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1.0 Introduction

c

-.
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.

BNFL, Inc. (BNFL) is under contract with the U.S. Department of Energy, River Protection
Project (DOE-RPP) to desig~ construct, and operate facilities for the treatment of wastes
stored in the single-shell and double-shell tanks at the Hanford Site, Richland Washington.
BNFL has contracted with Battelle Pacific Northwest Division to conduct tests to veri~ and
validate the BNFL waste treatment process. The DOE-N?P has provided samples from tanks
241-AW-101, 241-NN-107, 241-C-104, and 241-C-106 to BNFL for this purpose.

This report describes the results of a test conducted by Battelle to assess the volubility of the
solids entrained in the diluted A%107 low-activity waste (LAW) sample. BNFL requested
Battelle to dilute the AN-107 sample using sodium hydroxide and de-ionized water to mimic
expected plant operating conditions. BNFL fiuther requested Battelle to assess the volubility
of the solids present in the diluted AN-107 sample versus temperature conditions of 30,40,
and 50°C. BNFL requested these tests to assess the composition of the LAW supernatant
and solids versus expected plant-operating conditions. The work was conducted according to
test plan BNFL-TP-29953-7, Rev. O,Determination of the Volubility ofLAWEntrained
Solic& Some deviations from the test plan were required due to the nature of the AN-107
material. These deviations will be discussed in the Experimental Section.

2.0 Personnel

The Battelle personnel and their responsibilities in performing this test are given below.

StaHMember Responsibilities

Cogxdzantscientist.Prepared test plan and designed
G.J. Lurnetta experiment.Supefied performanceof the test Prepared

analyticalservicerequest Interpreteddata and reportedresults.

RC. httW Hot cell technician.Performedtest.

M.W. Uric Managedchemicaland radiochemicd analyticalwork.

r
B,AI.Rapko , Technicalreviewer. I

K.P. Brooks Task Leader.

3.o Experimental

s~p le Descrip~ ‘on. The sample used in this test was labeled as AN-107 ST. The

homogenizatio~ dilutio~ caustic adjustment, and sub-sampling of the as-received A%107
sample were described by Uric 1999. The total volume of sample AN-107 ST was 24 niL.
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Because the material was very dark it was not possible to accurately determine the volume of
settled solids in the sample.

A~ The apparatus used consisted of an aluminum heating block placed on a hot
plate/stirrer. The hot plate/stirrer was modified so that separate power could be applied to the
heating &d stirring fimctions. ‘Ilis.allowed for continuous stirring while the hot plate was
powered by a temperature controller. The temperature controller used was aJ-KEM Model 270
(J-KEM Electronics, Inc., St. Louis, MO). This temperature controller consists of ixvo separate
circuits. One is the temperature control circui~ while the other serves as an over-temperature
device, which shuts down the system if a preset temperature is exceeded. The set point for the
over-temperature circuit was set at 60°C for this test. A dual K-type thermocouple (model
number CASS-116G-12-DUAL, Omega Engineering Stamford, CT) was used to provide inputs
to the temperature controller and over-temperature circuits. Both the J-KEM Model 270 and the
dual thermocouple were calibrated before use. The aluminum heating block contained two wells.
A vial containing water was placed in one of the wells, with the thermocouple wedged beisveen
this vial and the aluminum block. The vial containing the sample was placed in tie odwr well.

Procedure.(’) The sample h AN-107 ST was mixed by swirling. The homogenized slurry was
then transferred to a 30-mL high-density polyethylene (HDPE) vial (this vial also contained a
Teflon@-coated magnetic stir bar). There were several large (2 to 3 mm) particles that did not
transfer readily. A spatula was used to ~sfer these larger particles into the HDPE vial. The

sample was heated and stirred at303 2 ‘C for 4 h. An attempt was made to filter a 2-mL aliquot
of the slurry through a 0.45-pm nylon syringe falter. The filter immediately plugged. The
experiment was suspended for several days; during this hiatus, the sample stood at ambient
temperature (-25°C).

.

A“fterconsultation W@ BNFL, the 0.45-I.un nylon filters were replaced with 1.2-pm nylon filters.

The sample was heated and stirred at 30 * 2 ‘C for 23 ho) Two aliquots (2-rIiL each) were taken
for analysis. Each aliquot was filtered through a L2-prn nylon syringe titer that had been
preheated by immersion in a boiling water bath. The filter was preheated to avoid precipitation
during the fdtration step. The fdtration was still quite difficult and took 10 to 15 minutes to
achieve (the filter probably cooled to ambient temperature during this time). A&r plu@ng of
the filter membrane, additional solution could be fdtere”dby pullirig back on the syringe filter
which appeared to pull some solid back off the membrane, which in turn allowed more solution
to pass. (The mixture was also difficult to falter at both 40 and 50°C.)

The temperature was increased to 40 + 2 ‘C and the sample was stirred for 25 h. The mixture
was sampled in the same manner as described above with the 1.2-pm filters. The temperature ‘

was,increased to 50 * 2 ‘C and the sample was stirred for 4 h. A@n, the mixture was sampled in
the same manner as described above. Because of the small volume of samples available (< 2

(a) The test plan and the associated procedural notes are included as Appendix A to this report.
N The test plan required the AN-107 sample to be maintained at temperature for atkast 1 hour

before sampling. For convenience, fie sample was maintained at 30 and 40°Covemighb whereas
the equilibration at 50°C was conducted withii one workday. It should be noted that&is test
was not designed to address the kinetics of dissolution. Kinetics could potentially be important
re~ding the phenomena investigated here, but separate testing would be required to address
thk issue.
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mL), only the following analytical procedures were performed: acid digestion, ICP/AES, and
total alpha. Furthermore, there had been apparent evaporation of one of the aliquots taken at
40”C and one of the ones &en at 50”C before the samples were removed fi-om the shielded
analytical facili~. These isvo aliquots were not processed. Further evaporation was evident for
some of the other aliquots prior to acid digestion. Because of this, the analyses were reported on
a per gram basis for each fllquot. These data were then normalized to the Na content as
discussed below.

