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INTRODUCTION 

This report  documents information of the amount and type of radioactive 

material  tha t  w i l l  be present i n  the s t ruc ture  and building of the  Diamond 

Ordnance Radiation Fac i l i t y  a f t e r  removal of the  reactor  f u e l  i n  the  spring 

of 1978. Such information i s  required fo r  decommissioning plans and must 

be supplied t o  t he  Army Reactor Committee for  Health and Safety (ARCHS) 

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

the waste-disposal a rea  directorate  who must budget f o r  spec i f ic  volumes and 

radioactive leve ls .  Final ly ,  the isotopic composition of the  radioactive 

waste i s  necessary f o r  labeling containers a t  the time of shipment. 

The f i r s t  sect ion of t h i s  report is a summary f o r  those who need only 

the f i n a l  r e s u l t s  on type, location and amount of res idual  radioact ivi ty .  

Section two describes the  invest igat ive procedures, discusses the possible 

sources of r ad ioac t iv i ty  and the properties of the  radioactive isotopes 

found. Graphs of i so top ic  analyses and calculat ions ,  which convert detector 

response t o  spec i f i c  a c t i v i t i e s ,  a r e  included i n  t h i s  section.  The second 

section also provides the detailed calculat ions  of volumes, weights and to ta l  

radioact ivi ty  i n  t he  various sections of DORF. The f i n a l  section contains 

recommendations based on things discovered during t h i s  study. 

SUMMARY 

The rad ioac t iv i ty  t ha t  w i l l  remain a t  DORF a f t e r  the  fue l  removal i n  the  

spring of 1978 has been careful ly  estimated based on c r i t e r i a ,  measurements and 

necessary assumptions documented i n  t h i s  report .  A concise summary of t ha t  

rad ioac t iv i ty  i s  given i n  Table I. The most predominant radioactive isotopes 

i n  the  concrete a r e  cobalt-60 and europium-152 and -154. The most predominant 

isotopes i n  lead a r e  antimony-124 and silver-110' . The wood and s t e e l  (mainly 

i n  the lead-shield ho i s t )  a r e  not very radioactive and a r e  easy t o  dispose of. The 

aluminum i t s e l f  i s  almost non-radioactive but there  i s  a radioactive Phenoline 



l i n e r  which t ends  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 t hese  r 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. 

I/ TABLE I. Summary 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  core  removal. 

1 LEAD 1 55,753 1 112 I 13.34 i 

Mate r i a l  

CONCRETE 

/ ( I f  whole plug 
/ door inc luded) .  
i I 

ALUMINUM 1 2,288 ! 75.71 

(850) 

MOOD i 34,944 j 1344 I 0.33 I 

Mass 
( I b s )  

82,170 

I STEEL 2,662 1 5.5 I I 0.03 I 
2 7 , 8 1 7  1 8 f t 3  1 0.126 Cur ies  ' 

1 (89 tons)  I 

-- i 

Volume 
( f t 3 )  

412 

 his r e p r e s e n t s  a summation of t h e  va lues  given i n  Table X. 

R a d i o a c t i v i t y  
( m i l l i c u r i e s )  

36.24 I 



IDENTIFICATION OF THE RADIOACTIVITY 

Isotope  identification^ 

The pr incipal  method of iden t i f ica t ion  was gamma-radiation spectroscopy 

with a germanium li thium-drifted detector ,  or  Ge(Li) c rys t a l .  The c rys ta l  

i s  housed ins ide  a very low-activity-lead cave l ined with wood. Numerous 

background analyses confirm that  f o r  photons with energies greater  than 

140 keV, samples with low a c t i v i t i e s  (two to  three times background) can be 

successfully analyzed f o r  specif ic  photon energies. A plo t  of a multichannel 

analyzer spectrum of the  background is given i n  Fig. 1. The pr incipal  higher 

energy peaks i n  the background spectrum a r e  the  511-keV gammas associated 

with annihi la t ion rad ia t ion  and the 1461-keV peak from 4 0 ~ ,  a radioactive 

isotope which is found na tura l ly  i n  almost a l l  %on-radioactive" mater ia ls .  

The method of analyses provides f o r  very good resolution of t he  photon 

energies i n  t he  range 140 keV t o  2500 IceV a t  approximately 9.7 keV per 

channel of 256 t o t a l  channels. The electronic  equipment i s  su f f i c i en t ly  

s t ab l e  over counting periods of 50,000 seconds t o  permit energy assignment 

within two percent. Graphs of the gamma spectra of the  various mater ia ls  

investigated a r e  shown. (See Fig. 2 through 5 ) .  

