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PREFACE

This appendix supports the results anddiscussion of the laboratory work performed to evaluate
the feasibility of in situchemical oxidation for Idaho National Environmental andEngineering
Laboratory's (INEEL) TestArea North (TAN) which is contained in ORNL/TM-13711/V1.
This volume contains Appendix F.

Appendix F is essentially a photocopy ofthe ORNL researchers' laboratory notebooks from the
Environmental SciencesDivision (ESD) and the RadioactiveMaterials Analytical Laboratory
(RMAL).
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Research/Technical

Descriptions(s)/

Content

Inclusive Dates

Preparation of Calibration Standards

Source:

J.T. Baker PURE TCE 1.456g/mL

Prepare 1000 ppm STOCK Solution
Add 17.2 uL PURE TCE to 25mL Hask and fill to volume with hexane.
(Weigh and record syringe when full and then when empty)

STDS Preparation

_ STD5 .

\, 4000 ppb
^ Add 100 ML S

STD4

_^y 1000 ppb
^ Add 2.5 mL of the ST

STD3

200 ppb
Add0.5mLofS'

STD2

100 ppb
Add 0.25 mL of STDS into

STD1

10 ppb
Add 0.025 mL (25 mid

&cbj^

to hexane m^6 mL Hask

d fill to volume with hexane

fill to volume with hexane

111 to volume with hexane

Pages

0 mL Hask and fill to volume with hexane

Place these standards invials forstorage in the 211 Freezer

F-3



Subject. ICL^k ,3.A. £> •foS^ *krL<y^.

Date O I—
Month Day

19 fl?
Year

"3T
Task 2a Experiment Descriptions
INEEL TAN -Site Chemox Treatability Study
Task Number 2a

Purpose/Scope:
The following laboratory experiments will evaluate the performance ofthe test reactors planned
for use during the treatability reaction studies. In particular, the amount ofTCE expected to be
lost from the reactor system will bequantified via amass balance approach.

Experiment2a-1. Evaluation of the rubber septum to reduce TCE losses.
(To be conducted at ORNL/ESD)
One ormore of the reactor sampling ports may be fitted with athick rubber septum for the
purpose of sample collection via awide bore needle. Thus, this experiment wiU assess how well
the fitting between the septum and the ground glass port opening minimizes TCE losses. The
effect ofperforming repeated aliquot sampling through the septum will also be evaluated.

To focus this experiment on septum performance only, a500 mL reactor with multiple port
openings will not be used here. Instead, a100 mL erlenmeyer flask or equivalent having only a
single 24/40 std taper opening will be used. This experiment will be conducted at room

V

temperature.
L

1. A 100 mg/L aqueous TCE solution (-208 mL) will be prepared and allowed to equilibrate for
at least 30 minutes. The solution will beprepared in aTedlar Bag using DI water and pure TCE.
Measure the mass ofspiking syringe filled and then after spiking to record the total TCE mass
added tothe reactor (a QC check on the initial TCE analysis). Information regarding the
preparation ofthe spiking solution will be recorded in the laboratory research notebook or
equivalent (project datasheets).

2. Dispense the solution into 2tared test containers, re-weigh and record the mass ofTCE spike
solution added toeach. Duplicate 0.5 mL samples ofthe spike solution will be collected
immediately before the septa is added to the test containers in order to determine the initial TCE
concentration.

3. The aliquot samples will be added to apre-weighed sample container holding aknown
volume ofhexane. Each sample container will be weighed again after sample addition to
determine the volume ofsample added. (Acalibration check ofthe gravimetric scale will be
performed each day ofuse.) All such extracts will be placed on ahorizontal shaker for 30
minutes then diluted as appropriate for G.C. analysis. Store the extracts at 4°C until G.C.
analysis.

4. Record the time that these duplicate samples are collected and the septum isplaced onto each
container. (Complete zero headspace conditions cannot beachieved here since excess water
cannot be expelled from thecontainers asthesepta are applied.)

S.R. Cline Last Updated:01/21/98 Filename: 2a-Experimental Descriptioos.doc

S+ock

"Tedlcr

7/5735 £

5H7Q orvL^lW

To £,eV-

CrC

s^pivvgLe. \x. isi<\

Continued on page \r-

Recorded by Date

\u\n s£&-
Read and understood by Date
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subject T^sk ^^^p^r^\^iJr 1

0—
Date QL

Month

*- 5. After 2 hours, collect duplicate aqueous samples from one of the containers by puncturing the
2)-septum with the sampling syringe (wide bore needle desired since later experiments will be

soil/sludge slurries). The septum will have to be puncturedby a second needle in order to pull
Z. the samples into the syringebody. Do nothingto the othertestcontainer.

6. Extract and dilute the samples as needed (described above).

7. Repeat thissampling technique at least5 more times overa period of 24 hours forthe Is test
container.

8. Collectduplicate aqueous samples fromthe secondtestcontainer after24 hours. (Thiswillbe
thefirst time thatthe septum ofthe 2nd testcontainer ispunctured.

9. Analyze the extracts via GC/ECDfor TCE quantification. G.C. analyseswill be conducted
closely following EPA Method 8000B, ensuring that a daily calibration check, blanks, etc. are
also analyzed on each analysis day.

10. Preparea TCE mass balance to determine total massof TCE not accountedfor in either the
remaining spike solution in the vial or in the sample aliquots for each test container.

6or-rU ^-l-'Sj
Rui'lasT Sapwm

er^+y 1X3,16
>TC£Soln. -37C 2-S"

60H-L 2A-I.-&*.

TC^SoU Z%S$A T^-s^n. ;K3,7S/vJ.

O- 19 aiL
Day Year

¥$& Jr.. •^U- u^.+kexa^a

/fe.Vr/D
/7,aUS
IT,37 5o

i7.Wi

ujf.-l-SA^le
'7. <?!.£<*

'7.77*1
(7,3711

<^ n^L3a&«K& d. SHfr^ b)

2a-1 -fra-1 b

lift NlOrl0

t6> /<?-Ti

V

i/2.yir

v
lo3o

;u-i-3

z*-M

2-<*.-<-7

Z4-1-/0

Xa.-l-l\

't.g>7&3

i+Nn
la.-t-l^ 14.1m

17,1^ si
(7.30 5V

/7.M.3 57

I7'?fol
H.31 7Z-

/7.S^L
77.31i(

/7.70&3

17.%H n,
I%. CD 7_g

2c- I-6a. -3.x.

l<k-<-63L-3b
a s.-1 -Gx-4«v
U-i-62-Tb_

A^.-i-j)g.-sl?
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5£^
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Experiment 2a-2. Evaluation of the pressure relief fittingto minimizeand Quantify TCE losses
(To be conducted at ORNL/ESD)
A shakedown experiment already conducted hasshown thata thin layerof ParafilmM material
(waxbased)is easily ruptured whenplacedon an otherwisesealedcontainer in less time than
required to remove a rubberseptum when a constant volume and rate of air is added to the
container. However, a high degree ofTCE diffusion is suspected through thistype of material.
Asimilar testwasperformed using aluminum foilas thethinfilmcovering the bottom of the
adapter. Whiledesirable in the factthatTCEdiffusion is likelyminimal, the aluminum foil
possessed a greatdealof tensile strength in thisconfiguration andcouldnotbeeasilyruptured by
pressurization of an erlenmeyer flask. For thepurpose of this experiment four(4) different
conditions willbe evaluated: (a)nothinfilm, (b) Parafilm M,(c) aluminum foil punctured with
a singlepinhole (to reduce tensile strength),and (d) DuraSeal™, a solvent resistant LDPE film.
Erlenmeyer flasks (125 mL) orequivalent containers having a 24/40 std. Taper opening will be
used inthisexperiment. There willnotbean attempt to pressurize these containers. The"no
thin film" set-up willrepresent theruptured filmcase. Thisexperiment willbe conducted at
room temperature.

1. Prepare 24/40std.Taperadapters as described above (a-d), securing theedgesof each thin
film byaddition of a Teflon sleeve ontotheground glassfitting.

2. Assemble the ORBO-32 Tubes. Two ORBO-32 tubes will be used in series for each
container in theevent thattheTCEadsorption capacity of the first tube is exceeded. Using
Pliers, break the ends of two ORBO tubes. Smooth the broken ends with a file and connect them
in series using tygon tubing. Orient them such that the "A" charcoal bed of each tube is first in
line-'-tW-jU bcf+'e>'+-/'d,'ef- fit-WcuS<r»-ljlit:> tifeyfi4^kffc'o.^'+tsn ••->?- ,
["A" is the larger of the two (100 mg charcoal), "B" contains 50 mg charcoal.] "rce-Sol'% •
NOTE: STORE THE OPENED ORBO TUBES OUTSIDE OF THE LABORATORY FUME
HOODS. THE HOODS LIKELY HAVE THE GREATEST POTENTIAL FOR
"CONTAMINATING" THE TUBES WITH TCE AND OTHER VOCs.

3. A 100 mi _

equilibrate-fof- "
bag and allowed to

Ingdistributed intoeachcontainer. (Preparing only
lution (-100 ibL) will be prepared in a Toalar bag and allow

*es-pnor to

onespiking solution, allows foreachtestset-up to have thesameinitial conditions). Measure the
mass ofspiking syringe when filled andthen afterspiking to record thetotalTCEmassadded to
the reactor (aQCcheck on the initial TCE analysis). Information regarding thepreparation of
the spiking solution will berecorded in the laboratory research notebook orequivalent (project
data sheets).

4. Duplicate 0.5mL samples of the spike solution will becollected immediately before the
containers are sealed in order to determine the initial TCE concentration.

5. The duplicate aliquot samples will beadded to pre-weighed sample containers holding a
known volume ofhexane. Each sample container will be weighed again after sample addition to
determine the volume ofsample added. (Acalibration check of the gravimetric scale will be

Day

I:

1913:
Year

«**t
O^'iS-.„

<8&.t**i

\*v«#

l£3oao£
sgr, - ^

l/rn£
: T*rSrr

aJX.CTu$ 7"C- C—

/lor.

Xcc-'L-Sh'X. a-a-Z.-iS'L

fell

X&--2--

4*. 'iS
<*/r.

3^4.7^- ..H03..oQ,y ^o5Vl<P fr

Recorded by Date

ihtf S£^
Continued on page LCl

Read and understood by Date
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Date

Month

remaining TCE concentration in the solution. slUtTZtI^S?^
w^wnS^

a^eoTaliquT.^15165 ** 3° ™ "* <*« «"—«* ^.C. analysis as done for the

also analyzed on^ach anSS da^Fo^a.Tf •? ^ Ca,ibrati°n Check' bIanks-etc- «Chapter 2̂ plementa^^XSSs^f^ ^

^SL^T2S5rSi,SS?,,er hdetermine which ^film <"**"**.^alsgeneratedfromt^r^^^^^

A
6T

7-^-2^
Day

^.-2-6/ 0-^-7.- 6U .^a.--L-^^

19 32L
Year

4o"A

QC
#

19

JLI.

IS

tot

Sq.av^U
Sa^-pU Source

C& lui^/n^

".Wo

I/42-
u4*z-

!H4

u44
[i qfe

ML

/54fe

*7

A
30

/<-/. / S-Z5"

H.UIO

/^.^5"70

N.z/r?
H- '4 8r

fc^-i i»
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17.qo 8 I
l7.qiS74
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I73NO

(7.4tl2
|7.43ji(,

<7.4<r^

ecorded by d^

17.94 n

/7. t / 54

17.72-36?

17. 81 lo

17. 2*-U\
17.^2.

/7.4z.Si.

f7.7?3S
7.9500

z.<i-l-6i - it
Z-a-L-£>;*.-J cv-

Za-Z-63-l^

2^--Z--6 •/-/!•»

/o/

xk

'-i ^-rv Continued on page 11
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Subject n> /fa-ro^r^ o^
CeUtbraJbavA S>^£jr^orA\

o .

Date £i_
Month

Preparation of Calibration Standards
(From VOC custom mixes)
Source:

Supelco Custom Mix Standard, 200 mg/L each Compound

DATE PREPARED if?*In WJf
LOT No. la -t-s^sq^

Prepare 10mg/L working STOCKSolution
Add 0.5 mL ofCustom Mix (Ampule) to 10mLFlask filled to volume with hexane
(Weigh and record syringe when full and then when empty)

SYRINGE FULL: 1# - 2.Z 33

SYRINGE EMPTY: ^- *Z Z£>Cp

Preparation of Calibration

1000 ppb
Add 2.5 mL STOCK Solution to hexane in 25 mL

500 ppb
Add 5 mL of 1000PPB STD into 10 mL Flask and fill to vol

100 ppb
Add 1 mL 1000 PPB STD into 10 mL Flask and fill to volume

50 ppb

Add 0.5 mL 1000 PPB STD into 10 mL Flask and fill to volume wjth ha.tan ,

10 ppb
Add0.1 mL of 1000PPB STD into 10 mLFlaskand fill to wrfTJTnTwitirrTBxane

( m.33,
5 ppb

Add 0.05 mL (50 nL) of 1000 PPB STD into 10 mL Fl

Place these standards invials for storage in the 211 Freezer:
Place the Certificate of Analysis into the Laboratory Research Notebook.

:yfitfi hexane"^ Ts

-3Q

Day

/T24jl^clW but .Gji'tUb^v. {4Mo^

19 2S1
Year

Recorded by Date

S^^
Continued on page
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o
rv-_.

Date X.

Month

Experiment 2a-3. Overall performance nf th„ test reactor
To beconducted atORNL/ESD)

hNtjU experiment acomplete reactor will be set up using the most optimal component(s) from
the pfsjMous Task 2a experiments described above. To be consistent, a100 mg/L TCE spike
solution^be used here as well. This experiment will be conducted at approximately 12-15°C.
1. Set up agia^Kettle reactor, ensuring that Teflon sleeves are fitted onto each ofthe glass
adapters to be use>L The top ofeach adapter will be sealed (Teflon stopper) during spiking and
equihbrauon to minhmze the massof TCE lost.

2. Remove one ofthe stdtoers and fill the reactor with distilled water, minimizing the headspace
volume inside ofthe reactof^The volume created by the "convex" shaped lid is also filled A
record of the DI water volume\lded will bemaintained.

3. Spike the reactor with TCE. DeSred Concentration: 100 mg/L
(Add amass ofpure phase TCE (denshy of1.456 g/mL) to the liquid volume inside ofthe
reactor that will yield aTCE solution of>» mg/L. Measure the mass ofthe spiking syringe
when filled and then after spiking to record^ total TCE mass added to the reactor (a QC check
on the initial TCE analysis). Information regaW the preparation ofthe spiking solution will be
recorded in the laboratory research notebook or equivalent (project data sheets).

4. Replace the removed stopper back onto the adapter_(d allow the solution to equilibrate at
least overnight in an incubator maintained at 12 1SP-G. (Kdcord the equilibration period and
temperature). ll-.VC x

5. During equilibration period, prepare an ORBO-32 assembly ii\e standard taper adapter and
cover the bottom end ofthe adapter with the selected thin film [paraiW&nly one desorption
tube will be used. Since this particular experiment will not be conducte&Ader pressurization
only one adapter will need to be fitted as apressure relief adapter. y^
STORE UN-SEALED ORBO TUBES OUTSIDE OF THE LABORATORyWmEHOODS
THE HOODS LIKELY HAVE THE GREATEST POTENTIAL FOR "CONT^SatING"'
THE TUBES WITH TCE AND OTHER VOCs "WWJMifiiu

6. After equilibration, collect duplicate aqueous samples from the reactor (from the glas
that is sealed with astopper) The aliquot samples will be added to pre-weighed sample
containers holding aknown volume ofhexane. Each sample container will be weighed again
after sample addition to determine the volume ofsample added. (A calibration check ofthe
gravimecnc scale will be performed each day ofuse.) All such extracts will be placed on a
horizontal shaker for 30 minutes. Store the extracts at 4°C until G.C analysis.

7. Replace one ofthe adapters sealed with astopper with the one fitted with the chareoal
desorption tube assembly from Step 5, Record the time the samples in the step above are
collected andthedesorption tubeis added asStart Time=0.
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Year

; collected at the following time intervals:
, 24 hrs (duplicate), 30 hrs, 48 hrs. The exact time at which each

; collected will be recorded.

9. Breakdown the reactor afterthe lastsetof duplicate samples iscollected. The charcoal
desorption tubeSyill then be removed from the reactor. Each charcoal bed contained in the tube
will be placedintosa pre-filled andpre-weighed vial containing a known volumeof hexane.
These extracts willolxjMocessed and analyzed in thesame manner astheaqueous aliquots.

NOTE: The entire content

4 but is not necessary
fthe reactorswill be extractedat theend of theexperiments in Tasl

'.a solid phase is not present.

10. Analyzethesamples and chardqal extracts viaGC/ECD for TCE. G.C. analyses willbe
conducted closely followingEPA Mated 8000B, ensuringthat adaily calibration check, blanks
etc. arealsoanalyzed on eachanalysis dav. Formal data packages, asoutlinedin Section2.4.3.3
of theChapter 2 Implementation Plan wilrh^t beprepared for this experiment

11. Perform a mass balance for thereactor, taking sample aliquot volumes, initial
concentrations, etc. into account to determine the overallreactor performance to maintain gas-
tight conditions. Alsoplace any waste materials gene^ted from theexperiment inthe
appropriate satellite accumulation area.
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12 Determine Time Required for Hexane Extraction ofTCE from Organic Sludge,
Sediment, and Basalt (Task 2b)
A30 minute extraction time period was used for the Task 2a Reactor Development experiments
involving only aqueous TCE solutions; however, this task will help determine what the most
effective extraction period is for each medium being evaluated: groundwater or groundwater with

<Crushed basalt, aggregate basalt (following experiment 2c-l), sludge, or sediment at a4:1
- ^Uquid/SoUd ratio. (Note that the hexane extraction period for aggregate basalt cannot be

Evaluated until after Task 2c, 'TCE equilibration with aggregate basalt" is completed.) In this
-batch experiment, several aliquot samples will be taken with time as aTCE spiked mixture is
fbeing extracted with hexane. Samples will be taken ofboth the solvent and aqueous phases. The

aqueous phase will be further evaluated by determining the fraction ofTCE present in both the
Siquid and solid phases at each time interval. All media to be used in this experiment will be
.oven-dried, and the groundwater will besparged to remove any initial TCE inorder to conduct
this test under controlled laboratory conditions. Each media type will beevaluated induplicate.
For these experiments, only asingle initial TCE concentration will evaluated: 1mg/L TCE for
the reactive zone media and 100 mg/L TCE for the hot spot media. The contaminant
equilibration period will be conducted at 12-15°C; however, the hexane extraction portion ofthe
experiment willbe conducted at room temperature.

FTprriment 2b-1. Hexane Extraction Test for the Reactive Zone Media
(Tobeconducted atORNL/ESD)
1. Prepare aSTOCK (Saturated) TCE solution (2000 mg/L) by adding 100 \tL ofPure TCE into
a12 mL VOA vial filled to volume with DI Water and allow to equilibrate overnight at roorn^
temperature. (Use ofaSTOCK solution rather than pure phase TCE to prepare the spiking
solution affords betteraccuracy inobtaining thetarget concentration.)

2. Obtain the tare weight of the container tobe used toprepare the spike solution (tedlar bag,
flask, or equivalent). Fill with approximately 300 mL ofgroundwater from TAN-40 previously
sparged of any residual TCE Brother VOCs that may have been present. (Properly indicate usage
of this media inthe treatability study tracking logbook.). Bygravimetric methods, determine the
amount ofgroundwater added tothe container, and then place in an environmental chamber at
12-15 "C overnight. (Acalibration check ofthe gravimetric scale will be performed each day of
use.)

3. After temperature equilibration ofthe groundwater, remove the container from the incubator
and add the appropriate quantity of the Saturated STOCK TCE solution to produce aTCE spike
concentration of 1.0 mg/L. (Reactive zone media will only be spiked at 0.1 and 1mg/L TCE
during the Task 4degradation studies.) This solution can be mixed and.equilibrated within afew
minutes. ,

4. After mixing, obtain duplicate aqueous samples (-\mL) of the spike solution toobtain the
initial TCE concentration of the spiked groundwater. The duplicate aliquot sampJesyvill be
added to pre-weighed sample containers holding aknown volume ofhexane (»xmL). Each
sample container will be weighed again after sample addition to determine the actual volume of
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sample added. These extractswill be placed on a Horizontal snaieer tor _>u rrunuteiTjiofcuTc
extracts at 4°C until G.C. analysis.

*>..c s5. Obtain the tare weight of six (6) 40 mL VOA vials. Add approximately 10 g of crushed (<
• 4/8" size fraction) basalt to two of these vials, and approximately 10 g of sediment to two more

<: *f the vials. These materials should be previously dried to remove any residual TCE that might
•jhave been present. Re-weigh thevials to determine theexact masses added. (Properly indicate
.usage of this media in the treatability study tracking logbook.)

Vi
-6. Completely fill the remaining volume of the 40 mL vials with the spiked groundwater,and
reweigh each vial to determine the total volume of spike solution added. Record the time each
vial is filled and capped. Place the vials on an orbital shaker maintained at 12-15°C and allow
the spike solution and media (if applicable) to equilibrate overnight.

7. Obtain a tare weight on six empty containers to be used for the hexane extractions (125 mL
VOA botUeswith Teflon lined caps). Add 40 mL of hexane to each of these and reweigh.

8. Remove the 40 mL vials from the shaker/incubator. Pour the entire contents of each 40 mL

vial into a separate 125 mL extraction bottle. Reweigh each extraction bottle and record the time
as "extraction time=0". (The amount ofTCE that may have been lost during contaminant
equilibration will not be directly determined, but would be expected to be approximately the
same for each 40 mL vial.)

9. Placeeach extraction jar on a horizontalreciprocatingshaker at room temperature. Collect a
1mL aliquot of the hexane layer from each extraction bottle at the following time periods: 5
minutes, 30 minutes,Uiour,3 hour-i and24 hrs. Place thesesamples directly intoaGCVial (2
mL). (Calibrate the pipette used to collect the aliquot) Record the time the sample was collected.
Store at 4°C until analyzed (no dilution will be necessary). it** CK.aityKi "idn-fi^^ hnjtp%.

10. Also collect (using a disposable syringe with a luer-lok tip) aw-mL aliquotof the aqueous
layer from the extraction bottle at the same time periods used in Step 9: 5 minutes, 30 minutes, 1
hour, 3 hours, and 24hrs. Dispense Wof the aliquot («SpnL) directly into ainto 12 mLVOA
vial orequivalent that is pre-weighed and pre-filled with hexane (»imL). Using a0.45nm
syringe filter, filter theremaining aliquot volume inthesyringe (-\toL) into another 12mL -,
VOA vial or equivalent that ispre-weighed and pre-filled with hexane (-SiiL). rv>- 'J*-8-"-^,,

> Volurvj"- i^l I

11. Re-weigh each of these 12 mL VOA vials in the above step to determine the total sample
volume added to each. Placethese samples on a reciprocatingshaker for at least 30 minutes.
Store these extractions at 4°C if not analyzed immediately.

12. Analyze via GC/ECD for TCE, diluting if necessary. G.C. analyses will be conducted
closely following EPA Method 8000B, ensuring that a daily calibrationcheck, blanks, etc. are
also analyzed on each analysis day. Formal data packages, as outlined in Section 2.4.3.3 of the
Chapter2 Implementation Planwill not be prepared forthis experiment.

13. Using the analytical results (TCE inthe hexane phase, aqueous phase, and solid phases),
select the extraction time period that ismost effective and efficient for each media type
evaluated. Also place any waste materials generated from the experiment inthe appropriate
satellite accumulation area.
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Experiment 2c-1. Sorption Kinetics Test forCrushed and Aggregate Basalt.
(To be conducted at ORNL/ESD)
1. All soilandgroundwater to beusedin theseexperiments (TAN-40groundwater, TAN-37
crushed and aggjegate basalt) will beprepped bysparging and/or drying toremove any residual
TCE present onthemedia. (Properly indicate usage of this media inthetreatability study
tracking logbook.) Doing so will allow thisexperiment tobeconducted with consistent and
controlled initial TCE concentrations via contaminant spiking.

£> 2. Prepare aSTOCK (Saturated) TCEsolution (2000 mg/L) by adding 100 nL of Pure TCEinto
~Jz 12mL VOA vial filled to volumewithDIWaterandallow to equilibrate overnight atroom
temperature. (Use ofaSTOCK soWon rather than pure phase TCE to prepare the spiking
^solution affords better accuracy inobWiing thetarget concentration.)

?3. Sparge approximately 3100 mL ofgroundwater from TAN-40 ofany residual TCE or other
VOCs thatmayhavebeenpresent and thenplace the groundwater intoanincubator at 12-15°C.
Aftertemperature equilibration of thegroundwater (likely overnight), remove thecontainer from
the incubator. \

4. Obtain the tare weight of the containerto be used to prepare the spike solution (tedlarbag).
Fill with theTedlarbagwith the chilledTAN-40 GW. By gravimetric methods, determine the
amount of groundwater added to thecontainer. (A calibration checkof the gravimetric scale will
be performed each dayof use.) All information regarding the preparation of the spiking solution
will be recorded in the laboratory research notebook. \

5. Add the appropriate quantityof the Saturated STOCK TCE solutioninto the tedlarbag to
produce aTCEspikeconcentration of 1.0mg/L.SHOULD BEAPPROXIMATELY3 ML
Record volume and/or weight added. (Reactive zone media will only be spiked at 0.1 and 1
mg/LTCE during theTask4 degradation studies.) This solution canbemixedandequilibrated
within a few minutes. \

i **^ \
6. After mixing, obtain duplicateaqueoussamples (» 5 mL) of the spike solution to obtain the
initial TCE concentration of the spiked groundwater. The duplicate aliquot samples will be ^__> '
added to pre-weighed sample containers holding aknown volume of hexane (« 5 mL). Each ' '
sample container will be weighed againafter sampleaddition to determine the actual volume of
sample added. These extractswill be placedon a horizontal shaker for2 hours. Store the
extracts at 4°C until G.C. analysis.

7. Obtain the tare weights of seventy two (72) 40 mL VOA vials. Add approximately 10 g of
aggregatebasalt to 24 of the vials and 10 g of the crushedbasaltto another24 of the these vials.
Gravimetrically determine the actual amount of solid media added.

8. Dispense the spiked groundwater from the tedlar bag into each of the 72 VOA vials that have
been prepared, filling them completely with no headspace and cap them. Record the time that
each vial is filled as "T=0" for that vial.

JX.
Day
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9. Re-weigh each vial after it is completely filled to determine the actual volume of spiked
groundwater added to it Place the vials back into the environmental chamber at 12-15°C
Slowly agitate the vials duringthis step.

The remain,

h,4h, th,
changed dependi.
periods.

steps will be performed atthe time intervals ofapproximately 2
KSh,*k5d, 6d, 7d,J2 d, 14d, and2Jd. The latter times may be

<upon results ofthe samples obtainedfor the earlier tune

10 Remove six (6) 40 mL\als from the incubator (two with groundwater only, two with
^ .crushed basalt, and two contaihing aggregate basalt.) Collect an aqueous sample (- 5mL) from

-5-each vial using adisposable synhge with luer lok needle. Record the ume the sample is
r.[£«__eete* _____

^1 Filter (0.45tim membrane) and dispense the sample into to apre-weighed vial holding a
tn volume of hexane (-5 r__L).-TTiSWple vial will be weighed again alter saiupiriaaiuon

"to deteSmeteTOnal vol-m^ ofsample acWed. Anew syringe andfilter will be usedfor each
sample. All such extracts will be placed on aWizontal shaker for 2hours. Store the extracts at
4°C until G.C. analysis. \

12. Randomly collect and process (steps 10 and 1l\duplicate VOC sample from one of the six
VOA vials during every other sampling period. \

13 FOR THE LAST SAMPLING PERIOD STUDIED ONLY: Extractfhe remaining
contents ofeach vial with hexane. (The mass ofany rernainuigTCE on the solid phase can be
determined with this extraction when amass balance is performe^using data from the aqueous
aliquot sample) To accomplish this, transfer the remaining sample™ the six 40 mL VOA vials
(including basalt material) into a125 mL extraction jar that has been^e-weighed and holding a
known volume ofhexane (- 35 mL). The extraction jar will be weighecUgain after sample
addition todetermine the actual mass ofsample (solid +Liquid) added. \

14 FOR THE LAST SAMPLING PERIOD STUDIED ONLY: The extrifits in the above
step will be placed on ahorizontal or reciprocating shaker for 2hours. AImL aliquot of the
hexane phase will be placed into a2mL G.C. vial and stored at 4°C until analysis.

GC ANALYSIS of VOCs ,
All VOC analyses for this experiment will be conducted using aG.C/ECD detector. The \
instrument will calibrated for TCE using a5point calibration curve with standard concentrations
ranging from 10-1000 (ig/L (ppb)

The VOC analyses of the hexane extracts will closely follow EPA Method 8000B. Significant
deviations from this method will be clearly documented.

_i£ 19 2SL
Day Year

TC&

t&*&
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Experiment 2a-3. Overall performance of the test reactor

(To be conducted at ORNL/ESD)
In this experiment a complete reactor will be set up using the most optimal component(s) from
the previous Task 2a experiments described above. To be consistent, a 100 mg/L TCE spike
solution will be used here as well; however, this experiment will be conducted at approximately
12-15°C.

1. Set up a reactor, ensuring that a Teflon sleeve is fitted onto the glass adapter to be used. The
^ ^ top ofthe adapter will be sealed (Teflon stopper) during spiking and equilibration tominimize

the mass ofTCE lost.

2. Fill the reactor with distilled water, minimizing the headspace volume inside of the reactor. A
record of the DI water volume added will be maintained.

3. Spike the reactor with TCE, Desired Concentration: 100mg/L
Add a mass of purephaseTCE (density of 1.456g/mL) to the liquid volume inside of the reactor
thatwill yieldaTCE solution of 100mg/L. Measure the massof the spiking syringewhen filled
andthen after spiking to recordthe totalTCE mass added to the reactor(a QC check on the
initial TCE analysis). Information regarding the preparation of the spiking solutionwill be
recorded in the laboratory research notebook.

4. Replace the removed stopper back onto the adapterand allow the solution to equilibrateat
least overnight in an incubatormaintainedat 12-15°C. (Record the equilibration period and
temperature).

5. During the equilibration period, prepare anORBO-32assemblyin the standard taper adapter
andcover the bottom end of the adapterwith the selected thin film [parafilm].
STORE UN-SEALED ORBO TUBES OUTSIDE OF THE LABORATORY FUME HOODS.
THE HOODS LIKELY HAVE THE GREATEST POTENTIAL FOR "CONTAMINATING"
THE TUBES WITH TCE AND OTHER VOCs.

r
6. Afterequilibration, collect duplicate (-WjriL) aqueous samples from the reactor (from the
glass adapter that is sealed with a stopper) Thealiquot samples willbe added to pre-weighed
sample containers holding aknownvolume of hexane (-5 mL). Each sample container willbe
weighed again after sample addition todetermine theactual volume of sample added. (A
calibration check of thegravimetric scale willbeperformed each dayof use.) All suchextracts
will beplaced onahorizontal shaker for 30minutes. Store theextracts at4°C until G.C. analysis.

