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1.0 INTRODUCTION 

Waste pretreatment and immobilization requires the tank waste to be 
retrieved. Retrieval of the tank waste may require dilution. This test 
determines the effects of dilution on the mass of solids and their 
composition, effects that can be compared with other tanks. This test plan 
gives test instructions, example data sheets, a waste compatibility review, 
and a waste stream fact sheet. 

The tests will be done on centrifuged solids separated from composite 
samples prepared to be representative of the contents of the tank. 
document is designed as a generic plan for use with the Hanford waste tanks. 
Prototype Test P1 ans were prepared previously for tanks 241-AZ-102 (lOZ-AZ, 
Person 1999b) and 241-AZ-101 (101-AZ, Person 1999c) in order to meet 
requirements of the prototype Sampling and Analysis Plans (SAP, Rasmussen 1999 
for 102-AZ, and Templeton 1999b for 101-AZ). The solubility screening tests 
in this test plan satisfy some of the data quality objectives (DQO) specified 
for Low Activity Waste and High-Level Waste Feed Processing (Patella 1999). 
This test plan may be used for tanks where the SAP requires solubility tests 
according to the DQO (Patello 1999), provided this plan satisfies the SAP 
requirements. 

This 

2.0 AMOUNT OF TEST MATERIAL NEEDED 

This document describes four solubility screening tests to be made at 
four different levels of dilution. Analyses of the solids and liquids present 
after dilution are used to estimate the amount of interstitial liquid (ISL) 
present in the wet solids and the wt% of the different analytes in the ISL and 
in the dry (undissolved) solids. Test material is needed for the four 
solubility screening tests. 

2.1 Material Used for Tests 

The solubility screening tests are done on samples of the centrifuged 
solids (c-sol), which are then diluted by various amounts. 
assumes that 11A hotcell personnel prepare the starting material for this plan 
to be representative of the material in the core. This composite material can 
be prepared as a composite slurry (or as four composite slurries), with each 
slurry prepared by dividing the solids and the liquids from each segment among 
all of the composites being prepared. 
segments can be combined into one solids composite and the liquids combined 
into a liquid composite. Portions of these composites are then used to make 
the slurry composites used for these tests. In either case, observations o f  
the original samples would be made by 11A hotcell personnel of (a) total 
sample weight and volume, (b) vol% settled solids after a settling time 
greater than 16 hours, and (c) visual observations, including the presence or 
absence of floating layers (organics or solids) and any indications of gas 
generation within the sample. 

This test plan 

Alternatively, the solids from all 

1 
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2.2 Weights Needed f o r  S o l u b i l i t y  Screening Tests 

The est imated weight of s o l i d s  requ i red  depends on severa l  parameters. 
Th is  subsect ion descr ibes t h e  parameters and equat ions used t o  es t imate  t h e  
amount o f  ma te r ia l  needed, w i t h  an example es t imat ion  g iven a t  t h e  end. The 
parameters used and t h e  weights est imated inc lude  t h e  f o l l o w i n g .  

Parameters: 

Wlsb Sample weight des i red  f o r  submission t o  t h e  l a b o r a t o r y  f o r  t h e  
analyses. 

ftv Weight f r a c t i o n  t r a n s f e r r e d  from a v i a l  (where r i n s i n g  w i t h  
supernate i s  a1 1 owed). 

ft, Weight f r a c t i o n  t r a n s f e r r e d  from a c e n t r i f u g e  cone (where r i n s i n g  
i s  n o t  a1 lowed). 

Wloss Weight l o s t  i n  t r a n s f e r  from a c e n t r i f u g e  cone. Th is  i nc ludes  
any weight s p i l l e d  o r  l o s t  on a t r a n s f e r  t o o l  ( t o o l  losses  can be 
avoided f o r  ma te r ia l  t h a t  f lows when vortexed).  

fi Weight f r a c t i o n  o f  s o l i d s  t h a t  remain undissolved a f t e r  t h e  i t h  
Test  d i l u t i o n .  

rcIs Weight r a t i o  o f  c-sol  t o  s-sol ( s e t t l e d  s o l i d s ) .  

Weights t o  Ca lcu la te :  

Wcs,Ti Weight o f  c-so l  needed t o  prepare t h e  i t h  Test mix tu re ,  see 

W,,,,, Sum o f  weights o f  c-sol  needed t o  prepare f o u r  Test mix tures,  see 

Wcs,sl Weight o f  c-sol  needed i n  s l u r r y  t o  y i e l d  W,,,,,, see Eq (2-3). 
Wss,sl Weight o f  i n i t i a l  s-sol needed t o  produce a composite s l u r r y  t h a t  

w i l l  y i e l d  Wcs,sl, see Eq (2-4). 

Thus t h e  c-sol weights use Eq (2-1) t o  c a l c u l a t e  t h e  W,, 
each Test. These terms are  summed i n  Eq (2-2) t o  g i v e  W, slll. 'The weight  o f  
c-so l  needed i n  an i n i t i a l  s l u r r y  (Wcs,sL) i s  shown i n  Eq 1 2 - 3 ) .  

Eq (2-1). 

Eq (2-2).  

terms f o r  

The corresponding s e t t l e d  s o l i d s  (s -so l )  weight i s  c a l c u l a t e d  from t h e  
c-so l  weight  by d i v i d i n g  by t h e  rcls r a t i o ,  as shown i n  Eq (2-4) .  

WSS,Sl = wcs,sl/rc/s (2-4) 

A spreadsheet re1  a t i n g  t h e  parameters t o  t h e  weights requ i red  has been 
developed t o  est imate t h e  weights f o r  any combination o f  parameter values. 
Table 2-1 i l l u s t r a t e s  t h e  weights o f  s o l i d s  requ i red  f o r  some parameter 
values. The column l a b e l s  (Low, Med, and High) r e f l e c t  t h e  magnitude o f  t h e  
losses  considered. The comparison o f  t h e  t h r e e  l e f t -hand  columns w i t h  t h e  
nex t  t h r e e  columns shows t h e  range i n  values r e s u l t i n g  from us ing  fi values o f  
0.95 ( l e f t -hand) ,  o r  0.85 ( f o r  i = 1 t o  3 ) .  This  range o f  values i s  

2 
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appropr ia te  f o r  tanks w i t h  low i o n i c  s t rength  where 5 t o  15 w t %  o f  t h e  s o l i d s  
are composed o f  so lub le  sodium s a l t s .  Contact Process Chemistry f o r  b e t t e r  
est imates f o r  s p e c i f i c  tanks.  

