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Sample Preparation of Sediments, Sludges and Soils (for furnace AA, flame AA, or ICP) 

Determination of Percent Solids 

Mercury Analysis - Water (manual) 

Mercury Analysis - Sediment 

ICP Methods 

AAS Furnace Methods 

Toxicity Characteristic Leaching Procedure (TCLP) for  Inorganic Contaminants (RCRA) 

Determination of Fluoride in Solids 

Determination of Uranium in Soils, Sediments, and Sludges 

Determination of Uranium in Waters 

Determining Isotopic Composition of Uranium or Plutonium by Thermal Ionization 
M a s s  Spectrometry 

Obtaining Gamma Spectra of Environmental Samples 

Gross Alpha and Beta Radioactivity 

Sample Preparation and Separation of Plutonium and Thorium from Solid and Liquid 
Environmental Samples fo r  Analysis by Alpha-Spectrometry 

Analysis of PCBs in Soil, Sediment, Oil and Aqueous Media 

Radium-226 and Radium-228 Determination in Water and Soil Samples Using NaI 
Detector and Least-Squares Processing of Data 

Method for t h e  Determination of Organic Compounds Collected Using TENAX-GC Traps 

' References for  Volatile and Semi-volatile Fraction Analysis Procedures Subcontracted to 
Hazleton Laboratories America, Inc. 
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Sample Preparation of Sediments, Sludges and Soils (for furnace AA, f lame AA, or ICP) 

A representative 1 g (wet  weight) sample is digested in nitric acid and hydrogen 
peroxide. The digestate is then refluxed with either nitric acid or hydrochloric acid. 
Hydrochloric acid is used as the final reflux acid for the  furnace AA analysis of Sb, the 
flame AA or ICP analysis of Al, Sb, Ba, Be, Ca, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, K, 
Ag, Na, Ti, V and Zn. Nitric acid is employed as the final reflux acid for the furnace AA 
analysis of As, Be, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni, Se, Ag, Ti, V and Zn. 

Excerpted from: 

CLP SOW 785 
Attachment 1 
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Determination of Percent Solids 

The sample is weighed in a tared container and then dried to constant weight in a 
drying oven. Data is calculated and reported on a dried weight basis. 

Excerpted from: 

CLP SOW 785 
Attachment 9 
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Mercury Analysis - Water (Manual) 

This procedure is a physical method based on the absorption of radiation at - - -  
253.7 nm by mercury vapor. Organic mercury compounds are oxidized with potassium 
permanganate and potassium persulfate and the mercury is reduced to the elemental 
state and serated from solution in an open system. The mercury vapor passes through a 
cell positioned in the light path of an atomic absorption spectrophotometer. Absorbance 
(peak height) is measured as a function of mercury concentration and recoded in the 
usual manner. 

Excerpted from: 

CLP SOW 785 
Attachment 5 
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Mercury Analysis - Sediment 

This procedure measures. total mercury (organic and inorganic) in solids, 
sediments, bottom deposits and sludge type materials. 

A weighted portion of the sample is acid digested for 2 minutes at 95'C, 
followed by oxidation with potassium permanganate and potassium persulfate. Mercury 
in the digested sample is then measured by the conventional sold vapor technique. 

Excerpted from: 

CLP SOW 785 
Attachment 6 
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ICP Methods 

This method describes a technique for the simultaneous or sequential 
multielement determination of trace elements in solution. The basis of the method is the 
measurement of atomic emission by an optical spectroscopic technique. Samples are 
nebulized and the aerosol that is produced is transported to the plasma torch where 
excitation occurs. Characteristic atomic-line emission spectra are produced by a radio- 
frequency inductively couple plasma (ICP). The spectra are dispersed by a grating 
spectrometer and the intensities of the line are monitored by photomultiplier tubes. The 
photocurrents from the photomultiplier tubes are processed and controlled by a computer 
system. A background correction technique is required to compensate for variable 
background contribution to the determination of trace elements. Background must be 
measured adjacent to analyte lines on samples during analysis. Corrections for 
interferences must be made. 