7. Replace the adapter sealed with thestopper with one fitted with the charcoal desorption tube
assembly from Step5. Record thetimethesamples in thestepabove are collected andthe
desorption tube is added as Stan Time=0.

ftuW* Cc-UU > ft 2 .X1779 4O

J/'8- X.7733<?
&4iuu GalU>. wt./a joJa 0.11%% ^

c-A-. (n sc_4_i 1.6000 t/'
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iaixJoC -f- ofass +.9^

cor er^fTi £S"6. l& £_,
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8. Collectat the following time intervals in the samemanneras performed in step6: 30 min. 60
min, 2 hrs,4 hrs,24 hrs(duplicate), 30 hrs,48 hrs. The exact time at which eachaliquot is
collected will be recorded.

9. Breakdown the reactor afterthe lastsampleis collected. The charcoal desorption tubewill
thenberemoved from thereactor. Each charcoal bedcontained in the tubewillbe placed intoa
pre-filledandpre-weighed vial containinga known volume of hexane (=»5 mL). These extracts
will be processedand analyzed in the same manner as the aqueous aliquots.

NOTE: The contents of such a test reactorwill be extracted at theend of theexperiments in Task
\f± 4 but is not necessary here since a solid phase is not present.

10. Analyze the sample andcharcoal extractsvia GC/ECD forTCE. G.C. analyseswill be
conductedclosely following EPA Method 8000B, ensuringthat a daily calibration check, blanks,
etc. arealso analyzed on each analysis day. Formaldata packages, as outlined in Section 2.4.3.3
of the Chapter2 Implementation Planwill not be preparedfor this experiment.

11. Perform a mass balance for the reactor, taking sample aliquot volumes, initial
concentrations, etc. into accountto determine the overallreactorperformancein maintaining gas-
tight conditions. Also place any waste materials generated from the experiment in the
appropriate satellite accumulation area.
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Preparationof Permanganate Calibration Curve
InstnimenC^JACH DR/2000 spectrophotometer

Summary:'
colorimetric abso

spectrophotometer.

dure involves the production ofaMn04" calibration curve by the
nee (X= 525 nm) of prepared solutions of KMn04 using aHach DR/2000

The following solutions concentrations will be prepared:

5,10.20,30, and50 mg/L MnlS

The 50 mg/L Mn04" std will resulrfrom the preparation ofa66.4 mg/L KMn04 solution

Reagent to be used:

CAIROX Potassium Permanganate, FreeVlowing Grade (Cams™)

STD 5 (50 mg/L MnOO
Prepare Solution by adding 332 grams of KMn
volume with DI water. Place this solution on a
preparing the following standard solutions.

STD4(30mg/LMnO4")
Add 15 mL of STD5 into 25 mL volumetric and fill to vol

STD 3 (20 mg/L MnOi)
Add 10mL ofSTD5 into 25 mL volumetric and fill to volume wi

STD 2 (10 mg/L MnO^
Add 5 mL of STD5 into 25 mL volumetric and fill to volume

STD 1 (5 mg/L Mi_04")
Add X5 mL ofSTD5 into 25 mL volumetric and fill to/olume

Keep these solutions in darkness until used for call
Record the abs obtained for aDI water blank and,"
Prepare the linear calibration curve and cons

omCmM
5x^3

Q_d>

-TOj-l ..Vj!_0.(u*vv4_{-^.C
_..±SDk4c4.I, tkP.: ,
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Additional Lab Experiment
Note: This experiment is being in conducted in addition to the tasks set
forth in the statement of work.

1. Allgroundwater tobeused inthis experiment (TAN-40 groundwater) will bepropped by
sparging toremove any residual TCE present on the media. Doing sowill allow this experiment
to be conducted with consistent andcontrolled initialTCE concentrations via contaminant
spiking. (Properly indicate usage of this media inthe treatability study tracking logbook.)

2. Prepare aSTOCK (Saturated) TCE solution (2000 mg/L) byadding 100 ^Lof Pure TCE into
a12 mLVOA vial filled tovolume with DI Water and allow toequilibrate overnight atroom
temperature. (Use ofaSTOCK solution rather than pure phase TCE toprepare the spiking

- solution affords better accuracy inobtaining thetarget concentration.)

-3. Obtain the tare weight ofthe 1liter (small) Tedlar bag to beused toprepare the spike
solution. Hll with approximately 520 mLof 12°C TAN-40 groundwater. Bygravimetric

_. - methods, determine theamount of groundwater added tothecontainer. (A calibration check of
• . the gravimetric scale will beperformed each day ofuse.) Place the bag into the incubator at
: < 12°Cuntil it is spiked.

"; t
^ ^4. Obtain the tare weight of twelve (12) 40mLVOA vials.

5. Remove the Tedlar bag from the incubator and add the appropriate quantity ofthe Saturated
STOCK TCE solution toproduce a 1mg/L TCE spike solution. (The volume of saturated
STOCKTCEneeded should beontheorder of 0.5mL). Thissolution canbe mixedand
equilibrated within 20 minutes. AU Information regarding the preparation ofthe spiking soluaon
will be recorded in the laboratory research notebook.

6. Prepare a2660 mg/L KMn04 solution byadding 66.44 mg (0.0664 grains) Cams™ Free
Flowing Technical Grade KMn04 into a25mLvolumetric flask and fill tovolume with DI
water. (This solution should have aMn04" concentration of2000 mg/L)

7. After mixing for at least 1hour, collect an aliquot ofthis solution for KMn04 analysis. (A
calibration check should not be needed since we just prepared the calibration curve). The sample
will have tobediluted toless than 50mg/L Mn04\ (on the order of 1.25 mLinto a 100 mL
flask)

8. Dispense the following volumes ofthe KMn04 solution into the 40mLvials and reweigh

£ ^

each:

Viah=|||^£»NE
Vials 3*4:0.1 mL (will yield approximately 5mg/L Mn04")
Vials 5&6:0.3 mL(will yield approximately 15 mg/L MnOO
Vials 7&8:0.8 mL (will yield approximately 40 mg/L Mn04")
Vials 9&10: 1.6 mL(will yield approximately 80 mg/L Mn04")
Vials 11&12:2 mL(will yield approximately-8e-mg/L MnO«")
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r 9. Quickly dispense the spike solution into each ofthe reactors tobe used. Completely fill each
reactor to minimize free headspace. Immediately re-seal each vial, record the"REACTION

^ ^START TIME" and reweigh each to determine the actual amount ofspiked groundwater added,
s^/igorously hand shake each vial at the beginning ofthe reaction time and then place the samples

N£s-_n the 12C incubator/shaker.

10. At approximately 1hour from thereaction start time, remove thereactors from theincubator
^and collect a 10 mLaliquot (using asyringe with aLuer Tip). Record the time the sample is

B collected.

11. Add a0.45 pm syringe filter unto the end ofthe syringe and dispense (filtered) approx. 5mL
' |pf the sample into apre-weighed vial holding aknown volume ofhexane (=5 mL). This sample
•-Vial will be weighed again after sample addition to determine the actual weight ofsample added.

All suchextracts willbeplaced onahorizontal shaker for 2 hours. Store theextracts at4°Cuntil
/G.C.analysis.

-^ _Vi

07-

Day

12. Thisstepneeds to bedonefairly quickly sincethe reaction is notyet
"quenched"!!
Dispense (filtered) theremaining portion of thesample inthesyringe (=5 mL)into abeaker for
Mn04'analysis. (Some samples may haveto bediluted with DI waterso thatits
spectrophotometric absorbance (at X=525 nm) isless than that of the highest standard tobe
prepared (50 mg/L Mn04"). Check standards (10 and 50 mg/L Mn04') will be prepared with
reagent gracle KMn04 and measured each analysis day. A new 5 point calibration curve will be
prepared if the absorbance ofthese check standards differs from the expected value by>15%.

13. Also place any waste materials generated from the experiment in the appropriate satellite
accumulation area. ...

14. GC ANALYSIS ofVOCs y, «j, -. •
All VOC analyses for this experiment will be conducted using aG.C7ECD detector. The r^QP-C-X. cr^\ 3"W~ v.T\ /Vj£.
instrument will calibrated for TCE using a5 point calibration curve with standard concentrations
ranging from 5-1000 ng/L (ppb). The VOC analyses ofthe hexane extracts will closely follow
EPA Method 8000B. Significant deviations from this method will be clearly documented.
Formal data packages will not beprepared for these analyses.
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Preparation of Permanganate Calibration Curve
Instrument: HACH DR/2000 spectrophotometer

Summary: This procedure involves the production ofaMn04" calibration curve^by lthe
colorimetric absorbance (X= 525 nm) ofprepared solutions of KMn04 using aHach DR/2000
spectrophotometer.

The following solutions concentrations will be prepared:

5,10,20,30, and50mg/LMn04".

The 50 mg/L MnO," std will result from the preparation of a66.4 mg/L KMn04 solution

Reagent to be used:
CAIROX Potassium Permanganate, Free-Flowing Grade (Carus™)

STD 5 (50 mg/L MntV) . a . ._,.,Prepare Solution by adding 33.2 mg of KMn04 into a500 mL volumetric flask and filLto
volume with DI water. Place this solution on amagnetic stir plate for at least 15 ™^l«g^
preparing the following standard solutions. _j. a^S ^-4 i«+' **c,~C

j^y +.. l<rdo e Z3*t-
STD 4 (30 mg/L MnO^
Add 15 mLof STD5 into 25 mLvolumetric and fill tovolume with DI water.

STD 3 (20 mg/L Mn04")
Add 10 mLofSTD5 into 25 mLvolumetric and fill tovolume with DI water.

STD2(10mg/LMnO4") _^x
Add 5mLofSTD5 into 25 mLvolumetric and fill tovolume with DI water.

STD 1 (5 mg/L Mn04) .uM t
Add 2.5 mLofSTDS into 25 mLvolumetric and fill tovolume with DI water.

Keep these solutions in darkness until used for calibration.
Record the abs obtained for aDI water blank and for each sample
Prepare thelinear calibration curve and constants.

Aks &J'.

S.R. ciine Last Updated: 04/08/98 Filename: Preparation of Permanganate Calibration Curve.doc
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1i

General Prrv.^1..- forTask 3a PTperimenf^ •

(To beconducted atORNL/ESD)
1. AU soil and groundwater to be used in these experiments (TAN-40 groundwater TAN-37

^^SST^^ baSalt' ^ SedimCm) Wi" bC Prcpped »* *«*»«""^ «Mng to removeany residual TCE present on the media. Doing so will allow this experiment to be conducted
I?J_^T ",d CKlm",ed initiiU TCE concentrati°° (- 0mg/L). Properly indicate usage of
this media in the treatability study tracking logbook.

L!?«°7 ^ 2"3 i"4ChaP,er 2of^ Implementation Plan to obtain which test conditions toevaluafc (soil type oxidant concentration, etc.) The use of glass, wide-mouth erlenmeyer flasks.
t^TiTT I*1" * USCd *iS CUrrcntly planncd t0 "»four Wttst co-ditioi from
procure Pr0CedUrc "USei ThUS' 8rCaCt0rS Wi" ^ USed durin« each ™» of^

mSStthT WC-ght °fDeaCh "ft0r Add aPPr0)cimately >°0g of solid media to the reactorsin Table 2-3 that require it Re-we,gh the reactors to determine the actual mass added. To each
S!T"tfrf1™*»- Re-Wei*h each reacWr »*««-*« the actual weigh, ofsolution added. (A calibration check of the gravimetric scale will be performed each day of use.)

4 Place the reactors in the incubator at 12'C and allow to equilibrate to that temperature.
Slowly agitate the reactors during this step. ^

L?n!.!neTratUre ejluilibr!u1m is rcacned- rem°v= th= actors from the incubator and collect a5mL aliquot (using adisposable syringe) of the water and/or slurry from each for pH analysi!

L^„P.H !malySeS Wi" "* fndUCted "^ conventi°«=" PH meters/electrodes, calibrated eachday of use via aminimumof two standard buffer solutions (4,7. and 10). Values obtained for
each ampte will be recorded Acalibration check will also be conduct following ,££
sam^e to be measured each day. Values obtained for the samples will be corrected ifa
significant dnft (i.e., > 15%) occurred.

Lhre—r^ mast°!c^aSliae KM^ (Carus~ Free Rowing Technical Grade) into !
Slnr ? Ch f uC°nditi0n in Table 2"3 is "^evaiuated- Th= «« mass ofJ£J5,£S£r^^^^^""i^^imetricallyandrecorded. Thetimethat !

^"ryiS^~lTh^VldU--alrcac,0rshaJlalsoterecoraed Cation staittime). .^ -
8. Place each reactor back into the 12°C incubator as the oxidant consumption reaction proceeds Tp ewU
For^hreactor.removemereactorfrommeincubatoratappro^^
Z R*Zr,' ^H0"6" V-10 ^ aiiqU°t (USing a"So-Ale ptetic syringe wTa LuCTip). Record the time the sample was collected and replace the reactor back into L incubator.

I'bZSL* R^rT nSefiIter°nt0 the end of «* syringe and filter approximately 1-2 mL intobeaker. Remove the synnge fil- and dispense the remaining (unftltered) portion of the sample

- Oxidant Demand of Reactive Zone Media

Ik.
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into another beaker for pH analysis. Measure and record the pH ofeach sample as done in Step
6.

10. Perform aMn04" analysis on the filtered sample from the previous step. (The sample is
filtered to remove particulate maner that could interfere with the analysis.) The filtered sample
will likely have to be diluted with DI water so that its spectrophotometric absorbance (at X=525
nm) isless than that of the highest standard tobeprepared (50 mg/L Mn04-). Check standards
(10 and 50mg/L Mn04-) will beprepared with reagent grade KMn04 and measured each
analysis day. A new 5 point calibration curve will beprepared if the absorbance of these check
standards differs from theexpected value by>15%.

11. Collect and analyze aliquots from each reactor for pH and KMn04 (Steps 8-10) at the
following ADDITIONAL timeperiods: lhr. 2 his,4 hrs, 18 hrs. and 24 hrs.

12. Interpret results and clean up the reactors for re-use in the next run ofthe experiment. Also
place any waste materials generated from the experiment in the appropriate satellite accumulation
area.

Table 2-3. Oxidant consumption by reactive zone media.

Media

Groundwater

Groundwater

RUN1 Groundwater/basalt

Groundwater/basah

Groundwater/basaU

Groundwater/basall

Groundwatcr/scdimcnt

Groundwatcr/sediment

Basalt

Form

NA

NA

Crashed

Crushed

Amjtegate

Aggregate

NA

NA

•5<W/g# ASfriJfr

4

S

(,

7

%

isi.n

4.M4

/O'-cV

Liquid: Solid
Ratio

NA

NA

4:1

4:1

Initial TCE

Concentration

i_2B_t_

•f \c^ k+ rKflHult.fn

H-Si.^
3^-4.34

3 ih.W
3 (4.7^
SL (p2-.0(j>

Initial Organic
Co-Contaminant

Concentration

(ME/l)

Initial-

Permanganate
Concentration

o.o i

0.01

0.01

0.01

0.01

0.01

0.01

0.01

g|aSk4-H,Q

5"4S-k7-
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TZS. 4 t
£_-&.! 8

6<H.C7-
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General Procedure for Task 3a Experiments •

(To be conducted at ORNL/ESD)
1 All soil and groundwater to be used in these experiments (TAN-JO groundwater, TAN-37
crushed and aggregate basalt, and sediment) will be prepped by sparging and/or drying to remove
any residual TCE present on the media. Doing so will allow this experiment to be conducted
with aconsistent and controlled initial TCE concentration (= 0 mg/L). Properly indicate usage of
this media in the treatabilitystudy trackinglogbook.

2. Follow Table 2-3 in Chapter 2ofthe Implementation Plan to obtain which lest conditions to
evaluate (soil type, oxidant concentration, etc.) The use of glass, wide-mouth erlenmeyer flasks,
beakers, or equivalent will be used. Itis currently planned to run four (4) test conditions from
Table 2-3 each time this procedure is used. Thus, 8reactors will be used during each run ofthis
procedure.

3. Obtain the tare weight ofeach reactor. Add approximately lOOg ofsolid media to the reactors
in Table 2-3 that require it Re-weigh the reactors to determine the actual mass added. To each
reactor, add 400 mL ofTAN-40). Re-weigh each reactor todetermine the actual weight of
solution added. (A calibration check ofthe gravimetric scale will be performed each day ofuse.)

4. Place the reactors in the incubator at 12°C andallow to equilibrate to that temperature.
Slowlyagitatethe reactors duringthisstep.

5. Once temperature equilibrium is reached, remove the reactors from the incubator and collect a
7^ 5mL aliquot (using adisposable syringe) of the water and/or slurry from each for pH analysis.

"~^r 6. The pH analyses will be conducted using conventional pH meters/electrodes, calibrated each
-_^_ day of use via aminimum of two standard buffer solutions (4.7. and 10). Values obtained for
~^a_ each sample will be recorded. Acalibration check will also be conducted following the last

sample to be measured each day. Values obtained for the samples will be corrected ifa
significant drift (i.e., > 15%)occurred.

Date OV ^/

Month Day

• Oxidant Demand of Reactive Zone Media

-7. Add the appropriate mass ofcrystalline KMn04 (Cams™ Free Flowing Technical Grade) into
each reactor according to which test condition in Table 2-3 is being evaluated. The exact mass of

V KMn04 added to each reactor will be determined gravimetrically and recorded. The time thM Q^VLjJL
-IS* KMn04 isadded toeach individual reactor shall also be recorded (reaction start time). Vi>& h *&**

8. Place eachreactor back intothe 12°C incubator as theoxidant consumption reaction proceeds.~\ . __
For each reactor, remove the reactor from the incubator atapproximately 5-10 minutes from the \ ~~
reaction start time, and collect a5-10 mL aliquot (using adisposable plastic syringe with aLuer J _^0» rp
Tip). Record the time the sample was collected and replace the reactor back into the incubator.

9. Add a0.45 nm syringe filter onto the end ofthe syringe and filter approximately 1-2 mL into
abeaker. Remove the syringe filter and dispense the remaining (unfiltered) portion ofthe sample

Ni e>.| •/„ = )i»Or^/2-l^b^'

U
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into anotherbeaker for pH analysis. Measure and recordthe pH of each sample as done in Step
6.

10. Performa Mn04' analysis on the filtered sample fromthe previousstep. (The sample is
filtered to remove particulate matter thatcouldinterfere with the analysis.) The filtered sample
will likelyhaveto be diluted withDIwater sothatits spectrophotometric absorbance (atX=525
nm) is less thanthatof the higheststandard to be prepared (50 mg/L Mn04-). Checkstandards
(10 and50 mg/L MnC4-)will be prepared with reagent grade KMn04 andmeasured each
analysis day. A new5 point calibration curve will be prepared if theabsorbance of these check
standards differs from the expected value by >15%.

11. Collect andanalyzealiquots fromeachreactor for pH and KMn04 (Steps 8-10) at the
following ADDITIONALtime periods: Ihr,2 hrs,4 hrs,18hrs,and24 hrs.

12. Interpret results and clean up thereactors forre-use in thenextrunof theexperiment. Also
place anywastematerials generated from theexperiment in theappropriate satellite accumulation
area.

<k

)
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Media

Groundwater

Groundwater

jRUN 2 Groundwater/basalt

Groundwater/basalt

Groundwater/basalt
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Preparation of Calibration Standards
(From VOC custom mixes)

Source:

Supelco CustomMix Standard, 200 mg/L each Compound

DATE PREPARED

LOT No. t-A-nVoi
4/2.1/?^

Date -A 2*Jj 19 2£_
Month Day Year

Prepare 10 mg/L working STOCK Solution
Add 0.5 mL of Custom Mix (Ampule) to 10 mL Flask filled to volume with hexane
(Weighand record syringe when full and then when empty)

SYRINGE FULL: '7-T875 , \ ' /| . 1 ft

SYRINGE EMPTY: 17- (7 12, ^ , „ - r^ ^Jj I

Preparation of Calibration Standards .. C.lT, -C ^ £o»i^frn«J «^^
loooppb ff*A x = (o. C.Sfp/A
Add 2.5 mL STOCK Solution to hexane in 25 mL Flask. ^(-(^^ =5 ro/fr

C500 ppb _
^dd 5mL of 1000 PPB STD into 10 mL Flask and fill to volume with hexane Ac^uJl- —^ ^ ff^»

100 ppb_vu ppu

VAdd 5 mLof 1000 PPB STDinto 50 mLFlask andfill to volume with hexane (transfer to40 mLVOA vial) * J r. . --.

O50ppb TT
^Add 0.5 mL 1000 PPB STD into 10 mL Flask and fill to volume with hexane /,^e-0tX r fT^ A 1
•^10 ppb
VAdd 0.1 mL of 1000 PPB STD into 10 mL Hask and fill to volume with hexane Ac-fv/X * \0.1~ L

5 ppb

Add 0.05 mL (50 nL) of 1000 PPB STD into 10 mL Hask and fill to volume with hexane

Place these standards in vials for storage in the 211 Freezer. H/£t-v>_- • ({
Place theCertificate ofAnalysis intothe Laboratory Research Notebook.

hrJa*u.cJU(o. */77334 Jr-io.o^ __7 q.^So

_ Continued on page __—
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Additional Lab Experiment #2
Note: This experiment is being in conducted in addition to the tasks set
forth in the statement of work.

1. All groundwater to be usedin thisexperiment (TAN-40 groundwater) will be prepped by
sparging to removeany residual TCE present on the media. Doing so will allowthis experiment to
be conducted with consistent andcontrolled initial TCE concentrations viacontaminant spiking.

^ (Properly indicate usage ofthis media in the treatability study tracking logbook.)
c_.

<_=> /

W 2. Prepare aSTOCK(Saturated) TCE solution (1100 mg/L)by adding 100 (_L of Pure TCEintoa
"2/ 12 mL VOA vial filled to volume with DI Water and allow to equilibrate overnight at room
<_\ temperature. (Useof aSTOCK solution rather thanpure phase TCEto prepare the spiking solution
eg \ affords better accuracy in obtaining the target concentration.)

p(2A-Kitty: Itwould benice tomeasure the cone ofthe Saturated solution forour own information:
Please extract 10 ftL of thisSTOCK into 20 mL hexane for 2 hours, then put 1 mLof thehexane
phase intoa gc vialfor analysis (DF=2000).

3. Obtain the tare weight of the 1liter (small) Tedlar bag tobeused to prepare thespike solution.
Fill withapproximately 850mL of TAN-40 groundwater. By gravimetric methods, determine the
amount of groundwater added tothecontainer. (A calibration check of thegravimetric scale willbe
performed each day of use.)

4. Addtheappropriate quantity of theSaturated STOCK TCEsolution to produce a 1mg/LTCE
spike solution. (Thevolume of saturated STOCK TCEneeded should beapprox. 0.78 mL for 850
mLof GW). Place theBag in theincubator at 12C ovemighr All Information regarding the
preparation of the spikingsolution will berecorded in the laboratory research notebook.

5. Obtain the tareweight of twenty (20) 40 mL VOA vials.

6. Prepare a2660 mg/L KMn04solution by adding 66.44 mg(0.0664 grams) Cams™ Free
Flowing Technical Grade KMn04 into a 25 mL volumetric flask and fill to volume with DI water.
(This solution should have aMn04* concentration of2000 mg/L) * Vy u,\|| rW ~-3^rM-s[ Y

7. After mixing for atleast 1hour, collect an aliquot of this solution for KMn04 analysis. The
sample will have tobe diluted toless than 50 mg/L MnO«'. (DF=80 -.625 mL into a50 mL flask, ^
willworkgreat!) \J \

r-A/£)CTD4Y 75
«*' 8. Dispense the following volumes ofthe KMn04 solution into the 40 mL vials and reweigh eachQ.

Vials 1-6: 0_3 mL (will yield approximately 15 mg/L MnO<") Y.
Vials 7-12: 1.2 mL (will yield approximately 60mg/LMn04") U
Vials 13-18: 2mL (will yield approximately 100 mg/L Mn04") '\n
Vials 19-20: NONE. \[

9. Remove spike solution from incubator and quickly dispense the spike solution into each of the _^
reactors tobeused. Completely fill each reactor tominimize free headspace. Immediately re-seal °<Q
each vial,record the"REACTION START TIME" and reweigh each to determine theactual

*^________£_fe^_- LL

wLt 4iQ-.^S.O(<7__ .

S.R. Cline Last Updated: 04/24/98 Filename: AdditionalLab Experiment #2.doc
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amount of spiked groundwateradded. Vigorously hand shake each vial at the beginningof the
reaction time andthen placethe samplesin the 12Cincubator/shaker, (g, _2.o v P Pr*

10. At 2 hours from the reaction start time, remove vials 1.2,7,8,13,14 from the incubator and
collect a 10 mL aliquot (using a syringe with a Luer Tip). Record the time the sample is collected.
(We are now "done" with these 40 mL vials)

11. Dispense (TIN filtered') approx. 5 mL of the sample into a pre-weighed vial holding a known
volume of hexane (=5mL). This sample vial will be weighed againafter sample additionto
determine the actual weight of sample added. All such extracts will be placed on a horizontal
shaker for 2 hours. Store the extractsat 4°C until G.C. analysis. The hexane phaseof these extract;
will riQT have to be diluted for analysis.

12. This step needs to be done fairly quickly since the reaction is not yet
"quenched"!!
Filter(via 0.45 um syringe filter) the remainingportionof the sample in the syringe (=5mL) into a
beaker for Mn04" analysis. (Some samples may have to be diluted with DI water so that its
spectrophotometric absorbance (at X=525 nm) is less than that of the highest standard to be
prepared (SO mg/L MnQ4").
VIALS 1-6 NO Dilution will be Needed

VIALS 7-18 A DF=3 will work fine

Check standards (10 and 50 mg/L Mn04") will be preparedwith reagent grade KMn04 and
measured each analysis day. A new 5 point calibrationcurve will be prepared if the absorbanceof
these check standards differs from the expected value by >15%.

13. At 4-5 hours after the stan of the reaction, repeat Steps 10-12 using Vials 3,4,9.10,15,16

14. At 24 hours after the startof the reaction,repeatSteps 10-12using Vials 5.6,11,12,17.18.

15. After the 24 hrs samples are processed, remove the Controls (Vials 19 and 20) from the
incubator andcollecta 5 mL sample fromeach,dispensing it (IIN Filtered^ intoa pre-weighed vial1
holding aknown volume ofhexane (=5 mL). This sample vial will be weighed again after sample-^/'
addition todetermine theactual weight of sample added. Allsuch extracts willbe placed on a -oj :
horizontal shaker for 2hours. Store the extracts at 4°C until G.C. analysis. The hexane phase of-C
these two extracts will need adilution of101. "_£}-L.

16. GC ANALYSIS ofVOCs —r
All VOC analyses for this experiment will be conducted using a G.G/ECD detector. The
instrumentwill calibrated forTCE using a5 pointcalibration curve with standard concentrations '
ranging from 5-1000 (ig/L (ppb). The VOC analysesof the hexaneextracts will closely follow EPA..__L.
Method 8000B. Significant deviations from this method will be clearly documented. Formal data
packages will not be prepared for these analyses. ;

17. Also place any waste materials generated from the experiment in the appropriate satellite
accumulation area.
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General Procedure for Task 3a Experiments - Oxidant Demand of Reactive Zone Media

(To be conducted at ORNL/ESD)
1. All soil and groundwaterto be used in these experiments (TAN-40 groundwater, TAN-37
crushed and aggregate basalt, and sediment) will be prepped by sparging and/or drying to remove
anyresidual TCE presenton the media. Doingso will allow this experimentto be conducted
with a consistent and controlled initial TCE concentration (= 0 mg/L). Properly indicate usage of
thismediain the treatability study tracking logbook. ^ ""^v

2. FollowTable 2-3 in Chapter2 of the Implementation Planto obtainwhich test condmorrsTa' f.
evaluate (soil type, oxidant concentration, etc.) The use of glass, wide-mouth erlenmeyer flasks,
beakers, or equivalent will be used. It is currently planned to run four (4) test conditions from
Table 2-3 each time this procedure is used. Thus, 8 reactors will be used during each run of this
procedure.

3. Obtain the tare weight of each reactor. Add approximately lOOg of solid media to the reactors
in Table 2-3 that require it Re-weigh the reactors to determine the actual mass added. To each
reactor, add 400 mL of TAN-40). Re-weigh each reactor to determine the actual weight of
solution added. (A calibration check of the gravimetric scale will be performed each day of use.)

4. Place the reactors in the incubator at 12°C and allow to equilibrate to that temperature.
Slowly agitate the reactorsduring this step, -s _2-o o (Zp/^\

5. Once temperature equilibrium is reached, remove the reactors from the incubator and collect a
5 mL aliquot (using a disposable syringe) of the water and/or slurry from each for pH analysis.

6. The pH analyses will be conducted using conventional pH meters/electrodes, calibrated each
day of use via a minimum of two standardbuffer solutions (4, 7, and 10). Values obtained for
each sample will be recorded. A calibration check will also be conducted following the last

d 3 sample to be measured each day. Values obtained for the samples will be correctedif a
significant drift (i.e., > 15%) occurred.

7. Add the appropriate mass of crystalline KMn04 (Canis™ Free Flowing Technical Grade) into
reach reactor according to which test condition in Table 2-3 is being evaluated. The exact mass of

KMn04 added to each reactor will be determined gravimetrically and recorded. The time that
KMn04 is added toeach individual reactor shall also berecorded (reaction start time). 5 A«k*. tyjl

, k^S. (.a^Uf- sHft'««.)(e.sTAd.T -r&iW.sf >w ^H^-rfvsfo 5„.*fean.
8. Placeeach reactor back into the 12°C incubator as the oxidant consumption reaction proceeds.
For each reactor, removethereactor from the incubator atapproximately 5-10minutes from the ~
reaction stan time, and collect a 5-10 mL aliquot (using a disposable plastic syringe with a Luer
Tip). Record the time the sample was collected and replace the reactor back into the incubator.

9. Add a 0.45 fim syringe filter onto the end of the syringe and filterapproximately 1-2mL into
a beaker. Remove the syringe filter and dispense the remaining (unfiltered) portion of the sample

-<CT
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intoanother beaker forpHanalysis. Measure and record the pHof each sample asdonein Step
6.

