods of a t t a c k  come t o  mind. 

(1) Excavate and remove the  t h r e e  5000-gallon waste-water hold ing  tanks ,  

c u t  o f f  p a r t  of  t h e  tops  a ~ d  use them a s  sh ipping  con ta ine r s  f o r  t h e  rad io-  

a c t i v e  debr i s  from DORF. For example, the  wood has  s u f f e r e d  r a d i a t i o n  

damage and d ry  r o t  s o  t h a t  i t  crumbles r a t h e r  e a s i l y .  It i s  a b ig  volume 

3 (1200 f t  ) but  r e l a t i v e l y  l i g h t  i n  weight s o  i t  can  e a s i l y  be tossed  o r  

shoveled i n t o  t h e  tanks and they could then be c l o s u r e  welded f o r  shipment. 

There w i l l  a l s o  be much d u s t ,  d i r t ,  paper and smal l  concre te  ch ips  of 

r ad ioac t ive  waste ,  a l l  of which could be put  i n t o  t h e  tanks. 

( 2 )  Mechanically c u t ,  DO NOT CUT WITH A TORCH, the  alminum because of 

the  r a d i o a c t i v e  " tar-paper"  l i n e r  which could e a s i l y  ca t ch  on f i r e  and 

produce contaminated smoke. However by r e fe rence  t o  t h e  excavat ion-of-  

concrete  d e t a i l s  i n  t h i s  r e p o r t ,  t h e  p laces  where t h e  aluminum l i n e r  x i 1 1  

be radioactive a r e  e a s i l y  i d e n t i f i e d .  It does not  appear t h a t  t h e  l i n e r  

w i l l  produce a  problem i n  o the r  than these  a reas .  



(3) Thought should be given t o  t h e  p o s s i b i l i t y  of  t r a n s f e r r i n g  some 

of the  lead  t o  AFRRI o r  APW because i t s  r a d i o a c t i v i t y  i s  r e a l l y  not  a 

s e r ious  hazard and t h e s e  f a c i l i t i e s  need i t  f o r  s h i e l d i n g  i n  neutron f i e l d s .  

This could save a few d o l l a r s  on t r a n s p o r t a t i o n  and d i s p o s a l  cos t s .  

(4) Survey a c t i v i t i e s  a r e  going t o  be a problem because t h e r e  j u s t  

i s n ' t  much a c t i v i t y  t o  survey r i g h t  now. For example, depending on what i s  

going t o  be done wi th  t h e  exposure room, i t  may not  be necessary  t o  excavate 

concre te  from t h e  r e a r  wa l l  of  t h e  room. I n  any even t ,  thought should be 

given t o  how much t h e  survey reading "from t h e  r e a r  wa l l  only", before  

excavation, must be decreased by ma te r i a l  removal t o  provide  a n  "acceptable" 

prudent t o  be p r a c t i c a l  about  s e a 1 i n g . u ~  o r  burying ve ry  smal l ,  bu t  d e t e c t a b l e ,  

amounts of r a d i o a c t i v i t y .  

(5) Almost a l l  of t h e  ma te r i a l s  e x h i b i t  one o r  two predominant and 

c h a r a c t e r i s t i c  photopeaks. Therefore, survey a c t i v i t i e s  could be determined 

by a sodium-iodide s c i n t i l l a t i o n  de tec to r .  It i s  suggested t h a t  a po r t ab le  

de t ec to r  wi th  a 3 /4- inch- th ick  c y l i n d r i c a l  l ead  s h i e l d  around t h e  s i d e s  

would be p r a c t i c a l .  Ca l ib ra t ion  could be accomplished i n  a c r u d e ,  but  

adequate,  manner by measuring the response of a v a r i e t y  of  sources sitiiul- 

taneously pos i t ioned  over  a square-meter p lane  a r e a  behind about  1/4-inch 

th i ck  aluminum. This  approximates t h e  fol lowing s i t u a t i o n .  The dose r a t e  

t o  t i s s u e  i n  r ads  pe r  hour i n  an i n f i n i t e  medium, of  d e n s i t y  p, uniformly 

contaminated by a gamma emi t t e r ,  of energy E (MeV), i s  

2.12 E C / p  



3 where C i s  i n  microcuries  pe r  cm . A t  the  su r face ,  t h e  dose r a t e  i s  

survey i s  an  adequate r e p r e s e n t a t i o n  of the  su r face  r a t e .  By then  surveying 

centimeter ,  one can e s t i m a t e  the  r ads  per  hour e f f i c i e n c y  of t h e  

s c i n t i l l a t i o n  de tec to r .  A v a r i e t y  of sources,  r e spos i t ioned  should be 

used and the  r e s u l t s  averaged. 