Dissolved elements are determined in filtered and acidified samples. Elements in 
solid samples are determined after digestion procedures are performed. 

Excerpted from: 

CLP SOW 785 
Attachment 3 
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M S  Furnace Methods 

Samples are in an‘acid matrix suitable for analysis. The solutions, or dilutions of 
them, blanks, and calibration standards and control standards are poured into vials that 
are inserted into the autosampler rack. The instrument is programmed to transfer an 
aliquot from the vial to the hollow graphite tube in the furnace and to take a matrix 
modifier aliquot if required. The furnace program evaporates the aliquot to dryness, 
ashes and atomizes it. The absorption of the radiation from a hollow cathode or 
electrodeless discharge lamp by the atoms in the light path is proportional to the concen- 
tration of the element being determined. 

Excerpted from: 

CLP SOW 785 
Attachment 2 
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Toxicity Characteristic Leaching Procedure (TCLP) for  Inorganic Contaminants (RCRA) e 
1. Scope and Application 

The TCLP is designed t o  determine the mobility of both organic and inorganic 
contaminants present in liquid, solid, and multiphase wastes. 

If a total  analysis of the waste demonstrates that  individual contaminants are not 
present in the wastes, or tha t  they are present but at such low concentrations that 
the appropriate regulatory thresholds could not possibly be exceeded, the  TCLP need 
not be run. 

2. Summaryof Method 

2.1 For wastes containing less than 0.5% solids, the waste, after filtration, through 
a 0.6-0.8 m glass fiber filter, is defined as the TCLP extract. 

_- 

2.2 For wastes containing greater  than 0.5% solids, the liquid phase, if any, is 
separated from the solid phase and stored for later analysis. The particle size 
of the solid phase is reduced (if necessary), weighed, and extracted with an 
amount of extraction fluid equal t o  20 times the weight of the solid phase. 
The extraction fluid employed is a function of the alkalinity of the solid phase 
of the waste. Following extraction, the liquid ex t rac t  is separated from the 
solid phase by 0.6-0.8 m glass fiber filtration. 

2.3 If compatible (e.g., precipitate or multiple phases will not form on 
combination), the initial liquid phase of the waste is added to the liquid extract  
and these liquids are analyzed together. If incompatible, the liquids are 
analyzed separately and the results are mathematically combined t o  yield 
volume weighed average concentration. 

2.4 The TCLP ext rac t  will be prepared and analyzed after acid digestion for As, 
Ba, Cd, Cr, Pb, Se, and Ag by ICP-AES. Hg is determined directly on the 
TCLP extract  by cold vapor AAS. 

Excerpted from: 

SOP: ACL-023 
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Determination of Fluoride in Solids 

Fluoride is separated from complex and insoluble materials by heat and steam. 
This pyrohydrolysis carries the vaporized fluoride as an acid through a condenser to a 
receiver. The concentration of fluoride in the receiver can be calculated after 
measuring the change in potential of a fluoride specific electrode due to the addition of a 
known amount of fluoride. 

The pyrohydrolytic method for the separation of fluoride from inorganic 
materials containing alkaline and alkaline-earth metals is aided by a mixture of reactive 
oxides that function as a flux. A superheated moist carrier gas speeds the quantitative 
volatilization of the fluoride to a receiver containing the ionic buffer necessary for 
measuring the fluoride activity. 

The known addition method of determining the fluoride concentration eliminates 
the uncertainties due to cornplexing species and to variable background ionic 
compositions. Determining the slope of the fluorice specific electrode equates to 
calibration. The slope is virtually constant. 

Excerpted from: 

SOP: ACL-025 



A-19 

FMPC S b A  
Issue Date: 06/17/88 

Revision: 00 

Analysis of PCBs in Soil, Sediment, Oil and Aqueous Media 

At the t ime the samples were obtained for  analysis, the CLP methods were not in 
place. The analysis of these samples was understood to be a screening method for PCBs 
using CLP "equivalent" extraction procedures when appropriate since some of the 
samples did not conform t o  CLP sample types. 

e 
The samples in an oil solvent matrix were dissolved in hexane. The resulting 

solution is dried if necessary, subjected to a Florisil Sep-Pak cleanup, and prepared for 
injection in a GC equipped with an electron capture  detector (ECD). 

