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1. PROGRAM DESCRIPTION 
6 3 Approximately 12x10 f t  of defense TRU wastes are in storage or burial 

a t  various DOE installations, principally a t  the Idaho National Engineering 
Laboratory (INEL), Hanford, and the Savannah River Plant. (Continued waste 

5 3 generation rates of 2x10 f t  /yr are estimated.) These wastes will ultimately 
be moved and placed into a geologic repository for disposal. While there i s  
some question as to whether existing TRU wastes will be disposed i n  their  
current form or f i r s t  undergo some additional volume reduction process, i t  i s  
evident that volume reduction will be required for future TRU wastes. Since 

the bul k of these wastes consists of contaminated combustible sol ids including 
such items as protective clothing, rubber boots and gloves, paper, rags, f i l -  
t e r  aids, wood, and ion exchange resins, volume reduction assumes considerable 
importance re1 ative to the reduction of waste shipment volumes , conservation 
of repository capacity, lowering of disposal costs, and meeting repository 
c r i t e r ia  directed a t  restr ict ing the amount of combustible material in dis- 
posal. There are a. number of volume reduction options avai-lable for combustible 
TRU wastes, the most viable option currently being some form of incineration. 
While incineration does result  in a large volume reduction for combustible 
solid wastes, the ash that results i s  highly dispersible. As such, the im- 

mobi 1 ization of incinerator ash by sol idification produci,ng a sol id mono1 i thic 
waste form i s  'desirable. 

Safety analysis of solidified TRU contaminated incinerator ash waste 
forms requires an estimate of the abi l i ty  of these waste forms to retain act i -  
vity in the disposal environment. The primary mechanism for the potential 
release of th is  activity i s  assumed to be by leaching. The experimental 
program conducted a t  Brookhaven National Laboratory w i  11 determine the 1 eaching 
properties of TRU contaminated incinerator ash waste forms using hydraul i c  
cement, urea-formaldehyde, bitumen and vinyl ester-styrene as solidification 
agents. The data obtained will indicate the relative activi ty retention 
ab i l i t i es  of these waste forms and provide the basis for long-term release 
projections from full-scale waste forms. The leach rates of '  the following 
radionucl ides : 2 3 9 ~ u  , 2 3 5 ~ ,  2 3 7 ~ p ,  2 4 1 ~ m ,  1 3 7 ~ s ,  and 9 0 ~ r  are of interest .  

Waste form leach rates for these radionuclides will be determined where 



practical a1 though experimental expediency. may d ic t a t e  the use of other iso- 

topes of .  these elements and/or availabil  i t y  considerations preclude the use 

of one or  more of these elements. 

Three types of leaching t e s t s  will  be conducted t o  provide su f f i c i en t  
data. f o r  long-term predicti'ons under a var iety of conditions. I n i t i a l l y ,  

leaching data will, be obtained by use of an IAEAIISO leach procedure. (1 2 )  

In this method, the e n t i r e  external surface area of the waste. form i s  exposed 

t o  a leachant solution a t  25 '~  which i s  sampled and completely replaced a t  

twenty-four hour intervals  f o r  the f i r s t  f ive  days, a f t e r  which the leachant 
i s  replaced once per week fo r  the following eight  weeks and then once per 
month. S t a t i c  leach t e s t s  will a l so  be performed a t  both 2 5 ' ~  and 70'~.  In 

these t e s t s ,  the leachant solution i s  not changed and i s  only sampled once. 
For a given waste form and leachant type, s ix  leach specimens will  be prepared 

( fo r  each temperature) t o  allow leachant sampling a t  2 days, 4 days, 8 days, 
16 days, 106 days, and 341 days. The f ina l  leaching t e s t  procedure will be a 
flow r a t e  study where a c t i v i t y  release will  be determined f o r  three leachant 

flow ra t e s  of from g/min to  1 g/min, which covers the range of observed 

aquifer flow rates .  A1 1 1 each t e s t  procedures wi 11 include some rep1 i ca t i  on. 

For each of the leaching procedures, five, generic groundwaters will be 

employed as fol 1 ows : 

(1)  S a l t  brine whoie formulation is based on an analysis where a s a l t  

rock core taken a t  the 2725 foot  level of AEC #3 a t  the WI-PP f a c i l i t y  

was dissolved in deionized water. This s a l t  brine composition i s  

shown i n  Tab1 e 1 . 
(2) Simpl i f i e d  sodi.um dominated groundwater, 30 meq/l i t e r  NaC1. 

(3) Simplified calcium groundwater, 30 meq/liter CaC12. 

(4)  Simpl i f  i ed bicarbonate groundwater, 30 nieqll i t e r  NaHC03. 

(5) DeSonized water. 