10. Perform a Mn04" analysis onthe filtered sample from the previous step. (Thesample is
filtered to remove particulate matter that could interfere withtheanalysis.) The filtered sample
will likely haveto be diluted with DIwaterso thatits spectrophotometric absorbance (at X=525
nm) is less thanthat of the higheststandard to be prepared (50 mg/L Mn04-). Check standards
(10and50 mg/L Mn04-) will be prepared with reagent grade KMn04andmeasured each
analysis day. A new 5 pointcalibration curvewill be prepared if the absorbance of thesecheck
standards differs from the expected value by >15%. PF p**J*A ~. s~oO l>^-Jx^ J?«*f

HJo-P"). s. v c \
11. Collect and analyze aliquots from each reactor for pH and KMn04 (Steps 8-10) at the, f/AA
following ADDITIONAL time periods: lhr, 2hrs, 4hrs. 18 hrs, and 24 hrs. ' A

12. Interpret results andclean upthe reactors forre-use in the next runof theexperiment. Also
placeany waste materials generated fromthe experimentin the appropriate satelliteaccumulation
area.

I

a!

Media

Basalt

Form

Liquid: Solid
Ratio

Initial TCE
Concentration

(mg/L)

Initial Organic
Co-Contaminant

Concentration

(mg/L)

Initial nrtttUMfn

Permanganate
Concentraiion

(*>

NA NA 0 0 1.00

NA NA 0 0 1.00

-RUN 3 Groundwater/ basalt Crushed 4:1 0 0 1.00

Crushed 4:1 0 0 1.00

4:1 0 0 1.00

Aggregate 4:1 0 0 1.00

NA 4:1 0 0 1.00

Groundwater/sedimenl 1 NA 4:1 0 0 1.00

.™__T~_
3.-..

!.__..

5

.._Je_

1

fiasM."
2/-.-> .7.80

.2- (H -.Hrr
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REPEAT EXPERIMENT:

Experiment 2c-IB. Sorption Kinetics Test for Crushed andAggregate Basalt.

(To be conducted at ORNL/ESD)
1. All soilandgroundwater to be usedin these experiments (TAN-40 groundwater, TAN-37
crushed and aggregate basalt) willbe prepped bysparging and/or drying to remove anyresidual
TCE present onthe media. (Properly indicate usage of this media inthetreatability study
tracking logbook.) Doing sowillallow thisexperiment to beconducted withconsistent and
controlled initial TCE concentrations via contaminant spiking.

ifPrepare aSTOCK (Saturated) TCE solution (2000 mg/L) by adding 100 (iL of Pure TCE ir,;P
_a 12 mLVOA vial filled tovolume withDIWater and allow toequilibrate overnight atroom

i \ temperature. (Use ofaSTOCK solution rather than pure phase TCE to prepare the spiking
solution affords better accuracy in obtaining the targetconcentration.)

.*

^ 3.ySparge approximately 1600 mL ofgroundwater from TAN-40 ofany residual TCE or other
VOCs that may have been present.

V5
V; 4. Obtain the tare weight of thecontainer tobeused toprepare thespike solution (Tedlar bag).
"^ f Fill -wi* the Tedlar bag with the sparged TAN^O GW. Bygravimetric methods, determine the
^ ' amount of groundwater added tothe container. (A calibration check of the gravimetric scale will

beperformed each day of use.) All information regarding the preparation of thespiking solution
will be recorded in the laboratory research notebook.

5: (TUESDAYAFTERNOON) Add theappropriate quantity of the Saturated STOCKTCE
solution intotheTedlar bag to produce aTCEspike concentration of 1.0 mg/L.SHOULD BE
APPROXIMATELY1.6 ML Recordvolume and/orweight added. (Reactive zone media will
only bespiked at0.1 and 1mg/LTCE during the Task 4 degradation studies.) This solution can
be mixed andequilibrated at leastovemite at 12°Cin the incubator.

6. Aftermixing, obtain duplicate aqueous samples using a glass syringe withavalve stopcock
and luer needle (5mL) of thespikesolution toobtain theinitial TCEconcentration of thespiked
groundwater. Weigh thesyringe when filled and then again after thesample isdispensed to the
P&T. Theduplicate aliquot samples willbeanalyzed immediately using theLab 211 P&T (30
minutes each).

7. Obtain the tareweightsof thirtysix (36)40 mL VOA vials.Add approximately 10g of
aggregate basalt to 12of thevials and 10 gof thecrushed basalt to another 12of thethese vials.
Gravimetrically determinethe actual amountof solid media added.

8. Dispense thespiked groundwater from the Tedlar bag into each of the36VOAvials that have
been prepared, filling them completely with noheadspace and cap them. Record thetime that
each vial is filled as 'T=0" for that vial.

Tedlc^ 6<ifr u\r, =• sri- 37a '
T<-dW fcr_g> H/)ojf, - lip5 U5q

H__0^ktfoJl • ?oAc( (,Uo/4<3J-u-r5rt^ TC£.scJ'

ii /o r_-, Continued on page 5X
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9. Re-weigh each vial after it iscompletely filled to determine the actual weight ofspiked
groundwater added toiL Place the vials back into the environmental chamber at 12°C Agitate
the vials duringthis step (200 rpmor greater)

The remaining steps will be performed atthe time intervals ofapproximately 4
hrs, 24h, 2d, 5d, 7d, and TBD. The latter times may be changed depending upon
results ofthe samples obtainedfor the earlier time periods.

10. Remove six (6) 40 mL vials from the incubator (two with groundwater only, two with
crashed basalt, and two containing aggregate basalt.) Collect an aqueous sample'(= 5mL) [allow
the crushed basalt to settle a little before sampling) from each vial using aglassvwith valve
stopcockand luerneedle. *V __.

X i rvw gJ*&U
^

SC£>^ ._ TXtS

iss«with ^

11. Weigh the full syringe and Record the time the sample is collected. Reweigh the syringe
after the sample is dispensed into the P&T. °

(n) Randomly collect and process (steps 10 and 11) aduplicate VOC sample from one of the six
VOAvialsduringeachsamplingperiod.

13. FOR THE LAST SAMPLING PERIOD STUDIED ONLY: Extract me ren_uniiig_
contents ofeach vial with hexane. (The mass ofany remaining TCE on the solid phase can be
determined with this extraction when amass balance is performed using data from the aqueous
aliquot sample) To accomplish this, transfer the remaining sample in the six 40 mL VOA vials
(including basalt material) into a 125 mL extraction jar that has been pre-weighed and holding a
known volume of hexane (= 35 mL). The extraction jar will be weighed again after sample
addition to determine the actual mass ofsample (solid -(-Liquid) added.

14. FOR THELASTSAMPLING PERIOD STUDIED ONLY: The extracts inthe above
step will be placed on ahorizontal or reciprocating shaker for 2hours. A1mL aliquot ofthe
hexane phase will be placed into a2mL G.C. vial and stored at 4°C until analysis.
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^ RFPFAT (May 1998) J^~"~~~^\
Experiment ?a-3. Overall performance of the test reaofor/ Q̂ /t J -^£• O-^
(To be conducted at ORNL/ESD) Mt--X^__ S "^7/^
In this experiment acomplete reactor will be set up usinte the most optimal component(s) from
the previous Task 2a"p^" <E" b/- rnn__a..iii. a. 100 mg/L TCE spike solution will be used
here aswell; however, this experiment will beconducted atapproximately 12-15°C.

)> 1. Set up a500 mL Hask (29/42 ST.), ensuring that aTeflon sleeve is fitted onto aStandard
" T Taper Stopper. (Wilftsed during spiking and equilibration to minimize the mass ofTCE lost)

^ 2. Fill the reactor with 500 mLU water. Arecord ofthe DI water volume added will be
. 1 maintained. f 7"*\ .—1

& 3. Spike the reactor with TCE, Desired Concentration: lOO-mfe^ \_____y / '*>
vA Add approximately 50 microliters ofSATURATED TCE solution to the flask. Information
5> regarding the preparation ofthe spiking solution will be recorded in the laboratory research

notebook.

4. Replace the stopper \J*4h and allow the solution to equilibrate atleast overnight in an
incubator maintained at 12-15°C. (Record theequilibration period andtemperature).

5. During the equilibration period, prepare an ORBO-32 assembly and connect it to the stopcocfc
adapter. I
STORE UN-SEALED ORBO TUBES OUTSIDE OF THE LABORATORY FUME HOODS. „
THE HOODS LIKELY HAVE THE GREATEST POTENTIAL FOR "CONTAMINATING" JJ |
THE TUBES WITH TCE AND OTHER VOCs.

<— Sr"1-6. After equilibratiolyreplace the stopper with the stopcock assembly.
7. Collect duplicate (^fr.5 inL) aqueous samples from the reactor by opening the stopcock and__J^

inserting the long sampling needle, (collect one using agbsssynnge and one using a cX^
plastic disposable syringe) The aliquot samples will beadded topre-weighed sample

t, - containers holding aknown volume of hexane (=5 mL). Each sample container will be
^rVweighed again after sample addition to determine the actual weight ofsample added. (A
ry calibration check ofthegravimetric scale will beperformed each day ofuse.) All such

extracts will be placed on a horizontal shaker for 2hours. Store the extracts at4°C until G.C.
analysis.

8.Record the time the last sample inthe step above iscollected and record asTime=0.

9. Collect atthe following time intervals inthe same manner asperformed instep 7:1hour, 2
hrs, 4 hns, 18 hours „and 24hrs (in duplicate-collect one using a glass smneeand one using a
plastic disposable syringe). Theexact time atwhich each aliquot iscollected willberecorded.

10. Breakdown the reactor after the last sample is collected. The charcoal desorption tube will
then be removed from the reactor. Each charcoal bed contained in the tube will be placed into a
pre-filledand pre-weighed vial containinga knownvolumeof hexane (=5 mL). Theseextracts
will be processed and analyzed in the same manner as the aqueous aliquots.

11. Analyze the sample and charcoal extracts via GC/ECD for TCE. G.C. analyses will be
conducted closely following EPA Method 8000B. ensuring that a daily calibration check, blanks,
etc. are also analyzed on each analysis day. Formal data packages, as outlined in Section 2.4.3.3
of the Chapter 2 Implementation Plan will not be prepared for this experiment.

12. Perform a mass balance for the reactor,takingsample aliquot volumes, initial
concentrations,etc. into account to determinetheoverall reactor performancein maintaining gas-
tight conditions. Also place any waste materials generatedfrom the experiment in the •
appropriate satellite accumulation area.
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General Procedure for Task 4a Experiments - Measure '*»• nridatjon rate of organic contaminants
in the Reactive Zone Media

(To be conducted at ORNL/ESD)

NOTE: This experiment will beused to conduct thevarious testconditions presented inTable 2-
5 inChapter 2 of theImplementation Plan. Control samples will beprepared and sampled,
throughout thereaction period toquantify changes inconcentration due tomechanism.-; other than
oxidation. In addition to the duplicate controlsamples, it iscurrently planned to rantwo (2) test
conditions (induplicate) from Table2-5each time thisprocedure isused. Thus, 6 reactors winbe
used during each run of this procedure, and this procedure will beconducted 8 times. The
controls and the treatment reactorswin all contain the same media type and initialcontaminant
concentrations (Le., allconditions win be the sameforeach ranof this procedure with the
exception of the Mn04- concentrationused).

1. Soil Propping
AU soil and groundwater to beused inthese experiments (TAN-40 groundwater, TAN-37
crushedand aggregate basalt,and sediment) willbe prepped by sparging and/or drying to
remove anyresidual TCE present on the media. Doing so willallow thisexperiment to be
conducted with consistent and controlled initialTCE concentrations via contaminant spiking.
(Properly indicate usage of this media inthe treatability study tracking logbook.) TAN-40 GW
wiU also be temperature equilibrated to 12°Cin this experiment.

2. TCE Stock Solution Preparation
Prepare a STOCK (Saturated) TCE solution (=1100 mg/L) byadding greater than 100 fiLof
PureTCE into a 12mL VOA vial filled to volume with DI Water and keep refrigerated. (Use of
a STOCK solution rather than pure phase TCE to prepare the spiking solution affordsbetter
accuracy inobtaining thetarget concentration.) This can easily bestored and used again in
subsequent experiments.

3. TCE Spike Solution Preparation, PART 1
Obtain thetare weight of thecontainer to beused to prepare thespike solution (Tedlar bag, flask,
orequivalent). FID with approximately 3100 mLof I2°C TAN-40 groundwater. Bygravimetric
methods, determine theamount of groundwater added to thecontainer. (A calibration checkof
the gravimetric scalewin be performed eachday of use.)

4. TCE Spike SolutionPreparation, PART II
Add theappropriate quantity of the Saturated STOCK TCE solution to produce aTCE spike
solution withtheconcentration prescribed inTable 2-5 for the particular test series being ran.
The reactivezonemediawill onlybespikedat0.1 and 1mg/L TCE during thisexperiment,
thus the volume of saturated STOCK TCE needed should be on the orderof0J mL and 3.0 mL,
respectively. This solution can be mixed and equilibrated within a few minutes. AU Information
regarding the preparation of the spiking solution will berecorded intbe laboratory research
notebook. Place the spike solution in the incubator overnight at 12C fortemperature
equilibration.

5. Obtain Tare Weights of Reactors _. «-«i ™T«kPrepare the test reactors to be used, fine gas-tight reaction vessels acquired and tested mIasK
2a wffl be used as the reactors in this experiment.) Obtain the tare weight ofeach, including the
weight ofaground glass standard taper stopper fitted with aTeflon sleeve.

6. FLU with Solid Phase Media
Add approximately 100-110 gof the solid phase material desired for this particular test senes
(See Table 2-5 in the Implementation Plan). Re-weigh each reactor to determine tbe actual
amountof solidmedia added (whenapplicable).

5?
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7. Collection of Initial Spike Solution Samples
Remove thespike solution from the incubator, and obtain duplicate aqueous samples (*> 5 mL)of °S
tbe spike solution to obtain the initialTCE concentration of the spiked groundwater. Record the \.
time the sample is collected. The duplicate aliquot samples will be added to pre-weighed sample v\_
containers holding aknown volume ofhexane (»5mL). Each sample container will beweighed £a"~
againafter sample addition to determine the actual weight of sample added. These extracts will J
beplaced ona horizontal shaker for 2 hours. Store theextracts at4°C until G.C. analysis. -w

8. Distribution of Spike Solution to Reactors «v
Quickly dispense the spike solution into each of the reactors to be used. Add=500 mLtoeach >_j
reactor. Immediately replace the ground glass stopper and re-weigh each todetermine the actual V_
weight of spiked groundwater. "v<^

9. Soil/Spike Equilibration _ <£{__; <pp &£> f 0£- (2 U,V _L "*" &utJ <^~ ^
Place the reactorsin the incubator at 12°C and allow the spike solution to equilibrate for 24
hours. (For aggregatebasalt,equilibrate for the length of time determined in Exp. 2c-1., unless
shorterthan24 hours) Agitate the reactorsat »200 rpm duringthis step.

10. Preparation of Stock MnO. Solution (4 wt%)
Add 2-66g ofcrystalline KMn04 (Canis"' Free Flowing TechnicalGrade) into a 50 mL Flask
and fill to volume with DI water, and allow to mix for at least 2 hours.

11. Prepare Reactor Closure/Carbon Tube
During equilibration period, prepare the standard taperadapters/stopcock valve. (Onlyone
ORBOtubewin be used foreachreactor, the vertical sampling portwin be fittedwith a small
septum) STORE UN-SEALED ORBO TUBES OUTSIDE OF THE LABORATORY FUME
HOODS. THE HOODS LIKELY HAVE THE GREATEST POTENTIAL FOR
•X.ONTAMINAT-NG" THE TUBES WITH TCE AND OTHER VOCs.

1Z Collection of Pre-ReactionSample from Each Reactor
After equilibration, collect a <• 10mL aqueoussampleusinga long need anddisposable syringe
from eachof the reactors andquicklyrescal Recordthe time the sample is collected and note
whethersolidswere presentin the aqueoussample(particularly the groundwater/sediment
reactors). If significant solidsarepresent, a portion of thisaliquotvolumemay be used fora total
solids analysis.

13. Preparation of Pre Reaction TCE Sample
Dispense (unfiltered) *3 mL ofthis aliquot sample into to apre-weighed vial holding aknown
volume ofhexane (*3 mL). This sample vial win be weighed again after sample addition to
determine the actual weight ofsample added. AH such extracts wfll be placed on ahorizontal
sbakerfor2hours. Store the extracts at 4°C until G.C. analysis. Record the time this sample is
taken. r

14. Measurement of Pre Reaction pHValue
Tare asmall beaker for pH analysis. Add a0.45 micron filter to the sample syringe and dispense
(filtered) the remaining portion ofthe sample in the syringe (*7 mL) into the tared beaker.
Reweigh the beaker to determine the volume ofthe sample (assuming that the solids fraction is
negUgible). The pH analyses win be conducted using conventional pH meters/electrodes,
calibrated each day ofuse via aminimum of two standard buffer solutions. Values obtained for
each sample wfll be recorded. Acalibration check win also be conducted foUowing the last
sample to be measured each day. Values obtained for the samples wfll be corrected ifasignificant
drift (_,e.,> 15%) occurred.

15. Addition of Stock MnCM- Solution into Reactors
Quickly remove the ground glass stopper and add the needed volume ofstock KMnO. to obtain

5jheMnO. concentrations in Table 2-5 (approximately 1.25 mL and 12^ mL for the 0.01 and
(r3W. Mn04 concentrations respectively). Replace the glass ground stoppers with the adapters

fitted with the stopcock and charcoal desorption tubes and quickly hand shake each reactor to
ensure rapid dissolution ofthe oxidant. (No oxidant win be added to the control reactors). The
tune that the stock KMnO, is added to each individual reactor shaU also be recorded (reaction "—^•___________•-—
start time). Place each reactor back into the 12°C incubator. —q
•j yk<~/- t_ . > ^ . Continued on page 5 /KMcc^gk^ oSlv\hr< ^[ZCC—^ (jh&L
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16. 30 Minute Sampling
\ At approximately 30 minutes from the reaction start time, remove the reactors from the incubator
J 3and collect a10 mL aliquot (using along needle and syringe with aLuer Tip). Record the time
< _Ohe sample iscollected. Replace the rcactorfs) back into the incubator.

*- '17. Preparation of 30 Minute TCE Sample
Dispense (unfiltered) *3 mL ofthe collected aliquot into apre-weighed vial holding aknown

-? volume ofhexane (=»3 mL). This sample vial wffl be weighed again after sample addition to
; 5determine the actual weight ofsample added. AU such extracts win be placed on ahorizontal
_*shaker for 2hours. Store the extracts at 4°C until G.C. analysis.

"5 r 18. pHAnalysis of 30 Minute Sample
-^CTarc asmall beaker. Add a0.45 Mm syringe filter unto the end of the syringe and dispense

(filtered) the remaining portion ofthe sample in the syringe (=7 mL) into a tared beaker for pH
analysis. Reweigh the beaker to determine the volume of the sample (assuming that the solids
fraction is negligible). Measure and record the pH ofthe sample as done in Step 13

19. Mn04" Analysis of the 30 Minute Sample
Use aportion ofthe filtered pH sample to perform aMn04" analysis. The sample may have to be
diluted (fikely DF3 and DF30 for the .01 and 0.1% Mn04- loadings, respectively) so that its
spectrophotometric absorbance (at X=525 nm) is less than that ofthe highest standard to be
prepared (50 mg/L Mn04-). Check standards (10 and 50 mg/L Mn04-) wfll be prepared with
reagent grade KMnO« and measured each analysis day. Anew 5point calibration curve wffl be
prepared if the absorbance of these check standards differs from the expected value by >I5%.
20. Collection andAnalysis of Additional Aliquot Samples
Collect and analyze aliquots from each reactor for TCE, pH. and KMn04 (Steps 16-19) at the
following ADDITIONAL time periods: 2his, 4hrs. 6hrs, 20 hrs, and 24 hrs.
IMPORTANT—For each reactor collect and extract aduplicate sample (Steps 16-19) from
oneof the6 timeintervals beingevaluated.

(\\ Extraction ofResidual TCE in Reactor
Sne entire contents ofeach reactor wfll be extracted with hexane. Fust, obtain a tare weight on

six (6) empty containers to be used for the hexane extraction (I liter VOA bottles). Measure out
400 mL ofhexane into two (2) 200 mL volumetric flasks. Add 200 mL ofthe hexane direcdy
into the 1Lextraction bottle. Quickly pour the contents ofeach test reactor into a separate
extraction bottle. Use the remaining 200 mL flask ofhexane torinse any residual sluny from the
test reactor into tbe extraction bottle. Weigh and record the mass ofthe fiDed extraction bottle to
determine the mass ofthe sluny and hexane added (taking into account the fact that hexane has a
specific gravityof 0.66).
(The mass ofany remaining TCE on the solid phase can be determined with this extraction when a
mass balance is performed using date from the aqueous aliquot sampling that was conducted
throughout the test.)

22. Reactor Extraction Continued
Place each extraction bottle ona horizontal reciprocating shaker for a minimum of2hours (May
be longer for aggregate basalt samples, depending upon the results of Exp. 2b-2.) then collect
duplicate 1mL hexane aliquots from each extraction bottle and place into 2mL G.C vials
(dilution is not expected to be necessary).

23. Extraction of Charcoal Desorption Tubes
Remove the charcoal desorption tube(s) from each reactor. Each charcoal bed contained in the
tube(s) wfll be placed into pre-filled and pre-weighed vials containing aknown volume of bcxane
0*5 mL). These extracts wfll be processed and analyzed in the same manner as the aqueous
aliquots for TCE.
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24. Clean up
Clean up the reactors for re-use in the next run of the experiment. Also placeany waste materials
generated from the experiment in the appropriate satellite accumulation area.

25. GC ANALYSIS of VOCs

AUVOC analyses for this experimentwin be conducted using a G.C-/ECD detector. The
instrument wUl calibrated forTCE using a 5 point calibration curve with standard concentrations
ranging from 5-1000 ng/L (ppb)

The VOC analysesof the hexaneextracts wfll closely foUow EPA Method 8000B. Significant
deviations from this method will be clearlydocumented.

Formal data packages will be prepared for the analyses performed for all Task 3and 4 samples &q
willbe prepared asdiscussed inSections 2.4.3and2.4.4inChapter 2 of the Implementation (5s.
Plan. The major QA/QC items pertaining to the VOC analyses include: ^^-

Calibrationstandardswfll be prepared from a certified, custom VOC mix stock solution
containing each analytc of interest. The lot number of this custom mix wiU be included on
each initial calibration data form.

The working calibration curve wfllbeverified through injection of aQCcheckstandard (100
Ug/L) at least once each analysis day. If theresponse for any analytc varies from thepredicted
response bymore than ±15%, a new calibration curve will beprepared.

A blank hexane sample wfll beanalyzed between every 10 testsamples.

A sample wfll bediluted and reanalyzed if itsGCpeak area response isgreater than that of the
highest calibration standard being used that analysis day.
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Table 2-5. TCEdegradation ratein reactive zonegroundwater and basalt

Initial TCE

olid Concentration

(nw/U

Initial Organic
Co-Con!aminant

Concentration

(mg/U

Initial

Permanganate
Concentration

(%>

0.10 0 0

0.10 0 0

0.10 0 0.01

0.10 0 0.01

0.10 0 0.10

0.10 0 0.10

4

EXP 4a

RUN!

Media

Basalt

Form

Liquid: Solid
Ratio

CONTROL Groundwater NA NA

CONTROL Groundwater NA NA

Groundwater NA NA

Groundwater NA NA

Groundwater NA NA

Groundwater NA NA_
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Preparation of Permanganate Calibration Standards
Instrument: HACH DR/2000 spectrophotometer

The following solutions concentrations will be prepared:

5.10. 20. 30, and 50 mg/L MnO«\

The 50 mg/L Mn04"std will result fromthe preparation of a66.4 mg/L KMnO< solution

Reagent to be used:
CAIROX PotassiumPermanganate, Free-Flowing Grade (Carus™)

STD 5(50 mg/L MnOl^-- ^ ^^W- ^ ^"
Prepare Solution by addin^SSifmg of KMnO* into a500 mL volumetric flask and fill to
volume with DIwater. Plaiethts solution onamagnetic stir plate for atleast 15 minutes before
preparingthe following standard solutions.

STD 4 (30 mg/L MnO/)
Add 15 mL of STDS into 25 mL volumetric and fill to volume with DI water.

STD 3 (20 mg/L Mn04")
Add 10 mL of STDS into 25 mL volumetric and fill to volume with DI water.

STD 2 (10 mg/L MnO/)
Add 5 mL ofSTD5 inlo 25 mL volumetric and fill to volume with DI water.

STD 1 (5 mg/L MnO«")
Add 2.5 mL of STDS into 25 mL volumetric and fill to volume with DI water.

Keep these solutions in darkness until used for calibration.
Record theabsobtained for aDIwater blank and for each sample
Preparethe linear calibration curve and constants.

?«.Ro-o.ooo tX-ltkr^
sW.M.-i/r
SfJ- 4-o(,%c

Sf-U-o.ii'.

Cso.^/O

-W

S.R.Qine L>_< Updated: 05/10/98 Filename: Preparation ofPermanganateCalibration Curvedoc
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Date 0 Cp
Month

3.1 Measure the Oxidant Demand of Reactive Zone Media (Task 3a)

General Procedure forTask3aExperiments - Oxidant Demand ofReactive Zone Media
(To be conducted at ORNL/ESD)
1. All soil and groundwater tobeused inthese experiments (TAN-40 groundwater, TAN-37
crushed and aggregate basalt, and sediment) will beprepped bysparging and/or drying to
remove any residual TCE present on the media. Doing so will allow this experiment tobe
conducted witha consistent andcontrolled initial TCEconcentration (= 0 mg/L). Properly
indicate usage of this media inthe treatability study tracking logbook.

.3
^ 2. Followthe table below to obtain which testconditions to evaluate(soil type, oxidant
J concentration, etc.) The use ofglass, wide-mouth erlenmeyer flasks, beakers, orequivalent will

beused. It iscurrently planned to run four (4) test conditions from Table 2-3 eachtimethis
procedure isused. Thus, 8 reactors will beused during each run ofthis procedure.

EXP 3a

RUN

DI Water

Groundwater

Groundwater/basalt

Groundwater/basalt

Groundwater/basalt

Groundwater/basalt

Groundwater/sediment

Groundwater/sediment

Liqui
i:

Solid

Ratio

NA NA

NA NA

Crushed 4:1

Crushed 4:1

Aggregate 4:1

Aggregate 4:1

NA 4:1

NA 4:1

Initial TCE
CoacaKnUHm

(m|/L)

0

0

0

0

0

0

0

0

Initial Organic
CoConumtnant

ConccMralion

OnfU

0

0

0

0

0

0

0

0

Initial Pcrm-JHan-ic
Keon

(*)

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

3. Obtain thetareweight ofeachreactor. Add approximately 50gof solidmedia to the reactors
inthe Table that require it Re-weigh the reactors todetermine the actual mass added. ft_rrpf,fnr
-.nrtnr«1 (200 mL DI watert. add ?00 mL of TAN-40).Re-weigh each reactor to determine the
actual weight ofsolution added. (A calibration check ofthe gravimetric scale will beperformed
each day of use.)

4. Place the reactors in the incubator at 12*^ and allow to equilibrate to that temperature.
Slowly agitate the reactors during this step.

Qlask* uSt.Vrff^
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;lo4.oiS
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4(W,L!4
qqa.Sk7 _
4.4. no

4(^4.(2.5

no /vJ?ie (b ,
D£u3<-Cbu-

a fou. .•Roofer
G(A>+- loOLSdl-t-

(9W«- fca.e.oj.4-
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Date Ilil

5. For Loadings of .01wt% MnOV
Preparation ofStock MnO/Solution (4wt%)
Add 2.66 gofcrystalline KMnCM (Cams™ Free Rowing Technical Grade) into a50mL Flask
and fill to volumewithDI water,and allowto mixforat least2 hours.

6. For Loadings of .01 wt% Mn04"
Addition of Stock MnC4- Solution into Reactors
Quickly remove the ground glass stopper and add the needed volume of stock KMn04 to obtain
the Mn04" concentrations inthe above Table (approximately 0.5 mLfor the 0.01 %Mn04"
concentration).

7. Replace the glass ground stoppers and quickly hand shake each reactor to ensure rapid
dissolution ofthe oxidant. The time that the stock KMn04 isadded to each individual reactor
shall also berecorded (reaction start time). Place each reactor back into the 12°C incubator and
200 rpm.

8. Foreach reactor, remove the reactor from the incubator atapproximately 30minutes from the
reaction starttime, andcollect a 5 mLaliquot (using a disposable plastic syringe witha Luer
Tip). Record the time the sample was collected and replace the reactor back into the incubator.

9. Adda 0.45 \im syringe filter ontotheendof thesyringe andfilter thesample.

10. Perform a Mn04' analysis onthefiltered sample from the previous step. (The sample is
filtered toremove particulate matter that could interfere with the analysis.) The filtered sample
will likely have to be diluted with DI water sothat its spectrophotometric absorbance (at X=525
nm) isless than that ofthe highest standard tobe prepared (50 mg/L Mn04-). Check standards
(10 and 50mg/L MnC4-) will beprepared with reagent grade KMn04 and measured each
analysis day. Anew 5point calibration curve will be prepared ifthe absorbance ofthese check
standards differs from the expected value by >15%.

11. Collect and analyze aliquots from each reactor forpUand KMn04 (Steps 8-10) at the
following ADDITIONAL time periods: Ihr, 2 hrs,4 hrs, 18 hrs, and24hrs.

12. Interpret results and clean up the reactors for re-use in the next run ofthe experiment. Also
place any waste materials generated from the experiment inthe appropriate satellite
accumulation area.

4?oSxd l\.\0\sJtr\. .
C__^___A_^{) __
<6^T> _

„t)FT7552j.
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Y>-Tabl» 2-5CONTINUED. TCE degradation rate inreactive zone groundwater and basalt

Media

Basalt

Form

Liquid: Solid
Ratio

Initial TCE
Concentration

(nw/Ll

Initial Organic
G^Contaminant

Conceatration

Initial

Permanganate
Concentration

(»)

CONTROL Croundwttcr NA NA 0 0

CONTROL Groundwater NA NA 0 0

EXP 4a Groundwater/basalt Crashed 4:1 0 0.01

RUN 5 Groundwater/basalt Crushed 4:1 0 0.01

Groundwater/basalt Crushed 4:1 0 0.10

Groundwater/basalt Crushed 4:1 0 0.10
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REPEATED EXP 3A-R2b
(No pH measurements will be made!)
1. AU soil and groundwater tobe used in these experiments (TAN-40 groundwater, TAN-37
crushed and aggregate basalt, and sediment) will be prepped by sparging and/or drying to
remove any residual TCE present onthe media. Doing sowill allow this experiment tobe
conductedwith a consistent and controlledinitialTCE concentration (=0 mg/L). Properly
indicate usage of thismedia in thetreatability study tracking logbook.