‘lab’ 

WlOSS’  g 

f t c  

Table 2-1. Weights o f  So l i ds  I l l u s t r a t i n g  E f f e c t s  o f  D i f f e r e n t  Parameter 

9 11 14 9 11 14 11 11 

0 0.5 1 0 0.5 1 0.5 0.5 

0.93 0.80 0.62 0.93 0.80 0.62 0.80 0.80 

ft” 

WC8,Srn~ g 

WC8,Sl ’  g 

0.98 0.94 0.90 0.98 0.94 0.90 0.94 0.94 

41 64 112 45 69 122 69 69 

44 80 182 48 a7 198 87 87 

r c / s  

W88.80 g 

‘Same fi va lue  used f o r  i = 1 t o  3, together  w i t h  f, = 1. 

0.8 0.7 0.6 0.8 0.7 0.6 0.6 0.5 

55 114 303 60 125 330 145 174 

The parameter values shown are  t y p i c a l  f o r  recover ies .  For example, 
ftc values o f  0.62, 0.88, and 0.93 were observed f o r  t h r e e  tanks f o r  
t r a n s f e r r i n g  s o l i d s  ou t  o f  c e n t r i f u g e  cones. 
techniques can be developed t o  improve t h e  t r a n s f e r  f r a c t i o n  f rom t h e  cones t o  
something l i k e  0.8 t o  0.95 ( w i t h  a small amount o f  ma te r ia l  l o s t  on t h e  t o o l ) .  

The est imates f o r  W ab were based on t h e  experience t h a t  sample v i a l s  
w i t h  14 t o  16 g always had s u f f i c i e n t  ma te r ia l  f o r  t h e  number o f  analyses 
requested i n  t h i s  p lan.  
b u t  unusua l ly  l a r g e  subsampling losses sometimes depleted t h e  sample be fore  
a l l  analyses were completed. Samples as small as 5 g w i l l  g i v e  r e s u l t s  f o r  
two o r  t h r e e  d iges ts .  
reduced by do ing  t h e  I C P  ana lys is  on t h e  f u s i o n  d i g e s t  ( requ i red  f o r  
radiochemical  analyses) r a t h e r  than on an a c i d  d iges t ,  i f  WLeb i s  smal l .  

A d d i t i o n a l  s o l i d s  are requ i red  when t h e  s o l i d s  con ta in  a s i g n i f i c a n t  
amount o f  so lub le  s a l t s  ( w i t h  fi l e s s  than 0.85). For these tanks, use 
i n fo rma t ion  about t h e  composi t ion o f  t h e  s o l i d s  i n  t h e  tanks t o  es t imate  f.. 
Note t h a t  f, i s  equal t o  one, as Test 4 uses und i l u ted  m a t e r i a l .  A genera i  
g u i d e l i n e  f o r  es t ima t ing  t h e  f. f a c t o r s  i s  t h a t  sodium s a l t s  a re  normal ly  
so lub le  (except f o r  sodium oxa ia te )  i n  t h e  i n h i b i t e d  water d i l u e n t ,  w h i l e  t h e  
metal  ox ides and hydroxides [e.g., Al(OH), and Cr(OH),] a re  i nso lub le .  
Furthermore, t h e  d i f f e r e n t  sodium s a l t s  have d i f f e r e n t  s o l u b i l i t i e s ,  w i t h  
carbonate, phosphate, and s u l f a t e  being l e s s  so lub le  than aluminate,  n i t r i t e ,  
and n i t r a t e .  Thus, tanks t h a t  have a s i g n i f i c a n t  f r a c t i o n  o f  t h e  s o l i d s  

It seems l i k e l y  t h a t  t o o l s  and 

V i a l s  w i t h  9 t o  12 g were s u f f i c i e n t  f o r  most cases, 

Furthermore, t h e  number o f  requ i red  d i g e s t s  can be 

3 
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composed o f  sodium s a l t s  (o ther  than oxa la te )  w i l l  have fi f a c t o r s  
s i g n i f i c a n t l y  smal 1 e r  than one. 

s t r e n g t h  increases. 
so t h a t  tanks w i t h  low i o n i c  s t rength  have low Na concentrat ions.  
r e s u l t ,  sodium s a l t s  w i l l  tend t o  remain i n  s o l u t i o n  (sodium oxa la te  be ing  t h e  
main except ion)  f o r  tanks w i t h  low i o n i c  s t rength .  However, some sodium s a l t s  
(e.g., Na F(PO,),, Na PO , and Na$O,) are r e l a t i v e l y  i nso lub le ;  such s a l t s  may 
p r e c i p i t a t e  a t  re1atf ;veIy low Na concentrat ions.  However, i n  tanks w i t h  h i g h  
i o n i c  s t rengths,  t h e  h igh  Na' concentrat ions w i l l  o f t e n  cause p r e c i p i t a t i o n  o f  
sodium s a l t s  (so t h a t  these tanks are  l i k e l y  t o  have s a l t s  t h a t  d i s s o l v e  when 
d i l u t e d ) .  