2. WASTE FORM FORMULATIONS 

Sol idi fication agents should incorporate relatively as much incinerator 
ash as possible in the final waste form to maximize packaging efficiency and 

reduce associated disposal costs. However, the waste form ash content should 

not be so high as to either impose substantial difficulties in the solidifica- 

tion process or to compromise waste form properties. The amount of ash that 

can be reasonably incorporated in the waste form is dependent on the composi- 
tion of the ash and its interaction with the solidification agent. Simulated 

incinerator ash compositions have been formul ated for various waste producing 

sites. These compositions vary considerably and have been shown to result in 
different compositional phase diagrams for acceptable sol idif ication with 

portland type I cement. ( 3 )  In addition, simulated waste compositions while 

similar chemically to actual wastes, may not adequately simulate the physical 
form or chemical distribution of actual incinerator ash. As such, this pro- 
gram utilizes an actual incinerator ash resulting from the incineration of a 

mixed combustible waste representative of pl utoni um hand1 i ng and processing 
faci 1 i ties. 

Waste forms are formulated using incinerator ash waste produced by the 
rotary kiln incinerator at Rocky Flats. This incinerator has been used to 

burn a non-radioactive mixed combustible waste formulation that is represen- 

tative of the low level wastes produced at Rocky Flats. The waste feed com- 

position and incinerator operating parameters employed are shown in Tab1 e 2. 
A 40 kg batch of this ash was received at BNL at the end of February 1979. 

A sample of this ash was taken for analysis by DC arc emission spectroscopy. 
The results of this analysis and one performed at Rocky Flats are shown in 
Table 3. For both sets of analyses, confidence 1 imits are approximately + 10% 
for concentrations above one weight percent and t 50% for lower concentrations 
(except where indicated). Both analyses are in reasonabl e agreement. Dif- 

ferences may be due to inhomogeneities in the ash samples analyzed. The ash 

composition determined from the Rocky Flats analysis has also been used to 

calculate a cumulative composition weight percentage assuming that cations 
have been completely converted to stoichiometric oxides. This calculation 

provides a cumulative composition of 90.7% for a1 1 species identified. 



However, more than one oxidized s t a t e  may e x i s t  f o r  some cat ionic  species. 
In addition, visual observation of the ash suggests tha t  the, ash contains some 
metal l ic  species i n  pa r t i a l ly  unoxidized form. 

The rotary kiln ash as received has a low bulk density of approximately 
3 0.23 g/cm . I t  is flocculent i n  nature (s imilar  t o  c igare t te  ash) ,  gray- 

white i n  color b u t  exhibi ts  color gradations and has carbon present as d i s t i n c t  
par t iculate .  Small pieces of wire and other pa r t i a l ly  unburned residues a re  
also present. In the presence of water, the ash has a pH of 5.5-6. The 
charac ter i s t ics  of the as-received ash a re  s igni f icant ly  d i f fe rent  from the 
simulated ash composition used previously. 

While i t  was desired to  formulate specimens using the rotary kiln ash, 
a source of ac t iv i ty  was needed fo r  the leaching experiments. I t  was decided 
to  obtain a quantity of dual chamber burner incinerator ash from Rocky Flats  
fo r  t h i s  purpose. T h i s  incinerator i s  used to  b u r n  highly contaminated com- 
busti b l  es pr ior  to  an acid 1 eaching plutonium recovery operati on. Two samples 
of t h i s  ash, w i t h  a to ta l  mass of 318 grams, was received i n  March. T h i s  ash 
contains 28.9 grams of plutonium. As indicated i.n the ash assay shown i n  

Table 4, both ash samples a re  s imilar  w i t h  94% of the plutonium present (on 
a weight bas is ) ,  as Pu-,239. A small quantity of Am-241 i s  present in both 
ash samples. The to ta l  plutonium ac t iv i ty  content i s  12.38 C i  (0.0389 Ci /g  

ash),  of which 13.4% is  Pu-239 and 83.0% is  Pu-241. Small quant i t ies  of t h i s  
"hot" ash a re  added t o  the "cold" rotary kiln ash du r ing  leach specimen fabr i -  
cation. This is  preferable t o  the simple addition of plutonium since the 
plutonium incorporated i n  the waste form will be in the same chemical and 
physical s t a t e  resul t ing from incineration. The re1 a t ive ly  small quantity 
of "hot" ash used will  not appreciably a l t e r  the average chemical composition 
of the incinerator  ash incorporated in to  leach specimens. 

Prior t o  the receipt  of the actual incinerator  ashes, waste form formula- 
t ions were investigated using the .  simulated Rocky Flats  plutonium recycle i n -  

c inerator  ash composition shown in Table 5 f o r  so l id i f ica t ion  w i t h  portland 
type I cement, urea-formaldehyde, bitumen and vinyl ester-styrene. Waste 
forms were produced containing a wide range of ash contents w i t h  each so l id i -  
f ica t ion  agent. These formulations were immersion tested i n  d i s t i l  led water 



f o r  three months to- determine the approximate maximum ash content which re- 
sul ted i n  waste forms tha t  would be expected t o  maintain t h e i r  in tegr i ty  

during leach tes t ing .  An approximate upper 1 imit  of 50 w t . %  simulated ash 

was found f o r  portland type I cement, urea-formaldehyde, and bitumen. Vinyl 

ester-styrene could incorporate 75 w t . %  ash a1 though some d i f f i c u l t i e s  with 
i t s  promoter-catalyst system was noted. 