2. Follow the table below to obtain which test conditions to evaluate (soil type, oxidant
concentration, etc.)Glass, wide-mouth erlenmeyer flasks willbeused. It is currently planned to
run four (4)testconditionsin duplicate. Thus, 8 reactors will beused during this procedure.

^>

•* _

EXP 3a

RUN

2b

DI Water

Groundwater

Groundwater/basalt

Groundwater/basalt

Groundwater/basalt

Groundwater/basalt

Groundwater/sediment

Groundwater/sediment

Basalt Liqui
Initial TCE

Concentration

(mg/L)
Solid

Ratio

NA NA

NA NA

Crushed 4:1

Crashed 4:1

Aggregate 4:1

Aggregate 4:1

NA 4:1

NA 4:1

Initial Organic
CoOmtajniiiant

Concentration

(mg/L)

Initial Permanganate
ConcennabOfl

(*)

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

3. Obtainthe tareweightof each reactor. Addapproximately 50gof solidmediato the reactors
in theTablethatrequire it. Re-weigh thereactors to determine theactual massadded. Except
for reactor #1 (200 mL DI water), add 200 mL of TAN-40). Re-weigheach reactor to determine
the actualweightof solutionadded. (Acalibration checkof the gravimetric scalewill be
performed each day of use.)

4. Place the reactors in the incubator at 12°C and allow to equilibrate to that temperature.
Slowly agitate the reactors during this step.

S. For Loadings of 0.1wt% Mn04"
Preparation of StockMnCYSolution (4 wt%)
Add2.66g of crystalline KMn04 (Cams™ FreeFlowing Technical Grade) intoa SO mL Flask
andfilltovolume withDIwater, andallow to mix forat least 2 hours. _^_ Pvl0 o*j ,5bc-C

— OZ Hi.
S.R. ClineLast Updated:06/17/98 Filename:procedurefor Repeat3a-R2Expenment.doc

&
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6. For Loadings of 0.1 wt % Mn04'
Addition of Stock Mn04- Solution into Reactors
Quicklyremovethe ground glass stopperand add the neededvolumeof stock KMn04 to obtain
theMn04" concentrations in the above Table (approximately 5 mL for the0.1 % Mn04'
concentration).

7.Replace the/glass\grouncystoppcrs and quickly hand shake each reactor toensure rapid
dissolutionof the oxidant.'The time that the stock KMn04 is added to each individual reactor
shall also be recorded (reaction start time). Place each reactor back into the 12°C incubator and
200 rpm.

10. Perform aMn04" analysis on the filtered sample from the previous step. (The sample is ^
filtered to remove particulate matter that could interfere with the analysis.) The filtered sample .^
will likelyhave to be diluted with DI water so that its spectrophotometric absorbance (at X=525o
nm) is less than that of the highest standard tobeprepared (50 mg/L Mn04-). Check standards $—
(10 and 50 mg/LMn04-) will be preparedwith reagentgrade KMn04 and measured each
analysis day. Anew 5 point calibration curve will beprepared if theabsorbance of these check \^
standardsdiffers from the expected valueby >15%.

11. Collect andanalyze aliquots from eachreactor forKMn04 (Steps 8-10)at the following
ADDITIONAL time periods: lhr, 2 hrs, 4 hrs. 18 hrs, and 24 hrs.

12. Interpret results and clean upthereactors forre-use in the next runof theexperiment. Also - •
place anywaste materials generated from theexperiment in theappropriate satellite
accumulation area.
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V,
8. Foreachreactor, remove thereactor from the incubator at approximately 30 minutes fromtbe\_
reaction start time, and collect a5 mL aliquot (using adisposable plastic syringe with a Luer "*J
Tip). Record thetime thesample was collected andreplace thereactor back intotheincubator. \__

9. Adda 0.45 umsyringe filter onto theendof thesyringe and filter thesample.
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1
•DflCarefully Weigh out KMn04? for each f1ask into weigh boats. J^get
1.0% Mn04©, we will need .2.655_grams_of_KMn04 weignea
careful as- y°____._.- - —:--; :"
added. Iwould instead re©weigh,the weigh boat (with a^tical
balance) to see how much DIDNAZZAT get into the flask from the value
obtained in the step above.

7. Replace the glass ground stoppers and quickly ^nd shake each reactor
to ensure rapid dissolution of the oxidant. The time that the stock
KMnOAOA4ADA is added to each individual reactor ^ft^S__g_|_COrded
(reaction start time). Place each reactor back into the 12A5LAC
incubator and 200 rpm.
t>CTiUDUDDDCD-GCGDC_ri;ClRC

S __K-Ic".---S -COD «_O6QO_X0DX0P,DG8 fro. «, r.,ct_o„
start time, and collect a 5 mL aliquot (using a disposable plasticSSge w!-h aLuer Tip) . Record the time the sample was collected and
replace the reactor back into the incubator.ADDDA

9. Add a 0.45 AC^Am syringe filter onto the end of the syringe and
filter the sample.

10. Perform aMnOACA4A-A&-A©A-A analysis on the filtered [t^J™™^
the previous step. (The sample is filtered to remove particulate matter
that could Interfere with the analysis.) The filtered sample will
likely have to be diluted with DI water so that ^s spectrophotometric
ibsorbance (at ACCA =525 nm, is less than that of the highest tandard
to be prepared (50 mg/L Mn04©). Check standards (10 and 50 mg/L Mnuiu/
win be prepared with reagent grade KMnOACA4AOA and measured each
analysis day A new 5 point calibration curve will be prepared if tne
aSsorbance of these check standards differs from the expected value by
>15%.
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11. Collect and analyze aliquots from each reactor for KMnOACA4ACA
(Steps 8©10) at the following ADDITIONAL time periods: 2 hrs, 3hrs, 4
hrs, 18 hrs, and 24 hrs.
ScccuczQ-ztzzzzCs
ACCQA12. Interpret results and clean up the reactors for re©use in the
next run of the experiment. Also place any waste materials generated
from the experiment in the appropriate satellite accumulation area.AGDOA
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42 Measure theOxidation Rateof Organic Contaminants in HotSpotMedia (Task4b)

GeneralProcedure forTask 4b Experiments- Measure the oxidationrateof organic contaminants
m the hot spp( groundwater

(To beconductedby bothORNL/ESD andRMAL)
NOTE: This experiment will beused toconduct the various test conditions presented in Table 2-
6 inChapter 2 of the Implementation Plan.

Control samples (no KMnO.) will beprepared and sampled throughout the reaction period to
quantifychanges in concentration due to mechanisms otherthanoxidation. In addition to the
duplicate control samples, itiscurrently planned torun two (2) test conditions (in duplicate) from
Table 14 each time this procedure isused. Thus. 6 reactors will beused during each run of this
procedure, and this procedure will beconducted atotal of8 times (4times ateach facility). The
controlsand the treatmentreactorswillallcontainthe sameinitial contaminantconcentrations
(Le., all conditions will bethe same for each run ofthis procedure with the exception ofthe
KMnO*concentration used).

Note: The2,000 mg/L TCE spike solution inTable 2-6 experiments cannot beprepared in
the same manner asthe spike solution for the 10 and 100 mg/L spike levels. Both spiking
methods an included in this procedure.

1. Soil Prcpping
All groundwater tobe used in these experiments (TSF-05 groundwater) win beprepped by
sparging toremove any residual TCE present onthe media. Doing sowill allow this experiment
to beconducted withconsistent andcontrolled initial TCEconcentrations viacontaminant
spiking. (Properly indicate usage ofthis media in the treatability study tracking logbook.)

For the 10and 100mg/L Spike concentrationsONLY.
-Proceedto step 9 if spikingat DNAPLlevels (2,000 mg/LTCE) in Table 2-6

2.TCE Stock Solution Preparation
Prepare aSTOCK (Saturated) TCEsolution (»1100 mg/L). (Use of aSTOCK solution rather
than pure phase TCE toprepare the spiking solution affords better accuracy inobtaining the
target concentration.) Thiscaneasily bestored and used again insubsequent experiments

For 10ppmTCEspiking (Runs 1& 2):Add>0.1 mL of Pure TCEinto65-70mLof TSF-05
groundwater andkeep refrigerated.

For 100ppmTCE spiking (Runs5&6):Add>0.6 mL of Pure TCE into625 mL of TSF-35 GW
& keep refrigerated.

3. TCE Spike SolutionPreparation. PART I
Obtain the tare weight ofthe conuiner tobe used toprepare the spike solution (Tedlar bag. flask,
or equivalent). FBIw__ unspiked 12°C TSF-05 groundwater (--3070 mL or -.2800 mL for the

*
-:

v

10and 100mg/L spikecondition,respectively). Bygravimetric methods, determine the
mount of unspiked groundwater added to thecontainer. (A calibration checkof thegravimetric
scalewin be performedeach day of use.)

4. TCE Spike Solution Preparation. PART II
Add the appropriate quantityof the Saturated STOCK TCE solutionto produceaTCE spike
solution with the concentration prescribed inTable 2-6 fortbe particular test scriesbeingran.
The hotspotgroundwater willonlybespiked at10and 100mg/LTfTE vl«_thL. method,thus
the volume ofsaturated STOCK TCE needed should be on the order dfbomLabd300 mL.
respectively. Please recordthe volumeof STOCK TCE added(NOTE^WUrtlsoadd-d any
contaminants required during this step.) Placethe spike solution in the incubatorovernight at
I2C for temperature equilibration. Ensure thataU Information regarding the preparation of the
spiking solution wUlbe recorded in the laboratory research notebook.

5. Obtain Tare Weights of Reactors
Prepare thetestreactors to beused. (Thegas-tight reaction vessels acquired andtested inTask
2awinbeusedasthereactors inthisexperiment.) Obtain thetare weight of each, including the
weight of a ground glass standard taper stopper fitted with a Teflon skeve.
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6. Collectionof InitialSpike Solution Samples
Remove thespikesolution from theincubator, andobtain duplicate aqueous samples (• 5 mL)of •
thespike solution toobtain theinitial TCEconcentration of thespiked groundwater. Record the
time thesample iscollected. Theduplicate aliquot samples will beadded to pre-weighed sample
containers holding aknown volume ofhexane («5mL). Each sample container will beweighed
again after sample addition todetermine the actual weight ofsample added. These extracts will
beplaced ona horizontal shaker for2 hours. Store theextracts at4°Cuntil G.C. analysis.

7. Distribution of Spike Solution to Reactors
Quickly dispense the spike solution into each of the reactors tobeused. Add «500 mLtoeach
reactor. Immediately replace the ground glass stopper and re-weigh each todetermine the actual
weightof spiked groundwateradrtrd

8. KeepCool untilExperiment is initiated.
Placethe reactorsin the incubator at 12°Cuntil the experimentis initiated. Agiutc the reactorsat
«200 rpm during this step.

Forthe DNAPL Spiking Level (2,000 mg/L TCE) in Table 2-6ONLY
-Proceed to Step 13 if spiking at 10or 100mg/L

9. >2.000 mg/L Spiking: Obtain TareWeightsof Reactors
Prepare the testreactors tobeused. (The gas-tight reaction vessels acquired and tested inTask
2awillbeusedasthereactors inthisexperiment) Obtain thetare weight of each, including the
weight of aground glass standard taper stopper fitted withaTeflon sleeve.

Y^ 10. >2.000 mg/L Spiking: Reactor Fining
^^ Dispense «S0O mL un-spiked TSF-05 groundwater into each ofthe reactors to be used,
v^^ Immediately replace the ground glass stopper/sleeve and re-weigh each todetermine the actual
.& weight of groundwater added.

*0 11. ReactorSpikingO2.000 mg/LTCE) .
Toeach of thesixreactors, add enough pure phase TCE toachieve aTCE concentration of 2.UUU

S-mg/L (should be around 700 uL pure TCE for 500 mL ofgroundwater). Measure the mass
?of the spiking syringe when filled and then after spiking to determine the actual contaminant mass
""added (a QC check on the initial TCE analysis). Information regarding the preparation ofeach

spiking solution win be recorded in the laboratory research notebook.

12. Spike Solution Equilibration (>2,000 mg/L Spike Condition)
Place the reactors into the incubator at200 rpm orgreater and allow the spike solutions to
equilibrate at 12°C (likely overnight)

13. For Loadings of .01 and 0.1 wt%Mn04' in Table 2-6 ONLY.
Preparation of StockMnO." Solution (4wt%)
Add -L66 gofcrystalline KMn04 (Cams™ Free Rowing Technical Grade) into a50 mL Flask
and fin to volume withDIwater, and allow to mix for atleast 2 hours.

14. Prepare Reactor Closure/Carbon Tube
During equilibration period, prepare the standard taper adapters/stopcock valve. (Two ORBO
tubes wiH beused.) The vertical sampling port win be fitted with asm_JI septum) STORE UN
SEALED ORBO TUBES OUTSIDE OF THE LABORATORY FUME HOODS. THE HOODS
LIKELY HAVE THE GREATEST POTENTIAL FOR "CONTAMINATING" THE TUBES
WTTH TCE AND OTHER VOCs.

15. Collection ofPre-Rcaction Sample from Each Reactor
After equilibration, collect a-10 mL aqueous sample using along need and disposable syringe
from each of thereactors and quickly reseat. Record the time the sample iscollected and note
whether solids were present intbe aqueous sample. Ifsignificant solids are present, aportion of
this aliquot volume maybeused for a total solids analysis.

16. Preparation of PreReaction TCESample
Dispense (unfihered) *3 mL ofthis aliquot sample into to apre-weighed vial holding aknown
volume of hexane (»3 mL). This sample vial wiU beweighed again after sample addition to
determine the actual weight ofsample added. AU such extracts wiU be placed onahorizontal
shaker for 2hours. Store the extracts at 4°C until G.C. analysis. Record the time this sample U
taken.

17. Measurement of PreReactionpHValue
Tare asm__I beaker for pH analysis. Add a0.45 micron filter tothe sample syringe and dispense
(filtered) the remaining portion ofthe sample in the syringe (»7 mL) into the tared beaker.
Reweigh the beaker to determine the volume ofthe sample (assuming that the solids fraction is
negligible). The pH analyses win be conducted using conventional pH meters/electrodes.
caUbrated each day ofuse via aminimum oftwo standard buffer solutions. Values obtained for
each sample win be recorded. Acalibration check wiU also be conducted foUowing the last
sample to be measured each day. Values obtained for the samples win be corrected ifasignificant
drift(Le..> 15%)occurred.
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18.For --.<--H-.gr of .01 and 0.1 wt% MnO.' in Table 24 ONLY.
Addition of Stock Mn04- Solution into Reactors

Quickly remove theground glass stopper andaddtheneeded volume o_svock KMnO. to obtain
the MnO,' concentrations in Table 2-6 (approximately <L2S mLjnd72-S mLfor the 0.01 and
ty% MnO/ concentrations respectively). Replace the glass ground stoppers with the adapters
fitted with the stopcock andcharcoal desorption tubesandquicklyhandshakeeachreactorto
ensure rapid dissolution of the oxidant (No oxidantwillbe addedto the controlreactors). The
timc that the stock KMnO, is added to each individual reactor shallalso be recorded (reaction
start time). Place each reactor back into the 12°C incubator and 200 rpm or greater.

19.Forthe Oxidant Loadings of 1 and 3wt% MnO/ in Table 2-6 ONLY
Addition ofCrystalline KMn04 to Reactors. Part I
Pre-weigh out(into disposable tare boats) theneeded quantities ofcrystalline KMnO, (Carusn<
Free Flowing Technical Grade)that is neededforeachreactor according to whichtest condition
inTable 2-6isbeingevaluated. For the 1 and 3 wt% MnO,' loadings, - 6.6 g and "20 g of
KMn04 will be needed for each reactor, respectively. Recordtheactual massof KMnO,
weighed out for each reactor.

20. For the Oxidant Loadings of 1 and 3wt% MnO, in Table 24 ONLY
Addition ofCrystalline KMn04 to Reactors. Part II
Quickly remove the ground glass stopperandaddthese pre-weighed quantities of KMnO* into
the applicable reactors. Replacethe glass ground stoppers with theadapters fittedwith the
charcoal desorption tube assemblies andquicklyhandshakeeachreactor to ensurerapid
dissolutionof the oxidant. (No KMnO* win be added to the control reactors). The time that
KMnO, is added to each individual reactor shall also be recorded (reaction start time). Place each

jKtorbackinto the 12°Cincubatorandat 200rpmof greater.

21. 30 Minute Sampling
At approximately 30 minutes fromthe reaction starttime,removethereactors fromthe incubator
andcollecta 10mL aliquot(usinga longneedleandsyringe witha LuerTip). Recordthe time

S the sampleis collected. Replace the reactors) back into tbe incubator.

CT 22. Preparation of 30 Minute TCE Sample
Dispense(unfiltered)*3 mL of the collectedaliquotinto a pre-weighed vialholdinga known
volumeof hexane («3 mL). This samplevialwin be weighed again aftersample additionto
determine theactualweight of sampleadded. AUsuchextracts willbe placed on a horizontal
shaker for 2 hours. Store the extracts at 4°C until G.C analysis.

23. pH Analysis of 30 Minute Sample
Tare a sm_-lbeaker. Add a 0.45 pm syringe filterunto the end of the syringe and dispense
(filtered) therernijning portion of the sample inthesyringe (*7 mL) intoa tared beakerfor pH
analysis. Reweighthe beakerto determinethe volumeof the sample (assuming that the solids
fraction is negligible). Measure and record the pH of the sample as done in Stes •*

24. MnO, Analysisof the 30 Minute Sample
Use aportion of tbe filtered pH sample to perform a MnO,' analysis. The sample may have to be
diluted sothat itsspectrophotometric absorbance (atX«S25 nm) isless than that of thehighest
standard to beprepared (50mg/LMn04->. Check standards (10and50 mg/LMn04-)willbe
prepared with reagent grade KMnO. and measured each analysis day. A new5 poiift calibration
curve wiU beprepared ifthe absorbance of these check standards differs from the expected value
by>l5%.

25. Collectionand Analysisof Additional Aliquot Samples
Collect and analyze aliquots from eachreactor for TCE,pH.and KMnO, (Steps21-24) at the
following ADDITIONAL time periods: I hrs.^ his. ^ hrs. 20 his, and 24 hrs.
IMPORTANT—For each reactor collect and extracta duplicate sample (Steps 21-24) from
oneof the 6 time intervalsbeing evaluated,

26. ExtractionofCharcoal Desorption Tubes
After thefinal aliquot samples are collected, remove thecharcoal desorption tubefs) from each
reactor. Each charcoal bedcontained in the tubc(s) willbe placed intopre-filled andpre-weighed
vials containing aknown volume of hexane (»5 mL). These extracts winbeprocessed and
analyzed inthesamemanner asthe aqueous aliquots for TCE

27. Cleanup
Clean up the reactors for re-use inthe next run ofthe experimenL Also place any waste matenals
generated from theexperiment in the appropriate satellite accumulation area.

28. GC ANALYSIS ofVOCs

AU VOCanalyses for thisexperiment wUl beconducted using aG.CJECD detector. The
b-stmment wiU calibrated forTCE (andalsoforcis-12 DCE. trans-12DCE.andvinylchloride
for theco-contaminants experiment), using a5 point calibration curve withstandard
concentrations ranging from5-1000 ilg/L (ppb)

Month Day Year
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Table 2-6. TCE degradation rate in hot spot groundwater. ( ' 3 f~ V=> J

EXP 4b

RUN1

Media

Initial TCE

Basalt Liquid:Solid Concentration
Form Ratio (mg/L)

CONTROL-Groundwater NA NA

CONTROL-Groundwater NA NA

Groundwater NA NA

Groundwater NA NA

Groundwater NA NA

Groundwater NA ^f^ %\^A°\%
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§'\1>

*:\-3

..T.-15

. \\ \ 5o

U--35

*f

^
*

\vvH5

\l'Ax-

^••54-

U:53

\(A<*
W-SS

WAH
|X'(3-D

C

&u>. ^^-Ax,

aC-L.

M5~.
Ji*%

/un

ITW

Ho(
IAOZ

LJoJL.
AtcA
1105
llOfp
L}ol

ljc&

I I/O

/7i
/7/x

/7/3

HA
1115
m.
mi

(118.
(in

in&
iiu

I all

11^5

'.•iT-.g.3&loAA
JP.lob
toA*x
toAzP

loAAe
loA53
I0A1H
toAioO

H.o%y

loAh5
to. 93o

(o.Slz.

10.97S

1.0AlZ
M.0 6fe
(o.%sz

CI , Oz.T_

(/.©/<(
<0.<M>
/o.4?uf
' Ct %o
I ©. SSx

Io.9 to
(Oc^XO

(boll
lt.o2><l

_J_/__3_____
(oAiq

luoCb
toAlo
/oA%l

(jf'.TW't-g.
'.2.8 </0
iv-.blele
ti.qiH

/2.84Q»

/ 5,oox.

.2.8/0

/a.84o

/ ^?xr
/*,.7S-T

ra.8"j4 _
"IxTTST"

IX.47-7.
<2-.x£5
/.2_8_S4
/?-..|?o.3

O.8S7!
[X.JlO

t a .sn

(IA&O
f a .90(

i^Sl\
{^Aoh

1x,'fr(o4

Date OK
Month

/3

Day

(of-.fqXj.

i/eAZb.-.
Ite.PAg._.
.JUPnCp

ty-814
l.<o,0S3

.11., W

_U..:IM

iko^'l.

](_.. 14-1

. "»<-a.3,2"

^a.^-pCe /£>.
^T^7?hF4~"

rk

^^-R^-7~&^-|

4
r

~!r"

H

Year

r*~

I

I

("

Zo

1^

I

I
I.
I

/

2Z>

2g?

%l
I .
I

V"^-7^-~C^j-rT5:
A3:*o©5

A3.01X.

1.1. ?g?

ix.m

a.M-5
_1X.°17D
\3.0^4-

1X.7SU

fit

13. .1.05

12..W

^^
4.0-
Ah

5<\

Slo
Lecv

lei*.
C#J*>o /4ooD;A
oQi>o(4ooDr-6

Of^BjOXWX>o-A-

3fX^ar_J_______L

< McCcxcl.^ ^/A0f
^. /, Continued on paj

Recorded by Date Read and understood by Date

.fflW
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Subject. -_£^_i. o~- 1\.(c

rv^dUoi-
CONTROL Groundwater

CONTROL GrouiKlwater

foTiri
NA

NA

uTm

L.:.--'.M.. TCC

EXP 4a

RUN 6

Groundwater/basalt

Groundwater/basalt

Groundwater/basalt

Groundwater/basalt

Aggregate

Aggregate

Aggregate

l__£_££3__l_^^aj^

NA

NA

TedUr fcxj?^ —<57,7</^

#-2o (?o£—• —a^oL..o

Date _

. Month

~C&

0

0

0

0

0

0

__ii.J

O^c-

o

o

0.01

0.01

0.10

0.10

12i
Day

19^
Year

foaYflfc IAt. f>t^M_
24{3.48£-

,f famltr-

Sf7l lU- SO.(n. (ACu-AsCfeLC^Q^-

• • <L.U)

. z..

3

; 4.

:. 5

^5

x4o.^d°i 340.?34

x48.gTc?34g .9 8%

(o

Jx9.o%
762.S"x

7-33T.7S"
7.30,**

SV*c4 KA^cH

Q.u?

£70-/7
Hix&l

Ao(oA\
4'75v

*//»: ^<i£f%i.?3

57 5x*/<;°^^£f_t>

t/2* Cjdh, */r?WV
<r& 47?r

U__W
&c -Planks 1^,3^4, for rW<sr<. (_., e^ ^^oo^X
o£ 5pj'kn_ SoiuJrSov-viV^-N Uva Icm O-^d tj^oAz-I sJ.'kjL So(uirc7vv

corded by DateRecorded by Read and understood by Date
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Subject. a. -f\ke^cM

O.rSnvJ -_

X WbF;3.£Y2>F._s__; _r^DP;^D
Tl.^r Tzhr T<T^

./
X.

i

T

5

A

o<oo4
0004

0.003

o.oox-

0-00/

©,<^(D^
O.OOC

6,4V«
0-4&-
o- 4%v
0<5<$S5

_P-oo4
_o_ooT
6-47V

.0.4.90..

<_XOO(p

o.oor

0.49V

TtsIa r

o.ocyj
0-ooy

o-Hw

oA%
o,4?7
o_____/

T^tir
0.00 <i
aPoy

__________

o._roo

o.ro7

specsfsk. c^ci:
Mi LU_

io&Il
if

0.000

iizo
o,la

-OA_^r__xJk_
Recorded by

T'sOrviVy

U20
0.2./4

-*r~

TeSKr
O.OOO

f-/ffc
O, ZJUL.

T3k r

0.000

7./7&
o/ui

"c7T43~

Tckr
d-ooo

MIS
O.vort

-o*sa

TzfiUr
D.000

l.\L\
O.LOdi

T-Ur
©.COO

A/2-l
Q.2\jO(f

SH. ^AJV&t/- /CO/J-*, VTO~J H_C-

bFr/^ Ak~ s<S37

_S1

Date

frfoff
Continued on page fQcTage fuc.

W*/*{1
Read and understood by Date
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Subject. ^_*P. cR-^(p

Date OS / s i9?sr
Month Day Year

^?'\'"fibft.- ^c* Ar-i/^ii^ •Lcf. tkvtQAi u/f~.hSw7(s Sa-w)(p , t>, 2>F
tV.#4S. W ni^iu 14All HTX-V... l4*-fVu.-T/2><_. CX

13.4.5 172-8, IQ..W "£.».*!. ix'ol H^-^-773b
*'f. I/.C7) /7tf i I.2.14 i 3.1 OQ, l_,33X tlar^fc-T^-la.

K'<o( I73g? ,0.7^ a. &s"4 lOj.Oll A
..t;07 (73/ /(. /70 '3.^47 /6./073 z.

lLo> .732- |(.05_^ /5L. _4o /(*. I2>4 i

(c.oi /733 i(.o4o /3.0K / (,. I33 4

icpy 1734^ 11.0(55" / !),DoO /(..xxo r

. K:oV__ /?3r /0-4lb '7.7-?5 /P. *L<f k

/(•i?0 I73>£> lo.^H /A.%65" /5".854 4a.-£(*-Tscw,-.
. iir:M /7^7 (o^S- /x.*&o Ke.C^ to V

. ir.Sx- I73K /<f.OX& ixAM lls.loy tJo 0.

. (/ '3>> /73? |(.U)X- Lb.0^% lkAl5 3 . 1
/r,3 4 /740 /I.044 ixA^i !5Alo3 </ • 1

.fr.sr /7V7 | (. OXO ^•7o4 lie.ob^ 5" 1
AC-3(o /7?x, (f.©?>l /A. 1.U7 /u-,030 .. _. . (t . 1
JT-.llo /743 11.145- /3,o*>4 {k'M-O 4a.-r<^T7^-| X

(uyj mi II. Ib4: /3-Olfi Ite.llZ X X-

.xi>s HA5 u-°4£ /_3.cx_4 ((clli SOs 1

f--:37 iW<> .i°7(_ li.^l /Q..X&5 Sk 1

|2'.<(0 mi u.M4 / 5.0*7 Kc.^H 4 1
Ml I1H6 /x. "6I3 l5.o(*i ST 1

..(2'. 4"^ mi fO-VU /x-2<K 15-AHo . <• I

/^0T 1150 U-oe>\ cx,8^ iZAHl* t.a,-£<f-7_»r7r- | X

/410& AS1 lM&<\ 13,04' 0 Id-Al X X

/4:o7 /7So- H.l7< /3<of7 ICOIO 3 1

.../x«'0& /7S3 (1-ox? 'M7I lyAsi 4«_ I

74:0? ns4 .4.o%3 /A.453 IU. 144 4G 1

fqAO (755 11.1^ / 3,e>si /U7.09S- r 1

tM J(/ USl? \l.o~te ,X..^2- \(q.1I0 / ^
1

/6S0J ~'757 U,lt>U /3.CX.S I.^.'lx- 4a-^- ( svV- 1 X

IG.<^ .7-5"8 IUU /3iO<4 (U?-^ z. 7-

fe:.o(0 n-9? 1 UA^U I 3.074 ,(,.404 3 . 11
^AcGx^cko^ ____

Recorded by Datev̂
[l,* cjM

Continued on page M
ij2^St

Read and understood by Date
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Subject.

Mrv^lltflH,
/<e.i_07_
(I* ;___£

%0t(0
.Off 11.

o%:\i

°s;f4

shod

.(I'.ol

.. ;0£

II: 04 .
11 ]°5

H'oifi
.•7.7.7. '
\i>ll

't: 12
11; is

i/AI

//;/•?
H'.%0
ll\Ub
\l\Z-\
U'.U

IC.IL

l('.L\
tr.iy'
n\iA
w/l3
HAO

£.fy?.4a. -R.lp

Date

GC# J'ofy.yi, \>&.*-\m*jl Ar.t&rfU
I7UO
dial
IIOO.

l%5
nu
UlcA.
ms
.7*7
/77o

777>
177^
/773
/774
(775:
m<f

/777
7m
IIA9!
IV5P
Ij&l
ll&z.
/Jg3
/lM
I1&5

.727
nm
(ISA
mo
mi
ilA'x

A__.19.7_
/%, /g/
/.5-.95I

fCp.oyz.

/fr.,9 L-
((p.6xS
/_5". 4 0G>

/(*.12|

J,k*Sx-
lQ.0b5
/6..7.I.
/fe. /%o

/5^7.!l

t(sS5~0

haAAA
I.3.69(p
li.Olc'Z-
i3.\lA\
lAotf
lA^SlA
'3.0 3S-
ixAlS
13.001

/ 7>,o87
' 3.VW

tl>i.^>
|X<_o,0

il
X£J £ TT-^v

-A?

•713 4<f^.&? /iiZ. V.OOvekttf.^.X'
TsTToo

_j2£ zi___i9i^
Month Day Year

Sq-^fbi ID DP
Tor-P,U -Trkr-4

> _..
<4a--(^k- 77_.hr- |

z.

3

4

1&M*.

..-.- _ - 4.....
r

lb

...: . . 7.\>'~Y,Z
A><k ..;._

. W . .
4 b
To.

4^

0L-rK_,-R,'

I

X

z.

I

X

/

*W7fr<.M.CGo,c(^. -ft^o/?8
Recorded by Date _-• Read and understood by

F- 109
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Subject. £<tf). 4o--^ ArfvrJ-AA,.^^
nato ©£ -2-1 19 !£

Month Day _ Year

~bF G(3*" 3<^^~Mjl (D _
S"._ flZA-K 4^-&G? -TBo-

•i7ZJ&k Hl<^-tl&-T£>b
.irrtk 4o--A.6-1g$-K
(730k /b

'M 2-

|7>xA, 3

Ittk . . .4
1734k 5*

_I73$-^ fe
.._._ ..mb.k

1757k
.4A--.J?C-TiO/v.TA.- i .....