4.o Results

Tables 1,2, and 3 present the concentrations of various waste components at 30,40, and 50”C,
respectively. As mentioned above, it was suspected that some of the samples partially evaporated
prior to analysis. This evaporation was indicated by significant formation of solids in the sample
coupled with relatively small liquid volumes. Because of this, it was impossible to directly
compare the measured concentration values. So that the concentrations could be compared, they
were normalized to the Na content. For example at 40”C, the Al concentration was 3,100 pg/g
and that for Na was 136,000 pg/mL. Thus, there were (1,000,000 pg/g x 3,100 pg Al/g

+136,000 pg Na/mL) = 22,794 w Al/g Na in the solution at 40”C. Note that this mzmnent of
the data assumes that the Na concentration does not change with increasing temperature)

Table 4 shows the changes in the concenixations relative to those at 30”C. Concentrations for
most of the analyzed meixds showed slight concentration increases (5 to 8°/0)when the
temperature was changed from 30 to 40”C. But further concentration increases generally did not
occur when the temperature was raised to 50”C. Iron is perhaps an exception to this in that
fkther dissolution of Fe occurred beiween 40 and 50”C. Barium, L% Si, Ti, and Zn also indicted
slight increases between 40 and 50”C, but the concentrations of these components are low and
are thus subject to greater experimental uncertainty.

Because duplicate analyses were not done on the 40 and 50”C samples, a rigorous analysis of the
statistical meaning of the data was not performed. But based on the standard deviations given in “
Table 1 (and assuming analogous uncerhties for the values in Tables 2 and 3), most of the .
increases (e.g., Al, Cr, Fe, and P) can be viewed as meaningfid.

The to@ alpha analyses ~able 1 through 3) indicated that the AN-107 waste is a transuranic
(TN) waste with TRU concentrations of -0.3 pCi/gwhichis well over the 0.1 pCi/gNRC
Class C LLW limit for TRU. The TRU concentration appeared to drop when the temperature
was raised from 30 to 40”C, but increased to about the original 30”C value when the
temperature was increased to 50”C. It is doubtfid that these changes are statistically significant.

.-

(4)
This assumption k perhaps not strictly true. In the case of the AW-101 LAW sample, a 1.7%
increase in the Na concentration was observed when the temperature was increased from 30 to
50”C (Lume@ Lettau, and Piepel 1999).Clearly,this assumption introduces another uncertainty
into the interpretation of the results. Because of this, the results reported in Table 4 should be
viewed as qualitative.
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5.0 Conclusions

The AN-107 sample was very difficdt to filter through 0.45-pm nylon membranes. Improved
filtration was achieved with 1.2-prn membranes, but the filtration was still very difficult. Because
filtration took several minutes, it is likely that significant temperature changes occurred during
the course of the fdtration. The impact of this on&e results is unknown. Furthermore, several
of the aliquots taken for analysis underwent evaporation prior to beginning the analytical
procedures. Because of this, the analytical data was reported in terms of units per gram of
sample and these values were normalized to the Na content in the sample. This introduced an
additional uncertainty in the results because this treatment of the data requires the assumption
that the Na concentration does not change with increasing temperature.

Concentrations for most of the analyzed metals showed slight concentn-dion increases (5 to 8Yo)
when the temperature was changed from 30 to 40°C. But fimher concentration increases
generally did not occur when the temperature was raised to 50°C. The AN-107 waste is a ‘
transuranic (’IRU) waste with soluble TR.U concentrations of-0.3 pCi/g. The TRU
concentration did not appear to change significantly with increasing temperature.

6.0 References
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Table 1. AN-107CunponentQmcentrationsin Solutionat 30°C.

w or ~Ctigssmple(o l%or @/g Nao)

AnaIyte AN107-SOL3O-1 AN107-SOL3O-2 AN107-SOL3O-I AN107-SOL3O-2 Mean std. Dev.

TotrdAlpha 0.289 0.321 217 2.24 221 0.05

k c 0.29 c 0.30 <2 <2 <2
Al 2900 3000 21805

2::Y
21392

Bs 2.33 2.47 17.5 17.4
Ca 330 341 2481 2385 2433

“cd 35.8 36.9 .269 258 264
a . (26) (27) 19.5 18.9 19.2
Cr 106 110 797 769 783
Cu 15.4 16.0 116 112 114
Fe 709 752 5331 5259 5295
K 894 931 6722 6510 6616
La 14.3 15.0 108 105 106
Mg <2.0 <2.0 <15 <14 <14

Mrs 55.7 58.7 419 410 415

Mo c 0.6 <0.6 <4 <4 <4

“Na 133000 143000

Ni 289 298 2173 2084 2128 J

P 375 389 2820 2720 2770

Pb 181 189 1361 1322 1341
Si(d 55.3 40.2 416 281 348

1-i (0.47) (0.49) 3.5 3.4 “ 3.5

u (77) (83) 579 S80 580
?,

Zn’ lLO 11.4 82.7 79.7 81.2

n 32.3 33.7 243 236 239

(a) Concentrationsinthesakple on a per gmmbasis.For radionuclkks,the umcentrationunits are pCdgsasnplq all other

components are in units of p~g sample.Valuesin parenthesesarenearthe analyticaldetectionlird-
(b) Concentrationsvaluesnodlzedtothe emountofNa in the sample.Forradkmclid% the concentrstionunits=e pCi/gNw all
othercomponentsare in units of @g Ns. Valuesin parenthesesarenearthe analyticaldetectionlimit.
(c)The processbhmkhsd a relativelyhigh Si eontentof44.8 ~gssmple.
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Table 2. AN-107ComponentConcentrationsin Solutionat 40°C.