Formulational work using the "cold" rotary kiln ash w i t h  cement sol i d i f i -  
cation indicated t h a t  i t  behaves considerably d i f fe rent ly  than the simulated 
ash composition used e a r l i e r .  This difference i s  largely a t t r ibu tab le  to  the 

physical s t ructure of the ash. I t  has a large par t ic le  s i ze  w i t h  s igni f icant  
contained porosity as indicated by i t s  apparent water absorption. However, 

the water required to  sa tura te  the ash i s  weakly held since i t  separates on 
mixing. The ash as-received i s  d i f f i c u l t  t o  mix d i rec t ly  w i t h  cement (indepen- 

dent of the order of addition) unless su f f i c i en t  water i s  added to  sa t i s fy  the 
ash ' s  absorptive requirements. When su f f i c i en t  water i s  added, a minimum of 

mixing often resulted i n  water separation and an excessively wet mixture. To 

minimize these tendencies, the ash was ball milled. This not only decreased 

the ash pa r t i c l e  s i ze  and porosity, b u t  a l so  resulted in a more homogeneous 
3 ash with a bulk density of approximately 0.37 g/cm . The resul t ing ash had 

lower (although subs tant ia l )  water requirements f o r  cement formulations and 
was a l so  eas ie r  t o  work with. The cement waste form formulation which was 

developed f o r  the experimental program consis ts  of 30 w t . %  ash, 30 w t . %  cement 
and 40 w t . %  water. The ash content of this formulation i s  lower than t h a t  
developed f o r  the simulated ash because of the s igni f icant ly  higher water 
content requirements of the actual ash. 

These differences i n  ash behavior a l so  a f f e c t  so l id i f ica t ion  with urea- 
formaldehyde, bitumen and vinyl ester-styrene. As such, the "cold" ash will  

be ball milled pr ior  t o  incorporation i n  a l l  binders. The formulation with 

urea-formaldehyde (UF) i s  34% ash, 44% UF, 17% water and 5% sodium bisulfate  
ca ta lys t  solution by weight. I n i t i a l  UF leaching specimens did not sol idify.  

This i s  apparently due to  the a1 kal i n i ty  of the "hot" ash, which can be com- 

pensated f o r  by the addition of more acid ca ta lys t .  



3.  ' TRU HANDLING AND LEACHING FACILITY 

3.1 Fac i l i ty  Cell 

The transuranichandl ing and leaching faci  1 i ty  has been constructed inside 

the former Irradiat ion Cell in Building 830. The inside dimensions of t h i s  
hot ce l l  a re  14 'x20 '~14 '  high. The walls a r e  4% f e e t  thick,  constructed of 

3 medium density concrete (240 1 bs / f t  ) , w i t h  the exception of the wall containing 
the access door. T h i s  wall is  6% f e e t  thick and i s  composed of ordinary con- 

3 s t ruct ion grade reinforced concrete with a density of 150 l b s l f t  . The access 

door which i s  lead encased in s t e e l ,  weighs approximately 25 tons and closes 
the main ce l l  opening which i s  f ive  f e e t  wide and seven f e e t  high. Additional 

access i s  available through ce i l ing  and wall plugs. The cei l ing i s  made of 
ordinary construction grade reinforced concrete and i s  6% f e e t  wide thick. 

Two ce l l  walls each have a 52 inch thick high density lead shielding glass  
window. In addition, t h i s  ce l l  was equipped with two through the wall mani- 

pulators and a completely enclosed General Mi 11 s arm manipulator. The Irradia- 

t ion Cell i s  connected t o  an adjacent Preparation Cell by a 16 f e e t  deep water 
canal. 

While the extensive shielding capabi l i ty  provided by the i r rad ia t ion  hot 

ce l l  i s  not necessary f o r  the transuranic leaching experiments proposed, the 

space was avai lable  and i t  does serve as  an ef fec t ive  means of isolat ing the 
work from general laboratory f a c i l i t i e s .  Some modification of the ce l l  in- 

t e r i o r  was required t o  make t h i s  space su i tab le  f o r  a leaching f a c i l i t y .  The 

ce l l  was surveyed t o  determine the level of exis t ing contamination, i f  any. 
No s igni f icant  contamination was detected (none was expected since the ce l l  

was only used f o r  i r rad ia t ion  experiments using sealed sources).  The General 

Mil 1 s arm was removed as were two canal e levator  1 i f t  and t ransfer  assembl ies .  
The elevator openings t o  the canal and a center f loo r  opening to  an enclosed 

water pool were covered w i t h  s t a in l e s s  s tee l  plates .  The in t e r io r  of the ce l l  

was then completely repainted. A f i r e  retardant  wooden in t e r io r  doorway was 
constructed t o  permit r e s t r i c t ing  access to  the f a c i l i t y  during the working 

day when the lead shielding door is  open. While the ce l l  has existing gamma 

radiation monitoring equipment and alarms, an alpha a i r  monitoring u n i t  was 



i n s t a l l e d  (Eberl i n e  Model A1 pha-3). I n  add i t ion,  both pho toe lec t r i c  and i o n i -  

za t ion  chamber smoke detectors have been i ns ta l l ed .  