-173 5A lk .
7743K ^-^-T/,^X.I_ „_.:

—ii*4(L 2.

(75oK 4^-^-T3.k- i _.:._• •_.:
— ^J 75.lt

1757K

X

4.^ -£.(* Aryln -_j...
-• •

-tl^L X- !

tlc^-kd'A^eh- I !

-JT^Sf. : ; ~U. . : : .... :

~w :<.n<L <4^-Aie'-JArHh' i.
y (7-id Z-

- — -- - • - ••- :

corded by DateRecorded by

sga
Continued on page „-

= yi^W
Read and understood by Date
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Subject ^f) A^.- £%

.

EXP 4a

RUN 8

. flr\0__bCL_

^_-Ji_U '

A<A?)-
CONTROL Groundwater NA

CONTROL Groundwater NA

Groundwuer/scdiment NA

Groundwater/sediment NA

Groundwater/sediment NA

Groundwater/sediment NA

l.^-J/Sci-J1
?/wro
NA

NA

Date OB 2=±
-t •, i — , i Month 1f Day
_________________-______•_ J->v_,ri-M

Tc_£ H". -." -^~rc.-^iL)_cXc7^r) &_*
0 0

0 0

0 0.01

0 0.01

0 0.10

0 0.10

<tf1 sT/tw

TedUL^ bx^ . <5A.ok$Y

^•uo.WlP (Z70I./37

Xjlie QsJiltllTHAO

^y
/:

...Jr

...-4:

-4-

.rhfl^
1H3-1^5
X51o.(o<\o

XT/-7SO

^.573

XT

uX -fnvoJUo-.

34*7^g
3^.711.

3 3cv.5"/x
f5/.ff 6.

if S*^WJ- ft^r xQ__ e)C/).. /s» $Ac^ ^(Aoi^JA^o-,
.34«/-^"3'..Cv4xi) HfeSl
2/3.7-«.&' 74^? §

• • • T33-CT-'44'-l44i #.".0$

^^A______\__\_i______\ fl 0

ii2_______ xo

I137A\
75S,y5~

73S-.gr
734,32-

iSioM

Slot
M IBS'

377-712-
&*\f>5[

4or,ol7( .

19 12
Year

J

^>^
Recorded by

IL

Read and understood by Date
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Subject. Cff. 4^-d.z

IVo
3

3>

.4
5"

X

5ZL
3. T-t/l2S
"7-U
?02_

'6.7-ip
72^

p4feaJ4vxjJo

Z.

3

4
S".
lo

o.coH
o,o©X

O.CXK
0.00 4
0.003

4s
:.ciUci<

J£
61k, 0 . rtoO

0,<L2<^

Date OR
Month Day

19 551
Year

ixo KXlVO I »-5hf7 7~?>^ [I^r. \T-7Br7r
7-,4o§.
7-.30&

G.7X_
_X_77.__
Cj.^4/7,30

7.7%

7-31
lot

Jn-1*

fc.STb

J^/7IL

:7,.zo.
1.7A

.J*ArT._
682/^.7-3
67-3

:7.2X.._._

7.0^/7.07 I ._7.47.
(e.5-3 ~koi/7(7
6.37
7.00
7- .03

0-0.20

O.OO^/o.cOJ
o,4G7
o.r\%

Q-T73

~T*jo,T^v\

o -OOC-

/7/x

O.XXX

Xl_i

7,00

>-3C*
7.15"

.a.-.pg.4
0-oo3

oHjie fMzS_
P-443
p.Tx-7,

T7.^k
0.OCO

UlL

OXZ.1

_______ c

.33Cp

1-Us>/ k1\
_7.37-

0

Q,0o4
O_0__t_

_o_4i?
.433/0..T
_oil7.
0.^4

X.

TsV."
0.000

o.xxo

C.OOk.

0,c>o*|:
0A.10.

- QAz5.
oS^Jpyys

T<rtr
o .000

/•or

_02__i__,
(5. 2.11^

KVO«f Sfo\ a (p>4—x'/L

7>F - /GfeO

O.oqH
O.C03

a-^73

0.^34

o-Gpsr
O.00T

0.5V3

o.^i/fc.ssl 05^1

Tz^ Kr.
j 000

1-Mb .
o-xx4

TtAUc
0,000

.Ml*

Continued 0

i__2

J£k
5^<C^AACC,0rb^ ^(ifr SP ^—<

Recorded by Date Read and understood by Date
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Subject. 0. 40-- fa

s^^y M̂

Id .0'3c
|0'.V

. /o'&
__.10',P

(0:^
ic:k

__c_l

177^
Ar%
(Ail

/Btx>
/so|

ro:>|p ts^2_

J/.-po
//'.0(
f/;o_.

f. ;<$

.//JOS'

/S03
[&o4
,8P5

/.So7

//:ofc./8o7.
/a/o
78/(

/g/z-.
18(3
/2W
18/3

. J2.-40

. /Z,'t7

.72.^

: /z-A)
... iiAV
-Jt'AS

/4;oo
. /4'.o|
/.4;ox

/4;oi

/4;o<f
/4;0S~

WKf^JlWe
/s/7
(S(8
/S7?
/82g>

{8*4
(8x7-

<\\z>\_\oLb
(8X4

/gx(p

i.C'.co

.((o'.P'

k)t-€»
II. 1

il.TAO
_a.j_.ij
Ut^pL
I/.074
(1,7-00
Mills'

iO.^X.

If, ©63

H.C3I
l|«^3D
11.035-

...11.^3

11.333
•(l,xrO
11.(00

U.lfT-

i(.c33
tf.o<6

#"

Ul.iUt)

lk^>

cQ-f .f-kn-ifetTg.
/X4c7/
lAHKe
/3,10s-

/3- /(r
^< ?&3
Y5070
l%\oX
/3.04G
/X.8Z©

/3.05"3
/*. 855

\ 3AX5
ix Ail
/3<___^_
/3/OSg

/ 3-^(0 .

/3./5T-

/3.0Q3

/ 3-02-4
I3,02,(p
/a. 9(3
/p..9/7

/x74.3
11155.
13.615
I3, oT|

i^!4fo
13,045'
.x,fx%

Date 0% 2A5.
Month Day

^•f: fa/v^g t_ c.. wy?(p ID
/4-47X

/4.4<44
/(,.«(,
IbMz.
iU. z.y\
ilf-.Hyz^

11* A 07
I le. 01%
/cv.2.24

lie.on

lie. v?r
/G.05^
/.kXr?.
/c.._-<53

/<,."*&
/M.^
Kfi-XOl
llg.005

fu.,ok7
tS,7(c1
/(_ ,x<x>

/k. /3X-

lie .135
lle.XlA
i(sA&X

/(_x|X3

[4^-fU-Tk- .

it)
2

3

I?
4a.^2':TjO/vM^- I

-A°
2>

4

S"

(9
'X-cL-h-Ti.yUc

i|0L-^-TsUr

x

u
4
5"

-I
x

3

<k
4b
S~

Iff

tV^-TVI*"-/
X

19 12.
Year

r

4/

r

/

/

./.

1.

3
5"

I
I

I.

I

/
r
5"

5"

KmcQ^A^ %|i5[^{
_, Continued on page, !'->—__

=?¥ &—_-. f/5W
Read and understood by DateRecorded by Date

F-113



Subject £yxx<U. -7\g

3b,i-)Ag'h'hKj.

./Xo4
Aiop-y..
j'lo'.Olff

% oa>Ao
c.?.__.ii
o* AL

o^Al
o&;44

GC£

/sa
(%Z&

/g3o

/83/
(&3x
/S33

|S3T _
/S3$".

OAAS ihSb
o£.Y% . (337

jt&
7oT4V

(l,es>d?S

l t.ozz

j/.X-2-O

li.X-31
A.o40

. /<#
'(•((<?*>

ooo

.I.I.Z0Q

Ji.-bCb
1.1,173

U,i&6
/.|..p4k

;I.O^
lI. I °0

4S3.G?0
4^3. Olq
432.X"

i*jh-r-tWfiAP
>q.84f _
fX76>4_
/a. 33^

'M'fTx
/3.o/o_

/3,/.72-

13-'2D

/3./7S..-

/*,94l
I1A&

IA>.9XA
f_3.os(
'£Jt7.3

La. 940
' X_81*3._
' 3____3j :
/3.J0G
'3..i.?.T .
'.3_?M
1l.PXAA.
/___, 07.1

'J.ofjf
/x,%9S
'*-<?4.4
1i.cco
oAn
A5ll>A
15%.57
75ZHL

Date ®g 2T
Month Day

U_f____i_f____
_/_________

JaTAAL
15A.A
IPAAj?
/G..3e>3
!(e.V-OU>

IkAilf
lU.ioo
l.kA.iZ
lkS55
l<*A79

/Xzo4
.HeWP.-.-
I5AS2>..
'6,037

'/fc.ls©

/3,X^
/3. 131
\3/XA

i *>. ic7o

iT'iJ*
44.3^
'3,o3l

/3>o6>o
i3.oil

//<NX
117473

ifefWflj
_{«_.:!eg-TsV-4 _..__,_

: :__: _&..__
6

4a.-fo.-73tohr.-/ ...
z

3

4
f ..

fci> _

^x
.^.

s~

(0 ...
ua.-£s-cCy*r-/.ICL

It..

x\b

3o_

3i>

4k
S"<X

(_a_.

4^-^-f^
n..^ ,4u_-<E- W

fgVii 4a.-«y-T-(j4H4i T-^B.Sf.
Continued on pai-. __n Continued 01

Read and understood by
rPA^CXxbZ ^(7*

Recorded by Date
Date

F-114

19$£
Year

il£
-/

/

/
/

5
y

1

1

5"

5

!

L

..(..

(

I



Subject C-x/X clk-fe.gr

_j____4_i--X_—- __SBfc___

-TSfoS" _____
Vh

P* _

fob

...._vu_J_ u^q^Xi __T> For
<^j5r^^o^w-5^iX^-77; p-o 5-

.__VUN-___fiU->eXj^v. -TSpO S"

XslW W . -....5x .0 fo 1
TjXW U^t-o lo— 3/i./.SZ)
. _£-L0%Sx^0>7\44
. .7~^-e_- O^rvJ^.
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Laboratory Evaluation of In
Situ Chemical Oxidation as a

Technology for Groundwater
Remediation at the INEEL

TAN Site

Laboratory Notebook
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Kaaiocnemistry Worksheet

Request: See Below

Sample: See Below

Customer: Various

ID: Various

Date: 6/2/98

Analyst: RDC

Badge #: 35993

Procedure: EPA-900.0

Gross Alpha Data

BKG CTS MIN DET EFF.

PIC1 10 49.9%

A ANALIS

COUNT

TIME

(min) COUNTS CPM Wt/Vol

Dil

To:

2nd

Dil

Dil

to: ALIQ. DF Result Error Units

QC 10 8543 854 0.1 10 2.9E+2 0.1 E+2
3/ 980505-159 10 68 6.8 30 ML 50 5 10 3 7.3E-1 1.9E-1 BQ/ML

Dup 10 62 6.2 30 ML 50 5 10 3 6.7E-1 1.8E-1 BQ/ML
Spike 10 5858 585.8 30 ML 50 5 10 3 6.5E+1 0.2E+1 BQ/ML

38 980505-160 10 404 40.4 0.5588 G 50 5 89 1.2E+2 0.1E+2 BQ/G
4MLiq 10 1213 121.3 1.004 G 5.7 1 10 57 2.3E+2 0.1E+2 BQ/G
8MLiq 10 1070 107.0 1.058 G 6 1 10 57 2.0E+2 0.1E+2 BQ/G

4M Solid 10 35 3.5 1.004 G 50 5 10 100 1.1E+1 0.4E+1 BQ/G
8M Solid 10 18 1.8 1.058 G 50 5 10 95 5.1 E+0 2.8E+0 BQ/G

39 980505-162 10 3083 308.3 30 ML 50 1 10 17 1.7E+2 0.1E+2 BQ/ML
hL INEEL 10 7 0.7 0.5063 G 50 5 10 198 3.3E+0 4.0E+0 BQ/G
/O 980529-029 10 1064 106.4 30 ML 50 5 10 3 1.2E+1 0.1E+1 BQ/ML

itrol

3

97

Measured

Value

2.9E+2

Known

Value

2.74E+2

% Diff Units Instrument ID

5.8 Bq/ml PIC 9400

Reviewed by: 'C^u3 X^~"^~

Approved by: /h,/<^LL^
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Radioactive Materials Analytical Laboratory
Inorganic Chemistry Worksheet

Request: IPA8858; INEEL

Sample: 980505-160; See Below

Customer: Sears; INEEL

ID: W-16-S1; INEELTask 3B

Carbon Data

Date: 5/13/98

Analyst: DD

Badge #: 33952

Procedure:

ration Ranges STD%C
TC J12782

36.33

IC M5G9187 11.32

IPA

Total Carbon % Inorganic Carbon % TOC % STD

% Rec.
Sample Result Error Result Error Result Error

TC Std J12782 36.05 3.605 •J'-'.MfV ifcr.-iiJ. •• w,S3t'.. ..:ii £y$^£i£i 99%
IC Std M5G9187 •• :-.fS*&:.'& 10.79 1.079 »i«-:.:'*iifiS' -;.:.**\W-"3*'t.*•'.•*'••

95%
8858 980505-160 0.95 0.095 0.443 0.0443 0.507 0.0507

INEEL Dry 8.11 0.811 1.44 0.144 6.67 0.667
3b-R1-3 4.89 0.489 1.47 0.147 3.42 0.342
3b-R1-4 3.83 0.383 1.19 0.119 2.64 0.264
3b-R2-3 3.04 0.304 0.673 0.0673 2.367 0.2367
3b-R2-4 2.42 0.242 1.12 0.112 1.3 0.13
3b-R3-3 1.75 0.175 0.835 0.0835 0.915 0.0915
3b-R3-4 2.29 0.229 2.26 0.226 0.03 0.003
3b-R4-3 1.35 0.135 0.474 0.0474 0.876 0.0876

...

3b-R4-4 1.51 0.151 0.406 0.0406 1.104 0.1104
IC Std M5G9187 mmm. $££M&ii»&£ 9.73 0.973 .'...-IV-. •''••••- 86%

TC Std J12782 31.39 3.139 -mmm m&izmm. ^S£&M •®mm 86%

Comments:

Reviewed by:

Approved by:

COPY

Original Fled WithIPA.

if ah*-,H^{

F-149

&T$



Request: See Below

Sample: See Below

Customer: Various

ID: Various

Date: 4/10/98

Analyst: RDC

Badge: 35993

Procedure: RA12

Beta Scintillation Data

IPA AnaLIS Wt/Vol

Dil

To:

2nd

Dil

Dil

to:

3nT

Dil

Uil

to: ALIO. SPIKE

Bq/vial

TOT

Bq/vial

Error

DIL

FAC

SCINT

BETA

Error

(±)
1 BLANK N/A N/A 0 0 0

2 SrSTD N/A N/A 0.1 STD 19.866 0.225 10 1.99E+2 0.1E+2 BQ/ML
3 1B97 N/A N/A 0.1 QC 29.259 0.266 10 2.93E+2 0.1E+2 BQ/ML
4 8558 971219-015 1.0 I 15.0 0.5 79.437 0.432 30 2.4E+3 0.1E+3 BQTOI
b 8751 980309-017 0.5671 G 50.0 0.1 10 0.1 11.528 0.178 88168 1.0E+6 0.1E+6 BQ/G
6 Dup • 0.5671 G 50.0 0.1 10.0 0.1 11.569 0.178 88168 1.0E+6 0.1 E+6 BQ/G
/ Spike 0.5671 G 50.0 0.1 10.0 0.1 31.267 0.274 88168 2.8E+6 0.1 E+6 BQ/G
8 980309-018 0.6032 G 50.0 0.1 10.0 0.1 7.515 0.151 82891 6.2E+5 0.1E+5 BQ/G
9 8756 980309-019 0.5395 G 50.0 0.1 10.0 0.1 10.0 0.1 28.105 0.260 9267841 2.6E+8 0.1E+8 BQ/G
10 8765 980323-017 0.5097 G 50.0 0.1 936.606 1.452 981 9.2E+5 0.1E+5 BQ/G
11 980323-018 1.0 r 35.0 0.1 10.0 0.1 10.0 0.1 26.874 0.256 3500000 9.4E+7 0.1E+7 BQTOI
12 8774 980406-013 0.5512 G 50.0 0.1 10.0 0.1 137.581 0.560 90711 1.2E+7 0.1 E+7 BQ/G
13 8751 980309-017-4L 1.6481 G 9.13 0.1 10.0 0.1 186.977 0.653 5540 1.0E+6 0.1 E+6 BQ/G
14 980309-017-8L 1.4606 G 8.09 0.1 10.0 0.1 169.723 0.623 5539 9.4E+5 0.1 E+5 BQ/G
1b 980309-018-4L 2.0932 G 11.48 0.1 10.0 0.1 178.264 0.637 5484 9.8E+5 0.1 E+5 BQ/G
16 980309-018-8L 1.6313 G 8.94 0.1 10.0 0.1 173.604 0.629 5480 9.5E+5 0.1E+5 BQ/G
1/ 8756 980309-019-4 L 1.1054 G 6.05 0.1 10.0 0.1 51965.000 10.333 5473 2.8E+8 0.1E+8 BQ/G
18 980309-019-8L 1.177 G 6.44 0.1 10.0 0.1 47117.200 10.303 5472 2.6E+8 0.1E+8 BQ/G
19 8751 980309-017-4S 1.6481 G 50.0 0.1 157.142 6.000 303 4.8E+4 0.2E+4 BQ/G
20 980309-017-8S 1.4606 G 50.0 0.1 56.196 0.364 342 1.9E+4 0.1 E+4 BQ/G
21 980309-018-4S 2.0932 G 50.0 0.1 9.134 0.163 239 2.2E+3 0.1E+3 BQ/G
22 980309-018-8S 1.6313 G 50.0 0.1 1.677 0.139 307 5.1E+2 0.4E+2 BQ/G
23 8756 980309-019-4S 1.1054 G 50.0 0.1 3592.590 2.829 452 1.6E+6 0.1 E+6 BQ/G
24 980309-019-8S 1.177 G 50.0 0.1 2149.080 2.188 425 9.1E+5 0.1E+5 BQ/G
2b INEEL INEELTEST 0.5063 G 50.0 0.5 22.299 0.256 198 4.4E+3 0.1E+3 BQ/G

Notes:

1) Beta scintillation using 15 ml Ultima Gold cocktail

QC Data COPY
Control

ID

Measured

Value

Known

Value

%

Difference

I
Units

Instrument

ID
Original Red With IPA 3 s >^

SrSTD 2.0E+2 2.0E+2 -0.7 Bq/ml 2700TR

1B97QC 2.9E+2 2.8E+2 3.8 Bq/ml 2700TR

Reviewed by:

Approved by: J"V\ (\ ~^y-J--^ 4
TP~

O^tl
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Oak Ridge National Laboratory

(adloactlve Materials Analytical Laboratory

Radloehemlstry Worksheet

Request: NONE

Sample: NONE

Customer: GIAQUINTO

Sample ID: INEEL

Date: 4/10/98

Analyst: RDC

Badge*: 35993

Procedure: EPA-901.1

Count Time: 12:48

Duration: 30 Min

Corrected To: 4/2/98 12:00

Aliquot: 0.5063g/50 X 10

Units G

Gamma Spectrometry Data

ISOTOPE BQ/G t BQ/G

CO-60 1.0E+2 0.4E+2

CS-137 4.6E+2 0.8E+2

By: g^g^r/^evlewed

pproved By :>ArX
Ay<p



Initials: iJV<

VAX/VMS Radioactive Materials Analysis Laboratory Report 1S-APR-1993 13:18:18.76
Detector GEE Tennelec HpGe ******* Aquisition Date/Time: 10-APR-1998 12:48:03.52

Request No, Customer, Cussam: INEEL DIGEST

Sample ID
Sample Type
Quantity

Start Channel

End Channel

2INEELTEST

VIAL C- 9 CM

1.01260E-01 G

10

4096

Corre : 2-APR-199S 12:00:00. 00

Geometry : GE2Y9080197
BK6FILE : £980321-&KG

Real Time : 0 00:30:00.15

Live time : 0 00:30:00.00

Pk It Energy Area Bkgnd FWHM Channel %Eff Cts/'3ec '/.Err :it

9

11

7

158

30

24

11

1

£4

7

0

0

51

£0

4£

,31

538.41

544.20

575.82

817.05

1447.77

3.25E-01

3.££E-01

3. 05E-01

2.23E-01

1.41E-01

5. 11E-03 69.0

5.98E-03 35.8

4. 17E-03127.5

8.802-02 8. 1

1.67E-02 18.3

,36 1643.88 1.27E-01 1.33E-02 20.4

1 0 435.49

l^ 0 440.18*

3 0 465.84

4 0 661.56*

5 0 1173.30

& 0 1332.41

Flag , 1 *" = PeakPeak area was nodified by background subtraction

F-153
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Nuclide Line Activity Report

Nuclide Type: activation
Uncorrected Decay Corr £-Sigraa

Nuclide Energy Area %Abn %£ff BQ/G BQ/G '/-Error
CO-60 1173. £4 30 99.90 1.409E-01 1.169E+02 1. 173L+02 36.51

1332.50 24 99.98* 1.274E-01 1.034E+02 1.037E+02 40.82

Nuclide Type: fission
Uncorrected Decay Corr £-Sigma

Nuclide Energy Area '/.Abn *Eff BQ/G BQ/G '/-Error
CS-137 661.66 158 85.21* 2.228E-01 4.581E+02 4.583E+02 17.34

Flag: "*" = Keyline

F-154



Summary of Nuclide Activity
Sample ID : 2INEELTEST

Page : 2
Acquisition date : 10-APR-1998 12:48:03

Total number of lines in spectrum &
Number of unidentified lines £

Number of lines tentatively identified by NID 4

Nuclide Type : activation

66.675'.

Uncorrected Decay Corr Decay Corr £-Sigma
Nuclide Hlife Decay BQ/G BQ/G 2-Sigma Error %Error Flags
CO-60 5.27Y 1.00 1.034E+02 1.037E+02 0.423E+02 40.82

Total Activity : 1.034E+02 1.037E+02

Nuclide Type : fission

Uncorrected Decay Corr Decay Corr 2-Sigma
Nuclide Hlife Decay BQ/G BQ/G 2-Sigma Error '/Error Flags
CS-137 30.00Y 1.00 4.5S1E+02 4.563E+02 0.795E+02 17.34

Total Activity : 4.581E+02 4.583E+02

Grand Total Activity : 5.&15E+0C

Flags: "K" = Keyline not found
"E" = Manually edited

5. &20E+02

"M" = Manually accepted
"A" = Nuclide specific abn. limit

F-155



Unidentified Energy Lines Page : 3
Sample ID : 2INEELTEST Acquisition date : 10-APR-1998 12:46:03

It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err *Eff Flags

11 1.51 538.41 534 9 5.11E-03 **** 3.25E-01 T
1 2.20 544.20 542 5 5.9SE-03 71.7 3.22E-01

£4 3.42 575.82 570 11 4. 17E-03 **** 3.05E-01

Flags: "T" = Tentatively associated

0 435.49 9

0 440.18 11

0 465.84 7

F-156



Minimum Detectable Activity Report

Bckgnd Energy MDA

Nuclide Sum (kev1) (BQ/G)

BE-7 7. 477.61 2.9078E+02

NA-22 1. 1274.53 3.0754E+01

K-40 6. 1460.83 6.1359E+02

CR-51 13. 320.08 3.0S09E+02

MN-54 7. 834. 83 4.4593E+01

CO-57 18. 122.06' 2.0559E+01

SE-75 IS. £64.66 4.1599E+01

NB-94 6. 871. 10 4.3702E+01

NB-95 5. 765.79 4.2857E+01

ZR-95 .3. 756.72 5.9353E+01

RU-103 4. 497.05 2.9217E+01

RU-106 4. 621.92 2.9574E+02

CD-109 9. 88.83 4.57B5E+02

AG-110M 6. 657.76 3.7071E+01

TE-121 5. 573.13 4.9961E+01

TE-121M 12. 212.22 2.1486E+01

TE-123M 9. 158.99 1.6111E+01

1-125 18. 27.40 4.8672E+03

SB-125 9. 427.88 9.4621E+01

TE-127 0. 417.93 Half-Life too short

1-129 11. 39.60 3.5448E+03

1-131 12. 364.48 6.5263E+01

1-132 0. 667.73 Half-Life too short

1-133 7. 529.85 2.1935E+04

CS-134 8. 604.71 3.7827E+01

1-135 0. 1260.42 Half-Life too short

CE-144 17. 133.54 1.5129E+02

PM-147 19. 121.26 6.1660E+05

EU-152 2. 1408.00 2.0119E+02

EU-154 1. 1274.54 8.6221E+01

EU-155 14. 86.54 5.9950E+01

HG-203 6. 279.19 2.0957E+01

PB-212 0. 233.58 Half-Life too short

RA-224 11. 240.76 2.0584E+03

RA-225 13. 40.34 1.2737E+03

RA-226 8. 609.31 7.7164E+01

AC-227D 9. 235.97 1.4468E+02

TH-228 17. 84.26 1.8780E+03

TH-229 15. " 193.59 3.7582E+02

U-235 12. 143.79 1.3506E+02

U-238 1. 1001.00 4.1533E+03

AM-241 9. 59.54 1.100SE+02

CM-243 4. 277.60 9.59S9E+01
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RADIOACTIVE MATERIALS ANALYSIS LAB
Detector GE2

VALUES WHICH ARE LESS THAN MDA

Isotope Bkg Cts' Net Cts Total Cts Cts/Sec Eff Results Error
BQ /G

20. -1.11E-03 2.81E-03 -5.0E+01 +/- 2.3E+02

1. 5.56E-04 1.25E-03 6.0E+00 +/- 1.2E+01

44. 3.06E-03 7.29E-03 6.6E+00 +/- 1.5E+01

26. 1.44E-02 1.21E-03 1.6E+02 +/- 1.2E+01

26. -5.56E-04 6.05E-03 -3.4E+01 +/- 3. 6E+02

138. -2.20E-01 2.12E-03 -1.5E+03 +/- 1.7E+02

34. 5.00E-03 4.22E-05 1.3E+03 +/- 1.5E+03

21. -8.33E-03 2.28E-03 -5.1E+01 +/- 4.0E+01

182. 9.44E-02 2. HE-03 7. 1E+02 +/- 2.9E+01

2. 1.11E-03 1.15E-03 6.3E+01 +/- 6.3E+01

1. 5.56E-04 1.25E-03 1.7E+01 +/- 3.4E+01

35. 1.94E-03 5.93E-03 1.3E+01 +/- 4.2E+01

29. 2.78E-03 5.35E-03 1.2E+01 +/- 2.3E+01

29. 5.00E-03 7.21E-03 8.9E+01 +/- 8.9E+01

9. -5.83E-03 1.52E-03 -8.0E+03 +/- &.7E+03

BE-7 22. -d.

NA-22 1. 1.

CO-57 39. 6.

CO-60 1. 26.

CD-109 27. -1.

AG-U0M 534. -396.

1-125 25. 9.

CS-134 36. -15.

CS-137 12. 170.

EU-152 1. 2.

EU-154 1. 1.

EU-155 32. 4.

PB-212 24. 5.

U-235 20. 9.

U-238 £0. -11.
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IPA

8765

Radioactive Materials Analytical Laboratory
Inorganic Chemistry Worksheet

Request: IPA8765

Sample: 980323-017; INEEL
Customer: Van Hoesen; INEEL

ID: SEE REQUEST

Sample
980323-017

INEEL

BLANK

Raw Sample Microwave Digestion Data

Vessel Vol/Wt

0.5097

0.5063

0.5

Units

ml

Cone.

HN03

(ml)

10

10

10

COPY ,
Original FiledWith IPA O"?***

4/2/98

DD

33952

CASD 3051

Final

Volume

(ml)

Final

Solution

% HN03

50.0 20%

50.0 20%

50.0 20%

Dilution

Factor

98.10

98.76

100.00

Digestion Comments:

Homogenization: 980323-017 asd INEEL samples were mixed to homogen:

Time(M) Power(W) Temp(°C)
1 250 100

1 0 100

1 250 140

1 0 140

10 550 175

ize.

ReacHon/Off-Gassing: 980323-017 produced areaction and off-gassing upon nitric addition
The INEEL sample also produced asmall reaction and off-gassing upon nitric addition

D,sSolut,on Observations: 980320-015 formed avery light tan digest with no observable solids
(>99% in solution)

The INEEL sample produced acloudy-tan digest with tan, black and gray solids.

Reviewed by:

Approved by:

<P'l-V?

^— v&/*

F-159



Inorganic Chemistry Worksheet

Request: IPA8663; 8678; INEEL

Sample: 980212-013; 980223-058
Customer: Sears; Mattus; INEEL

ID: See Request

Carbon Data

Calibration Ranges STD%C
TC 37002731

39.96

IC B26346 14 3

Date: 3-19-98/3-20-98

Analyst: DD

Badge #: 33952

Procedure: SW-846-9060

IPA

Total Carbon % Inorganic Carbon % TOC % STD

% Rec.
Sample Result Error Result Error Result Error

TC Std 37002731 38.1 3.81 95%
ICStd B26346 14.33 1.433 100%
8663 980212-013 8.49 0.849 0 0 8.49 0.849
8678 980223-058 2.87 0.287 1.32 0.132 1.55 0.155

INEEL1 WET 2.72 0.272 0 0 2.72 0.272
...

INEEL2 WET 3.103 0.3103 0 0 3.103 0.3103
INEEL1 DRY 5.56 0.556 0 0 5.56 0.556
INEEL2 DRY 9.17 0.917 0 0 9.17 0.917
IC Std B26346 14.63 1.463 102%
TCStd 37002731 35.33 3.533 •C;:^--. :-.;.ia., &j.-::;~i~£>. : -«';.^*,-i^.":-:...-/- •-w-.'..-.. .'..,;•:• • 88%

Comments:

•Sample results of 0%are reported as <0.1% on the final report.

Reviewed by:

Approved by:

COPY
Original F3ed WIS) IPA :j

Ashe J± 1^¥

~^<f^
J/uAe

F-160
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NOTES:

Radioactive Materials Analytical Laboratory
Inorganic Chemistry Worksheet

Request: IPA8751; 8756; INEEL

Sample: 980309-017,-018; 980309-019; INEEL

Customer: Sears; INEEL

ID: See Requests

Date: 3-24-98/3-25-98

Analyst: DD

Badge #: 33952

Procedure: RMAL

PERCENT MOISTURE / SOLIDS DATA

SAMPLE

NO.

980309-017

980309-018

980309-019

INEEL

CONTAINER

WEIGHT

(g)
1.1002

1.0991

1.0927

189.7200

CONTAINER

& WET WT.

(g)
2.9880

2.6945

2.8554

441.2600

SAMPLE

NO.