The soil samples were extracted using a sonic bath instead of a sonic probe as 
specified in the CLP medium level extraction procedure. One l i ter  of the water sample 
was  extracted with dichloromethane using a separatory funnel. The extracts  are dried 
and concentrated, exchanging the dichloromethane with hexane in the concentration s tep 
to  a volume of 10 mL or less. 

The GC w a s  equipped with a DB-5 Fused Silica Capillary Column (FSCC) on 
which the quantitations were made. Confirmations were made on a DB-1701 FSCC. As a 
check, samples were also run on a SP2100 3% packe\d column. Results were calculated 
using an  externs! standard approach. 

QC included a blank for  each of the three matrices. Duplicates and matrix 
spikes were not run. An NBS certified QC sample was analyzed with the samples. 

Excerpted' from: 

Quality Assurance 
Document No. C-0030-0265 
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Determination of Uranium in Soils, Sediments, and Sludges 

The soil sample is ignited in a muffle furnace to burn off organic material. The 
uranium is solubilized by acid leaching. The fluorescence of the uranyl ion produced by 
pulsed laser radiation in the ultraviolet is enhanced by the addition of a reagent called 
"Fluran" (a proprietary pyrophosphate reagent of the Scintrex Company). A scintrex 
UA-3 Uranium analyzer is used to measure the  fluorescence differentially, Le., readings 
are taken before and after the addition of Fluran and the concentration of uranium 
determined using the standard addition technique. The electronic system of the UA-3 
analyzer is gated to accept signals from the photodetector after the fluorescence from 
any organic species has decayed to zero. 

Excerpted from: 

SOP: ACL-032 
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Determination of Uranium in Waters 

Water samples preserved when collected in the field with HN03 to pH < 2  
generally do not require any treatment before analysis. The fluorescence of the uranyl 
ion produced by pulsed laser radiation in the ultraviolet is enhanced by the addition of a 
reagent called "Fluran" (a proprietary pyrophosphate reagent of Scintrex Company). A 
Scintrex UA-3 Uranium analyzer is used to measure the fluorescence differentially, Le., 
readings are taken before and after the addition of Fluran and the concentration of 
uranium determined using the known addition technique. The electronic system of the 
UA-3 analyzer is gated to accept signals from the photodetector after the fluorescence 
from any organic species has decayed to zero. 

Excerpted from: 

SOP: ACL-029 
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Determining Isotopic Composition of Uranium or Plutonium by Thermal Ionization 
MassSpectrometry 

1. Scope and Application 

This procedure directs the operations involved in measuring, by Thermal Ionization 
Mass Spectrometry (TIMS), uranium or plutonium isotope ratios, and the use of these 
measured ratios for computing the relative abundance of each isotope in a particular 
sample. It is applicable to any sample from which a sufficient quantity of the 
element of interest may be isolated in suitably pure form to satisfy the sample- 
loading requirements of the mass spectrometer employed for the measurements. 
The procedure presumes that the element of interest has been previously isolated 
from the sample matrix and is submitted for TIMS analysis in the form of a nitrate 
salt or in dilute nitric acid solution. 

2. Summaryof Method 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.1 

Purified samples of the element of interest are received in the TIMS 
laboratory after being separated from the sample matrix and converted to the 
nitrate form. Isotopic standards are kept in the laboratory as solutions (1.0 f 
0.1 mg U/mL or 50 k 10 pg Pu/mL in 0.8 HN03), stored in Teflon bottles. 

Samples in the form of dried nitrate salts are dissolved in 0.8 E HN03 to 
provide a concentration similar to that of the corresponding standards. 