AN107-SOL-4O-1

Analyte pg or ~Ci/g sample(’) ~g or ~CtigNa@)
Total Alpha ‘ 0.28 2.06

Ag

Al

Ba

-Ca

cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

Ni ~

P

Pb
Si(c)

Ti

u

Zn

Zr

<0.35 <3

3100 22794

2.44

351

38.0

(2.8)

113

16.6

739

963

15.1
<2.3

57.9
<0.7

136000

307

396

192

56.6

(0.51)

(85)

11.6

18

2581

279

(21)

831

122

5434

7081

111
<17

426
<5

2257

2912

1412

416

(4)

(625)

85

33.3 245

(a) Concentrationsin the sampleon a per grambasis. For radionuclides,
the concentrationunits are pCi/g Samplq all other componentsare in
units of f.@gsample.Valuesin parenthesesare within 10 times the
analyticaldetectionlimit,
(b) Concentrationsvalues normalizedto the amount ofNa in the sample.
For radionuclides,the concentrationunits are pCi/g NY all other
componentsare in units of p~g Na.
(c) The processblank had a relativelyhigh Si contentof 44.8 j@g
sample.
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Table 3. AN-107ComponentConcentrationsin Solutionat 50°C.

AN107-SOL-5O-2

Analyte pg or pCtig sample(a) ~g or pCi/g Nab)
Total Alpha , 0.327 2.22

Ag ~ <0.47 <3

Al 3320 22585

Ba (2.8) (19)

Ca 376 2558

Cd 40.5 276

Co (3.0) (20)

Cr 123 837

Cu 17.8 121

Fe 833 - 5667

K 1030 7007

La 16.6 113

Mg <3.1 <21

Mn 63.3 431

Mo < ().9 <6

Na 147000

Ni 328 2231

P 420 2857

Pb 207 1408
Si(c) 79.9 544

Ti (0.58) (4)

u (90) (612)

Zn 13.7 93 -

Zr 36.0 245

(a) Concentrationsin the sample on.a per gram basis. For radionuclides,
the concentrationunits are pCVgsamplq all other componentsare in
units of pg/g sample.Values in parenthesesare within 10 times the
analyticaldetectionlimit.
(b) Concentrationsvalues normalizedto the amount ofNa in the sample.
For radionuclides,the concentrationunits are pCi/g N& all other
componentsare in units of pg/g Na.
(c)The processblank had a relativelyhigh Si contentof 44.8 j@g
sample.
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Table 4. ConcentrationChangesRelativeto 30°C(’)

Change,%@)
Analyte
Total Alpha

Ag

Al

Ba

Ca

Cd

co

Cr

Cu

Fe

K

La

Mg

Mn

Mo

Na

Ni

P

. Pb
Si(O

Ti

u

Zn

Zr

40”C
-6.8

(c)

6.6

3.1

6:1

6.0

7.1

6.1

) 7.2

2.6

7.0

4.5

(c)

2.7

(c)

(c)

6.1

5.1

5.3

19.4

7.8

7.8

5.0

50”C
0.7

(c)

5.6

9.5

5.1

4.5

6.2

6.8

6.4

7.0

5.9

6.3

(c)

3.9

(c)

(c)

4.8

3.1

5.0

56.0

13.4

5.6

14.8

2.3 2.4

(a) Values in parenthesesare near the analytical
detectionlimit.
(b) The percent change is givenby: %Change= 1OO*(CT
GoYGo, where CTis the concentrationat temperatureT
(40 or 50”C)and GOis the concentrationat 30”C.
(c) Analytenot detected. “
(d) The valuesfor Si shouldbe veiwedwith caution
becauseof the high processblank.
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Applicability

This test plan is to be used to determine the effect of temperature on the volubility of entrained
solids in the BNFL LAW samples. The work will be conducted in the SAL hot cells. The work “
will be conducted by Radiochemical Processing Group staff. This work is being done as part of
the Technical Support to BNFL for l%ase lB project. “

Test Objectives

Justification: This activity supports confiiation of the process sequence, equipment petiormance
and design basis for the LAW entrained solids removal process. BNFL must complete research
and testing activities conducted to confium system design bases before March 1999.

Objective: Determine the components in solution at 30,40, and 50”C and their concentrations.
Infer from the solution composition the components dissolved in going from 30 to 40”C and from
40 to 50”C.

Definitions

BNFL British Nuclear Fuels Ltd.
HDPE High-density polyethylene “
RJ?L Radiochernical Processing Laboratory

Emergency Response

In the event of building audible alarms (e.g., fire or criticality) personnel should proceed in
accordance w,ith the RPL Building Emergency Procedure. If time permits, ensure that test
materials are secured from spilling prior to exiting the area.

Quality Control

QuaIi& assurance for work conducted under this Test Plan is governed by the Standards-Based
Management System (SBMS). The quality control for each analysis will be established per .
Quali~ Assurance Plan MCS-033. MCS-033 specifies the minimum calibration and verification
requirements for analytical systems, as well as batch processing qua~ty control samples to
monitor preparations (i.e., blanks, duplicates, matrix spikes, and laboratory control standards).

A workplace copy of this document shall be present at the work location. Specb5c information
regarding each test (e.g., sample numbers) will be recorded on the workplace copy arid kept as
project records.

Hand written changes or corrections made to the workplace copy will be made by means of a .
single line-out. Such changes or corrections shall be initialed and dated by the staff member
makhg the change and by the cognizant scientist.

Equipment Description

\ A standard laboratory hot plate/magnetic stirrer will be used for this test. An aluminum heating “
block will be placed on the hot platektirrer to heat the sample. The apparatus will be equipped

BNFL-TP-29953-7 Page 2 of 5
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with two thermocouples. One of the thermocouples will be connected to a temperature controller,
while the other will be connected to an over-temperature shut-off device.. The latter will be used
to ensure the sample is not over heate~ which could result in loss of sample. . ‘

Prerequisites
.

Staff performing the work must read and understand the entire test plan prior to beginning work.
-“

The following are items that should be staged prior to start of the test.