PERCENT

SOLIDS

%

PERCENT

MOISTURE

%

980309-017 53.0 47.0

980309-018 68.2 31.8

980309-019 78.4 21.6

INEEL 41.6 58.4

WET

WEIGHT

(g)
1.8878

1.5954

1.7627

251.5400

CONTAINER

& DRY WT.

(g)
2.1009

2.1864

2.4754

294.3800

DRY

WEIGHT

(g)
1.0007

1.0873

1.3827

104.6600

COPY
Original FledWHhlFA, 8ifI

1) Samples dried at an average oven temperature of 105°C, cooled in adessicator and weighed.

Reviewed by: (j[<r ?. <jjs\ I'lf^ ?

Approved by:
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Radioactive Materials Analytical Laboratory

Inorganic Chemistry Worksheet

Request: INEEL

Sample: 1 & 2

Customer:

ID:

PERCENT MOISTURE / SOLIDS DATA

Date: 3-19-98/3-20-98

Analyst: DD

Badge #: 33952

Procedure: RMAL

SAMPLE

NO.

CONTAINER

WEIGHT

(g)

CONTAINER

& WET WT.

(g)

WET

WEIGHT

(g)

CONTAINER

& DRY WT.

(g)

DRY

WEIGHT

(g)

1 1.0895 3.1880 2.0985 2.2709 1.1814

2 1.0989 3.3453 2.2464 1.7306 0.6317

SAMPLE

NO.

PERCENT

SOLIDS

%

PERCENT

MOISTURE

%

1 56.3 43.7

2 28.1 71.9

NOTES:

1) Samples dried at an average oven temperature of 110° F, placed in desiccator, weighed,
and the process repeated until stable weight achieved.

Reviewed by:

Approved by:
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Radioactive Materials Analytical Laboratory
Inorganic Chemistry Worksheet

Request: INEEL

Sample: See Below

Customer: INEEL

ID: INEEL

Date: 8/26/98

Analyst: DD

Badge #: 33952

Procedure:

Carbon Data

ration Ranges STD%C
TC J12782

36.33

IC M5G9187 11.32

IPA

Total Carbon % STD

% Rec.Sample Result Error

TCStd J12782 34.39 3.439 95%
Task4b-R10 483 2.3 0.23
Task4b-R10 484 4.62 0.462
Task4b-R10 485 2.78 0.278
Task4b-R10 486 2.49 0.249
Task4b-R9 624 5.09 0.509
Task4b-R9 625 4.2 0.42
Task4b-R9 626 3.99 0.399
Task4b-R9 627 5.93 0.593
Task4b-R9 628 4.94 0.494

Task4b-R11 759 7.11 0.711
Task4b-R11 760 6.06 0.606
Task4b-R11 761 5.5 0.55
Task4b-R11 762 5.39 0.539
Task4b-R12 893 1.74 0.174
Task4b-R12 894 3.02 0.302
Task4b-R12 895 2.58 0.258
Task4b-R12 896 2.56 0.256

IPA

Total Carbon % STD

% Rec.Sample Result Error

Task4b-R15 958 2.74 0.274
Task4b-R15 959 2.12 0.212
Task4b-R15 960 1.44 0.144
Task4b-R15 961 1.89 0.189
Task4b-R16 1025 4.41 0.441

Task4b-R16 1026 6.71 0.671
Task4b-R16 1027 4.81 0.481
Task4b-R16 1028 5.93 0.593
Task4b-R14 1236 5.54 0.554
Task4b-R14 1237 2.46 0.246
Task4b-R14 1238 2.39 0.239
Task4b-R14 1239 3.39 0.339
Task4b-R13 1242 2.05 0.205
Task4b-R13 1243 3.84 0.384
Task4b-R13 1244 3.49 0.349
Task4b-R13 1245 2.48 0.248

TCStd J12782 33.75 3.375 93%

Comments: *siudge dried at 105°C for -48hrs and placed in dessicator until analyzed.

Reviewed by: sjj"Z Jd^C f'TI-rf
Approved by
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TOC-5000 DATA REPORT

DATE 08(AUG)-26-1998 14:50

IC RMK TOCSPL8 TC,% RMK

1 34.39 1****

2 2.302 1 *^ ^K ^S ^n

3 4.617 1****

4 2.775 !_***#

5 2.491 I****

6 5.093 1****

7 4.195 1****

8 3.992 1****

9 5.927 J.****

10 4.939 1****

11 7.111 1****

12 6.063 1****

13 5.497 ]_****

14 5.385 1****

15 1.742 1****

16 3.022 1****

17 2.581 1****

18 2.557 1****

19 2.744 1****

20 2.117 1****

21 1.440 1****

22 1.888 J_****

23 4.411 J_****

24 6.711 1****

25 4.805 J.****

26 5.930 1****

27 5.540 ]_****

28 2.464 ]_****

29 2.390 1****

30 3.393 1****

31 2.051 1****

32 3.835 1****

3Z 3.493 1****

34 2.476 ]_****

35 33.75 1****

SPL# TC RMK
36

37

38

ANALYST : (JL/^'^
SAMPLE :

IC,% RMK TOC
19.14 2****

9.755 2****

0.777 2****
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SAMPLES 36 IC

[x30, C# 2, DENSITY l-Omg/pl]
# AREA % AMNT(mg)
1 3895 19.14 26.50

MN 3895 19.14 26.50

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 14:34

INPUT SIGNAL

0 100%
O r-r 1 1 1 1 ,

L_,CH. 1 1 i i

TIME [ min ]

SAMPLE* 37 IC

[x30, Ctt 2, DENSITY l.Omg/Lil]
# AREA % AMNT(mg)
1 1738 9.755 23.20

MN 1738 9.755 23.20

. SD 0.000

CV 0.00%

0

DATE 08(AUG)-26-1998 14:38

INPUT SIGNAL

0 100%
i—r

ri'Mt [ min ]

3AMPLE-tt 38 IC

[x30, Ctt 2, DENSITY 1.0mg/|jl]
•It AREA % AMNT(mg)
1 1358 0.777 227.4

MN 1358 0.777 227.4

SO 0.000

CV 0'. 00%

DATE 08(AUG)-26-1998 14:43
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SAMPLE* 34 TC

[x30, C# 1, DENSITY l.Omg/u.1]
# AREA % AMNT(mg)
1 4034 2.476 204.2

MN 4034 2.476 204.2

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 14:20

INPUT SIGNAL

TIME [ min ]

SAMPLE* 35 TC

[x30, Ctt 1, DENSITY 1.0mg/ul]
* AREA % AMNT(mg)
1 12603 33.75 46.80

MN 12603 33.75 46.80

SD 0.000

CV 0.00%

100%

1

DATE 08(AUG)-26-1998 14:26

INPUT SIGNAL

O

100%

TIME [ min ]
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SAMPLE* 32 TC

[x30, Ctt 1, DENSITY l.Omg/nl]
# AREA % AMNT(mg)
1. 7262 3.835 237.3

MN 7262 3.835 237.3

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 14:09

INPUT SIGNAL

TIME [ min ]

SAMPLES 33 TC

[x30, Ctt 1, DENSITY l.Omg/ul]
» AREA % AMNT(mg)
1 5578 3.493 200.1

MN 5578 3.493 200.1

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 14:15

INPUT SIGNAL
100%

O "I

?*
\ f

TIME [ min ]
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SAMPLE* 30 TC

[x30,' Ctt 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 5929 3.393 219.0

MN 5929 3.393 219.0

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 13:06

INPUT SIGNAL
O 100%

0 r—i 1 1 1 1 1

TIME [ min ]

SAMPLE* 31 TC

[x30, C* 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 3634 2.051 222.0

MN 3634 2.051 222.0

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 14:03

I" -

Li_

INPUT SIGNAL
100?

TIME [ min ]
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SAMPLE* 28 TC

[x30, C* 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 4000 2.464 203.4

MN 4000 2.464 203.4

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 12:54

r /
L_i_

INPUT SIGNAL

TIME [ min ]

SAMPLE* 29 TC

[x30, C* 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 3820 2.390 200.3

.MN 3820 2.390 200.3

SD 0.000

CV 0.00%

100S

DATE 08(AUG)-26-1998 13:00

INPUT SIGNAL
0 100%

I I

L
"3=»
r

'IME [ min ]
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SAMPLE* 26 TC

[x30, C# 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 9658 5.930 204.1

MN 9658 5.930 204.1

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 12:43

INPUT SIGNAL

TIME [ min ]

SAMPLE* 27 TC

[x30, Ctt 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 9673 5.540 218.8

MN 9673 5.540 218.8

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 12:49

INPUT SIGNAL
O 100%

"l 1 1 1 1 1

I" ;

L2
TIME [ min ]
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"AMPLE* 24 TO

I'x30 , C* I. , DC:p!:Z-l'l r i . j.ii'
,'l AREA '-:•; ,M-v;y ('••;><-;;
j. io7s\> c.. /1 i ;.-o i. . o

I'lH 10 /'-'o o . / 1 1 ..'O 1 . o

SO 0 . 'J'.'O

i.'/v 0 . ^.'0"-S

iJ 08(AUG)-26-1998 12:31

0

0 r-r

INPUT SIGNAL
100%

r /

TIME [ min ]

SAMPLEtt 25 TC

[x30, Ctt 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 8006 4.805 208.8

MN 8006 4.805 208.8

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 12:37

INPUT SIGNAL

TIME [ min ]
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SAMPLE* 22 TC

[x30, C# 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 3029 1.888 201.0

MN 3029 1.888 201.0

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 12:19

INPUT SIGNAL

TIME [ min ]

SAMPLE* 23 TC

[x30, C* 1, DENSITY l.Omg/ul1
* AREA % AMNT(mg)
1 7134 4.4.1.1. 202.7

MN 7134 4.4.1.1 202.7

SD O.OOO

CV O .OO'U

100%

DATE 08(AUG )--26- 1998 12:25

SIGNAL

i OO :
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SAMPLE* 20 TC

[x30, C* 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 3447 2.117 204.0

MN 3447 2.117 204.0

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 12:06

INPUT SIGNAL

TIME [ min ]

SAMPLE* 21 TC

[x30, C* 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 2550 1.440 221.9

MN 2550 1.440 221.9

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 12:13

INPUT SIGNAL
O 100?

I" >

TIME [ min ]
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SAMPLE* 18 TC

[x30, C* 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 4313 2.557 211.4

MN 4313 2.557 211.4

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 10:34

INPUT SIGNAL

TIME [ min ]

SAMPLE* 19 TC

[x30, C* 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 5043 2.744 230.3

MN 5043 2.744 230.3

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 12:00

INPUT SIGNAL
100S

•_L
TIME [ min ]
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SAMPLE* 16 TC

[x30, C# 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 4893 3.022 202.9

MN 4893 3.022 202.9

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 10:18

INPUT SIGNAL
0 100
• 1 1 i i i

r

1 i i i i

TIME [ min ]

SAMPLE* 17 TC

[x30, C* 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 4611 2.581 223.9

MN 4611 2.581 223.9

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 10:25

INPUT SIGNAL
100%

TIME [ min ]
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SAMPLE* 14 TC

[x30, C* 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 9612 5.385 223.7

MN 9612 5.385 223.7 ' '

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 iO:06

INPUT SIGNAL

I—I

.rii. • ifui"i i

ii^'H.Eif 1.5 TC
,<30 . Ctt 1. Dcr

INPUT SIGNAL

TIME [ min ]

i O 0::
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SAMPLEtt 12 TC

[x30, Ctt 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 10044 6.063 207.6

MN 10044 6.063 207.6

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 09:51

INPUT SIGNAL

TIME [ min ]

SAMPLEtt 13 TC

[x30, C* 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg')
1 9185 5.497 209.4

MN 9185 5.497 209.4

SD 0.000

CV 0.00%

100%

DATE 08(AUG)-26-1998 10:00

INPUT SIGNAL
100%

TIME [ min ]
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SAMPLEtt 10 TC

[x30, C* 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 8946 4.939 227.0

MN 8946 4.939 227.0

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 09:37

INPUT SIGNAL

TIME [ min ]

SAMPLEtt 11 TC

[x30, C^ 1, DENSITY l.Omg/ul]
^ AREA % AMNT(mg)
1 12596 7.111 222.0

MN 12596 7.111 222.0

SD O.OOO

CV 0.00%

DATE 08(AUG)-26-1998 09:44

INPUT SIGNAL

TIME [ min ]
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SAMPLEtt 8. TC
[x30, Ctt i, DENSITY l.Omg/ul]

* AREA % AMNT(mg)
1 6989 3.992 219.4

MN 6989 3.992 219.4

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 09:24

INPUT SIGNAL

TIME [ min ]

SAMPLE* 9 TC

[x30, C# 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 9256 5.927 195.7

MN 9256 5.927 195.7

SD 0.000

CV 0.00%

100%

DATE 08(AUG)-26-1998 09:31

INPUT SIGNAL

TIME [ min ]
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SAMPLE* 6 TC

[x30, C# 1, DENSITY l.Omg/ul]
# AREA % AMNT(mg)
1 8762 5.093 215.6

MN 8762 5.093 215.6

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 09:13

INPUT SIGNAL

TIME [ min ]

SAMPLE* 7 TC

[x30, C# 1, DENSITY l.Omg/ul]
Hi AREA % AMNT(mg)
1 7103 4.195 212.2

MN 7103 4.195 212.2

SD 0.000

CV 0.00%

100%

DATE 08(AUG)-26-1998 09:19

0

INPUT SIGNAL

O 100%

u_

TIME [ min ]
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SAMPLEtt 4 TC

[x30, C* 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 4599 2.775 207.7

MN 4599 2.775 207.7

SD 0.000

CV 0.00%

DATE 08(AUG)-26-1998 08:56

INPUT SIGNAL

TIME [ min ]

SAMPLE* 5 TC

[x30, Ctt 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 4139 2.491 208.2

MN 4139 2.491 208.2

SD 0.000

CV 0.00%

100%

DATE 08(AUG)-26-1998 09:02

INPUT SIGNAL
O 100%

1 1 1 1 1 1

L

ll
TIME [ min ]
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SAMPLEtt 2 TC

[x30, C* 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 3780 2.302 205.8

MN 3780 2.302 205.8

SD 0.000

CV 0.00%

DATE. 08(AUG)-26-1998 03:43

INPUT SIGNAL

O 1—1 r

j- T^^3"
i \

TIME [ min ]

SAMPLE* 3 TC

[x30, C# 1, DENSITY l.Omg/ul]
* AREA % AMNT(mg)
1 7515 4.617 204.0

'MN 7515 4.617 204.0
SD 0.000

CV 0.00%

100%

DATE 08(AUG)-26-1998 08:49

INPUT SIGNAL
100%

! S

TIME [ min ]
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INPUT SIGNAL

100%

TIME [ min ]
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0
o

INPUT SIGNAL

rc=r • • —^
£ r——f=^ , ,

- f min 1 — —'TIME [ min ]

SAMPLE* i Tc

"8 08:35
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SAMPLE SIZE
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ABSORBANCE
CURVE

REAOING
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CONTROL WORK SHEET - 1

COMPLETCO
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CURVE FACTOR
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SAMPLE COOE
ORIGINAL

SAMPLE SIZE
OILUTED TO ALIQUOT
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ABSORBANCE

CURVE

READING

OILUTION

FACTOR

RESULTS
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CURVE FACTOR
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SAMPLE CODE
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SAMPLE SIZE
DILUTED TO ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR
RESULTS
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CHECKCO BY ( SUPERVISOR!

CURVE FACTOR
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SAMPLE CODE
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SAMPLE SIZE
DILUTED TO

ALIQUOT
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READING
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(430 tl. {fit ,M. Mffi, (HS?K / __
1

1431 //•ni3 [ 4. ttfW. lH-^°° \
14;3A U-/&S ,4. Oi-m iH.bMH _L
(4^3 II. (2a? (4 G"5(ol l4- 1oO<c

\43 4 Il.tfte /«"/- CrlC^ *U.(r>n

1435 \ l.(o2o l^-^P H- Vv><{

HSfc //•/53C '*(. <^n lH.(A)1 \
[4^ /(•(JJ-? 14-(.031 iH.t^l * +

UCN-2I3J

IS »-»0>

F-189



CONTROL WORK SHEET - 1

SAMPLE CODE

14 3?

K3?

(446

]44j_

I44P

^443

'444

144S

f44k

144^

144-9

JM°L
\4SO

I4£i

(4S2

ft \4SS

14^4

t*&

Js tASL

% W-sl

V

/4i~£

Hep

UCN-2ISS

(a »-«o)

ll-ilLO

(I- US I

/l.(O?0

K-/S93

i{-*4Q?

tf.o9V?

K.oZGS

H.nos

11.0931

ii- mo

It- 03*11

l(.l^?(o

li-QWl

IU2AL

I'-ofSS
47VV3e7

4?1?-<?L

45^.39-

4^-X4

475,2Y

411-3L

ORIGINAL

SAMPLE SIZE

lH. sTg-8.

iH-a-n

Hnv

l 4-T*t(-

tl-CVI,

14. &Q*

N.%oL

iH.v.o*

/</.<^>2<j

if. $m

m. iipj

i4. <mt

(4'*"°

rY.5-5"^

! 4. vz-'jo

«?qi.U>

^?/.74-

j??? -3>

vj». in

a*n.S9

<a?i.o?

•3.7Q. 00

2f?.f0

DILUTED TO

iH.rt^

4- &vl3

'l-tfti

M-UsZl
i4.1iH(

/•/.O.f3

f^-^W/
;Y- frs-yo

/t S"^

K (,1%

lY-^'W

#. U0°
(^.Cte

tf. ^oor

m.w?

\0^4.13

\n?S.lO

10*1? -1U

H0o.il

lol4.SC

I0?4-1TD

ALIQUOT

SIZE

Drzj7a»3

^

F-190

COMPLETEO

TIME

CHECKED BY < SU«RVB0R|

CURVE FACTOR

ANALYZED FOR

A8SOR8ANCE

J£_

f-

fo

Pr-

CURVE

READING

DILUTION

FACTOR
RESULTS

/ml



-7^3'
_^<j -p^j-^

^^ 'v^-~»l

.•>> «--n.

M>°

W*°

rW.
W^1

T-l.-f"© ©,

•*«>*#> (3 -?-W ^ -^6.?^ Z7.c

Co. a ^ 0.3-

"*<g) Cp.if It. «»c

3©^.^' \.oA "feb.lk UU 0.<l^T Z£» ^3 <*9 l ".5-4

^g) V.57

<&.*

>^5 {.31 CT?7T-o

C 5>-1Ip

W.K7

H 4«o^ \,^° u.^

31^

^

J c.yV 3-7. fc>a. I,
/.</

H C.^x- -377

F-191



>3"^

13'

HJ*.

^ ll(

l© &.3I "^-57 (g) \g> fc.*? |.a| ^jc

"^ t.H(

3© ^*

c. ?/s?

3 TH

Hi? •>"•/<. r

V

47

31-1 -7

3& C.l(

(fS) CV

^ ^%

3 -7.C0

i-°7 4

H?-3

(A. J ^

F-192

-7/3//^
r^ g>T*°

KJUu

*/

c^> 7*?",

V £^ o.c t f^i

2® ^7 >r?

7® <-<7 4-7.1 -it\

He> etc 4f.=>

c, t^

:,.*0<*

I 6.n5 •2-T.Z J

"*- (-.IT. z-7-.S

1 1.3D 57.0 k

^ 7.31- 3*>
5) . 7.M iff +



%

T^>
Cr.l1 c5-tT>-

3® L.o4 ^n.f .-sjtf

G-6^ tW.l

IUl

l$t 1\A -°M^

^ &u -^

H 1. ll

S^-( -0J/|ii

F-193



T^/,J*3 ^"S^***

^<# 7.-71

J^ ^«**

C-Lg> -I--it

lJ< ^

^ cv-i( . (.0?

3$ V.rj M7.2./t-f

^ k-.4( <m «t

1 7-S\ .

7.^".^ -°^-l.

•^ 63.13 i-.v

* V^ 1-7 .< Wi

4 1.41

>\

F-194



i .0>' T&ic^-"^"^5**1?

-2-5". "ilC.4 "2C. nW

C-oj© "U> t{00-^ cO-^l<"( -Z.:>-.-S-Z.l0l ZQ,. /3 73

W Zii- i<y& £.V>7Z- -2. 5". ^3-2.^ *• 2-V . /-r-tf'

i4> ^,<? £/7cjc<r ^^>--57.tO 74. l3^(

-Sfg) tas-" ^«* i)4o S3 izr. 33^» ^-V./T'13

<%>
1o*>

1^

^d° o,£oo7 ?3". 3?H 2u . if t*

<ZfJ73Z? -Z.V-^^4

C~ "VM LX<i=> <t>S? -2^". 3 3t-7 i^.tfi?

^ X-'l
L(<J>- OA^f Z^-^>n/] -Zu tW-'i-

Or ICfl tMm ^5--33t,7 z^.mm

"^ -3>£

F-195



c<* **a

Q»t@) ^?.^

X^ ^.T7

^ f.P-

^ o*.i1

3 l.t*

4 1^

ui 4%

<£> £*©

<^a£> tf-\^"

\fi> r.'W fcS*rf£A& C.o|

utv ;uH! [*p <•->=
£^r&^ is&\0.&\

3$ n..^^

tfa __

cJ.H"i_

C-*-4Jt<70
-^^ 37jP3-^ ,>.«°

<?M$> "?. 1^- <o.^3

n-

\i-1

Ml

v

j^r( ^.•7•?
<Q>i--n

3 Z.^

33- ^ ^) c/ ^

F-196

3<f. U•0|/^.<i(

3H-H



^-iW

^ ^°H
ie> 7.*7*l

^€> r.rl "" o-3l djP

"^ y.7° o.>7

i£) -.(^ 6.3' <Q

1& YA\ O.^'7-

7<g) T-Ti o ."53

H^ 7..">^ o.3<

3<g> -1.7-2- o-^l

t^> T..7S" *.V\

<M 7-^3 ^

I

\ -Z.o<

7. 7,.«rt

4vr^) '̂•>'€
7 7.-^

M 1.13

i-i.7 .0'
1

\ z.-^ a? -<WV•*W

11.*

L4.° <

1
"i. i.r<* no"

1 p-

I <4|gg) I.*** ' 1
3M <t ^ 1-^3

4.0-c-^

iH->

<s

F-197



g-m-\3

Q<£> 7-*"( /^"^ C,» 7-3^

(C^tiz^
c,^€> "7. ^ ^ <--dg> 1-1^

.$•*-

v«> b-.A> ^^ 6> ^® ^ °-^ Q

•ufS 7". iv o.-rt> i& 5".^M <*•i^>

^ 3. <.<«» 0-3 4 3(g) 3.0*t 0-^

<£t^>
* o.-n Hg>7.z3 ^-'u3

c< 3.3^

c-^ 1.3 ( C 7.3C

I T..-.1 l^.i -«(*♦*- ( 3.o^ U,-$» .^/i"

Z- ^W3

3 t.<^

H V^3

w ) iM

/

(1.( ^' 7- \a\ l0-(4 ^

33-3 .ol(v\ 3 3.^ 3V3 -»Vw

^ 130 "Y^ n?

4,t>i-

n .D"\

Is-3 /

F-198



<MW 1^ L'b-P^l r^*
4.

-7-* *V

C«£J 7,s\

2a-

i& T.tf

3# ^-^

C, 7-i?

7- U3

3 2..T3

U*3 y

-m<\ y

-2.10'

C-3©

O.O

(£d^—

(^ -«l/V-«Jr"—f

7-

4
/ <*?&

F-199



ANALYST

CONTROL WORK SHEET - 1

COmPLETCO

_ TIME

SAMPLE CODE

1S34

isas

ISQt,

1533

533

isa^.
530

133

1533,

\S33

1--534

1535

1531

1533-

\5^Q

1541

iS4^

1543.

\54>f

^543

I54C

(34^

(S4^
UCN-2'33

(3 ».flOI

1L03XL

//.tf&S

11-IS fI

II.Q11S
II.09?)

II. of10

11.02ft

I/.I4IG

//•!?/!

/AX13/

If.0012

li.oi s)

II. 0?33

11.1SQl-

I/. Q4 l?<4

I/. OJQ2

II. MOI

IQ.9S15

I/. A£(U

n-p45

11.04$./

11.0*1A.

11.02 f#

ORIGINAL

SAMPLE SIZE

13.0310

12.1330

P-ftSf

/^•7434

I1-?S?2

I3.9SOO

!Q-?7%

/i-ncft

/2-919S

l3-9Ss°l

13.ft3$

la.fsio

/J.f4/^

ll-Ko%

II-0J44

)3.om

1J. i/U

12-Xltt

llAlSf?

13 Jo/(*

13 •//Il

ls -OASD

/g.0773

DILUTED TO

IS. WfS

IC.C034-

15.1/13

is.m?

IS.SC9S

H,-3l9b

IS.19SO

rVo?43-

IS- 744-6.

IS.9C34

l3S£l<f

IC049L,

IS.14A1

is.^ui

Ic.Zloi

/G.0^53.

is.feio

/(.2fH5

10.059=1

ALIQUOT

SIZE

_^£_

Cnj£>

i&

3<g>

H£>

L\r$W

C<

c.

V

CHECKCO BY (SUPERVISOR)

CURVE FACTOR

ANALYZED FOR

ABSORBANCE

7_o=>o y;

7^*

Z^o<

lull.

CURVE

READING

1f>**y

<p

F-200

DILUTION

FACTOR

A ^

f

V

fja„J

J 2

RESULTS

/ml



ANALYST

CONTROL WORK SHEET - 1

COMPLETEO

TIME OATE

CHECKED BY (SUPERVtSOR)

CURVE FACTOR

SERIES ANALYZED FOR

SAMPLE CODE
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS

/ml

154^ ll. 313 /S.llfZ I^XXtf I*' If 1 3>

IS ISO n.itzp / 7-/034- IS-lofZ <i> 4 I
issr 11.033? f2-04-91 I5-XZ4L %&>< Ow&p) ?

Issl II. 03.4 ? 13-oioZ If. -Q3U Zco 3 < ctf> "Txffx^

ISS3 II. OHO /3-067OA IS .(.XXI t C-Hh

ISS4 ll.OOOlo I3-C09C IS-4M4 [£>

isss II-09Ssl 13.10 41 is. mi 1 1o5>

\ssc= H.0LJ4- 13 Wt Is.cqofe 3fc

ISS4 II.074Z 12./DZ? l<o.lD3°l •i»

15S^ (1.032? 13-0335 IS.US14 < 7 ^B)w? I
iss^ \l.oloZ iy.org? IS.^^^2 ly k c. "Tz-vH^

IS(^(D I'. I3(r2 13-14-93 IS.195* 4 «t. /

(su if./otS 13./3b? lb. G/9? te (

1SC=£l 11.059/ /3-094/ ft-o^io V 1_

|S(=S H.o9t£L /J-S09L IL-IW*. 1* •y

(SC4(- I0.94ZL 1* -?33? /(o.SlOS * 4

tSkS II.OS3Z IS.044% /5.1I7! <»/ \ -o^r - 9

(5W= 1/.I32A /J .{133 ISS0% 3~"V C«g> (qifV->

(a; 11-0121 I3.0Q?) is .-zffa c-l®

(3^8 tl-0734- 13-OStt is-zm *,£>

IS ^7 tl-(193 I3-I04C (b./ATl Vt>

(s^o M.O0Z5 12 .*i2?5 is .85'fO 3 a

|St) II.GOfS 11-790L IG.2.930 4® I
fS?^ ir.afc /s./r?i K • fOtt t 74^)^ I
/StS If. 1105 I3-(04°I 15.1391 1,»o JC ci 7Hti&

UCN-2I3S

ia »-ao)

F-201



ANALYST

CONTROL WORK SHEET - 1

COMPLETCO

TIME DATE

CHECKCO BY < SUPCRVSOR)

CURVE FACTOR

SERIES ANALYZED FOR

SAMPLE CODE
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

OILUTION

FACTOR

RESULTS
/ml

f^34 11.043b 13.025b is.4?93 1,<>** .Ct. "T,-U^5

\S3S n.nsic /s-izoi /CSC3I ♦^ 1

[S% lO.fgOA A1-9C/T IG-1423 4 "2.

(Sll f/.OCQ? £3.9^44 !b-S433 1/ 7

l$ft u.0331 I3.CJ.04 /G.bfSS 4 H

(S=F\ fl.lboZ /3./S/2. / 5.9?71 4* 7-oop •?

ISZO 11.104*? 13. U9I (jr-=fm
HI

c\& "^CtrtVj

/s-i) /(,OS2i 13 -GILS) /S.C(<?S J C^r

/sfc? U-IV& 13.1199 K-.0U49 (A

ls$S \(.ooo2 I*-WU /S.?30£ 1 -dg>

/S*r ((.(40) 13. lA^X lb. 02.3(0 3<g> J
/s^s l/.ofO? /3.0?3o lb. 4-19? H@> 1
fSSJi II. OI4SL 13. f<fe9 ILJ74Z < l^o^ It

IS& II-203C /S.tCe^A lb. XIso -&<>>*< cK i(/<t7V

is$2 11.1045 IS. 100 3 lb-o^9A < 7 C--,

/S*? II. (Ml 13.1011 H.317J w \

l^9T) U-OA53 I2-OI/5 lb~SS 1?
\

•z.

IS?[ H.IU3 IS.fsL? /G.W3- 3

is^ II.14TL IS: IISC U'./i lo ^

IS9S II. (225 i?-°<=ai IC.244S • 7 ?wp \
IS9A II. U? 13-1097 [L.Wt* ip&K. ^itfb <7jirf7t->

isr<: it.oL/8 I3.0%o2 \L.5ui'
f

\ Cifc

/SSL II. I9bl 13. (Stf iv-^3 \&

IS9} I/-OAJ2 \31.99Ik Of. vJio t®

isp /1.0 US I3.04A? U- ^ <f 3$ J
UCM-2I3J

(R 9-401

F-202



ANALYST —

CONTROL WORK SHEET - 1

COMPLETED

TIME OATE

CHtCKtO «T ( SuPEHVOORj "

CURVE FACTOR

SERIES ANALY2E0 FOR

SAMPLE CODE
ORIGINAL

SAMPLE SIZE
OILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS
/ml

/ST9 //. 1240 13.07sI iC.tM? T,*'** ^ (lAvftj

l&oo n. ia?3 13-^6^ l(t.94<a* h (^ t
fcof II. 0239 IZ.0413, l(-A^° t»»o< c, V7J.J&

fb-vZ 1/-0J-95 &-04\53 lb.<v-l

1

Cx.

f£>02 l/.o?S/ /j-osn lb.*™ I* 1

/&04- l/-0Z4cf 0.9^21. IL.Wb X-

\<Js<> I/.0Z41- P-?fb4- Ib.SHTl ^

I^U //. olSb I3-9C9? [C1bl% 1

itePi /A/69? /J.loZo (7. vrz> 4 ^W \1

IUX /(.(08& }3.0?4-Z ICa • 14-30 1"<>< C<B> (i4w>

lb>09 II- 039? 13.000.1 IS.^10 '1 C^£>

llplo IIJ4Si 13.Rn IG.4^5?3 t<g>

lb.ll l/.o^l 13. fCib, i(..iaao Kg>

iblA II -(134 13-IS 7b, IC-llvW 375

fb/3 IOA29C, M-9C9L |S.?Oo4 em

/blA /DAf?? i3.oxm lS.°|^S4 y Ci(g.vHir <:

lb,IS I/./239 13. IS 90 IU.133A \*a°yi U (i>i (fR-5

{<r(t. Il.os(o9 (3-131b, l(o.S4_\4. 'h <n-

/£>/-} 11.0094. I3.09S2. lV.o23v^- (K (

/Ui 11.0039 tt.olf? IU-I40X) 2-

IU9 II. I31S 13.20b0! lL» -S33L, 3

fo^o II-H9I 13. 193S \U.4\30
V 4

foAj io.°i9ox O.OJgA IL.O^EO to*^ c^> *
fb& I/.09Z9 13 .OSU [G-j-^q

—1

<«fi (•°[Ltf0>

/U3 li. 029<f 13-0091 \US35l
1

-0— CiA < ?
UCN-2I33

19 »-«0)

F-203



ANALYST .