The c e l l  has i t s  own temperature con t ro l l ed  a i r  r e c i r c u l a t i o n  system 

which contains two l eve l s  o f  HEPA f i l t r a t i o n .  The f a c i l i t y  w i l l  probably be 

operated a t  100% r e c i r c u l a t i o n  although the percentage o f  a i r  which i s  r e c i r -  

cu la ted can be varied. Any po r t i on  o f  a i r  which i s  no t  r ec i r cu la ted  i s  

connected t o  the main labora to ry  stack i n l e t  where an a i r  f l ow  r a t e  o f  700 

l i n e a r  f e e t  per minute moves the exhaust a i r  t o  the stack which i s  approxi- 

mately + m i l e  from the i n l e t .  The i n i t i a l  l e v e l  of HEPA f i l t r a t i o n  i s  located 

a t  the c e l l  exhaust duct  wh i le  a second HEPA f i l t e r  i s  located i n  the basement 

machine room a t  the main stack exhaust i n l e t .  

3.2 Specimen Preparation G l  ove Box 

A two compartment s ta in less  s tee l  g l oveboxw i t h  an a i r  l ock  en t r y  assembly 

f o r  each compartment has been modi f ied and placed i n  the leaching f a c i l i t y  t o  

provide c a p a b i l i t y  f o r  remote f a b r i c a t i o n  o f  t ransuran ic  contaminated leaching 

specimens. This glove box had been prev ious ly  used a t  l abora to ry  f o r  plutonium 

handling operations. The u n i t  was thoroughly decontaminated p r i o r  t o  r e c e i p t  

i n  Bu i ld ing  830. Each o f  the two compartments i s  33 inches long x 24 inches 

wide x 33 inches high. They are separated by a s ta in less  s tee l  b a r r i e r  con- 

t a i n i n g  an 11% inch diameter door. Each compartment has l i g h t i n g ,  e l e c t r i c a l  

supply o u t l e t s  and i t s  own i n t e r n a l  HEPA f i l t e r  i n  add i t i on  t o  a p a i r  of glove 

ports.  There i s  an a i r l o c k  assembly f o r  each glove box compartment. The a i r -  

locks are 19 inches long x 19 inches wide x 20 inches high. The a i r l o c k s  are  

each separated from the  main glove box compartments by an 11% inch  diameter 

door. Both a i r l ocks  a lso  have an 11% inch  diameter door t o  the outs ide,  a 

p a i r  o f  glove por ts  and a p lex ig lass  endplate t o  permi t  viewing. The glove 

box i s  supported on a t ab le  assembly which permits adjustment o f  the glove box 

I height. 

A i r  from the glovebox i s  exhausted through two l eve l s  o f  HEPA f i l t r a t i o n .  

The f i r s t  l e v e l  i s  the i n t e r n a l  HEPA f i l t e r  i n  each compartment as prev ious ly  

mentioned. These f i l t e r s  are both connected t o  a double se r ies  HEPA f i l t e r  

1 outs ide the glove box through a two inch  diameter manifold. This i s  i n  t u r n  



connected to an exhaust pipe leading into four inch diameter polyethylene 
flex tubing which i s  fed through existing ductwork to an exhaust blower in the 
basement machine room. The blower i s  not normally used since the main stack 
supplies sufficient negative pressure for most glove box uses. The glove box 
i s  operated under a negative s t a t i c  pressure of approximately one inch of 
water. A bagging f ac i l i t y  i s  installed on the "hot" side airlock. An a i r  
bleed and HEPA f i l t e r  i s  used to  bring the box pressure to atmospheric when 
bagging i s  performed. 

Specimen preparation procedures have been developed under which one side 
of the glove box i s  treated as a "hot1' compartment i n  which the specimens are 
fabricated while the other compartment i s  "cold". The "cold" compartment 
i s  used to  remove solidified leach specimens from their  preparation containers 
and place them into leach containers. These leach containers must be uncon- 
taminated to  a1 low their  removal from the glove box to the leaching apparatus. 