The method does not provide f o ~  the ult imate i n  accuracy for  determining 

spec i f ic  ac t iv i ty .  The c rys t a l  eff ic iency (dis integrat ions  per count a s  a 

function of energy) can only be accurately assigned for  a well-defined 

geometry. The samples i n  t he  present s i t ua t ion  varied i n  s i z e  and shape, 

Therefore, they were suspended above the c rys t a l  so tha t  t h e i r  centers of 

mass were approximately th ree  centimeters from the ac t ive  volume of the 



detector and e f f ic ienc ies  were determined with cal ibrated point sources. 

The e r ror  associated with t h i s  procedure is estimated t o  6e no grea te r  than 

SO%, based on a volume integration of point-source response a t  po in ts  i n  

space representat ive of the  sample s ize .  For the  task a t  hand such accuracy 

is suf f i c i e  

Rational of Sample Selection 

The job was t o  ident i fy  the  radioactive content and quanti ty of mater ia ls  

tha t  w i l l  have t o  be removed from the DORF s i t e  so that  i t  can be c e r t i f i e d ,  

by post-decommissioning radioactive survey, a s  an unrestr ic ted area f o r  

possible public use. This survey, t o  be conducted by the Army Environmental 

Health Agency (AEHA), must be accomplished pr ior  t o  any f i l l i n g ,  seal ing o r  

burying a c t i v i t i e s .  This presented two problems. How can we iden t i fy  the  

rad ioac t iv i ty  i n  presently inaccessible areas ,  such a s  below the reactor  

pool, before t h e  reactor  fue l  and higher-level radioactive s t ruc tures  have 

been removed? What amount of material  w i l l  have t o  be removed from wal ls  

and f loo r s  t o  reach an acceptable AEHA leve l?  

The f i r s t  problem was attacked a s  follows. Representative samples of 

a l l  the  mater ia l  types a r e  accessible i n  the  exposure-room area. Because 

of the s ign i f i can t ly  larger thermal-neutron cross sections of mater ia ls  

and the f a c t  t h a t  the DORF-TRIGA reactor  i s  zirconium-hydride moderated and 

water-cooled reac tor ,  the  thermal component of the spectrum is the dominate 

source of induced radioact ivi ty .  A s  w i l l  be discussed l a t e r ,  t he  predominance 

of radioact ive europimn confirms this. Therefore, isotopic  analyzes of 

exposure room samples a r e  representat ive of those i n  presently inaccessible 



areas .  Furthermore, with f a c i l i t y  dosimetry d a t a  f o r  the  various 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  remote 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 m a t e r i a l  t o  remove i s  more complex 

because w e  do no t  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, t h e  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 su r face  contamination but  i s ,  a t  b e s t ,  vague 

on volume a c t i v i t y  and how t o  d e t e c t  it .  The c r i t e r i a  s e t  f o r  the  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- level  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  al lowable concent ra t ions  of r ad ioac t ive  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  p ropor t iona l  t o  ma te r i a l  dens i ty ,  we  can se t  

-5 . an a l lowable  s p e c i f i c  a c t i v i t y  of 2  x  10 microcuries  pe r  gram a s  t h e  maximum 

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

Sr  90, I 1 2 9 , ( I  125, I 126, 1 1 3 1 ,  Table I1 on ly ) ,  Pb 210, Ra 226, Ra  228, * 
CD 248, and Cf 254 a r e  not present.  Since the  d e n s i t y  o f  water i s  one g/cm 3 

3 3  3  and t h e r e  a r e  28317 cm / f t  , 2 x 1 0 - ~ p C i / ~  corresponds t o  0.57 K i / 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  propor t ion  t o  the inc iden t  thermal f luence  (f lux-t ime product)  

and a t t e n u a t e d  exponent ia l ly  according t o  thermal-neutron r e l a x a t i o n  l eng ths ,  

( i . .  t h e  i n v e r s e  of microscopic removal c ross  sec t ions  f o r  broad beams). 

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

fore.,, t h e  depth  of m a t e r i a l  t o  be removed, D i n  cent imeters ,  is determined 

* 
10 CFR20, no te  t o  Appendix B 



by relative fluence level at the surface, , and 

$14, x A 
D = L l n  

o.57pci/ft3 (1) 

3 where A is the activity in pCi/ft estimated from this study. The values 

of relaxation length are given in Table 11. 

Measured Radioactivity 

Samples taken from the DORF exposure room were concrete, wood, aluminum, 

lead and a tar-paper-like liner installed between the aluminum pool tank and 

the concrete pool base. Although the aluminum itself has very little residual 

-6 radioactivity (less than 8 x 10 pCi/gm for the sections counted), the 

Phenoline paper i.., the tar-paper liner) has the highest specific activity 

of all the materials examined. Since this liner tends to stick to the aluminum, 

for all practical purposes the aluminum tank exhibits this activity. 