CONTROL WORK SHEET - 1 TIME DATE

CHECKED BY ( SUPERVtSOR)

CURVE FACTOR _

SCRIES ANALYZEO FOR

SAMPLE CODE
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS
/ml

IbM //• /SbX /3 • (490 (c.a^srs 2oO Osf l£> T4c*iw

/6JLS" il.ofZf IZ.°99D Iu<zk\o

I

Z4P |
f(o3U ll.WbPf- 13-(IS 4 icsms J<&

/bJ3 K-fOAl IJ-lo^o Ik.kor* <te

M II.IS91 l?-'b?3 (t..3?3fl
-< ? - C<&> ^b

/Q^-9 M.0-990 I2-093I u-.-q^-a^ l^^f- c» ^<tVt»S

/63D 11.(322 I2-IS43 (C.S54* k <k
'

/&£/ 11* fO(o2. I2JX74. l(..C32«? w t

/«? 11.0003 I1.0IO9 Ife/VR, z.

/^53 11.0522 I3-0S9A (W.S154 1

/£34 K.1U2 /3.240b VL.qAA^ < 7 1

/G35 11.0910 13. (OS 0 (U.2-3\4 1/*»fi. £->^t>J? V

/b5b 11*0419 (4.2V3D 19-H231 S'DO)C ^i®-5exi> 0&(P

/bS9 11.mo I4.4c.4l iHA^I t4><: C16 ii<Sx£

KoZH l(.03?4 \4Ao2A 14-$m s>^ £*£&> 1G>

tC3<j 11.04sy /4--39D4 lH.4^%3 t*<. ^•-^ •$&

IbAO i(. o?ss (4-. 4339, 14. «*T*5 S^> \«L5> Co

/V?/ If.Ot^D /4-4-J^ mHlo4 c-f l<9 bb>
/&4Q II. 13-43 \4.S09'? lH-bl\o **V 1&>YG>

(<24S l(.09b>\ 14.4540 \H- ww? 1<V %*> 6©

lb AA l/.OS=F\ I4-4&9 /^ 4f77 s*°* 2© X£>

(MS l(.(24^ \^.4s84 in.tp>a
f.V ^Vt> 1

(L4S* to-<m? 14.31^3 {^Al-iA b^X H<8>^ L
thA* II-OS /G \4-.T?=Jb> iH.Hloi rlK ^0 TV3 Y

UCN-2I33

la o-«o)

F-204



CONTROL WORK SHEET - 1

COMPLETED

TIME DATE

CHECKCO BY (SUPERVISOR)

CURVE FACTOR

SCRIES ANALYZED FOR

SAMPLE CODE
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS
/ml

lb>4H lo.9S°li I4.77T^ 19--37*7 t*rt C| *^ Wit*

IG49 If. 1299 i4.*m 1HA5*1 / C\ CJCty) \

Ib^O n.o&rf \4-.3lS^ 14.424° 1 £1, -B%S>

/W II. lew i4-s«a^' l9- sb9-L. C/^SS?<g>

'- r •) I 1>\ 1/•&3<s.

/fe££— • l/.o&Q- M\ . 43? 'f I «-

/fc^4 10-934-9
14- -i-iol

19-im 7. 9,\*T "''r^g

fbSS If. 112?
14.4.^4-
l^rrSrtZtR tlMf*i 1 ^

fbS>U If. IOIO
I A. A43X,
W^^3«t i4. sS^ ) 3 0,

/CSJ ll-2o?0 14.-S443 /f.CJ«fc 3 o-L.

_,

/CSS 10.9491 lA.lS^r- 19.1&7 7 *' I 1
/&>! 10.9904 14-30^1- \H-lW

<

V M «*,• -b

UCN-21"

ta «-40>

F-205



G// ' ^

ONTROL WORK SHEET -

&4

ANALYST —' •

c

COMPLETEO

TIMC^^ OATC

i

CHECKBJr^W SUPERVBOR)

f MCurve f«c«r

SERIES 3i? '<Y r&t Ht5c+-.S/V>?. qC\j;tb
ANALTIEO^OR

^TSAMPLE CODE btfrJe +C«*
ORIUIH'JtL

nu-u»»

—<r
ALIQUOT

SIZE
ABSORBANCE

CURVE

REAOING

DILUTION

FACTOR

RESULTS

554

0

w.iL,n I4.\*0(,l 19-blK 2C<
f

SS3 II /??9- (^••T3P\ ll-t^T. Xox

6^U \\-l9bS. \3~.2S2Z - lk-90^ <3oy

5S^V \l-0S3t IJ-0310 /C-G4:$<7 zcx

5-S1? II. 02?^ 13-0441 ICSJ15 2-cy

55^ II.0U3 13-0912 lb-9 5/2 <^ox

5c>0 lo-9?(,4 13. 0134 /(*.bl-24 doX

<SC/ lt>-9SU9 /a.vtt? l&.SOJ*} pox

f7UL if- 0^/3 I3.6UI Ho.ttZ J2oX

<=^3 I0-9LI3 I3.0O52 lb.l12U 2oi-

S(^4 fl.OOlob, /3-OS9I Ik SAT? o?^A

-50? K-0709 IS-ObSU ISA/9S Xox

•>(^ 10.9930 n-OZ4l ICSbZ3 £ox\
Ab^l ll-02°9- ) 3.03-to /t.fcW9 \k

f?U? Id -9)004
'12.9405

Il-^oo IK

5C->? 10.939b I2.1914 1^39^4 HC

^O ff-049? ll.O^o (b-Sl55 \Y

<^qf I0A9A7- 11.94(5 (t> .442$ J-oX

5}A I0AS39 P.93iff < cJCX

433 /0.V9-"?/ l2A93°\t
oifcWfi 1 n Vc* ° A

5 34 11-049*- 13.0991 lie.1019 <2oy '

<^«? 11-0/2) 13-toSst* lL.S3<rA. 1 Y

5^0, 10-1992 I2A21A Ib.ZH,^ 1 X

5^ I0A2?? uAnz /(,. 12-90 (y

592 10-1411 11.9902 lb. fAOO i y
UCN-21S3

t» »-40»

F-206



DNTROL WORK SHEET - 1

ANALYST

c<

COMPLETEO

TIME OATE

CHECKED BY < SUPERVBOR)

CURVE FACTOR

SCRIES •+-js*-7f'' ANALYZED FOR

SAMPLE CODE 5?d7T/(? 4-G^r;
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

REAOING

DILUTION

FACTOR

RESULTS

/ml

599

r- r ^

fa.?/*? /2Abb4 lb. 443-5 aov:

*5?o /0.>?>S7/ 12. ?9l£ lL.1/44 ;*o><

<ot\ /0-7k?f 12 A 931 lb .1.104 <?ox

5?3l \o-92f4 /JA4SC lb.b?23 c^ox

^>S3 io ^910 13.9/10 is.nuu JX

S94- ioA04\ 12.9999 lb.4M9 /*

3^5 io-9b>44 I2A410 Ib.POPD fv

5?l, lo.14b3 12.933A lL.3^3. |y

5*3 io.?S4l I3.79ZS lb.5919 IX

Stf I0A293 (2.1C2J-
l<"90Ai
P-$*,Yl, pox

^<?9 (0.9O23 IS-WI
V

Ic.cste ;ox

5<90 /8.1W3 12.9912 \b.3bo9 QoK

">9I 10.1 ?-54 /.?. 0/5=1 lb. 0,400 ! *

5*12- /o-Wci 13.03)3 \b.2o4S /*

593 m.^5'?':; 12-4490 lb.Q02l IX

594 /o.?A4<J (QAlS'b

7 J~

Ib.^Wl I X

*S<7«7 /<?.?J27 /a 4^1 IC JS4S K

59b, /(?.^?39- \-).oo°7 l^.WI JcX

59=} /<?•?? T4 l3-»°5« Iv.fcsT? ^r?K

5^V to -9lf* <i-\v>< (G.y<?f» 2-OY

59<9 lo-9bss> \iAV1 lb.1147 H ^

r^oo io.1m ft. Wo KoMlHI fv

QpOI \ 1-9922 V3. o^ tf". M lY

cnZ 10-1240 K%. V% (tl/llr. I y;

CO^ 10* ?b33 [Z. V43 l<?7<Ul, (x
UCN-213»

ta *-«0)

F-207



ANALYST •

CONTROL WORK SHEET - 1 TIME DATE

CHECKED BY ( SUPERVBOR) "

CURVE FACTOR

series ^rtf h $^(Tfc- ANALYZEO FOR

SAMPLE CODE Wft +Csr^
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

OILUTION

FACTOR

RESULTS
/ml

(oC4 (1.9^39 lc.-q.fjn 26X

b,o5 /O.TOok 13-0131. IG.4/93 AoV

Cob 10-495) 13. e 17=) \b.mx ^oK

bo3 lo-wtf /3. ou>fc/ (C334S (X

(oOl (0-9?^. 13-oa?) Itc.blQl 1/

co9 10.3^5 13- 03^ lb. b4T)0 /Y
b?lo IO-fL>S3 12.93*3- Ib.b^JO (X

toll ID. 1990 /3 • 0-^90 lb . 0013 y

fp(^ !0-9b4? I.2AW9 d.o-?U *4-i Iy

blS 10.432b 1.3- °ill (Z. Oboi *.-!- I
(0(4 I0-931"? iiA-zcq i-$.w

''"'
M<> I0.93b3 a-4143 0 • 0-2-f-7 •t*^--l_

(rlU K-Ool-S 13.03U9 rj. \rLHz. <f*z-l

b?Pr /0.945A it. 44ZO rc. 03^1 42-1,

<*n I0-7S4U 12- <g9ib Li.q^oj «S-\

U)9 10. rffO /2. ^259 \1- quo #3-T-

U<2o (o-?^bo 13. o377 13 -V03V tH-l

hXI /o.97pL l?.0%7 V3 .oUpO ^H-z,

U2£ I0A413 IZ <t<f3</ ( S.o^-ta, £2-1

^rb2% II.0094 <?. 0*11 15 -^Hr 62-T_ • '

tl UiA H^.% XV-Gl
1ic-x. rr

1 ui< 4*11. 2 &92.4°l 1/2,2-55

v <^(» 4«ll-4 ^2-02 m£k
'l (,771 H^l.^ AJl-cro )\4].Js

^ <f7v? HU.? 214.41 \m. u 11
UCN-ZUI

II »-60l

F-208



2W
l-> I ^">

£-•*--«*«
ul

6~>
T6F_^K$«U

35C( ^ocu 1l.o. (3fs;/^>

C, -22.H-3 - (3*V0 JCtV |

(3^ y^oC0 "22.0.T-

»0a\

i
3.CL 3*

1

20t^ f7_./ Qtvf) 7^

•z^.n- f^ ^57v) -5*7
v/

F-209

tV

l***-1



c, -3-^

"r.v.'5'-'rv.\->^--.

M 7 ^3

C7K

J

'X,

S.ol ^~4--^

o.37 ^X , "7-*

...3/^ *:.o?&

-£
vA^a

4~

<^:-43 ^,.:37 i*r -7.<-v-* Vsn/;- IA

•7nf .-r-t». -- r ^.? -b

-7_4 «- £ o^Cy"

-•---" ';-33

I.T.* v')T/-^ 4^t-^^.- ^

-v=rr i

i •• -> . • /

. >.

F-210



ci G-" <^vi"

(J^) t.«t5 "S.t-3-.V lvT,j-
3V 3U3- : <0'^...r

3- -2.3»--^ ro/0Z,-

H 7.MH. 0.7>0

•; V

——^2£L^ 3/w£t

^ 7^2-

\ 7.<^ \Ab \ X

1
^ 7..a-7 \.1A

3 7-3*" a^<\

j>g) "M^ o**

tf 3.^3

9>M

••;

JivQ

--l.iv

— V /

IX'

&w?) 7--** "S. S3
*©'.**-

*" - i

-: iMi \}-*-l1

^.-23 ^^

/

1.34 o.°t°

7-M

7.^

F-211

Jco.43 I

^-(3j^W f^O^
7.^.^-4.7^,^

Go-Tp*-/

1*a/
o~ls

~T* 3'A



ZU-i

I-±33HSXHOMlOHlNOO



CONTROL WORK SHEET - I

F-213



ANALYST -

CONTROL WORK SHEET - 1

COMPLETEO •

TtMt OATC

CHECKED ST ( SUPERVBOR)

CURVE FACTOR

SERIES %

"SBC ste
ORIGINAL

SAMPLE SIZE

, Atgjjcijf
J«!39~~CE BF^mwr.

OILUTION

FACTORvFf y /ml

430 3-Skr W.\o40 lii^ K-3<7 4^j£\T \
44) \\. w^-t l*f. ?47 •4. <4 fS~

^i(^o«\

43?. U.M-t^ /t/. 4fr5 i^.b"0-Z-
1oci»*'»-

4=15 U.o-S^S 14. ^©2 ^.*f1? '2>Hv»i>l

434. U-04(^4 {9-31b /f.3£/ ^cfMJol-

A3S ILUlX, 14- H12- /4r7C i?aWA

4 3V \\ ,W7U IH. f^O J<^. S"3?a 1 oW>l-
i

433- ll.lVAo iH.rtf (?.fe/2- Hsc-*^

439, W-c4c\ m-nrH /Y-W U\*^»1^

A^ U-ov-n \4AiS' /V.s-zx' r<*-*»l

4?o \\.O9^0 if. mi NM$ (fit^i-

45-11 w.w^j- LU. <=-H° m.tAf (^•aZ**^

All \\.w± i9.*i< M.&1
0? 6(l*»l. -

4*3 giro )<A£2_

4^4- tf-K* L°74.3 W-W
4?5 •vi -£s->y 1&IA \u-n.8 **-£#"
4^U U ..Via, $-}0A ^ftf.tf 4o-|&-p

•

^

UCN-1133

(a *-«o»

F-214



y-

-«?.r--«-"»

£Sercr-»i»-

g «;.r^ rrf—"2-^"^ .<Jt-4 CV-.'-'. •=- i'1^ S?^ 3ac«r,-

jZutO-
-f tr£%C

.1 pf****** *• 5^7*z-7 S."-"sW *»^ •*••£'

/"CJJ>Crf5 oy. vV»aS>
f^vWot£_ATO53

T«^

33^"5". 3 ^.Ct ?Vl-^

2^-*i ^co. zo 3o^-"S

7.H3.3 *?a. ox 1C2. u

£<K3 q».±9- 7^3-H

£<20^. ffi^ ^*rrM cf-2.7"W o13^

S-tVp S~'-^^ <=^il:>

F-215

^-7 f^ (w.-ij

/



y-~Li-^9

1 W ^.\3

^ 3 © 7. v(

i (5 7/Z3

<, (3) 7.i«I

i c*v »**

*' ^.*<

tv&^

4 9-3 ( (V. (
(2/T.{q<«/

T*ct«

-L. <±. ?.C7 ^^ C^ *.\.V- ^ \

}4 7/K n.**-*^ ( -7.7i t^V'^w

^ 2, 1-70 V^.3
\

1 7.7^ vr-4

^ *.<*[*& •> 7.U l^Wu.U
(wb -9M l«-i

< 7-jA W-4 ^

F-216

«?

5B.t'



CVTa

*aC

<Mm

7.-9v\ --e».n i* i w

iK-m.

-4<&*. »*

7.?<o -c-.-u IX \h -a'"ll
l*

? 7.<n iH.-r Wt*.«~i 3 "^ iw.r -°V--ip."»i*»i

-LA\< ^-0

^7.***/ v>«/ ***t.n*^

F-217



cAA *•-*

^ S vo

AIAA-.

c\ ^A*°
fUOvL

] (^2^ 7.i*
V -2-7.1^

9

^ -o7 <[£> 4

7-a^"

7-x3

^.o/

_^L _„/V£-„.

Hc^_

._AASL..C-1$)—^ 7.-.'? P^^P- <©-- 1 -?^i£,

J 7-sa.

F-218

^

fl*J0AA%s>;

4. ST

"Wi.



..l_.li-°-5...

7. T-o-l^

(^6-^) Cr^ 4

<45c.°y J67

1f.>

Os?t) 37? .. °-tv^^\ __

(zi<r) lib ggszAqs^A

"(2^A) A^A '" "A^A"

F-219



DNTROL WORK SHEET - 1

ANALYST

c<

COMPLCTC0

TIME OATC

CHECKED ST 1 SUPERVBORI

CURVE FACTOR

SCRIES

$1L 07e.4f{£K P7*"*-/& V^-
ANALTICO FOR

SAMPLE CODE
-OHICIHAL'

QttpV"PCtt^P6
ALIOuof"
•siit '

ABSORBANCE
CURVE

READING

DILUTION

FACTOR

RESULTS

/ml

&K WA9L3 /V.32# hAici loci.

C49 10. <fr9l /y. z9k 191'iso 1^**

up II. 042A IZ-0520 IS.4SID -X«»Y

(*99 II-0?- 2,1 /3-0144 lb.?Jf£ 4

-IrOO /oAss? V-13-14 I&.4S-21 T^vT
iTr Y

70l I0.972O 13.0033. Ib.^ll

202 If. 01a / /3-Of?0 lb.24?2

903 ID-929b I^A4iy lb.90/3- <

704 10. ?9b0 /2.K10 IG.535SL 1«*K

105 I0A34A, (J.Wai Ib-bSlS. T,ooy.

90b IO-9S44 I2.9*r?\ is.4370 i/»*

lo9 /0.9J79- !2l £\5Db /L.33b1 "0>-i

703 /(.02.GA /3.045b tCA(5f \
309 10.1723 /30O5I (C.^94

210 10 ••9922 RAo)4 l(,.404? . 1
111 fO-9L,^ ia.°ni9 /c.(a<;Tt? i*H .

9/2 11.0091 I3.00.3sf- lb. hh*^ •z^{-

213 10 • 9Sb1- I2ACLO irr <jno4 -v^f-

9l4 1° • Iba?- l2.9L4b IC.cf^'i T>>Y

975 to-9?92 13 -ol<29 \,b. 1H\-"f

2/G 10-90,4 3 I2A9 91 l(p.<^-3

2/9
3

to-909% (.2.4354 K.3^7 7

7/7 10 A3 02 /2.9f9\ CT^7o7 T^C

919 lf.o/^3> \.3.^n- (b.&lSl >>^f

99-D lOACAb ^l.^tstf Ib-4?b3 ^
UCN-21H

ta »-«oi

F-220



ONTROL WORK SHEET - 1

ANALYST '

c

COMPLCTEO

TIME DATE

CHCCKCO flY < SUPERVtSOR)

CURVE FACTOR

SCRIES ANALYZCO FOR

SAMPLE CODE
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS

/ml

•321 lO • 904-2 12.91*7 /^•4S5C 2*»f

922 ID .9^-03 13 • ODD 4 is .9311
' .-

33*5 (0A3(o (2.1b52 f(,-SS02

92-4 t0-9b59 13-0043. Ib.ZItt

12-9 to-9Z3y 13. OZ14-1 IC4<ZSZ
v

72Q 10-9031
~ 12.252.2.

fts.91/9 lb.5334 <2ooV

927 to • 4lb2- 12.9370 If..s4-m DOOX

?a? lo -93 S3 13.4c II fb.S23 9 2o

323 10.1-994- l?.02ao 10.2303i—y.—f.

730 IO • ?fc1£ 12.9001 IL.I?3I

931 lo-?9?V 12.934 3 15.1341

33A (0 Aoc\ 12.939? IC 3.312, > t

933 I0.-9S81 \2.93tb Ib2935 AoOY

734 II. ooso \3.0\b3 Ic.b/Al 9-ooy
"'T

ID.293L 12 . loll ICZlZf 3.0 X

13b toAfft 12.9390 /C..3U.4. I

93 9 /o-9b&2 /2.9790 lb-1220

9A-2 10.1193 l3.oi?x (b.fb?2.

9;?5 to.9 /.?•* 12 • 1415 l5.UAU=s i
74o IOAS?D 12 •fbbS /C.3U4 <Pcox

74/ /o.9?C4 12.9105 (b-b04\ 3-Ooyl

74^ to.4325 f3.O02( \b.\4ll- 2-0 x

94? fo. ?4b9 I3-90J9 /s.?403 /
944 (0. 7b4\ (2.7781 fC.203.1

94S If. OS fz 13.02*9 tb-33$4
OCN-I13J

la a-aol

F-221



ONTROL WORK SHEET -t

ANALYST

c

COMPLCTCO

TIME OATC

CHECKED ST 1SUPCRVBORI

CURVE FACTOR

SERIES ANALYZED FOR

SAMPLE CODE

°r

ORIGINAL

SAMPLE SIZE
OILUTEO TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

REAOING

DILUTION

FACTOR

RESULTS

/ml

34 C,
a .

/o.PK,,^- /2-Z*45 is-9914 ^o«<

3A3- I0.99U 14 .4243 -19.&S% <K
=)4-? /0-9S21 14.123°\ (4- 911° 1
74<] 10.9 31C 14.41/7- I9-&W

350 10.9b?/ \4-40l* iH.m^

757 /f. oio3 I4.4Z14 i4.su*

9S2 10 . 9900 14-42 19 i4• 1(,V

1SI I0-9970 If./^D il.2$ 1
7-54 /o-4?9t 14. 4019 If.WI

CK5 to . 9S2L 14-39SO IHMW

35V ft- OOC? J4A2-44 11. U^

9J9 10 -94 22 14.3534 iH.*<H
9.5* to. 9fji4 14 .302.X H 7<fcT "?

#/ 757 492.-a 33(o.42. H42.H

k2 9b0 412. 1? 27<M° uri.fi

n 2b,l 4^ .7V7 79,t- AM IfbrZ.OO

A ?"• 4.T7--3I JS4.?S (#b-9-.C9

UCM-213*
ta a-40>

F-222



HU*j (1

12 Jun 98 13:10

Protocol tt:60

Tiie: 30.00

Oata Mode: Efficiency Tracing DPN
Background Subtract: 1st Vial

Region A:
LL III

O.O - 2000

ICR

0

254

0.0

ALPHA/BETA

ET DPM

BKG

40.10

Quench Indicator: tSIE
Ext Std Teriinator: Count

Error = terror/100 » BQ/VIAL
Coincidence Tiie(ns): 18
Delay Before Burst(ns): Horial
Protocol Data Filename: C:\SPECTRA\PftOT.DAT
Count Oata Filenaie: C:\SPECTRA\SDATA60.DAT
Spectru* Oata Drive ( Path: C:\SPECTRA

1.07

Sit TIME CPMA DPMI A:2S% BQ/VIAL ERROR tSIE FLAG

WARNING: USER HAS MODIFIED COUNT CONDITIONS
1 30.00 40.10 5.77 0.000 0.000 625.70

Page ttl

User

Log SPECTRUM PLOT

369.1 Y Log maximum Protocol No. 60 Sample No. 1 Repeat 1

r

RDC

4n%,,,,J.,.H, - "'•P^sffiflffi^

F-223



Region LL UL CPM

A: 0.0 2000 40.1

B: 0.0 0.0 0.0

C: 0.0 0.0 0.0

2 30.00 1095.97 1157.56 1.14 19.293 0.220 241.05

Log SPECTRUM PLOT

1424.8 Y Log maximum Protocol No. 60 Sample No. 2 Repeat'

'I ' f II

keV 2000

Region LL UL CPM

A: 0.0 2000 1136.1
B: 0.0 0.0 0.0
C: 0.0 0.0 0.0

^ /90 atf^M
ir/o •

F-224



3 30.00 1682.83 1738.74 0.91 28.979 0.264 604 82

Log SPECTRUM PLOT

2524.2 Y Log maximum Protocol No. 60 Sample No. 3 Repeat 1

"If 1,1 I I,
'' i'''i'm ' ' ' ' 'i' ' 'i ' v \ ViY'i i' ' ' ' 'i • ' "i" V •> Y'iWi '• '• -»

kev / c?S 7 JL?*- ^A^O

Region LL UL CPM
A: 0.0 2000 1722.9
B: 0.0 0.0 0.0

C: 0.0 0.0 0.0

^AT^^ <*So*P/
irid

F-225



3 30.00 1682.83 1738.74 0.91 28.979 0.264 604.82

Log SPECTRUM PLOT

2524.2 Y Log maximum Protocol No. 60 Sample No. 3 Repeat 1

Region LL UL CPM

A: 0.0 2000 1722.9

B: 0.0 0.0 0.0

C: 0.0 0.0 0.0

keV

F-226

/ C?9 7 «* g±

A%j£>
o-t

^Mo



4 30.00 0.00 43.42 0.00 0.724 0.000 633.19

Log SPECTRUM PLOT

324.6 Y Log maximum Protocol No. 60 Sample No. 4 Repeat 1

TTVi ••Vii'i.V.'iJi,

Region LL UL CPM

A: 0.0 2000 39.8

B: 0.0 0.0 0.0

C: 0.0 0.0 0.0

t i r-r

keV

F-227

2000



5 30.00 20.73 73.47 17.69 1.225 0.217 629.42

Log SPECTRUM PLOT

515.4 Y Log maximum Protocol No. 60 Sample No. 5 Repeat 1

Region LL UL CPM

A: 0.0 2000 60.8

B: 0.0 0.0 0.0

C: 0.0 0.0 0.0

keV

F-228

*WSS3»?!*

2000



6 30.00 12.20 60.79 28.77 1.013 0.291 636.63

Log SPECTRUM PLOT

367.0 Y Log maximum Protocol No. 60 Sample No. 6 Repeat 1

•.-. .A^A^-^ffXpft

Region LL UL CPM

A: 0.0 2000 52.3

B: 0.0 0.0 0.0

C: 0.0 0.0 0.0

keV

F-229

•'• - 7 -1

2000



***»' 75*z

y v /**-•

v°w< ,-f

( (.M M-TW^ \ G.37 If. 1| Jqjtjtu[ \ <,.rr

2?
IM-C4K, 3 L.n/-(

n.c
'Y<*

H (,.<# 0-3

(y \«> <b.r(
' idl©

>€> c-.W

% fe*

F-230



rwV ?A
C( &>(

c~, iA Cx f.i?

I G.*l ^.^ -*^/!w l cv.ct-
T

3> (.-^ Vc-3

2 "GMC, -75-.0

ktf.l

"2. <-<*3 2.-2.^ 4"ft4 (S)

^X--7^

% "/AS

3^ 1 o.tLL^ cCTT

C/.Tl L>7 V te> G-of a.«fl l>

/7^s> q.A t.^ I
3 ^.f( ^

4 ^i-V 6.<* <? 7.«T c.^7

fb.3/

F-231



'Lb' «1
7

I t,M *•'"< ^ ( C.>J3 o.-i^ (A)

iD jpA }MA^t_ fv°l

c^_ 9.1.7

( 7- .*•=>

"7 .i^

^J)o,^ -XV.C <t 4 C/M 2?.G

0A\ "LA-*- W [® C-9( 1-7^ (1
/

"*# G-Y0 -7.^0 **€> ^•°'J x-<3

^ G-^ 2.;>7 I 3g> ^-17^ 'l-aS

H® 7.'7 6M

l.(T L? .W

«® 111 <?-&{
..L

y

^A^

F-232

H r {->

''-» ^7

<^P ^.7-1
0.^3

S-v

T® -7-1$
3./*)

<i&) ^ ^
AAoi

<Q

p.I /

<*.& l/



7' iH-^t 9

(A <JrJV
5^-iJTXpe1

I

7_

4

-2^

ii\

in

TA\

2*v 7.°5^

'to

7C«

F-233

7>f -7V_rr fe^>Dr>- ^Q

4o.3«ib 41 ogal

77. cA*if

?fc.<,767 ^.£,0^

-Jo-Wp^ 37.5*71.

3C. ?G«.3 T?.$Vi.«t

7o. i<«4i- 37. (,024,

lu,."ibbl 37.^71

3L. ^G4? 77. S"«*W

7V.«^& 37.^ojf



ONTROL WORK SHEET - 1

ANALYST —

c TIME DATE

CHECKCO BY ( SUPERVISOR)

CURVE FACTOR

SERIES ANALYZED FOR

SAMPLE CODE Br- ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

REAOING

DILUTION

FACTOR

RESULTS

/ml

\o<n9! H.0S44 /3-ObM- lb-o39b 2000s!. c, (O
- 1099 If- 13?/ / 2 • I7(fi l(c.ISo) Ca

!\oo If. Q?JL 13 • 149? K.-S4& \

• noi
1

lJ-/3bD 13-1443 lb.f<23X 1
' \itu

1-

11./CoAt {2.11ft lb. 9 S,o4 3

I U03 (1.1312 I3>.<b5? lb- 9359 4

). 1(04- if. 04-i? 11.121/ Ib.b4lb C, <=U,p

* lloi If. 1319 13.19 10 IC.1J94 <A)
* not II. (?b3 '3-2-IS4 13.0323 CpfV
:* |IOT 11-/233 I3ASL3 lb.3ll? \Pr

^ HO"? lb 2129 13.343/ \L.91L? 2 ft.