An aliquot of the sample or standard solution containing a prescribed mass of 
the element to be analyzed is deposited onto an appropriate refractory-metal 
mass spectrometer filament. For uranium, 1.0 f 0.2 ug is deposited in a Ta 
filament; for Pu, 25 to 50 ng is deposited on a Re filament. 

The solution of the filament is evaporated to dryness and oxidized by passing a 
current through the filament. A programmable dryer is used to control the 
drying procedure. 

The loaded sample filament is incorporated (together with a second, blank, 
sample filament of the same refractory metal and a rhenium ionizing filament) 
into a triple-filament ionization assembly for subsequent insertion into the 
TIMS source. 

Up to 16 ionization assemblies are inserted into the source chamber of a VG 
Isotopes, Model Isomass 54R, mass spectrometer system. 

The mass-spectrometer source chamber is evacuated, and each ionization 
assembly is, in turn, taken through a filament-degassing-sequence. 
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Sample identification information is en-ered into the mass-spectrometer- 
system computer, appropriate automated-analysis procedures are assigned to 
each sample in the source chamber, and the automated measurement 
sequence is initiated. 

Each sample in the source chamber is individually analyzed, under ful l  
computer control. The analysis sequence includes (1) setting the temperature 
of the ionizing filament to provide a prescribed current intensity for Re' ions 
(m/e - 185, 187); (2) increasing the temperature of the sample filaments, in a 
preset manner, until a prescribed total ion current from all isotopes of the 
element of interest is achieved; (3) measuring, in a prescribed sequence, the 
ion-current intensity for each individual isotope in the element of interest; 
and (4) computing and recording the ratio of the ion-current intensity from 
the peak corresponding to each isotope to that from a designated reference 
peak. Steps (3) and (4) of the analysis sequence are repeated a prescribed 
number of -times and the individually measured ion-intensity ratios are 
averaged 

The average .ion-intensity ratios obtained from analysis of the sample are 
corrected, for bias associated with isotopic fractionation during the analysis, 
to provide corrected atom ratios of each isotope to the reference isotope. 
Fractionation corrections are established from analysis of isotopic standard 
reference materials that are analyzed under the same conditions as the 
samples. 

Atom-percent abundances of the individual isotopes are computed from the 
corrected atom ratios. If weight-percent abundances of the isotopes are to 
be reported, each corrected atom ratio is converted to a corresponding 
corrected weight ratio by multiplying it by the ratio of nuclidic masses for 
the isotoDes involved. The weight-ratio values. 

L Y 

Excerpted from: 

SOP: ACL-030 
. .  
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Obtaining Gamma Spectra of Environmental Samples 

A 10% Ge(Li) detector, interfaced with a multichannel analyzer is used to obtain 
a gamma spectrum of a sample contained in a Nalgene bottle. This spectrum is 
transferred to a VAX computer which processes the data using the computer code 
GAMANAL. The GAMANAL program contains gamma-ray libraries and detector 
efficiency curves which permit the identification and quantification of gamma-emitting 
radionuclides. 

The scope of this method includes anything that contains or is a gamma emitt ing 
radionuclide. The method can be applied to soils, waters, etc. providing the sample can 
be condensed or reduced in size such that it c a n  be placed in a calibrated geometry for  
counting. 
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1.1 This method is applicable t o  waters and other liquids providing the sample will 
yield a residue of not greater  than 5 mg/cm on the counting planchet. 2 

1.2 The method is applicable to the measurement of alpha emit ters  having 
energies above 3.9 M e V  and be ta  emit ters  having maximum, energies above 0.1 
MeV. 

2. Surnmaryof Method 

2.1 An aliquot of a liquid is transferred quantitatively t o  a tared 2-in. counting 
planchet. The sample residue is dried to a constant weight, reweighed t o  
determine the dry residue weight, and then counted for alpha and/or beta  
radioactivity. 

Counting efficiencies for  both alpha and beta particle activities are selected 
according t o  the amount of residue (mg/cm ) from counting efficiency versus 
sample solids standard curves. 