When t h e  l i q u i d  has a low sodium concentrat ion,  t h e  so lub le  sodium 
s a l t s  a re  l i k e l y  t o  be i n  so lu t i on .  
samples o f  l i q u i d  have a sodium m o l a r i t y  o f  4.1 M [see Revis ion 0-C (Templeton 
1999a) o f  t h e  tank  cha rac te r i za t i on  r e p o r t  (Hodgson 1995) l .  The analyses o f  
sludge from core  samples i n d i c a t e  t h e  d r y  s o l i d s  i n  tank  101-AZ t o  be 
p r i m a r i l y  ox ides o f  i r on ,  aluminum, and zirconium, w i t h  minor c o n t r i b u t i o n s  
from ox ides o f  S i ,  Cd, and U, as w e l l  as some sodium oxa la te .  The analyses 
i n d i c a t e  t h a t  t h e  c o n t r i b u t i o n  o f  any water-so lub le sodium s a l t s  (o the r  than 
oxa la te )  i s  a smal l  percentage o f  t h e  weight (<15 wt%)  o f  t h e  o the r  s o l i d s .  
Thus, f -  i s  est imated t o  be g rea te r  than 0.85 f o r  t h e  t h r e e  d i l u t i o n  t e s t s  
(Tests 1 - 3). 
w i t h  low sodium concentrat ions.  

be present  as s o l i d s .  
sodium s a l t s  (e.g., Person 1999a). As a conservat ive f i r s t  approximation, 
assume a l l  t h e  non-oxalate sodium s a l t s  a re  so lub le.  Then, t h e  weight 
f r a c t i o n  t h a t  remains undissolved i s  equal t h e  sum o f  t h e  i n s o l u b l e  hydroxides 
and ox ides and sodium oxa la te  d i v i d e d  by t h e  t o t a l  w t %  o f  a l l  d r y  s o l i d s .  The 
f i r s t  approximat ion can a l so  use t h i s  same f a c t o r  f o r  Tests 1 through 3 (more 
r e a l i s t i c a l l y ,  f, would be somewhat l a r g e r ) .  

tanks w i t h  low i o n i c  s t reng th  where t h e  s o l i d s  con ta in  r e l a t i v e l y  small 
amounts o f  non-oxalate sodium s a l t s ,  bu t  t h e  fi f a c t o r s  must be est imated f o r  
tanks w i t h  h igh  i o n i c  s t rength .  As an example c a l c u l a t i o n ,  cons ider  t h e  
requirements when medium losses are assumed and t h e  i o n i c  s t reng th  i s  low. 
For t h i s  example, t h e  "Med" columns o f  Table 2-1 show t h a t  a range o f  0.95 t o  
0.85 f o r  f, t o  f, requ i res  having 64 t o  69 g o f  c-sol  a f t q r  t h e  s o l i d s  a re  
separated. Th is  corresponds t o  having 80 t o  87 g o f  c-sol  i n  t h e  s l u r r y .  I n  
add i t i on ,  t h e  amount o f  s e t t l e d  s o l i d s  requ i red  i s  l a r g e r  than t h e  amount o f  
c-so l  by t h e  l/rcls f a c t o r ,  which has an approximate range from 1.1 t o  2. 

The two r igh t -hand columns i n  Table 2-1 i l l u s t r a t e  t h e  e f f e c t s  o f  
d i f f e r e n t  rCls r a t i o s  f o r  t h e  medium losses.  These two columns show d i f f e r e n t  
amounts o f  s-sol requ i red  when t h e  rFls r a t i o  has t h e  lower  values o f  0.6 and 
0.5 (compared w i t h  t h e  va lue o f  0.7 i n  t h e  "Med" column t h a t  a l s o  has 0.85 f o r  
t h e  fi va lue) .  Thus t h e  amount o f  s-sol s l u r r y  requ i red  i s  125, 145, and 
174 g as t h e  va lue  o f  rcls decreases from 0.7, t o  0.6, t o  0.5, r e s p e c t i v e l y .  

The s o l u b i l i t y  o f  t h e  sodium s a l t s  normal ly  decreases as t h e  i o n i c  
Furthermore, Na' i s  normal ly+the dominant p o s i t i v e  ion ,  

As a 

Using tank  101-A2 as an example, grab 

As discussed above, t h i s  i s  l i k e l y  t o  be t r u e  f o r  o the r  tanks 

When t h e  l i q u i d  has a l a r g e  sodium concentrat ion,  many sodium s a l t s  may 
For these tanks, est imate t h e  w t %  o f  t h e  d i f f e r e n t  

I n  summary, t h e  fi f a c t o r s  can be est imated as 0.85 ( o r  l a r g e r )  f o r  

4 
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The amount o f  s o l i d s  requ i red  thus depends on severa l  assumptions. As 
a reasonable f i r s t  guess, a minimum weight o f  e q u i l i b r a t e d  s e t t l e d  s o l i d s  i s  
120 t o  170 g f o r  tanks w i t h  low i o n i c  s t rength .  However, l a r g e r  amounts a re  
r e q u i r e d  when l a r g e r  losses are considered. 

3.0 DESCRIPTION OF TEST 

Sample p repara t i on  and a l l  o f  t h e  t e s t i n g  w i l l  be done i n  h o t c e l l s  a t  
t h e  2 2 2 4  Laboratory .  The s t a r t i n g  ma te r ia l  w i l l  be prepared i n  t h e  l a r g e  
h o t c e l l s  i n  room 11A o f  t h e  222-S Laboratory.  It i s  c u r r e n t l y  planned t h a t  
t h e  o the r  a c t i v i t i e s  descr ibed i n  t h i s  t e s t  p lan  (except f o r  ana lys i s )  w i l l  be 
performed i n  t h e  l l A 5  h o t c e l l .  
used, as needed o r  as space i s  ava i l ab le .  

The s t a r t i n g  ma te r ia l  w i l l  be prepared by t h e  11A personnel .  
S u f f i c i e n t  m a t e r i a l  (see Sect ion 2 f o r  es t imat ion  o f  s o l i d s  requ i red)  w i l l  be 
submi t ted t o  Process Chemistry personnel f o r  t h e  Sol i d s  S o l u b i l i t y  Screening 
Tests.  

Other po r t i ons  o f  t h e  11A h o t c e l l s  may be 

3.1 Observat ions on S t a r t i n g  Ma te r ia l  

3.1.1. Record t h e  weights o f  samples received. 

Note: Ma in ta in  a l o g  o f  b o t t l e  weights f o r  each t r a n s f e r ;  per form 
a ma te r ia l  balance t o  account f o r  a l l  ma te r ia l  sampled. 

vo l% s e t t l e d  so l i ds ,  shake t h e  mixture,  and go t o  
Sect ion 3.1.5. 

Note: I f t h e  s t a r t i n g  ma te r ia l  i s  a s l u r r y  already, record  t h e  

3.1.2. 

3.1.3. 