Problems were encountered with the operation of the glove box d u r i n g  the 
preparation of the f i r s t  se t  of leaching specimens (ash, cement and UF). During 
transfer to the "cold" side of the box (which took place 24 hours a f te r  specimen 
preparation), significant contamination and airborne activi ty were noted. 
This was determined by surface smears and a i r  sampling from the "cold" compart- 
ment. Health physics personnel would not permit the removal of the leach con- 
tainers until the "cold" side of the box was decontaminated. Also, additional 
modifications to  the glove box were required for further operation. The con- 
taminated ash i s  apparently highly dispersible w i t h  minute particles remaining 
suspended in the a i r  in the "hot" side of the box for considerable periods. 
Since the glove box was operated under s t a t i c  negative pressure conditions, 
this  airborne contamination was able to  move to the "cold" compartment during 
the transfer operation. The glove box has been modified to  a1 low an a i r  flow 
from the "cold" side into the "hot" side during transfers and, i f  desired, 
during procedures in the "hot" compartment. The exhaust blower on the recir- 
culation a i r  1 ine i s  used to  provide an increased a i r  flow through HEPA f i l t e r s  
and into the glove box when this  i s  desired. A small suction hood i s  also now 

used over the "hot" container du r ing  specimen preparation. Improved i n-box 
decontamination faci 1 i t i e s  are a1 so being provided. An improved a i r  sampler 



on the "cold" compartment airlock has been installed. 

3.3 Leaching Facil i t ies 

Asemi-automated apparatus has been designed for performi,ng IAEA/ISO leach 
tes ts .  This technique requires that the leaching solution be changed and com- 
pletely replaced a t  frequent intervals (daily for the f i r s t  week, once per 
week for the following eight weeks and subsequently once per month). Since the 
1 eachant solutions are expected to contain quantities of plutonium removed from 
the leach specimens, i t  was decided to build an apparatus which would require 
a minimum of direct manual handling of the specimens and solutions. Leaching 
equipment was designed and constructed to allow the leaching experiment to  be 
performed i n  the following manner. The leach specimen i s  placed into a one 
l i t e r  capacity polymethylpentene screw cap container. This material was chosen 
because i t  i s  autoclavable and has a low potential for reacting w i t h  and 
"plating out" species of interest  on the container walls. The specimen i s  
supported on a plexiglass stand which makes essentially the entire surface 
area of the leach specimen accessi,ble t o  the leachant. The container i s  con- 
necte'd t o a  % inch 0.d. valved inle t  manifold, thrqughwhich the desired amount 
of leachant can be added to any individual leach container. The manifold and 
%i inch i .d.  ball valves are type 304 stainless steel .  A separate in le t  mani- 
fold i s  used for each leachant type. The in le t  manifold also has a recirculation 
return 1 ine to  prevent cloggi,ng of the in le t  manifold as well as provide a 
m i x i n g  action in the leachant storage container. 

Leachant i s  stored in steel drums w i t h  27 gallon polyethylene l iners.  A 

small Flotec gear pump i s  used to provide the motive force for leachant transfer. 
After the appropriate period of leachi,ng, the 1,eachant in the leach container , , 

i s  s t irred and sampled using a Eppendorf pipette. After sampling, the valve 
to  the exhaust manifold i s  opened. Since the exhaust manifold i s  maintained 
a t  a negative pressure, opening the ball valve for the desired leach container 
removes the leachant under a suction action. A teflon suction tube i s  positioned 
in the leachant container which allows removal of essen t ia l .1~  a l l  of the leachant. 
The exhaust manifold i s  3/8 inch O.D. type 304 stainless steel which drains to  
a forty gallon capacity, glass lined mild steel tank with a fluid level indicator. 
This tank when full  can be drained directly into a feed 1 ine to a 2,000, gallon 



capacity pa i r  of buried waste holding tanks (outside of Bldg. 830) which a re  

periodically emptied by tank truck. The leachant exhaust manifold leads t o  

a plexiglass measuring ce l l  apparatus before emptying in to  the waste holding 

tank. The measuring ce l l  allows determination of leachant pH, conductivity 

and ( i f  desired) Eh and oxygen content. 

This apparatus may not  however be compati ble  w i t h  a leach procedure re- 

cently proposed f o r  DOE contractors in TRU programs. T h i s  procedure requires 

: periodic removal of "plated" ac t iv i ty  from the leach container. However, the 

procedure can be fol-lowed using a two container method w i t h  somewhat increased 
hand1 i ng . 