2.2 
2 

Excerpted from: 

SOP: ACL-095 
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Sample Preparation and Separation of Plutonium and Thorium f rom Solid and Liquid 
Environmental Samples for Analysis by Alpha-Spectrometry 

1. scope 

This method is used to  prepare solid and liquid environmental samples for 
determination of fallout levels of plutonium and thorium. The method details the 
chemical separation of these radionuclides from the prepared samples for analysis by 
alpha-spectrometry. Neptunium may also be separated for analysis assuming its  
chemistry follows that of plutonium. 

2. Summary 

Plutonium and thorium standards (235Pu, 242Pu, "'Th) are added to a solid or liquid 
sample as tracers. Selection of the isotopic tracer will be dependent upon the 
nature of the sample. After sample preparation, the  isotopes of interest  are  
chemically separated from the sample by anion exchange chromatography and 
electrodeposition in preparation for alpha-counting. 

Excerpted from: 

SOP: ACL-OS1 
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Radium-226 and Radium-228 Determination in Water and Soil Samples Using NaI 
Detector and Least-Squares Processing of Data 

1. scope 

Solid or liquid samples are prepared for gamma counting on a NaI automatic can 
counter. Data accumulated are stored on floppy disks and transferred to Argonne's 
main frame IBM computer hard disk. The least-squares program, maintained by H. 
Lucas (BIM), is then used to determine the Ra-226 and Ra-228 concentrations. 
Sensitivity of this method is 0.5 pCi/L when a 20 L volume of water is used and 0.03 
pCi/g for soil samples. 

2. Summary of the Method 

A water sample, preferably 20 liters, is acidified with hydrochloric acid to a pH of 
approximately 3. The water is processed through a mixture of Dowex ion-exchange 
resins. The resin is sealed in a metal can and aged before counting on the NaI 
detector. 

Soil analysis is performed by sealing a known amount of soil in a metal can, aging it 
for approximately thirty days, and counting it on a NaI detector. 

In either case, the data is processed by the Least-Squares Gamma Spectra Analysis 
Program. 

Excerpted from: 

SOP: ACL-108 
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Method for the Determination of Organic Compounds Collected Using Tenax-GC Traps 

1. scope 

This method .A designec t o  qualitatively analyze trace organic compounds collected 
and concentrated on a t rap  containing the packing Tenax-GC. The Tenax-GC trap 
(hereafter referred to as the  trap) consists of a 25-cm stainless steel tube 0.32-cm in 
diameter and packed as described in EPA Method 601 for  purgeable chlorinated 
organic compounds. Trace levels of organic compounds are collected by drawing a 
known volume of a i r  across the t rap  at relatively low flow rates (1 to 3 L/min) to  
prevent breakthrough, thereby allowing them to be efficiently adsorbed onto the 
packing material. The trapped organic compounds are desorbed by ballistically 
heating the trap while backflushing i t  with helium to sweep the compounds t o  a 
cryotrap where the desorbed species are focused before injection into a gas 
chromatograph. There they are separated before detection by a mass spectrometer.  

2. Summary of the Method 

The exposed trap is inserted in the purge and t rap  apparatus and ballistically heated 
t o  mobilize the adsorbed organic compounds which are cryofocused at a point just 
before the GC column. This point is ballistically heated and the compounds are 
swept t o  the GC column where they are separated before being detected by a nass 
spectrometer. The GC/MS software is used to identify the compounds found and 
est imate  of their concentration, is made from analysis of a multicomponent 
purgeable standard as described in the SOP. 

Excerpted from: 

Draft  SOP 
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APPENDIX B 

SAMPLING AND ANALYTICAL REQUESTS 

1. Fernald Feed Material Production Center: Preliminary Sampling Analysis 
requirements, June 26, 1986. 49 pages. 

2. U.S. Department of Energy Telecommunication Messages from Chris Grundler, U.S.' 
Department of Energy t o  Steve Ballou, Argonne National Laboratory. Aug. 7, 
1986. 3 pages. 