Tare and l a b e l  f o u r  t a l l  j a r s  o f  t h e  appropr ia te  s i z e  t o  con ta in  
t h e  mixed s l u r r y  composites. 

Add s o l i d s  composite and l i q u i d  composite by mass t o  each j a r .  
Add s o l i d s  composite and l i q u i d  composite i n  t h e  mass r a t i o  
c a l c u l a t e d  t o  match t h e  mass r a t i o  f o r  t h e  core sample. 
est imated fi f a c t o r s  (Sect ion 2.2) t o  prepare t h e  amount o f  s o l i d s  
composite f o r  each Test.  

Use t h e  

3.1.4. Mix f o r  24 hrs .  

3.1.4a. Shake v igo rous l y  a t  hou r l y  (approximately)  i n t e r v a l s  du r ing  
working hours. It i s  expected t h a t  t h e  shaking w i l l  begin 
on one day w i t h  several  shakings and end 24 hours l a t e r  
a f t e r  some a d d i t i o n a l  shakings du r ing  working hours. 

3.1.5. S e t t l e  f o r  a t  l e a s t  48 hrs .  

3.1.5a. Record h o t c e l l  ambient temperature du r ing  t h e  s e t t l i n g .  
Record observat ions o f  so l  i d s  p roper t i es  and g e l a t i o n ;  

5 
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record any visual observation of floating layers (organic or 
solids) and any indication of gas generation. 

3.1.5b. Measure the heights of settled solids at times during the 
period. Measure the total height of solids and liquid at 
least once. 

3.1.5~. If the liquid is too turbid to determine the top of the 
solids, allow the material to settle longer (wait at least 
24 hrs more). 

3.1.6. Measure and record the volume and mass of each sample slurry. 

3.2 Centrifuged Solids (C-Sol) Preparation 

for the four tests. 
be decanted from the settled solids when there is a clear liquid layer. 

The next steps separate the solids and liquids from the slurry samples 
This is done by centrifugation, although clear liquid may 

3.2.1. Separate the liquids and solids by centrifugation (use 
approximately 300 G force for 30 min), observing and documenting 
the degree of separation (completion of centrifugation determined 
by technical judgment of chemist). 

Note: Dilution o f  sample minimized during all transfers by rinsing 
containers with the separated liquid fraction. 

3.2.2. 

3.2.3. 

3.2.4. 

3.2.5. 

3.2.6. 

Record the weights of separated liquid and of c-sol. 

Record the volumes and the calculated densities o f  the separated 
1 iquid and of c-sol. 

Record visual observations, including (1) quality of separation, 
(2) presence of floating layers (organics or solids) and (3) any 
indications of gas generation within sample. 

Use the c-sol to form the four test mixtures, following 
directions in Section 3.3.1. Save liquid that was equilibrated 
with the c-sol used to prepare the Test 4 samples. 
will be used for analysis in Section 3.3.6. There are no other 
needs for the liquids in this test plan. 

Record the weight of c-sol jar after removing material for 
Step 3.2.5. 

The liquid 

6 
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3.3 S o l u b i l i t y  Screening Tests 

t h e  s o l i d s .  These da ta  w i l l  be used i n  assessing t h e  impact o f  s o l i d s  on 
meet ing P r i v a t i z a t i o n  Contract  envelope s p e c i f i c a t i o n s  and w i l l  p rov ide  i n p u t  
t o  a i d  i n  des ign ing  s o l i d s  d i s s o l u t i o n  t e s t i n g  f o r  waste r e t r i e v a l .  
a d d i t i o n a l  o b j e c t i v e  i s  t o  use a standardized s o l u b i l i t y  t e s t i n g  procedure t o  
a l l o w  waste-to-waste comparisons t o  be made e a s i l y .  Add i t i ona l  analyses o f  
t h e  s o l i d s  may be requested by t h e  chemist i n  consu l ta t i on  w i t h  t h e  Tank 
Coord inator .  

The experiment l i s t e d  below w i l l  i n d i c a t e  t h e  e f f e c t s  o f  d i l u t i o n  on 

An 

3.3.1. Tare and l a b e l  con ta iners  o f  appropr ia te  s i z e  t o  h o l d  t h e  d i l u t e d  
t e s t  mix tures.  When t h e  d i l u t e d  volume expected f o r  t h e  t e s t  i s  
45 mL o r  less,  use one 50 mL c e n t r i f u g e  cone as t h e  conta iner .  
Use one v i a l  o r  t a l l  j a r  o f  t h e  appropr ia te  volume f o r  d i l u t e d  
volumes l a r g e r  than 45 mL. The conta iner  s i z e  should be l a r g e  
enough t o  accommodate shaking t h e  d i l u t e d  m a t e r i a l .  

3.3.2. Add c-sol  by mass t o  t h e  conta iners.  

3.3.2a. Test 1: 100 p a r t s  (by mass) c-sol  p l u s  25 p a r t s  (by mass) 

3.3.2b. Test 2: 100 p a r t s  (by mass) c-sol  p lus  75 p a r t s  (by mass) 

3 . 3 . 2 ~ .  Test 3: 100 p a r t s  (by mass) c-so l  p l u s  100 p a r t s  d i l u e n t  

3.3.2d. Test 4: 100 p a r t s  (by mass) c-so l  w i t h  no d i l u t i o n .  

Note: 

d i l u e n t  ( i n h i b i t e d  water). 

d i l u e n t  ( i n h i b i t e d  water) .  

( i n h i b i t e d  water) .  

I n h i b i t e d  water i s  0.01 M NaOH and 0.01 M NaNO, (sodium 
n i t r i t e ) .  

3.3.3. Mix  f o r  24 hrs .  

3.3.3a. Shake v igo rous l y  a t  hou r l y  (approximately)  i n t e r v a l s  du r ing  
working hours. It i s  expected t h a t  t h e  shaking w i l l  begin 
on one day w i t h  several  shakings and end 24 hours l a t e r  
a f t e r  some a d d i t i o n a l  shakes du r ing  working hours. 