The s t a t i c  25 '~  leach t e s t s  will be conducted a t  ambient temperature in 

the leach f a c i l i t y .  The IAEA/ISO procedures specify 2 5 ° ~ t 5 0 ~  while ambient 

temperature in the leach f a c i l i t y  i s  approximately 2 1 ° ~ t 1 0 ~ .  The faci  1 i t y  

temperature will  be monitored during test ing.  A special ly  modified incubator 

w i t h  e x ~ e l l e n t  temperature s t a b i l i t y  has been ordered f o r  the 70 '~  s t a t i c  leach 

I t e s t s .  ~ 



4. LEACHANT ANALYSIS 

Q u a n t i t a t i v e  alpha spectrometry t y p i c a l l y  employs a so l . id  s t a t e  s i l i c o n  
' 

sur face b a r r i e r  de tec to r  t o  count specimens e l ec t r op la ted  onto s t a i n l ess  s t ee l  

planchets. The r e s o l u t i o n  o f  such a de tec to r  i s  o f  the  order  o f ' 5 0  KeV which 

permits simul taneous ana lys is  o f  a1 pha emi t te rs  w i t h  s i m i l  a r  energies. However, 

the  sample preparat ion requ i red  i n  t h i s  technique i s  very l abo r  in tens ive.  The 

leaching experiments t o  be conducted a t  BNL w i l l  produce more samples f o r  analy- 

s i s  than can .be convenient ly  prepared i n  t h i s  manner. As such, o the r  a n a l y t i c a l  

techniques were inves t iga ted  and l i q u i d  s c i n t i l l a t i o n  count ing (LSC) was chosen 

as the  primary a n a l y t i c a l  technique. 

L i q u i d  s c i n t i l l a t i o n  counting has been u t i l i z e d  f o r  alpha count ing s ince 

1 9 5 4 . ( ~ , ~ )  This method i s  a t t r a c t i v e  due t o  the  ease o f  specimen preparat ion,  

the  commercial avai l a b i  1 i ty o f  remote sample changers, and the 100% e f f i c i e n c y  

usua l l y  obtained i n  alpha counting. (Alpha p a r t i c l e s  are-counted a t  100% e f f i -  

c iency i n  LSC provided the  a c t i v i t y  i s  d isso lved i n  t he  s c i n t i l l a t i o n  so lu t ion .  

The e f f i c i e n c y  i s  lowered by a geometry f a c t o r  i f  the  a c t i v i t y  p la tes  out  on 

the  conta iner  wa l l s  o r  i s  suspended on a s o l i d  mat r i x . )  While energy r e s o l u t i o n  

i s  n o t  as good as can be obtained w i t h  o the r  methods, d i f f e r e n t  alpha emi t te rs  

can be counted simultaneously provided t h e i r  respect ive  alpha p a r t i c l e  energies 

are  s u f f i c i e n t l y  d i f f e r e n t .  Peak r e s o l u t i o n  i n  LSC i s  a f unc t i on  o f  a number 

o f  f ac to r s  b u t  alpha p a r t i c l e s  of approximately 5 MeV genera l l y  can be resolved 

i f  peak energy di f ferences a re  o f  the  order  o f  0.5-0.7 MeV. As such, some alpha 

em i t t i ng  radionucl  ides may poss ib l y  be analyzed simul taneously s ince appreciabl  e 

pr imary p a r t i c l e  energy d i f fe rences  e x i s t :  2 3 9 ~ u  (5.147 MeV) , 241 Am (5.482 MeV) , 
2 3 7 ~ p  (4.787 MeV) , 2 3 5 ~  (4.354 MeV). 

A Searle Model 6892 automatic 1 i q u i d  s c i n t i l l a t i o n  counter was purchased 

f o r  t h i s  program. It employs a b i d i r e c t i o n a l  automatic conveyor sample changer 

which accepts up t o  th ree  hundred samples. The de tec to r  cons is ts  o f  two 2-inch 

diameter b i - a l k a l i  pho tomu l t i p l i e r  tubes which a re  s i t ua ted  180' apar t  i n  a 

metal chamber w i t h  specular aluminum r e f l e c t o r s  i n  a 2-inch t h i c k  lead sh ie ld ing  

housing. There are  two va r i ab l e  simultaneous sample ana lys is  channels w i t h  

two add i t i ona l  f i x e d  l e v e l  channels f o r  ex terna l  standard source (ESR) ana lys is .  



Analysis channel baseline and width, counting time, preset count terminators 

and sampl i changing mode can be independently determined and incorporated into 
internal ly stored program instructions. Data output is through a Teletype Model 

43 printer. 



5. EXPERIMENTAL RESULTS 

Experiments were i n i t i a t e d  t o  determine the extent of "plate  out" 
&curring fo r  2 3 9 ~ u  i n  the semi-automated leaching c e l l s .  These c e l l s  a re  
constructed primarily out of polymethylpentene which was selected f o r  i ts  
low "plate  out" potential and thermal s tabi  1 i t y  [autocl avable) . "Plate out" 
i s  expected to  be strongly dependent upon the chemistry of the system. As 

such, experiments were performed using each o f .  the f ive  Teachant sol utions 
and each sol i d i f i  cation agent, except urea-formal dehyde. One .inch diameter, x two 

inch 1 ong cy1.i ndr i  cal specimens of port1 and type I cement , : bi tumen, and v i  nyl 
ester-styrene, each containing 50 wt.%.simulated ash.wereleached f o r  three weeks 
i n  250 m i l l i l i t e r s  o f  leachant without leachant renewal. Also leached was a 
specimen of portland type I cement (waterlcement = 0.3 by we,ight) containi,ng 
no ash. In addition t o  "p la te  out" experiments, the resu l tan t  leachant solu- 
t ions were a i so  employed i n  s tudies  t o  determine counting efficiency and 
chemical quenching ( i f  any) i n  LSC analysis.  