Tables IV through IX give a breakdown of the isotopic composition of the 

radioactivity in the various samples. Tables IV and V are composed of several 

additional pages that serve as detailed examples of the methods of analyses 

and are self explanatory when reference is made to the graphs of the multichannel- 

analyzer output. Figs. 1 through 5 are the multichannel-analyzer gamma spectra 

for the various types of samples. The energy of the photopeaks is related to 

~- ~~p 

i TABLE 11. Material densities and relaxation lengths, L 

I 
Material -I Density 

Concrete 2.35 g/cm 3 

11.0 g/cm3 Lead 
I 
1 Wood 0.42 g/cm3 

--- 

Relaxation Length 

1.6 cm I 
I 

4.2 cm :a> ' . 

2.9 cm 1 



X 
TABLE 111. GAMMA SPECIFIC ACTIVITY AND THE NUMBER OF MICROCURIES PER UNIT OF 

MATERIAL FOR VARIOUS RADIOACTIVE MATERIALS FROM THE DORF EXPOSURE ROOM 

Type o f  
Mate r i a l  Locat 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  per  u n i t  
(d1s.g) of m a t e r i a l  

1. PHENOLINE PAPER On aluminum tank near  exposure room 
end of pool 

2. CONCRETE 

3. CONCRETE 

u 

4. LEAD 

5. LEAD 

6. WOOD 

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  

3 
Very near  r e a c t o r  a t  exposure room 141 252 W i / f t  
end of tank  

From c u r t a i n  above t h e  movable l e a d  
s h i e l d  

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

From ve ry  near  r e a c t o r  and conc re t e  1.3 
sample #3, above. 

f< 
From gross  b e t a  p l u s  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 

i s  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 equation: 

~ ( k e ~ )  = (channel 4-2.5) x 9.69 2 2 %  

For c l a r i f i c a t i o n ,  t h e  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  

ene rg ie s  i n  keV (and i n  pa ren rhs 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  per  

u n i t  most p r a c r i c a l  f o r  t h a t  type of ma te r i a l .  This l a t t e r  information i s  

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  t h e  volumes of  

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

The p r i n c i p a l  conclusion from t h i s  s tudy i s  t h a t  once t h e  r eac to r -g r id  
! 

support s t r u c t u r e  has been removed the re  is very  l i t t l e  r a d i o a c t i v i t y  r e -  

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 seve ra 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 excavations 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  inch- th ick  l a y e r s  from l a r g e  areas .  This i s  the  s i t u a t i o n  

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

f a r  the  major problem and seve ra l  poss ib le  methods of a t t a c k  come t o  mind. 

(1) Excavate and remove t h e  three  5000-gallon waste-water holding tanks ,  

c u t  o f f  p a r t  o f  the  tops and use them a s  shipping con ta ine r s  f o r  t h e  radio-  

a c t i v e  d e b r i s  from DORF. For example, t he  wood has su f fe red  r a d i a t i o n  

damage and d r y  r o t  so  t h a t  i t  crumbles r a t h e r  e a s i l y .  It i s  a big volume 

3 (1200 f t  ) bu t  r e l a t i v e l y  l i g h r  i n  weight so  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 losu re  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 small concre te  chips 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  aluminum 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  c a t c h  on f i r e  and 

i produce contaminated smoke. However by r e fe rence  t o  t h e  excavation-of- 
i 

concre te  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  w i l l  j 

i be r a d i o a c t i v e  a r e  e a s i l y  i d e n t i f i e d .  It does no t  appear t h a t  the  l i n e r  

w i l l  produce a problem i n  o ther  than these  areas .  

i 



(3)  Thought should be given t o  the  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  APRF 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 anspor t a t ion  and d i sposa 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 is 

going t o  be  done w i t h  t h e  exposure room, i t  may no t  be  necessary t o  excavate 

concrete from t h e  r e a r  wa l l  of the  room. I n  any event ,  thought should be 

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

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

survey l eve l .  I n  view of t h e  expense t o  breakup and s h i p  concre te ,  it i s  

prudent t o  be  p r a c t i c a l  about  s e a l i n g  up o r ' bu ry ing  very  small ,  but de tec tab le ,  

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 .  I t  is suggested t h a t  a po r t ab le  

d e t e c t o r  with a 3/4-inch-thick 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 crude, but 

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

taneously pos i t ioned over  a square-meter p lane  a r e a  behind about 114-inch 

t h i c k  aluminum. This  approximates the  following 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 ganana emi t t e r ,  of energy E (MeV), is 



3 here C is in microcuries per cm . At the surface, the dose rate is 
about one half of this and for air a one-centimeter-from-the-surface 

survey is an adequate representation of the surface rate. By then surveying 

2 the "calibration setup at one meter" and correcting for 1/R to one 

centimeter, one can estimate the rads per hour efficiency of the 

scintillation detector. A variety of sources, repositioned should be 

used and the results averaged. 