3.3.4. S e t t l e  f o r  a t  l e a s t  72 hrs .  

3.3.4a. Record h o t c e l l  ambient temperature a t  t h e  beginning, end, 
Record observat ions o f  and a t  t imes du r ing  t h e  s e t t l i n g .  

s o l i d s  p roper t i es  and ge la t i on ;  record  any v i s u a l  
observat ion o f  a separate organic  l a y e r .  

du r ing  t h e  pe r iod  (e.g., a t  1, 2, 4, 20, 24, 28, 48, and 72 
h r s ) .  
cm/mL r a t i o .  Record t h e  t o t a l  he igh t  a t  l e a s t  once. 

3.3.4b. Measure t h e  he igh ts  o f  s e t t l e d  s o l i d s  a t  several  t imes 

The he igh ts  may be recorded i n  mL, a f t e r  n o t i n g  t h e  

3.3.5. Separate t h e  s o l i d s  and l i q u i d s .  
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3.3.5a. Decant t h e  l i q u i d  f r a c t i o n  from each t e s t  w i t h  t h e  goal o f  
having t h e  remaining ma te r ia l  f i t  i n  one 50 mL c e n t r i f u g e  
cone (measure t h e  volume and mass o f  t h e  l i q u i d  removed). 
T rans fer  t h e  decanted l i q u i d  i n t o  c lean ( t a r e d  and labe led)  
conta iners  (e.g., 50 mL cones). Leave enough l i q u i d  w i t h  
t h e  s o l i d s  t o  a l l ow  e f f i c i e n t  t r a n s f e r  o f  t h e  s o l i d s .  

3.3.5b. C o l l e c t  a l l  s o l i d s  i n t o  one ta red  and labe led  c e n t r i f u g e  
cone. Cent r i fuge t h e  cone (use approximately 300 G f o r c e  
f o r  about 30 min), observing and documenting t h e  degree o f  
separat ion (complet ion o f  c e n t r i f u g a t i o n  determined by 
techn ica l  judgment o f  chemist) .  Record any v i s u a l  
observat ion o f  a separate organic  l a y e r .  
i n t o  t h e  l i q u i d  conta iner  (see s tep 3.3.5a). I f  necessary 
t o  c o l l e c t  s o l i d s  from d i f f e r e n t  cones, use some supernate 
t o  s l u r r y  t h e  s o l i d s  i n t o  one cone and r e c e n t r i f u g e  t h a t  
cone, decant ing t h e  l i q u i d  i n t o  t h e  l i q u i d  con ta ine r .  
t h e  cone before and a f t e r  any supernate add i t i on .  

3 . 3 . 5 ~ .  Measure and record  t h e  volumes and masses ( t o  determine t h e  
d e n s i t i e s )  o f  t h e  s o l i d s  and l i q u i d s .  

Decant t h e  l i q u i d  

Weigh 

3.3.6. Submit an a l i q u o t  o f  t h e  separated l i q u i d s  (mix f i r s t )  o f  each 
t e s t  m ix tu re  f o r  t h e  analyses l i s t e d  i n  steps 3.3.6a and 3.3.6b. 
Prepare two v i a l s  w i t h  10 t o  14 mL i n  each v i a l  (on l y  one v i a l  i f  
l e s s  than 14 mL t o t a l  volume ava i l ab le ) .  I f  volume i s  l e s s  than 
14 mL f o r  Test  4, add t h e  separated l i q u i d  saved from t h i s  sample 
i n  Step 3.2.5 t o  g i v e  a t o t a l  volume o f  20 t o  28 mL ( h a l f  i n  each 
v i a l ) .  I f  volume i s  l e s s  than 9 mL f o r  Tests 1 through 3, add a 
known weight o f  de ion ized water t o  make t h e  d i l u t e d  volume 12 mL 
o r  more. Record vo l% d i l u t i o n .  

3.3.6a. Analyze samplg f o r # ,  A k b  C r ,  p, S, ,,s,', OH, N02, N03, C1, 
F, T IC ,  TOC, 'Sr, Cs, Co, 4 E ~ ,  Eu, and t o t a l  a lpha 
us ing  t h e  methods and QC parameters o u t l i n e d  i n  Table 7.1 o f  
t h e  DQO ( P a t e l l o  1999). Report a l l  a n a l y t i c a l  r e s u l t s  
recovered f o r  o p p o r t u n i s t i c  analy tes ( K r i s t o f z s k i  1996) t o  
t h e  ex ten t  t h a t  no add i t i ona l  standards o r  re runs  are  
requ i red .  

3.3.6b. Analyze sample f o r  w t %  s o l i d s  (g rav ime t r i c  by heat ing  t o  
constant  weight a t  105 "C). I f  t h e  amount o f  l i q u i d  i n  t h e  
v i a l ( s )  i n  Step 3.3.6 i s  l e s s  than 20 mL, use approximately 
1 g f o r  t h e  sample (and dup l i ca te )  when determin ing t h e  w t %  
so l ids ;  otherwise, l a r g e r  samples may be used. 

The s p e c i f i e d  sample s izes  i n  Steps 3.3.6b and 3.3.7b are  
from t h e  DQO s p e c i f i c a t i o n s  (Sect ion 7.3.4 o f  P a t e l l o  1999) 
t h a t  use sample s izes  o f  5 t o  10 g and a l l ow  smal le r  sample 
s izes  due t o  sample q u a n t i t y  l i m i t a t i o n s .  

3.3.7. Submit an a l i q u o t  o f  s o l i d s  (mix w e l l  f i r s t )  o f  each t e s t  m i x t u r e  
f o r  t h e  analyses l i s t e d  i n  steps 3.3.7a and 3.3.7b. 

Note: 

I f  t h e r e  i s  
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on l y  a small amount o f  s o l i d s  a f t e r  any d i l u t i o n  t e s t  (e.g., l e s s  
than 2 g), do s tep 3.3.8 i n  p lace  o f  t h i s  step. 