30-mL HDPE bottle
20-rnL HDPE vial (6)
Hot plate/stirrer
Aluminum heating block
Temperature controller with temperature read-out
Over-temperature shut-off device
().45-pm nylon syringe filters (6)
5-rnL syringes (6) ~
Adjustable 5-IuL pipette
Boiling water bath
Small plastic bag

The temperature controller shall be calibrated by maintenance services. Record the following
inforihation regarding the temperature controller used.

Calibration ID: ozQq3

Calibration Date: 1-12- 9?

Expiration Date: [ - ZQOO

Work Instructions ‘

Note
Where practical, ”catchpans should be used when working with the tank waste samples, “
so that they can be recovered if spilled.

1, Prepare the sample vials according to the following table. All vials should be HDPE.

SampleID(a)
w ]c)7 -SOL-30-1,-.
&ulo-7 -SOL-30-2
~ 103 -SOL-40-1
~ ,D7 -SOL-40-2”

A-fl Ion -SOL-SO-1
A-N loa -SOL-50-2

(a) The prefix to the sample IDs should be
the tank numbeq e.g. l’AW1O1.”

BNFL-TP-29953-7 Page 3 of 5
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10.

11.

12.

13.

14.

15.

16.

. .’ 17.

.,

,

Labela 30-rriL HDPE bottle as” ,@lov -SOL-TEST” ~ = ~ ~~mber) ad
place a magnetic stir bar in this bottle.

Place 25 mL of deionized water in the bottle and mark the liquid level. Empty the water
from the bottle.

p ~+,07 ST . .
Mix the stock LAW sample to give a homogeneous sluny

. .

Transfer approximately 25 mL of the homogenized LAW slurry to
&J 107 -SOL-TEST; use the 25-mL mark established in step 2 as a guide

Place .@@7 -SOL-TEST into an aluminum heating block fiermostatted at ;()”C .“’A X “~,J7 sr
*~# 0.1+ *f ~

Stir the contents of .@lO~ -SOL-TEST -Ax ;21:4<--’ ‘-l=-’
Od- 3E &J-l@r *-

Oncethe temperature has equilibrated at 30”C, stir the sample for at least 1 h
~.. .W -s< I.?-*A. fDlf.&,

Q p;p-+ + “+d” (L,.,./

* -, /@,o?-stiL

.~~$

3/t/44 -+: 30 “ ,od- ~U,.@ 0? -b * zf-&L
Start datehisne: z~z~ /@? iv:~

V@: et* Stop dateftime: ~L~/~~,
_~ . p,.uL.1I> ~t /:’Q

lh:3$z 22 0.23 J.-$L.

Preheat two syringe/filter assemblies by placing them in a plastic bag and submersing the JAu ~i9
plastic bag with the syringe/filters into a boiling water bath * gi+ -

+ ~ ~+~$dJ# “ ->A ●

Withdraw a 2-mL aliquot of the slurry and falter into vial ,wtO~ ,‘-SOL-30-1 ~ ‘f’s ‘:. SYW:&
?Wd;::””

:&
Withdraw a second 2-mL aliquot of the slurry and filter into vial @f~ T -SOL-30-2 .~,o> .s~-~~~=$

~ti;y+q yvl 15:W-Adjust the temperature of aluminum heating block assembly to 40”C

d
30

T# 0$6

Once the temperature has equilibrated at 40”C, stir the sample for at least 1 h
, ~c.t~ “

‘&
Start date/time: 3..+% q : ls-
Stop dateltime: 3/3/q 9 10: ~o

PreheWtw~$~~ge/filter assemblies by plac~g them in a pkt.sticbag and submersing the
. plastic bag with the syringe/filters into a boiling water bath “ A6+ c..~- ,.@ ML u el~~

>

:+ \,& J:& -+~k I -s

Withdraw a 2-mL aliquot of the slurry and filter into vial fl~av -SOL-40-1
(.* A.+ * -1

:- * G’+ esd~y .

?01[4 Sf$J+’-
&* .jj~

Withdraw a second 2-mL aliquot of the slurry and filter into vi~ .@fcI7 -SOL-40-2 ~~-’~ 4. I“* “[’

I i-
~(mrct--w”

Adjust the temperature of aluminum heating block assembly to 50”C \ & S-;*+;?

Once,the temperature has equilibrated at 50”C, stir the sample for at least 1 h
~Y@:~ti ~,{i.%

‘ Start datehime: 3/3/45
V& w

~ll:JD
&*%l

Stop date/time: 3/Vq ~ /$%20
+ @- V-=’(

F l+’J+J% 4“”2”

Preheat two~~fi~n~ehlter assemblies by placing them in a plastic bag and submersing the
plastic bag with the syringehilters into a boiling water bath “

BNFL-TP-29953-7 A*L*Page 4 of 5 71ZIM
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:* ?

J@! “
<#w #l@*

19. Withdraw a 2-mL aliquot of the slurry and filter into vial Aw[ol -SOL-SO-1 ‘f

20. “ Withdraw a second 2-mL aliquot of the slurry and filter into vial N109 -SOL-SO-Z
.

21. . The samples collected duringthe test are to be submittedfor the followinganalyses:
IC(anions), TOC/HC, acid digestio~ ICP/AES,ICP-MS~c-99), Sr-90,total alp~ total
uranium, and GEA. The cognizant scientist will preparethe required ASR

.

3/ 3/95
.,

. .
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Analytical Chemistry Laboratory (ACL) Analytical Services Request (ASR)
(Cover Page . . . information applicable to all samples in series)

Requested By: GrecmJ. Lumetta - A- ~. ~ 3/~/55 376-6911 P7-25
Print Name

,
Signature/Date ~ Phone ~

Requester- Please C~lete All Fields In This Section, Unless Specified ‘Optional” orASR is a Revision

Request ID (optional):

PNL Project Nwnber (if known):
2WM3 ‘.