•A Uo^ II. 073 f 13-0414 10,-9203 1A

'•* 1Iio H.I4lb 13 • /POO /b.99/0 4A

?*? (Ill II. 093/ I3-/D93- lb.o?3i C«Aoid;

\ 11.2 II . (?AI 13.(403 lb-its? A a<Ao\
\l fl If.12/4 13-1909 Ib.<:nc c>

\AA

K 14 If. f? 1,3 13.1999 {i.55CA . I

\M£ WAbl? 13 .131s lb. 2715 A

[1 It II-3/4L 13.2310 (b.(=*04 3

U(3 l( • (34S I9.-/S74 l(e.S9fb 4

tin? II. (Sib A-I9b2 (b -33?9 Ll "^U4>
(i^ 11.1314 13 . 1S4L (0 -4-93C r.A AA
n5o If. SI94 13.249? lb.4o?2

-^"H—' KJ^s •••• —

IP/ /I-/S/3 13.(351 tb.ay49

Or(- '- -

idd- i/-0?44 {3./0?2 Ib./S93 <3 *
UCN-ZtSS

(1 9-901

F-234



CONTROL WORK SHEET - 1

SAMPLE CODE

JQ2-

1.34.

lias

UG

\23

L3X

\2Pi

\ ISO

\\S|

U33

U33

W3A-

1L2S.
U3U

l\Tr

1131
111?

\1 4-0

U4-)

\14A

\\43

WM
[4s,

Ml.

Wl
UCN-2H3

(3 «*«0I

n./b3^-

ll.(L,9-R

It- IS4S

It. (93b

If- 1133

('-0SI4

M. lXb-9

II. 193o

(1.3/24

//. I?45

II.093O

1/.3173

\t.(4a3.

ll-Q?3b

II-30 DO

ll.0?09

If.A/lb,

•v. z:^

If. ts.03

11-1419

11-IS 30

K-II9S

II..14 03

if- is 19

If-12,2?

ORIGINAL

SAMPLE SIZE

13-192?

i3.2o?2

13'< I?SI

13. I?93

I3-/330

13-oss?

I3.I43S

I3-/93Q

13 .224-9

I3-303L

13. I/O?

IA. 245Z

13. /VOS

13.1130

I3-.Q34S

13. 'OS?

OILUTED TO

lb JUnbS

/(p-34-^

I(,.0933,

lb- 19-&

IS.3(^3-

IS.9701

ISAZ'SA

Ib-SlDb

/(.. ??Q?

lb.3l3S

Ib./Sl?

(b-4V9

lb./S34.

fb.S3bX

lb.Q4S9

Ib.44.7-/

/3.Z459/b.f?39
/s-favL

/J. ,4 M m.

13-/532 lb-43b?

IS-19? I /(,. ?419

I?. 1191 lb- 4443

I3.tb-43i lb. 994b

I3.r?43 10,-9424.

13-202, L ib./?n
I3.f?0l lb .J9bo

ALIOUOT

SIZE

F-235

COMPLETED

TIME

CHECKEO BY { SUPERVtSOR)

CURVE FACTOR

ANALYZED FOR

ABSORBANCE

3A
4 A

CURVE

READING

UaAai-3b

1l-z^-.

Lx

u.=£
L*

L^A
k

X A

3<v

4-A

\ A4i

(^a

C-

2

3

A
:c?cU^>
4& %

OILUTION

FACTOR

RESULTS

/ml



CONTROL WORK SHEET - 1

SAMPLE CODE

U4-*

M-
I SO

I SI

ws,x

US3

M54-

\SS

(SU

\U*r

\\S2

_Msg_
11^

XAL
[bAX

M&.
l(W
MS_

ffUo

KC9

If®

ucN-zoa

ta »-oo>

SAMPLE SIZE
DILUTED TO

11-0399 II -0?q^ (b-fatA,

I1.0S3A 13-113? f(,.7Sb2

If. I5C3 13.33-1S lb-0951

(i.f99? f3.3taS2 lb- 9933

/(. 0?b? 13 ASSJ fb.?0b3

It-1033

UA43-?

It.f9?b

II. 14 IS

i/.ftb?

\t.(3sc

JJAAJL

\IASbA

If- Ib34

HA912

K-fb9l

If. (313

II-1042

ff.Ql4f

//.iob°i

it. 1939

I/-ISQ4

fl./3b\

If. Q1?9

11-/44V

13-1303. I<b.9349-

n .(b,s% H.js^

13-214 b lb.3IU<;

/Z-1933 /CV-46.74

13. (?4l fb.l?84

13.22?? lb. 4935

l3-3f0b lb.a_9\(

13.333? lb.3179

I3.2JS4- lb.39?0

13.24/4- l(„.(994

(3A3/3

13. nil

13-1904.

I3./3I4

I3A9/5

13.3353

13.(134

/J.I9Q3

I3-I4fb

n.l?b4-

l(r.bob4-

lb. 44-94

lb- (4S0

lb.55?/

Il+.9°IL2

tt,.Z4*S

lb .2AZb

lb.Sl42

lb.44A9

lG.S0C?4

ALIQUOT

SIZE

COMPLETED

TimE

CHECKED BY ( SUPERVSORl

CURVE FACTOR

ANALYZED FOR

ABSORBANCE

4i
KV

2 A

3fl

4fl

CURVE

READING

2(\<±
C

&

&
r X-

1

JL
z

C,A
o^Uy?

®
QA-

2(\

3*

4 Pr

3*\cJ
*£

~

__L

3

Aa

F-236

OILUTION

FACTOR

RESULTS

/ml



ANALYST

CONTROL WORK SHEET - 1 TIME DATE

CHECKED BY ( SUPERVtSOR)

CURVE FACTOR

SEBIE3 ANALYZED FOR

SAMPLE COOE
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS

/ml

H'} 3 (i. 1209 13 . IC31 fb.9b.03- 4

1,94 If- 1395 /3./77L fc.3A9 4 di^p
in\ II-I9S9 (?-7391 Ib-9fb1 C,t\ ( V)
/ttC II. 107s IS. 1573 lb.23.00 a, a
1(93 A- I43Z i\.(rto \b-S3l4

n=n //.#?*» 13.2332 lb.b,2/^l aa
1(99 A. ISOl 13.1952. lb.3(Cb 3h
/rfo ll./oqq I3.IS3I h.S3/D 4A

(til It.23 b9 f 3. 3.379 lb-4%9b 4a ^
im 11.20?/ 13 -1.4 \3 It, 3339 cl&~)
un I/.2/0S /3.234c? Ib.b4lb Cn
(C?A 11-0933 13-1119 i(o.lif-n* \

ttts 11-1932 13 .2041 lb- 2033 <p

ItfL /(• 2Axi (SAb3b lb, AA59 3

l(tt II-1959 lS-2/9^ lQ,.SS25 4

(M K-104S 13-/394 lb-. 2999 l^i d-M.p "—V

ICtf It. 19 If I3.SJ91 lb.4Z?l Cft ( ^)
ifto ll.2olS I3A3C4 (U.43S3 CjtV
!/9J> /(• (239 I3AQ0I lb.2033 u
II9JL ft-l4b1 I3.f?3b ,4.23,43 cXP,

)!9l 11.331b, 13 A3 14 lb.29b% :sq

(194 H.//03L ll-\S4S lb. 4b99 4Pr

HIS tl.UbAr A-lb,os lb./3/S C.Rck <->

W9fo 11-2023 12 • l?9b (b-bloA
1 I-

\m 11-199% 13.2102 lb.4C.l2.
UCN-2133

\9 »-«0>

F-237



ANALYST ' ' —

CONTROL WORK SHEET - 1 TIME DATE

CHECKED BY ( SUPERVISOR) ™ •

CURVE FACTOR

SCRIES ANALYZED FOR

SAMPLE COOE
ORIGINAL

SAMPLE SIZE
OILUTEO TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS

/ml

|/t>? It. 11 OS IS. 3/33 1C3S3 r?

HVf //./s?9 13.1319 n.6,^'34

/Poo If. of/4 13.0991 (9.443*

I^Ol If. 124b 13-31 9 b 1 } -V322

A?cU 11.1444 f3.1490 ibJdoi

12-03 K-/S/S /3-(?44 ib.49/5
13-04 If • 1371 /3-I7X0 lu.liZl

I20S 11.19 Jf (3.31X3 Ib.bZot

&Ob> 11.(1(2 13.321?6 (b-4291

IA69 If. 11?? /3.2.444 lb-?252

(JO? If. toss 13 • I4b£ lb - 4-OS?

/209 K.MS4 13 • 123 9- K-/?4b

/AlO lb 1951 I4.S92J iH-bW
An It. if19 I4-Sl?0 (H ^"60(3

WJL II - (1 ?2 144220 ,¥.&2b

12/S H. oo,^)9 14.43A9 \US20*

/A 14 (IS2.CT30 14- U4.4 14. 7/7C
"

12 IS !i.ii>4-3 I4-S3-V2 w-bml

flit. HA4I3 14-5S9? NA531

1219 11-1327 I4-S94S i^.UcA

l<JI9 K-13 9? 14.5492, i<4.b<iy

UI9 l(.0??b \4 -Sooo 14.9H^

l<220 If- 1114 I4.SS93 liMU

l<J<A ll-(C14 14-S3J9 i^.U<7

19-^ 11.13 IS \4 .S3.3S I'i-^U
UCN*2f3S

ts e-«oi

F-238



ANALYST

CONTROL WORK SHEET - 1

COUPLETCO

TIME OATC

CHECKCO 8Y ( SUPERVISOR)

CURVE FACTOR

SERIES ANALYZED FOR

SAMPLE COOE
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS

/ml

IX>*> //• l?/0 \4 .S93J5 lS.foJs-(

19^4 l/-ob<:3 l4r.4^lA\ H. <T7£o

/A2-S /(- I3SL ]4-S4S£ vM.S"?bt

ta^jo fO-9UA \C /3TSS (tf-^jr

I0&9 l(. IS1Z [4^335 H. ^J?

/A12-S If-2045 14.(^315 An-An

f*?f ft- I091 14.S-Z.ZO i»r.s-?n

/2-30
f(.23-?2 I4-G,c?l W.TUU

IA3.1 \l-o333 l4-4S^O (f.^^r

Mia li-OffS I4-530S \9.uhI

-m?r- I! IAJ2 •\<4.^4AH" Sti^^^-i

/c2J4
4*10- of

213.02 1OSp.lc

/jj<;
4-31- 4-S

1030.3,5

Q3b
4y*. 7A
1l,fZ ,1,1 £3b.b[o 112*.2,3•Tf ' t _J Wl

#3?
49'f-^Y
rV-.OcTM AW-53- 113?.2)9

/ASS
490-bl-
U-^c2 f3 2X<b 1140.07

i*??i l^iSo 232. |<T W40A2

/240
Hft**

a n il \oM». >l•+h-f\a% r

/A4( 2J4.3.S IOAU2S

IJ4J P^97 J &3-20 1/33.99

I2A3
Hi?- >»
nrrnr 3^-70 II IS At

IMA Jpi^y m.o<; /I31-.S4-yfrv9jf

I24S
tij^

2US.W ffOtf-SG

UCN-2 0S

u »-«0»

F-239



• <^r.&^0&*g;'' <&$a ^ Jf^ l^ax_

^>-7-S?
_ 1js\ c^_ f.*i _^ c iOQ> ^- c^ f*^

1 Wl* A. t-.^ . ...11.* 7^1 -7.»v ^.3. ' 't^l -7.i-v._ (

7 l-tT

-7."i-l 1?>
•y7-a ••V iji^ 7- 'z-'i-3 n.»* A.I .'fa? 7.T., <*p^ p -7.2.^ ^3.-!? .<-^£

- - C^-8 1 7-L1 . . . . -7^.5

-&£ JU±A- AA- *^-W -,fr <k^<j^
6, •7.-r«" — <^v Tit. '„ " Ci " 77^3 __

<£S-5 7-9t-

4_. l-.A. «:?........ •.^1? V .7^ yr.i.. »/c, V.7,IP M*-. v 2/V _i
7- 1.T.+ in- f *7 t- -).3* G.o Aju i_ 7.-JS '-2-i.v. -r/f.z.

A-n7"3^ 7°- ^ .dx/g/z- ? ->.\c\ 21.-7.1/^3 1 c,t_ ^a. .4l/icv
4^7.3-^ _ __3"-*__ / _ i 7Lj_ '
•<j?: A'X-J AA^ ~™~1 A-z^—i«--1---

*v

jo.ol ij.p /"ii.o-s

LcSLH+T
S-0X fib*A

F-240

/'.



•x. 2-Zt

I 7- 1°

Z. ZlG

J. 7.0.7 ..

{ z.09.

?LdB((f-

"0cO 77^-v(

CTjcc) _7(,,-. «,

Oct) 77*. (

rOu^y

c
V

0^9

F-241



ONTROL WORK SHEET - 1

ANALYST

c

COMPLETED

TIME DATE

CHECKED 8Y { SUPERVISOR)

CURVE FACTOR

SCRIES

Ti-7L. •HitStC' tj-a. r-j^t-s/jwiVie
AHALYICO FOR

pY<v SAMPLE 3IZE

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS

/ml

tfn ll. 1*11 19 9<7(,S- /7^7H7 2-^Y

$9* il. OAM i4Aiob , 9-32Z4 I
991 11.0311 13. o-s^-o H,A324

<\o"D ((.0339 13 .0310 lb-9295 I
qo> lOAIfoS 13.4632- lb. 2,533• IX

403. l(.0)S4 13 • 03(o4 lbA?90

403 (0A992 13.0131 lb-9l\b I
904 11.004 s l?.OSJb l(,-3?49 i
90s \Loo?9 I3-03S3 IS . 4?3C 1°y,

90b ll-DzaO 19.0(0^ lb-A\3T$ 2*Y

9o3 10.9241? f3 .?4,9? lbA353 4
9oH to-99Sy 12 A f 33 (C-9S44 _w
904. If. 004s 13.0^19 l3.(?5b

9 to II. 1431 13.19?? 13.5045

9d 10-4731 13.0(43 /") -0335 i

tM If-Of40 13-053.3 lb.2914 $ m*
•

4(3 10.9-7 01 P .9FSO /C.700L c2oK

9(4 110913 /3.o?/Q lb-9321 £0*

9>ts ll-OOW IS.0357- >C. $45? \ \

9(b 10-1993 /3-OOHe lb. 75^
1

9 19 10-1993. 13-0091 (3 .0324

fit lO-94bL a -1129 19.0/09*

V9 I/./324 I3-I455 lb-boll - r

4^0 lo.loiz 13-7972 \b.4\51- -7 0/x

92LI \o.99si 13.0/II l(,.5510

-"^ 1

2-^i
UCN-2133

la »-«o>

F-242



ANALYST

CONTROL WORK SHEET - 1

COMPLETED

TIME DATE

CHECKCO BY (SUPERVtSOR)

CURVE FACTOR

SERIES ANALYZED FOR

SAMPLE COOE
ORIGINAL

SAMPLE SIZE
DILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS

/ml

&A0 If. 0330 )3-0(o23 (b.4S~9\ _i*

?^ II. OOlfc I3.034L I5-90IS

9,04- 10.9921 13.0142- lu. 7153

9a* 11-0993 /3.H4S /CAb/7

<fo^ IO-1b?3 13.015/ lb. /CpST- 1
^ It.oXSf /3.0Z°tl IC&43?

W ((•1/09 13 . IISO IQ.bllO

9^<7 I/.0J39 /3.OS03 Ib.Cfll

?50 !0.l3bS 12.A531 l<oA24l

931 10.94-22 13.4991 lb-9932L

932, /f.OOOL, 13- 0/35 ICA3/7

93y Il.0bb3 13.0943 lb.0283

$34 11-0495 13-031<, !k.2??0

$3s I0-9L5? 13.9911 It*. 454b

9Jb> ll.f?24 I3.2I0Z l9-0?9l

939 II.0093 13.04(1 IU.410?

93X 10.9053 13.9 412 lb-335\

939 II-Obi? Ll.lOlb, IL..LO03

94o II. 00 2 U 13.04./3- ^.2.03-5

°14\ ft -0035 (3.0329 IbAOlO

Q43 ff./33( 13-1234. lb •9042.

1'43 ll-OSb9 13.0931 I(a.4-34b

9\A4 11-0490 13.10fa fb.1019

^4f (I.OOI4 I^.OSfS 10.2(03

94L l(.0?21 13.144-0 IA-12 4?
UCN-2131

(S *-«0)

F-243



ANALYST

CONTROL WORK SHEET - 1 TIME DATE

CHECKCO BY ( SUPERVISOR) —

CURVE FACTOR

SCRIES
ANALYZED FOR —

SAMPLE CODE ORIGINAL

SAMPLE SIZE
OILUTEO TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR
RESULTS

/ml

943 \f./Ol9 13 . /S%<L /b-?l42

947 U.fJLS^
11.4*19
h K71 1 A- 5-^S"/—> <• t u 7 /

c\45 II-13oo
((^.<-7->-1--

14. (*t 013. -l3<-n

1so /o.<no4
,<-!• y-i%^

{14A%J>/j> -v J5J

9<?( 11.0094
iH. isHi
rs.otifs-t \HAilz

?S2 I0A59I 43~e&{ iiA901

qv II.04/C il-^lb

1S4 10 .?(o/0 /J 9-yi? 14- 31/9

to If. 0033 to fri ->ri_ i4- HtW3pJ-^(^S£jr

ISC it-0434 t4S4?$

9S9 11.093?
/V.*wXiUp

f^A?&9- /V.S7s7

*! ?r?
49' » l

if .15 u, in-
Z$<\S\

/3 /|Cl,| U5b.^L

^>1S3
49/- Ol
10.991^

yys- 43
/3.0<1bi \l39.bL

^ 9bo H«A^ 296. b>2 1)49- )|

^ 9b, Atf. S2. 390- l2r •U3.I?

f-ta

3-<^

UCH-21SS

(a »-«o>

F-244



aJVG

7.3/
?=>3

&>

\ <o-H7

H <*A?

-i 7.^

7-K

l, _7.»^_

3 7-'«
s>

-7.

I*'
oc,

i>.»7</

At>r~"j >V
pyApjo-(

1V.7c.f3

<\ ?.«i?

-2_

.? (x,AA -j,I.H

4 tv. i*" p.-?

{. no k?9*j$ x c.°»r

(..•it 4> 2. C-TZ-
(>«//.9

re:

? . 7-«*«..

r-i.

6-

V^Ov

(•^" I TfSP *B^ 1
-lM <f T- &.<i°l '°-^

l«Y.«.1
J>

17- °> 4 </ ^. 0o -JY.(. ^

rfj^

.A3A _..|.
36'.( C*^

^

C, 7-=l<<' ' c, -7.<i^ —
r^Tpg) -7.^^* ~~~

—'— C1_ V."*"? —• •c^_ tf.-W

\ n.A

7_ -7.i3

~3"'i7Az-~

7-t*

^l.^. (Vf-a) -J. ~>.-i.3

At- AAiA 3 7-4 1"

?7.-( /
11. t- b q /?.3r

F-245

0 .OLo

T?A i



•x. 1.ZAA

I -zo%.Le>

•u lAi- i

( l°9.^i

$ouocVl.

47-9^

17. 2
7

*7> '.''To

Oil-'') 77J.3 H.1*lZ-j

F-246



ANALYST

CONTROL WORK SHEET - 1

COMPLETED

TIME OATE

CHECKED BY ( SUPERVtSOR)

C^(bA9
CURVE FACTOR

SERIES C^ptglr
T?7t-+ftV<. 11*. *• the*

ANALYZED FOR

$7^
ORIUIN'AX

sampuc -SIZE

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS

%1° 16. gq9i &.%1\h \i. <n\*
3o<Z>X

*3l 1/-6-2*4. I4 -3")00 i <i . -t^f-i
3 0OX

?32 I0A0U9 12.123? 10.3S^S 30OX

?33 (0-1997 13-QlZb IL.L?9t, J?00X

S3 4 IO-91b9 12-91L3 llr?.4.^Slo «2oX

9SS I0A4I9 I2-Xb?4 IC<£UyAo

f3U lO-fss^- 12.9794 1^.044^

239 io-9(9b, I2.15SA. )t>A45i> t

13% io.979f 13.02-53. \<^.-!>0{*3 ,221 H

?39 l(. 14-31 13 • 1 ?b4- 1(^.99^4 ioox

%4o If. 14 04 13.WL lb,.o\92. <?• ooy

14\ I0.7VC3 12.92 10 iL, .5(c»q o 3ov

843 \t.30lAo f.3.23-7b \J-\U93l. 1
$43 If. 0359 13.0blO n .02 IS

?44 If. 12 31 I3.HA9Z H.OoVr -*<

94S K-2041 \%2S54 \3-\4o\ 3oo x

Wl I/-I99S 13. (SO? lb.?b5S olOOX

%A9 II.I73S \l.\-yb,\ l L Pi3 94 2-Oox

\49 K-143? |3.\l.Z2 19.0)1-9- 2o%

949 U.f2Jl 13.\4-^ IC794D \

950 ll.fb?9 i3.aoc^ 13-2149

$5/ if.(3S4 V3.\4"2( 13.24)51

fee? II-f 3 Ob, (3.1407. I(,.0303. v

%S3 (l.(S30 \1-\b>49\ Ib.SUAK 3.00 K

$54- (f.(2 7? \n • \qo5 H,Ab42 2oo^
UCN-K11

la «r>«o)
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ONTROL WORK SHEET - t

ANALYST

c TIME DATE

CHECKCO BY | SUPERVISOR)

CURVE FACTOR

SCRIES ANALYZEO FOR

SAMPLE COOE
ORIGINAL

SAMPLE SIZE
OILUTEO TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

REAOING

DILUTION

FACTOR

RESULTS

/ml

tfSS 11.32(4,3. 1 3 • 247,4 1C.9421- PcW

?SL if*. (4bo \3-\329 \32??l
<

S5} U. 19-99 b.a 109 \9 .1^93

9S<2 II.I4S4 \3.\3D3 tfjoa^s

9>*F( K.ISL3- \3.n°i3 IS-?(,|> "'

%bo II./CS5 ^M.iq^z. w.ofii ^OOX

«U II. (?3'„ io .v°io*a n.0134- ZcroY

IbA^ U-3too W.23W n . (c'34-3 ^7iY

2b=5 ll.oSso (3.^°it \9-4W1

2(*4 H-O023 I y -0340 l"?<\3LA

<ZbA U-OCaC \3 .0^14 H • Sl^n

?<pV H-oiU t3>^3C^- n .^-2-31 1

9(33 U • 04-1S IS.CS^Co H.OJSS /?oo *

9L5 10.c,^?3 \3A^\? R.OU3 2- 0© v

3t3 U.0314 (3.0400 !U.?CT?4 c?C> <

230 U-02_<Vr ti.o^^-3 R. 04-51

%9) 11.0404 (3.034:3 R-^ASO.

932. W-OI4.-} \S.dS23- [2 .395~9

%39> " 0.^435 \2.9^0:<=\ IS.S^Io r

994 IH75S- \ZA9b3- IbfttO*

29S U-CJlT-l \3-03,$\ *-;. *w

$9(* H-o(4o 13-04^}^ U.7Jf

299 10.^1^3 \2.Wff It.i33(»

$3% \°.9LU=± (3.0415 \ b - *M

9,94\ \°A^2\ 13.0400 Wo-^iA
ia »-«o)
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ANALYST —

CONTROL WORK SHEET - 1 TIME OATC

CHECKCO BY ( SUPERVISOR) '

CURVE FACTOR

SCRICS ANALYZED FOR

SAMPLE COOE
ORIGINAL

SAMPLE SIZE
OILUTEO TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

REAOIHG

DILUTION

FACTOR

RESULTS

/ml

*SO \o.-i^L, l3-04^=r [<..•>-«•<*

n\ u.oscq
\4-SL04
13A356 H-GO'I

m IC-.'iLS*, iM.«T7»

m lO.<H22
14 -43S5

^.s-wr

TS4. \ l .0444

14-4138
(H-OW ,

*??s u.o<=iq( Ja/.frW

ste (0-^=11\
\4-43.9S

14.9ii%

rn lO.^RZ
K-35 LO

1 "I 1U-1 -» i -v.117b
•

t« • r-t / _->

m 10.^15
14-323?

1 ^ 1 -,-ii? 14.3(41r" • I j Ozf

999 \i.0S3,$ V4.49«^ 1Y- rwt

190 lo-Vm (4--4IS3 ,<{. qs'TZ.

•29, ii-oiK \4.4«PS3 .•Y-r/ii-

m 13-1*10 J I** Aolb w.<k^

%\ fl3 4?S -3«? 33b .14- \l*3|.*^

t> 794 4^, 4*7? 23}s .51= fl<3^.S4-

4rv ^ <R3 .3S a^o.sS [Hl/
^ ,?ft 4>^ .51 ^•s', I\3? -31-

UCN-2'33
(3 »-«0t
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' 'Af^AAA ^^V^g^fe^
yitSCVi

7- Cp..f3

? tV.<7

$A*>
.9&J { (,.l,<- \.3f (CJ . W.( \-r>" <g{)\ <*-r^ Ul»i

•^'^ -l G.03 l.«/ -v V.o-T 2-vH "*- <-^ "L-7"°

liCf 3 1/-7H 0.xj( 3 C.-T*- ftSrS / 3 (,j7 o.k.1

c{ (0.53 q.^

J^L

2.

[o^A.

3>*- ^L j^L Mp/-^

( ^ Q3-L. 0.91-fy ^ ,,.<l«i *.*u ^ ^ (o-^ \.vo
T~\»-A

tv°s

^ *.12

^ G>3

(A) I <g^o
-z-fc

7. fr-^ V^L

/
to. o°

l?-1-v
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ANALYST

CONTROL WORK SHEET - 1

COMPLETEO

TIME OATE

l-X^-i SiPM
CHECKED BY ( SUPERVBORI

CURVE FACTOR

ANALYZED FOR

SAMPLE CODE Hi •eRieiMAL"
SAMPtC-STZE

*etTjflST
ABSORBANCE

CURVE

READING

DILUTION

FACTOR /ml

9b^ ll, llbl M.S-lHi 19. -ri^> TU>«J?c

9b3 //. ootl iff. mi i9.i,Ti\ 4

9b4- K.(3i\ 13 .1^92 Hs.flbb cPoo-K

9bS l(.2lbo 13.33 IS IL.CI31

9b,L K •04-93- /3 -0-3DO lb. b403

9b3 t0-9b3<9 12.If4-2. lb.4A)?9

Hht I0-1L33 (2-1114 /b-LUJ

9b,9 (1.0^39) 13 •olsb Ib.b934.

99o ((.0344 IS- OS3S fb-bS73 >'

991 1(033.I 13-0403 It,.4303 2oox

932. fD.f?73 13.991T IL-S747 2oox
y

191 11.0^-9 I3>.09o/ /c.3wr <?oy

9q4 11-0214- 13-0429 lb.-7 034-

19S !Q -l4Ab I3.9U4 lb.S0?3

93 (e If. OS 1Co 13-0733 /(,. 9?2>n

m 10-9933 l3.o 043 lb.G333 3oi>t
ft* /{Of 23 (3M5S3 IL.SODX c5ooy

?99 (0-9131 fZO!39 lb.3b.IU

z1 —

lOOY

°/lo ((•094X I3A094- lb • 3.231

9?( K-0033, (3.04-/9 l(o. 4424

to 10 .9203 /3-OI44 tb.3539

9*3 lO-ISbJ (2.9449 lb.9?11

fVf /CAMS ID .19 19 lb. 03 IS ••>

41 $S ff-04s-X 13.OS?^ fb.4314

rtc (oA9?( (3-°0S7 /0.443S
ucN-ztaa

13 «-»0)
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a*

ANALYST

CONTROL WORK SHEET - 1

COMPLETEO

TIME "Alt

CHECKCO BY 1 SUPERVISOR)

CURVE FACTOR

SERIES ANALYZED FOR

SAMPLE COOE
ORIGINAL

SAMPLE SIZE
OILUTED TO

ALIQUOT

SIZE
ABSORBANCE

CURVE

READING

DILUTION

FACTOR

RESULTS
/ml

^2 lo .1919 13.0044 Ib-SC-TB

tV? fO-ISSH 13.991<3 IS.4439

P<9 ((•0431 13.o2/? t^-53^1

990 (1-03?/ I3-09I9 /b.S?/f

191 /(.o-?9A 13.0 7 S3 lb-30/C

993 10-199f 13.04*1 l<e.49(Q

193 t(.0<,io f3-09^ lb-0913

994 K.0459 (3.(094 It..SI?)

99S If- <53o?.3 13.0901 I0.bl44-

<91L to -1Q39 13 -004s I&AS29

99} It- (323 13-134? lb-ObS7

7?2 K.O0 9? 13.0 43b (i>-323X

999 K.CSII
l3-o<g={S
(S-^M5 U --lH\

iooo K.0S53
1*p I3-°<.X
f-frrSb9?

r

/col If. 0974 13.fOC? \t.-Jvs-s"

/OOSJ (0-9^21 /2AS4L \W.T»l7

{OOJ t(.OI<*4- /S.0314 (CH^

(°°4. ff.fD /s I3.f3>(n4 l±.^
foos If. 13,41 I3./S9I It*, b^1

foot 10 .1949 il.00(,G lb- 4399

foo9 (0 .901S \iA\-v, \s.32\2

/odp I0-94O3- \\-%Vi \b-4\51

/009 to A S%9 [tAmX' IW-"3LS^
lo(0 ((. 0904 U-vmK Io.4-7=yS

(01/ ((•(^03 \vnti- Ho.3LS4
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ANALYST * ——^—

CONTROL WORK SHEET - 1 TIME OATC

CHECKED BY { SUPERVISOR! —"

CURVE FACTOR

ANALYZCO FOR •

SAMPLE CODE ORIGINAL

SAMPLE SIZE
DILUTED TO ALIQUOT

SIZE
ABSORBANCE

CURVE

READING
OILUTION

FACTOR
RESULTS

/ml

/0/j ft- 0139 G. fti° lu. 016,3

/eV3 If-0 til I4AA3 W.ats

A>/4 l(.(34D l<9-4-)S] •W.S77?

1013 If .0/23 [HAIbL /y.vyj?

W(. It- 090,1 ,U.<Wb AA731

10(9 11.1249 11. nm /^.cr"

(on 11.13SO /•Y.SaV?^ /^. cV 0d

(Off f1.19 63. W.(*«> /Y. 7-i»7

fo^o ff.0^94 i4A<tf<{ /«/. rrt^

(02i( !I-°15D 14. «*w /*f- frl^

101& I/AI3* i4.b3b^ i'V- 0^

[d*3 If. IIbl iH-fHif .</.6^03

I0A4. If. 133.4- 19 94 3̂ ,</- s^0

W( 'toas 490. ft) 292.5] HZ)-31

U f02l.
3i—

4S9.% ,391 .31 IIS3.44

Z/o^ AA&.V9 ilf. vM 1144.25,

*4 10^2 4X4 - f£> 5 34--S4 11^,-23

^
BBBBXa-aoi
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C, 7.67

<r*->ST><& fVJftv^ ^|

c^ -hit
*9

Q?M .•..J)

I -?>* lT2.o c; 7^^ ^^,1^) .3U-5T

93-ot ^-^ 7uc~( (tbsb.-2-A) o.^r

3 7^^ 10.1 7c^^ Q^o.w\) 1.0,

•o
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