3.3.7a. Analyze saFfle fg- Na A l ,  C r ,  P, S, S i ,  N02, N03, C1, F ,  
TIC,  TOC, S r ,  Cs, '60Co, 1 5 4 E ~ ,  155Eu, and t o t a l  a lpha 
us ing  t h e  methods and QC parameters o u t l i n e d  i n  Table 7.2 o f  
t h e  DQO ( P a t e l l o  1999). Use a water d i g e s t  f o r  t h e  I C  
ana ly tes  (anions) and f o r  TOC, d i r e c t  s o l i d  samples f o r  TIC 
and TOC, and a fus ion  d i g e s t  f o r  t h e  radiochemical  ana ly tes  
( i n c l u d i n g  t o t a l  a lpha).  I f  t h e  sample s i z e  i s  g r e a t e r  than 
9 g, use an ac id  d i g e s t  f o r  t h e  I C P  ana ly tes  ( ca t i ons ) .  I f  
t h e  sample s i z e  i s  l e s s  than 9 g, conserve sample by doing 
t h e  I C P  ana lys is  on t h e  f u s i o n  d i g e s t  a l ready  performed. 
Report a l l  a n a l y t i c a l  r e s u l t s  recovered f o r  o p p o r t u n i s t i c  
ana ly tes  ( K r i s t o f z s k i  1996) t o  t h e  ex ten t  t h a t  no a d d i t i o n a l  
standards o r  reruns are  requ i red .  

3.3.7b. Analyze sample f o r  w t %  s o l i d s  (g rav ime t r i c  by heat ing  t o  
constant  weight a t  105 " C ) .  I f  t h e  amount o f  s o l i d s  i n  t h e  
v i a l  i n  Step 3.3.7 i s  l e s s  than 20 g, use approx imate ly  1 g 
f o r  t h e  sample (and dup l i ca te )  when determin ing t h e  w t %  
so l i ds ;  otherwise, l a r g e r  samples may be used. 

A t  t h e  d i s c r e t i o n  o f  t h e  chemist i n  charge, i n  c o n s u l t a t i o n  w i t h  
t h e  tank  coord ina tor ,  o the r  t e s t s  may be performed. 
he lp  i d e n t i f y  t h e  so l i ds ,  e s p e c i a l l y  i f  t h e  amount o f  s o l i d s  
remaining i s  i n s u f f i c i e n t  f o r  t h e  f u l l  s u i t e  o f  t e s t s .  Poss ib le  
o the r  t e s t s  are x-ray d i f f r a c t o m e t r y ,  p o l a r i z e d  1 i g h t  microscopy 
(PLM), and scanning e l e c t r o n  microscopy/energy d i s p e r s i v e  x-ray 
spectroscopy. 

3.3.8. 
Th is  can 

4.0 DATA INTERPRETATION 

4.1 Chemical Data 

Chemical analyses o f  cen t r i f uged  l i q u i d  and s o l i d  phases w i l l  be used 
t o  develop knowledge o f  t h e  chemical p roper t i es  o f  t h e  s o l i d  phase. The 
analyses o f  t h e  ma te r ia l  from t h e  f o u r  screening t e s t s  (Sect ion 3.3) w i l l  be 
used toge the r  w i t h  any analyses o f  t h e  l i q u i d  f r a c t i o n  and t h e  s o l i d  f r a c t i o n  
o f  t h e  r i s e r  composite a v a i l a b l e  from samples prepared by 11A personnel 
accord ing t o  t h e  SAP f o r  t h e  tank. With analyses o f  bo th  t h e  l i q u i d  and t h e  
c-so l  samples, it w i l l  be poss ib le  t o  c a l c u l a t e  t h e  c o n t r i b u t i o n  o f  t h e  
i n t e r s t i t i a l  l i q u i d  t o  t h e  cen t r i f uged  s o l i d s  and t o  est imate a composi t ion o f  
t h e  t r u e  s o l i d  phase a t  each d i l u t i o n .  
as a f u n c t i o n  o f  d i l u t i o n  r a t i o  should p rov ide  t h e  i n fo rma t ion  needed t o  
e x p l a i n  t h e  phys ica l  ( s o l u b i l i t y )  data. 

water  i n  t h e  c e n t r i f u g e d  s o l i d s  can be a t t r i b u t e d  t o  i n t e r s t i t i a l  l i q u i d .  I f  
t h e  c a l c u l a t i o n s  and/or PLM r e s u l t s  suggest t h a t  t h e  t r u e  s o l i d  phase conta ins  
some s a l t s  t h a t  are h i g h l y  hydrated [e.g. Na,F(PO4),.19H,O], then an i t e r a t i v e  

Knowledge o f  t h e  s o l i d  phases present  

As a f i r s t  approximation, t h e  assumption w i l l  be made t h a t  a l l  o f  t h e  

9 
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c a l c u l a t i o n  may be requ i red  t o  d i s t r i b u t e  t h e  water i n  t h e  c e n t r i f u g e d  s o l i d s  
between t h e  t r u e  s o l i d  phase and t h e  i n t e r s t i t i a l  l i q u i d  phase. 

The l i s t  o f  ana ly tes  from t h e  I C P  and I C  analyses t h a t  w i l l  be repo r ted  
w i l l  be longer  than those requested (per  "oppor tun i s t i c "  ana lys i s  memo 
[ K r i s t o f z s k i  19961). 

4.2 Q u a l i t y  Assurance 

HNF-PRO-233, t h i s  t e s t  p l a n  i s  assigned Approval Designator E. Approval 
s ignatures  are  requ i red  from t h e  author, immediate manager, Environmental 
Compliance rev iewer ,  and a rep resen ta t i ve  o f  t h e  r e c e i v i n g  organ iza t ion .  

and 7.2 o f  P a t e l l o  1999) w i l l  e i t h e r  be re run  o r  repo r ted  as n o t  meet ing t h e  
requirements i n  t h e  f i n a l  repo r t .  
t h e  222-S Lab QA p lan  (Markel 1999) as mod i f ied  by t h e  DQO ( P a t e l l o  1999) and 
t h e  SAP f o r  t h e  tank. 