.-

HorkOr&r/Pkg.: LJ+YY13z “

‘Other (specify):

TPA Supporti ~No, or

Milestone No.:

-~~fi:~/.,.:<jfi,:+<.. ..:.:j,...>~~jfi,,,,,.,..:.,,.,/.......+~..,+.., ,, ,.:~~~&,fi~yflfiww,.wvG>
M)..>.7* ....x+%..::;:Y$~/$/J$$fi:;;;.:=;.:,....,..,...........=e .................W.*......--:-w<~............ ..... ,..<,...... .,, ... ..

lJA Plan: ‘ ~UCS-033, or

Other ACLQA Plan (specify):

Additional (IA Requirenmts: ~No, or “

Reference Ooc.:

E%&vm%%%+””’xv’””’...< ...... . ...-t,,” ....//<*/4<~j<ffi<.>~<.jf:~:jf:~><t</,:?<%:~<.:..<!<;<$;<:.<*<:yJJ~:*.x:.:.:,.:.,ti..,...............,.,
.’...,.........+.....{.#/4.x..i>x*Y.... .......W+ :......-7,+........ .... ., .. .... .....,,A,<#<:..,,.,,..,............. ..................... .............V....A................ .. .......

ACL CGC Req’d (PNL-ALo-o1o): ~NO _Yes
..,,,,,,.,,,.:,......~y..,..,,..,.,,,..,,.9..>/.>..A...y~.-=7*++. ...... ,.,,.,,,.,,<,,,,,..,,..,...........fi%j~y,<fifi~j~,:x., .:,.,,/d*$::fJ:::w..$Ww.:.:.x.:.:..:<.-’....<... ...pA..Y~.?y.:P”!.!::v=%?*:;3:;3w<./.<<.>./><s/.i./<#>,<.#M//,.7/.-#/.+,..A>,M>,/&&>w/.>/,.fi>>N.v,fl,M&.H>,mm..;LJti"

Sample Storage Requirsnumts: ~No _Refrigerate, or

Other (specify):

W..g..x>:..................,+,,~,,,,, ../>>>,/%</+,,#+<<<{<,,/:ffj;f<<y,/<j;;~/~,y;:::f,?~~y~,:.~:$,f<~<j<:::,,.:,.... . ....<...........................><7.:;.V..:;;.;:,:.:,+x.
f/%>...........z..++.ni>7./........4..../..<..../.k..+.2.i.>.#..>x+.>......../...>.*.7....fi*........ ..w..............4................

.,++:-<=-,{::$<:<%$qy:y::---.A.

Oa’te Sampled (optional).:

. Time Sampled (optional):

Hatrix: _Sampl es vary (specify on Request Page), or

Liquid: aqueous _Organi c _Mul t i -phasi c

Solid: _Soi 1 _Sl udge _Sediment _Glass ,

_Filter _Smear _Metal _Organic _Other Solids

Solid/LiquidHitiure: _ Gas: _

Biological: _Ti ssue _Uri ne _Feces

~,::*.:>...:.:,..:,.,:,:.~<:.~<.>:,:<:.:<.y:::.:.::.:.:.:<.:,:<.x.:.wwfl,:::$,:::,..~~~>..:.>wx.:.:.wv<.yfi............$...~.$>....x......+..$wf+.y+.......................................................::..,.........*............... ........ .............. ............+%. . ...... .....a.......+.*+..*..... ...>k<”ii::.:i:+.:Ak%.....*.. ..d.:i.:A+/*;+\w.w>.A.%\.w. .. ..... ..................,..,,

Process Knowledge: ~Sample Information Check List. or

Reference Ooc.:

PCBS Present: so _Yes

*.;,.:!<>.i<::::::::fi$>::::j.:,:::::..:::::j<f<<,<+>.+.,. ... ....> ....... ........ ................. .. ......,.,.,.:...,.,.,.,.,,.,~:.:.J:.j=~~WJ~~*JF~~,2$.:.:.... .... .....................:+.:~:::\>N,.............*f. .-:!.~::,:,...,,...,..,........-y .,j,........,..,.x. .:.:.,.,:.>
m..@..Hw,.,,... ....-. . ..A ~.w_,.,w.,.vhk*k*<x.&... .... . ...-..&.................. ., ...+**.X*..*.*...W.W .+

Sample Disposition . . .

Untreated Sample(s): _Return ~Di spose _Store, or

Reference Ooc.:

Prep’d Sanple(s): ~Oispose _Return _Store, or

Additional Instructions: gNo, or

Send Report to: G.J. Lumetta

tlSIN: P7-25 “ Phone:

Fax (optional ):

For ACL Use Only . . . 00

Oate Oelivered:
0

Time Delivered (optional):

Oeliv~ By (if known):

Received By:

Rfsp. ACL Mgr.:
,.

Signature/Date:

Hot CompleteT his Section

Job Group (optional):

Sample Group (optional):

PNL Impact Level: .

OQ Review Req’d: _No _

–1 –2 –3

yes ACL Waste: _No _Yes

ASR Number: Revision: _Yes

ACL Numbers:

* ....,.. ,.,., ...,,.,.,,.., , . .T7-r=-.>t.+.?> ,, ,. ... .—-. -..~>, ,..



Analytical Chemistry Laboratory (ACL) Analytical Services Request (ASR)
.. . (Request Page . . . information specific to individual samples).

ACL Number [ Client Sample Number Sample Description Analyses Requested
~for ACLuseonlv) ] (1 i st each samr)l e separately)

/4JloT-soL.3d- I TL~ A@io7 L:fu:4 Add A’J#’1=, TC?/AES. ro%l~
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I

.

+
I
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Battelle PNNU325 Bldg/RPG/inorganic Analysis ...
ICPAES Data Report ‘

Project: 29953
. .

C1ient: G. J. Lumetta

-------------------------------------------------

ACL Number(s): 99-1295 through 99-1297,99-1300 and
99-1454 through 99-1457

----------------------------- --------------------

Client ID: “AN107-SOL-3O-1” through “AN107-SOL-4O-1”, “AN107-SOL-5O-2” and
“AN107-AQ-3O” through “A~107-AQ-90”

----------------------------- --------------------

ASR Number: 5294& 5319
---------------------------- ---------------------

Total Samples: 8 .“

. . . . . . . . . . . . . . . ----------------------------- . . . . .