After leaching, ten mil 1 i l  i t e r s  of each of the solutions (except brine) 
were pl aced into 125 ml polymethyl pentene containers (of the same manufacturer 
as the one 1 i t e r  leaching ce l l  containers).  The pH of these leachant solutions 
was determined. The pH range was 7.5-10 fo r  bitumen and vinyl ester-styrene 
leachants and .12-13 for  cement and cement tno ash) specimens. These leachant 
solutions were then each spiked w i t h  twenty 1 ambda of a 0.5 fi HN03 solution 
of 2 3 9 ~ u .  After a contact time of 18 hours, the leachants were each sampled 
and counted. A loss  of 40-60% of the i n i t i a l l y  contained 2 3 9 ~ u  was observed. 

Investigation- of "p la te  out" as  a '  function of time was not conducted. 

The leachants, prepared as  described previously, were used t o  determine 
counter efficiency and the s t a b i l i t y  of counting samples. These leachants 
should represent worse case s i tua t ions  f o r  the IAEAIISO t e s t  and should con- 
ta in  large quant i t ies  of dissolved so l ids  removed from the leach specimens. 

Leachant analysis t o  date has u t i l ized  Packard Insta-Gel as the l iquid 
s c i n t i l l a t i o n  cocktail .  This cocktail i s  able t o  fo rm a s tab le  countlng media 
w i t h  , re1 a t i  vely 1 arge quant i t ies  of aqueous samples. A seven m i  11 i 1 i t e r  a1 i - 
quot of each leachant solution was mixed with ten m i l l i l i t e r s  of Insta-Gel 



and allowed to stand for  two weeks. Stable counti,ng samples were obtained 

with a l l  leachants except s a l t  brine. While other 1each.ants f0rme.d a stable 
gel phase w i t h  Insta-Gel, the s a l t  brine mixture separated into two phases.. 
A stable counting sample was not obtained with as 1 i t t l e  as one mi l l i l i t e r  
of brine leachant. in ten mil 1 i 1 i ters  of Insta-Gel . A stable sample was pro- 
duced using a 1:25 dilution of the brine prior to combining seven mi l l i l i t e r s  
of diluted brine with ten mi ' l l i l i ters  of 1nsta- el. While a sample whi.ch 
separates into two phases can be counted, the counting efficiency can decrease 
substantially. A low-level x-ray detector will be used for s a l t  brine leachant 
analysis. 

Alpha particles are counted a t  100% efficiency in LSC provided the act l -  
vity i s  uniformly distributed in the scinti l lat ion solution and no chemical 
quenching effects occur. Counting efficiencies were determined using each of 
the leachants spiked w i t h  americium-241. Seven mi l l i l i t e r s  of leachant was 
combined w i t h  ten mil 1 i l  i t e r s  of Insta-Gel for each counting specimen. Counting 
efficiencies were determined re1 ative to the known quantity of americium-241 
added to each LSC vial.  Sal t  brine leachant samples (which were unstable, 
having separated into two phases) exhibited a range of counting efficiencies 
of 63.7% to 79.6% with an average of 70.0%. The other leachants had an average 
counting efficiency approaching 100.0%. Some lower counting efficiencies were 
determined as indicated in Table 6. I t  i s  unclear, however, whether the lower 
calculated counting efficiencies are due to s l  ight chemical quenching effects . 

or pipeting errors. I t  appears, in most cases, that pipeting error i s  most 
likely since lower efficiencies do not seem to  be associated w i t h  any particular 
leachant or waste form type. 

I t  was also noted that small quantities of a precipitate were present in 
leachants derived from portland cement waste forms. The precipitate quantity 
varied from 0.08 to 0.47 grams, with the larger precipitate quantities present 
in the s a l t  brine leachant. This precipitate was collected for analysis t o  
determine whether i t  i s  1 i kely to occur in IAEA/ISO leaching experiments and 
i f  i t  may be expected to remove activi ty from leachant solutions. This pre- 

cipitate was found to be calcium carbonate. I t  i s  not believed that i t  will 

remove substantial quantities of plutonium from the leachant. 