The s o l u b i l i t y  screening t e s t s  w i l l  f o l l o w  t h e  "Process Chemistry & 
S t a t i s t i c s  Q u a l i t y  Assurance Plan", WHC-SD-CP-QAPP-018, Rev. 0 (Meznarich 
1996). The i n s t r u c t i o n s  w i l l  be recorded i n  a c o n t r o l l e d  l a b o r a t o r y  notebook, 
showing observat ions and da ta  recorded as t h e  work i s  done. Example da ta  
sheets a re  shown i n  Appendix A. Minor changes t o  t h e  work (as determined by 
t h e  chemist  i n  charge) w i l l  be noted i n  t h e  l abo ra to ry  notebook and i n  t h e  
t e s t  r e p o r t .  Substant ive changes t o  t h e  work w i l l  be reviewed by t h e  author,  
immediate manager, and t h e  customer. Changes t h a t  r e q u i r e  rev iews by 
Rad io log ica l  Contro l  o r  Environmental Compliance o r  o the r  e n t i t i e s  w i l l  have 
those a d d i t i o n a l  reviews be fore  t h e  changes are implemented. 

Based on t h e  requirements i n  "Review and Approval o f  Documents", 

Analyses t h a t  do n o t  meet t h e  QC requirements o f  t h e  DQO (Tables 7.1 

A n a l y t i c a l  QA w i l l  meet t h e  requirements o f  

5.0 SAFETY 

A l l  o f  t h e  s a f e t y  requirements t h a t  apply  t o  t h i s  t e s t  p l a n  are  
descr ibed i n  "Development o f  Inst rumentat ion,  Methods and Performance o f  
Process Tes t ing" ,  Hanford A n a l y t i c a l  Services Laboratory Operat ing Procedure 
LO-140-100, and i n  t h e  WMH-310 Manual ("Hanford A n a l y t i c a l  Serv ices Laboratory  
Operat ions Admin is t ra t ion" ) ,  Sect ion 4.3, "222-S Laboratory Safety," 
Sec t ion  4.5, "Chemical Hygiene Plan," and Sect ion 1.9, "Laboratory  Test  
P1 anni ng . I' 

Execut ion o f  t h i s  program w i l l  n o t  i n v o l v e  any hazards beyond t h e  usual 
l a b o r a t o r y  a c t i v i t i e s .  Standard l abo ra to ry  s a f e t y  p r a c t i c e s  w i l l  apply.  

The work descr ibed i n  t h i s  t e s t  p lan  w i l l  a l l  be done i n s i d e  a h o t c e l l .  

10 
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6.0 WASTE HANDLING 

Two waste streams are expected t o  be generated from t h i s  t e s t  program. 
Stream #1 i s  t h e  used and l e f t - o v e r  tank  waste ma te r ia l .  Th is  m a t e r i a l  
c o n s i s t s  p r i m a r i l y  o f  l i q u i d  (conta in ing  l e s s  than 5 vo l% s o l i d s ) .  There may 
be a smal l  amount o f  s o l i d s  a lso.  The t o t a l  amount o f  t h i s  waste stream i s  
expected t o  be l e s s  than 1 kg. Th is  waste w i l l  be d iscarded t o  t h e  219-S 
B u i l d i n g  tanks v i a  a h o t c e l l  d ra in ,  per  procedure LO-100-107, "Cubic le  
Housekeeping, Waste Disposal, and Management". Th is  waste may be d i l u t e d  w i t h  
i n h i b i t e d  water, as noted on t h e  Waste Stream Fact Sheet i n  Appendix C. 

Stream #2 i s  t h e  s o l i d  h o t c e l l  waste c o n s i s t i n g  o f  used c e n t r i f u g e  
cones, used sample v i a l s ,  used p l a s t i c  syr inges, e tc .  Th is  waste w i l l  be 
r i n s e d  w i t h  water, removed from t h e  l l A 5  h o t c e l l ,  loaded i n t o  waste cans, and 
disposed o f  by 11A personnel according t o  LO-100-151, "Segregate and Manage 
Sol i d  Laboratory  Wastes". 

I f  t h e  tank  under study i s  found t o  be above r e g u l a t o r y  concern f o r  
PCBs, a l l  waste streams w i l l  be managed and disposed o f  according t o  LO-100- 
114, "Management o f  Po lych lo r ina ted  Biphenyl (PCB) a t  t h e  222-S Laboratory  
Complex". 

accumulat ing o f  hazardous waste. The Waste C o m p a t i b i l i t y  Review i s  a t tached 
as Appendix B. 
d i l u e n t  added t o  t h e  waste) i s  at tached as Appendix C. 

Other  than t h e  waste streams descr ibed here, t h e r e  w i l l  be no 

The Waste Stream Fact Sheet ( l i s t i n g  t h e  components o f  t h e  

7.0 SCHEDULE AND DELIVERABLES 

This  t e s t  p lan  should be issued by February 16, 2000. The schedule f o r  
each tank  w i l l  depend on t h e  a v a i l a b i l i t y  o f  Process Chemistry personnel and 
on t h e  schedule f o r  p repara t ion  o f  t h e  sample m a t e r i a l .  

A complete r e p o r t  o f  t h e  t e s t  r e s u l t s  w i l l  be issued by Process 
Chemistry i n  t h e  form o f  an i n t e r n a l  memo t o  222-S Laboratory.  In fo rmal  
i n t e r i m  s t a t u s  r e p o r t s  w i l l  be g iven t o  t h e  customer ( v i a  cc:mai l  o r  
te leconference)  a t  t h e  customer's request.  Other requirements may be 
s p e c i f i e d  i n  t h e  SAP. For example, an e l e c t r o n i c  ve rs ion  o f  t h e  r e p o r t  and 
associated da ta  spreadsheets can be prov ided t o  t h e  customer, and t h e  222-S 
Laboratory  can issue a Format I V  r e p o r t  t h a t  inc ludes  Process Chemist ry 's  
r e p o r t .  