Procedure: PNL-ALO-211, “Determination of Elements by Inductively Coupled
Argon Plasma Atomic Emission Spectrornetry” (ICP-AES).

Analyst: J. J. Wagner

Analysis Date (Filename): 4-15-99 (A0523)

See system file: “lCP-325-405-1” for traceability to Calibration,
Quality Control, Verification, and Raw Data.

M&TE Number: ICPAES instrument -- WB73520
Mettler AT400 Balance -- Ser.No. 360-06-01-029 “

.
e

d

Concur
/

..

4.!2M%!

Page 1
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Battelle PNNU325 Bldg/RPGlhorganic Analysis ...
ICPAES Data Report ~

Four radioactive liquid samples, AN107-SOL-3O-1 through AN107-SOL-5O-2, were
analyzed by ICPAES after preparation by the Sample Receiving and Preparation
Laboratory (SRPL) using PNNL-ALO-128 Acid Digestion procedure. The liquid content .

~
I

of each sample vial was transferred to a digestion vessel prior to treatment using a plastic
transfer pipette and distilled deionized water. Individual sample weights were obtained by

1
I

subtracting the empty, dry sample vial weight from the weight of the vial containing the
original liquid sample. Approximately 1.6 to 2.6 grams of aqueous sample (AN107-SOL-30-
1 through AN107-SOL-5O-2) was digested and diluted to a final volume of 25 ml. Sample i

ANI07-SOL-50-2 contained a small amount of solids and liquid. The solids dissolved on I
contact with water during sample transfer. Additional dilution, up to 30 fold, was
performed during ICPAES analysis. All measurement results reported have been
corrected for preparation and analytical dilution. Analytical results are reported as pglg as f
agreed to by the client. Analytes of interest (ASR 5294) include Al, Cr, Fe, Mn, Na, Nij P,

,
,,

and Si.

Sample AN107-AQ-3O through AN107-AQ-9O was also prepared by SRPL using PNNL-
ALO-128 Acid Digestion procedure. Approximately 4.5 or 5ml aliquots of aqueous sample
was pipetted (and weighed), digested and diluted to a final volume of 25 ml. Additional
dilution Up to 10 fold was performed during ICPAES analysis. Analytes of interest for
ASR 5319 include Ag, Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, Si,
Ti, U, Zn, and Zr. All measurement results reported have been corrected for preparation
and analytical dilutions and reported as pg/ml.

All quality control checks met MCS-033 QC tolerance requirements for analytes of interest
except as noted below. Following is a list of quality control check measurement results
relative to ICPAES analysis requirements under MCS-033. I
Five fold serial dilution:
(Solid samples) --
(Aqueous samples) All results are within tolerance lirnlt ofs 10 % after correcting for

dilution except sample 99-1296 @10 and 99-1296 (I?2dilution
(AN107-SOL-3O-2). The following analyte concentration was
recovered within H 70 after dilution correction: Chromium, Iron,
Manganese, and Nickel.

I

Page 2
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Battelle PNNU325 Bldg/RPG/inorganic Analysis ...
ICPAES Data Report

Duplicate RPD (Relative Percent Difference):
(Solid samples) --
(Aqueous samples) Duplicate samples were within MCS-033 tolerance limit of S 20%

RPD (Relative Percent Difference) except Silicon (32% RPD) in
sample AN107-SOL-3O-1. Silicon concentration in all samples was
low and similar to the concentration found in the process blank.

The source of Si is probably from Iabware used to digest samples. ,
I
1

Post-SPiked Samples (Group A):
(Solid samples) “ -- ~ .
(Aqueous samples) All analytes of interest were recovered within MCS-033 tolerance \

of 75 to 125 yO .
~

I
Post-SPiked Samt)les (Group B): ,

I
(Solid samples) --
(Aqueous samples) All analytes of interest were recovered within MCS-033 tolerance ‘ $

!
of 75 to 12570. I

:,

Blank Spike: ~

(Solid samples) --
.,

(Aqueous samples) A blank spike was not prepared. .

Matrix Spiked Samrde:
(Solid samples) --
(Aqueous samples) A matrix spike was not prepared.

Quality Control Check Standards: .
Concentration of all analytes of interest, with one exception, was
recovered within MCS-033 tolerance of ~ 1(!70 accuracy in the
standards: QC.MCVA, QC_MCVB, and QC_SSTMCV.
Calibration Blank (ICP98.0) concentration was less than two times
IDL. The one exception was Silicon which was slightly high
(about 11%) in QC_SSTMCV. All Si concentrations found in
samples were about the same as that found in the preparation
blank

#

4!2QE!2
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Battelle PNNU325 Bldg.lRPG/inorganic Analysis ...
ICPAES Data Report “.

High Calibration Standard Check:
Verification of the high-end calibration concentration for all

~-“ analytes of interest was”within MCS-033 tolerance of ~ 5 ~o II
accuracy.

i

Process Blank:
(Solid samples) -- ,

(Aqueous samples) All analytes of interest were within MCS-033 tolerance limit of ~ I
,.

EQL or <5 % of sample concentration except Silicon. The \
concentration of Silicon in all samples was about the same as that
found in the process blank. Silicon contamination is low in

t

concentration and probably due to labware.(glass) used in
preparing samples.

Laboratory Control Standard:
(Solid samples) --

)

(Aqueous sampIes) LCS not supplied. ‘
I
\

Analytes ‘other than those requested by the client are for information only. Please note
bracketed values listed in the data report are within ten times instrument detection limit I
and have a potential uncertainty much greater than 1570. :

Comments:
1)

2)

,3)

4)

5)

.

4!2QM! “’
\

““Final Results” have been corrected for all laboratory dilution perfwmed on the sample 1
during processing and analysis unless specifically noted. . \

Detection limits (DL) shown are for acidifjed water. Detection limits for other matrices may
,
I

be determined if requested.