A set of scoping specimens was prepared for IAEA/ISO leaching at the end 
of March. These were the first IAEAIISO leach specimens whose primary purpose 

was to determine if sufficient activity had been added to leach specimens to 
allow the desired level of detectibility in the leachant. A portland type I 
cement specimen and urea-formaldehyde specimen were prepared, each containing 
13.5 mCi plutonium, and placed into 500 milliliters of distilled water leachant. 
In addition two 0.33 gram ash specimens (12.8. mCi) were prepared for leaching. 
The UF specimen did not sol idify due to insufficient catalyst. Contamination 

of the glove box "cold" side was noted, as previously mentioned, when these 

I specimens in leach containers were to be transferred to the leaching apparatus. 
Since leachant samples could not be obtained unti 1 health physics requirements 
were satisfied (33 days), the resultant test is actually a static test. Subse- ~ quent LSC analysis of the leachant showed a fractional activity release of 

I 1.6x10-~ for the cement specimen with 9.4x10-~ fractional release for the ash. 

These correspond to fractional activity re1 ease rates of 4.9~10 -10 day-l , and 

2.9x10-~ day-' for the cement and ash respectively. The leachant containers 

have not been examined for "plate out". 

While problems have impeded the initiation of leach testing, it appears 
that these problems have been solved. It is expected that current scheduling 

commitments can be met, a1 though it may be useful to put more initial emphasis 
on the static procedure than the IAEAIISO method. 
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TABLE 1 

Composition of Salt Brine Leachant 
(derived for AEC #8, 2725 foot level core) 

NaCl 
Na2S04 

Na2B407 1 OH20 
NaHC03 

NaBr 
KC 1 

KI 
MgC12 

CaC12 2H20 

FeC13 

SrC12-2H20 

Rb2S04 

CsCl 

Total Dissolved Sol ids 
pH' (adjusted) 

Composition (mq/liter) 

287,000. 
. . 6,200. 

16.0 

14.0 

297.2 g/l i ter 
6.5 



TABLE 

Rocky F l a t s  Rotary K i l n  I n c i n e r a t o r  Ash Operating Parameters 

A. Feed Composition 

Po lyv iny l  c h l o r i d e  

Pol y e t  hy l  ene 

Neoprene 

T r i  b u t y l  Phosphate 

Kerosene 

Paper 

Weiqht % 

So l ids  6.8 kg/hr 

L iqu ids  0.45 l i t e r / h r  

C. Operatina Temperature 

K i l n  1 0 0 0 ~ ~  + 10oOc' 

Af ter-Burner 1 4 0 0 ~ ~  + 1 OO'C 

D. Operating Time 

'L 150 h r s  



TABLE 3 

Rocky F l a t s  Rotary K i  1 n I n c i n e r a t o r  Ash composit ion 

Weight Percentage . . 

Const i tuent  RF Analysis"  . '  .- BNL Anal ysi s 

$0qL 0.1 t 0.'05 

N i 0.08 

Fln 0.07 

C1- 0.06 



TABLE 3 (Cont ' d )  

Rocky F l a t s  Rotary K i l n  I n c i n e r a t o r  Ash Composition 

Const i tuent  

Weight Percentage 

RF Analysis BNL Analysis 

0.01 

co. 01 

0.001 

<o. 001 

co. 001 

<o. 001 

<o. 001 

0.0005 

<O. 0005 

<O. 0005 

<o. 0001 
- 
- 



TABLE 4 

ASH SAYPLE 1 

Iso tope 

Pu-238 

Pu-239 

Pu-240 

Pu-241 

Pu-242 

TOTAL PLUTONIUM 

Am-241 

ASH SAXPLE 2 

Iso tope 

Quant i ty ,  grams Z To ta l  Plutonium A c t i v i t y ,  C i  

0.01 3 .49~1  o-' 

Ouanti t y  , grams X Tota l  Plutonium A c t i v i t y ,  C i  

TOTAL PLUTONIUM 10.499 

Am-241 0.031 



TABLE 5 

Simulated Rocky Flats Plutonium Recycle TRU Ash Composition 

Material Weight Percentage 

2'3 
BaO 

B2°3 
CaO 

cuo 

PbO 

MnO 
NiO 

KOH 

S i O2 

NaOH 

"2'5 
SnO 



TABLE 6 

Leachant 

Salt Brine 

Sodium Dominated 
Groundwater 

LSC Counting Efficiency '(Am-241 ) 

Leach Specimen (a > Counting Efficiency, % 

portl and cement 
bitumen 
vinyl ester-styrene 
portland cement (no ash) 

portland cement 
bi tumen 
vinyl ester-styrene 
portland cement (no ash) 

Calcium Dominated portland cement 
Groundwater bi tumen 

vinyl ester-styrene 
portland cement (no ash) 

Bicarbonate Dominated port1 and cement 100.5 
Groundwater bitumen 102.7 

vinyl ester-styrene 100.3 
portland cement (no ash) 102.2 

Deionized Water port1 and cement 101 $ 9  
bitumen 100.7 
vinyl ester-styrene 95.2 

. portland cement (no ash) 102.9 

(a) 
except where indicated, 50 wt.% simulated ash waste 