11 
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APPENDIX A: EXAMPLE DATA SHEETS 

Preparation o f  Slurry Composite Sample. Date: 
I, I 

If Nsesssary, mix solids compomite with liquid mmpodts to form slurry composites 
Chad wt 12O.W/6W.O gl. a: II 

Mix. dataltime. TDC 

settiing. datenims. T -c  m o i o t  ht,vol 
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Gmss wt. iamplalar. g 

Sol i d s / L i q u i d  Separat ion o f  Composite Sample. Date:  
1- 

Chest wt 120.0015W.O gl. g: 

Wt of soIMslliquld in cone. g 

Total volume In mne. mL I I 
Cone wt after c4lquld decant, g 

Wt of E-liquid. g 

Wt of wntrlluged did., g 

Volume 01 untrlfuged molld.. mL 

Densky of centrifuged solid., glmL 

Volume, c-liquid decanted, mL 

Donmky of wntrifuged liquid. glmL 

Total volume liquid, mL 

Total wt IlauM. LI 

Dsnskv of total liauid. d m L  I I 
Wt% wntrltugsd solid. 
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D i l .  f a c t o r  

Desi re  d i l ,  g 

Desi r e  t o t  w t  

D i l + l i q + s o l  

D i l u e n t ,  g 

D i l .  f a c t o r  

S o l u b i l i t y  Screening Test:  Prepare Mixture,  D i l u t e ,  S e t t l e .  Date: 

0.25 0.75 1.00 0. 

Prepare t e s t  m i x t u r e  us ing  c-sol  p l u s  d i l u e n t .  II 
S o l i d t j a r ,  g 

Tare, g 

S e t t l e  f o r  72 hrs; note s e t t l e d  s o l i d s  h t  (SSH) + t o t a l  h t  (TH) 

Date/Time/"C I SSH/TH,#l I SSH/TH,#2 I SSH/TH,#3 I SSH/TH,#4 
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Solubility Screening Test: Solid/Liquid Properties. Date: 
Propertie. of *oiids altar dilution 

Test 2 Test 3 Teet 4 

Tam testiar, g 
I I I 

wt 1iq + .OC g I I I I 
Wt tcnlar+msld. g 

VOM, set 801 

Cons Label 

Liq "01 cone. mL 

wt iiq+EO"e. 9 

Tare Eone. 0 

Wt iiq in cone. g 

SpG liq in cone 

Empty cone liquid into "-L" jar. weigh. Decant any addkionai liquid to  "-L" jar -- end with liquid + d M .  in cone. 

Wt 114 + .Liar, g 

Taro wt -Liar, g 

Wt iiq+decant liq. g 

Wt decant Iiq. g 

Voi decant iiq, mL 

Voi i iq+soilwmd. mL 

wt 1iq + ..a1 +cone, g 

wt .olids+cons, g 

Vol 0-liq. mL 

SpG c-iiq llinai conal 

SpG c-sd 

Tot vol, liq + MI. mL 

Total wt. g 
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Vol% Diln 

So l ids  S o l u b i l i t v  Tests, Preoare Samoles. Date: 

I 

For t h e  cones from t h e  f o u r  t e s t s ,  t r a n s f e r  l i q u i d  from cones, t r a n s f e r r i n g  
10-14 mL t o  each o f  two 15 mL sample v i a l s .  
volume from SpG, and d i l u t e  w i t h  water i f  volume t9 mL. 
cones i n t o  s o l i d s  sample v i a l ;  record  w t s .  
Check Wts: 

I f cl4mL, use one v i a l ,  compute 
Trans fer  s o l i d s  from 

Prepare liquid iamplss. I 

I Notes 

Prepan solids samples. 

A- 5 



HNF-5665, Rev. 0 

APPENDIX B: WASTE COMPATIBILITY REVIEW 

COMPATIBILITY REVIEW 

PROCEDURE NUMBER: HNF-5665, Rev. 0 (Generic Test Plan f o r  S o l u b i l i t y  
Screening Tests) 

CHEMICALS OF CONCERN I N  WASTE STREAM MAXIMUM CONCENTRATION 

NaOH (sodium hydroxide) 
NaNO, (sodium n i t r i t e )  

0.006 M 
0.006 M 

COMPATIBILITY HAZARDS. INCLUDING SPECIAL STORAGE REOUIREHENTS. POSSIBLE 
REACTIONS. AND RESULTS OF MIXING INCOMPATIBLE WASTE STREAMS 

None, as NaOH and NaNO, are present w i t h i n  t h e  waste a t  concent ra t ions  
much g r e a t e r  than t h e  concentrat ions added. 

JIECOMMENDED WASTE STREAMS 

See sec t i on  6.0 o f  Test Plan. Procedure LO-100-107 i s  f o l l owed  f o r  
waste d isposa l  and management o f  waste stream #1 (used and l e f t - o v e r  
tank  waste m a t e r i a l )  i n  t h e  h o t c e l l .  Procedure LO-100-151 i s  f o l l owed  
f o r  waste d isposal  and management o f  waste stream #2 ( s o l i d  waste, such 
as used c e n t r i f u g e  cones, e t c . )  i n  t h e  h o t c e l l .  

CONTAINER MATERIAL 

g lass  or  p l a s t i c  

REFERENCE DOCUMENTS USED I N  COMPATIBILITY STUDY 

none requ i red  

J. C. Person 4 7 / 6 0  
Technical  A u t h o r i t y  <'- 1 Date 

D. L. H e r t i n a  2/7/6 0 
Reviewer Date 
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APPENDIX C: WASTE STREAM FACT SHEET 

CONSTITUENTS OF 
WASTE GENERATED 

22243 LABORATORY 
DEVELOPMENTAL METHOD WASTE STREAM FACT SHEET 

CAS NUMBER APPROXIMATE 
WEIGHT % 

NaOH (sodium hydroxide) 

NaNO, (sodium n i t r i t e )  

1310-73-2 0.02 

7632-00-0 0.03 

waste codes: Fool-FO05 waste class: OW 

cements: 
Tank Farm l i s t e d  waste must i nc lude  FOO1-FOO5 waste codes. 

No Waste Stream Label requi red.  Waste generated from t h i s  t e s t  p l a n  w i l l  be 
disposed down c u b i c l e  h o t c e l l  dra ins.  

Waste Stream Labe l ing  Requirements: (Waste Stream type, con ta ine r  type, waste 
codes, and d isposa l  c r i t e r i a  are requi red. )  Waste c lass  i s  op t i ona l .  The 
l a b e l  i s  considered t o  be an example l a b e l ,  bu t  con ta ins  t h e  r e q u i r e d  
i n fo rma t ion  f o r  waste stream i d e n t i f i c a t i o n .  
requirements may apply.  

Other hazardous waste l a b e l i n g  
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