Routine precision and bias is typicalIy * 15% or better for samples in-dilute, acidified water
(e.g. 2% v/v HN03 or less) at analyte concentrations greater than ten times detection limit up

I
I

to the upper calibration Ievel. This aIso presumes that the totaI dissoh’ed soIids concentration !

in the sample is less than 5000 pg/mL (0.5 per cent by weight).

Absolute precision, bias and detection limits may be determined on each sample if required
by the client.

The maximum number of significant figures for all ICI’ measuremen~ is 2.

Page 4



Battelle PNNURPG/Jnorganic Analysis ... ICPAES Data Report paw I of2

Multiplier= 10.0 / 19.6 19.7 23.2 31.3

ALO#= PROCESS BLANK 99-129S @2 99-1296622 99-1297632 99-1300 @2

Client ID= (99.12956 .14S4batch~ AN107-SOL-3 o-1 AN107-SOL-3O-2 AN107-SOL4 o-1 AN107-SOL-5 o-2

Jet. Limit lWrI Date= 4/15/99 ~ 4r15f99 4115199 4f15199 411s199

(u$$mL) (Anaiyle) Ugig Uglg,, 0,,,...,..?...,,,,.,!............! ,,,,!...... WJ9 Uglg @9
0,015 Ag --

0,060 Ai [2,5] 2,900 3,000 3,100 3,320

U,080 As.,.,,,”....... .................................
[5.0]... ................... . [5.3]... ....... .. .......... [5.0] [4.9].. .... ............ ... . . . ..... . .... . .“.”........””..”.....

0,050 B 26.8. 41.5 38.4 47.2 63.2

0,010 Ba 2.33 2.47 2.44 [2.8]

‘“0,010 Be.,,?,!,,.......................................... ... .. . .............. .. . .. ................. ... . .. ........... ... .. .. . . ...... ... ....... ............
0.100 Bi -“.

0,100 Ca [3,2] 330 341 351 376

0.015 Cd 35.8 36.9..,.,,............................................ .... . ....... ...... . .. ...... ........ 38.0 40.5.. . . ... ..... .......
0,100

.. .. ... ... .. .. ......
Ce

... . .. .................
[19] 20.5 [20] [22]

0,025 co [2.6] [2.7] [2.8] [3.0]

0,020 Cr v -. 106 110,,,,o,,,.,e..!!,,.......o..?................!..... 113........ ................ 123... . ... . ............ ... ... .................
0,015

. .. .......
Cu

.. ....................
15.4 16.0 16.6 17.8

0,050 Dy

0.100 Eu,.,,,,”..”.................................!...! ,“”..,,. ... ........... . . . .. ....... ...... .. .. .. ................
0,025 Fe

. . . . .. . . ... -
709

... .. ............ . ..
752 “ 739 833

2.000 K 894 931 963 1,030

0,025 La 14.3 15.0,,.,..,.,,.o.."!,,,...........o.................. ..... ................... 15.1 16.6... . .. . ............ .... . . ............. .
0,005

. ... . ... . .........
Li

... .. ........... .......
[0.39] [0.39] [0.44] [0.47]

0.100 Mg

0,005 Mn 55.7 58.7,,..,.,?..... ........... .. ..................... ... . .. ....... ........ 57.9 63.3,.. . .. ... .......... .. . ... ..............
0,030 Mo

. . . ..-” ... ... . ...... ..... . ...

0,100 Na 30.6 133,000 143,000... .. ..... .............. ,—-.” ........... 136,000 147,000

0,100
... ..... . . ...........

Nd 46.4
. . .... . . . ......

50.5
.— .... ...””... . ..

50.0 53.7

0,030 Ni 289 296 307 328

0,100 .P 375 389,,.,,,,-..”.. ”O............................... .... . . . .............. ..-”” ...””...”... 396 420.... . . . .......... ...
0,060

-—””.... . . ...... ..“..”...”....””....”
Pb 181 189 192 207

0,300 Pd [2q [28] [28] [30]

0,300 Rh [6.8]?,,,..... ........................................ ... ........ ............. .. .. .. .............. t7.3] ~.6J.. ...... ... ............ .... . . . . ......
0,075 Ru 21.1

... ............. ......
21.8 22.4 24.0

0,050 Sb [1,8] [1.q [1.8] [2.2]

0,050 Se,,?....... ............................... ....... ....... .... ............. [2.4] .-... ”””.......”... [2.6] [2.n [2.9].““”... . .............
0,100

- . . ..-. ”.”.”.... . .. . ....... .............
Si 44.8 55.3 40.2 56.6 79.9

1.000 Sn .-

0,005 Sr 1.61 ““”,-.: .........”
,,,0,........... ............................. .

1.87 1.92 2.09.... . . ............... ..... . . ..............
0,500

. .. . .. . .... .
Te

.““..”..........”...”.

0.800 Th -“ -.

0,005 Ti!!,,..............................................
[o.471,...... ... ............, [0.49]... . . ................ [0.51] [0.58]....................”....

0,250
. ... . . ... .......

Tl
.. . .....................

2,000 u m [63] [85] [90]

0,015 v. - [0.40] [0.42]
.................................................. .. . ..................... ,..... . .. .............. [0.45] [0.48]...... . ..... ........... .

0,500 w
- . .. ... ..... .....

[96] 99.5
.. . . .................

[100] [110]

+010 Y 7.90 8.23 8.30 8.73

0,020 Zn 11.0 11.4
,,,,....?.........,,,.,!.,...,...,,,...,....,,.,.. .... ... ................. ,.. ...................... 11.6 13,7.. . . .. ................

0,025
. .. . ... ........ .... -

Zr

.. ... ...................
32.3 33.7 . 33.3 36.0

. . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . .." . . . ----------------------------------------------- --------—--- -----------------------------------------
. Note: 1) Overall error greater than Io-t;mes detection hmd is estimated to be within +/- 15%.

2) Values In brackets U are @!!M 10-Umes detecl;on limit with errors likely to exceed 15%.

3) ‘--” Indicate measurement is&w detection. Sample detection limit maybe found by

\
mult~lflng ‘det. limit= (far Iett column) by ‘multiplied (top of each column).

----
I

Data (1) from 9A0523 G, Lumetta ALO-128 BNFL AN107-SOL&AQ ASR5294 & 5319 ICP98 IOW.XIS 4/1 9/99 @ 9:06 AM

!

I
I

I

I

1

I
I
[
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Battelle PNNURPG/inorganic Analysis . . . lCPAES Data Report ‘age2“f2

Multiplier= 5.0 1 5.0 5.0 5.6 5.0

ALOff= PROCESSBLANK 99-1454 99-1455 99-1456 99-1457

Cilent ID= (99.129S6.1454 bakh~ AN107-AQ-3O AN107-AQ-5O AN107-AO-7O AN107-AO-9O

det, Limit Run Date= 4/1s/99 4/15/99 4/1 5/99 4115/99 4115199 .

{u#ml) (Analyte) (ug/mL),,,,!,w..-..,.,,.,.!.,,..,!...............!.. (ugtml) (ug/mL) (ugfml) (ug/mL)

0,015 Ag

0,060 Al [1.2] 1,140 83.4 44.6 28.2

0,080 As [1.3]................................................... ...... ...... ............ .... . ..... . . ....... .. .. ..... ... ..........
0,050 B 13$4 18.0

. . . . . ..... . ....
16.4 16,9 11.8 ‘“””.”””-””””--””””””

0,010 Ba

“ 0,010 Be,.,,’,’,.,’..,.................. .................. .. .... .................. .. . . .. ..... ........ ... .................... .. . .. ......, .. ....................
0,100 Bi

0,100 Ca [1.6] 70.0 [1.3] [0.62]

o,ois Cd 7.26 [0.29] -“
,,,o,,,,.- ........................................ .,..”.. . ............... ... ..... .. ..... .. . ... ..... ................ ... . . . .... ... .

0,100
.. ...................

Ce

0.025 co [0.55]

0,020 Cr 59.8 17.1 10.2!,o,,..,... ....................................... .,.””.. .. ............. ,- .. .. ..... . ..”””.... 5.94

0,015
. . . . .. ............

Cu
. . . .. .. . ..... ... .......................

3.76 [0.271 [0.11]

0,050 Dy

0,100 m “ L
o,,,..!........................................... ....... .................. ... .. .. . ... . ...

0,025 Fe
.. ... . . .......... .. . . . ......

3.06 ‘
.. .... ......... .....

[0.62] . 4.86 9.02 -

2,000 K 183

0,025 La.,,.,.,,.."....................................... ... .... . ............. [0.48] .. . .. ............... .... ... ............ ...
0,005

.. . .. .. ... .. .. . .......... .......
Li. [0.072]

0,100 Mg -- -.

0,005 Mn -’ 0.978,,.,,.,,.......................................... , ... . ... .. ............ [0.15] 0.833 1.57... ..””””... ”.......
0,030

...”..”.............”.. .. . .. . . ...... .-“.”..........”.”.
Mo

0.100 Na 15.3 32,900 1,500 354..”.””.-....”..”,. 243... ...””.”...-.”.. ... .... .. ........ .... .. . .. ... . .. ....
0,100

..... . ......... .
Nd [1.1]

0,030 Ni ‘- 58.6 2.14 [0.18]

0.100 P 73.9,0,,,0....... ................ ... .............. ...”..............”.”.. [3.0] [2.8] .__-.e-e..,......”..... [1.lq. .. . . .. ...... .
0,060 Pb 46.0 “

.— .... ..”.. ”.””....
[1.9] [0.43]

0.300 Pd

0.300 Rhdo,.,...",....................................... .... .. ...... . ......... ...””.. . .. . ........ ... .. .. .. .... ..... . .. . . . ......
0,075 Ru, ,- 4.07

.“-””.. . ... .......

0,050 Sb [0.44]

0.050 Se,,?.,................. ........................... [o.571.......”.”..”......”.. . . . . ... ... ....
0,100

.““-.”. . . ... .. ..
Si 22.4

““-- .. .....”.....
17.3 24.9

.-“... ”....””.”..”
23.9 16.6

1.000 ,Sn

0,005 Sr,,,.”-””-”., .....ss.s..................... ............. ............, [0.25] ,“-.”... ”,-...... .... .. ..... ........... ——”. ”..
0,500

. . ...... ..... .....
Te

,0.800 Th
0,005 Ti,,...,............................................ [0.029] .... ..... .. ............. .. . .. .................
0,250 TI

. . . . ............. ... -— . .. ... ..... ..—.. ”.........”!,..

2,000 u [16]

0,015 v.................................................. .......................... .. .. . .................
0,500

... ..... .. .............
w [24]

. . . . ... .. . ..... .. ..”.. ”.””. ....

.0,010 Y 0.530 -.

0,020 Zn 2.36 [0.26]
,,!............................................... .......................... ... .... ............. . [0.14]..........................

0,025
.. .... ....... ......... .. .. ... ...............

Zr [0.18]
. . ..- . . . . . . . . ..-. - . . ..--A --------------------------- ----------: —------------------------* -------: -:---- ----------- ------------
* Note: 1) Overall error arealer than 70-t/mes detection limit is estimated to be wjthm +/- 15%.

. . . . . . . . . . . . . - . . . . . . . . . . . .

2) Values in brackets I!)are L@&@ 10-times detection limit with errors likely to exceed 15%.

3) ‘--’ indicate measurement is -w detection. Sample detection limit maybe found by

\
multiplying “det. limit- (far left column) by ‘muitiplief (top of each column).

Data (1) from 8A0523 G.Lumetta ALO-128 BNFL AN107-SOL&AQ ASR5294 & 5319 ICP98 Iow.xls 4/1 9/99 @ 9:06 AM
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Appendix C. Calculations
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