3. U.S. Department of Energy Telecommunication Message from Chris Grundler, U.S. 
Department of Energy t o  Steve Ballou, Argonne National Laboratory. Aug. 7, 
1986. 20 pages. 

4. ' Facsimile Transmission from Mike Malloy, NUS Corp. to Dr. Ballou, Argonne 
National Laboratory. Aug. 18, 1986. 10 pages. 

5. U.S. Department of Energy, Environment, Safety and Health Office of 
Environmental Audit, Environmental Survey Report: Feed Materials Production 
Center, Fernald, Ohio. March 1987. 
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C-34-8-6-263 
A U g U G t  1st 1986 

Etephen Dalloul PhD. 
Bnargy and mvironmental Gyctcmo Divlrion 
a r . y i i v i w  N8tionnl UboratOry 
Argonner Illinois GO439 

' FMPC S&A Data Doc. 
I Issue Date: 06/17/88 
I I Revision: 00 

6 5 4 1  

Subject1 Ternalb Sampling L Analyela Plan 

Dear Dr. Ballou: 
t i t  r e r u v - t w -  *n **e. tQ19phwa* 00nvss~a8Aon of huquot A31 
1986,  I have rrvicwed our cmmants or1 tho Rernalb sampling 
6 Analysis Plan and 419 providing reveral c larif  icslAonn 
for your ctaZf In thic letter. 

T ~ C  t i r s t  area of concern is RCRA aampliny. A% w t i w r i  in 
Attachmcnt A, the RC'RA samplfnq needs are primarily a 
rstc11.a t . w n r a t  of proviour requests. ?*is toetatemcnt was 
made bCCAUSt the requestor wanLen 1.0 mwkc  wire that specific 
waste atraamc wcrc sampled and he could not determine f r m  
t h u  oampling plan what rtreame were bcing rampled. IIC 
has also added fiwvar.l1 l o u t t i o n r  to the rnquest aitet further 
tcvicw of his original suhittal. 

The liecotid rea relater to groundwator/ooil rrmplinp. Thc 
i t e m  in qucation is the I . ~ l ~ l a  w)~own in Attachment B J  
specifically column 6 - il Esmples. Au shown in thin CrJltrtntt 
for the production area, the f i g u r e s  24,  63, b 20 (107 
wmples t o t a l )  A r e  h p l i t  8yoon P&mplOS for ovaluatlon and 
loqqing by your on-site geologist t.0 rrllrn & htter 
underctanuing of the l i t e  qcology. These numltrs do not 
anoyyses. The geOlOgiSL U.tt1 rudri the ooil sampler (107 
i n  thin Case) with an HNu and tad meter. Thnrrn I.hAr ?uok 
promising or atypical  will bc ocnt for further 
chemical/radionucl1 c lw nrialysec . The laboratory anrlysit 
chould rcpra3ent about 10-138 of t.hn ai-811 warnples. Tho 
estimated number of chemiaal/radionuclide analyses is l i s t e d  
in t .hw t l r  i g i r d  sampling requoPt. 

'rho f i n a l  unrcoolvca question focurses on the 1 . y ~  Mlld 
extent of radionuclide anelycic. M t a r  our phvne 
conversation we rarlrwed our pocltion on rodionuclidc 
anslyscs and cme to the following concluRfann: 

nwtrciled radionuclide analyela is rcquircd to 
understand pollution at. ?rcrn,clA, 

 he number of sampling lOoPt iOn8 requiring detailed 
analysis can he niili~tr~ctially reducea. 

i n f  - 1' l.h;i t. w 1 ? yamnl ec VI 1 1 h a v e  rrhornl no 1 m m d  a v m * s a  I 4 .I& 
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6541 Attachment C presents a dn1.h i 1w1 explanation of our ob]octive 
in conductinq thc3c analyses, which we were unable l.r, nxpld  i n 
in  our phone convarmstion. The rrquoctod anolyaia includes 
a slightly different brenkdnwn cif  lwotopic uranium. 

IC you have any further quelt ione,  or nccd additional 
clarrfication I will lm l o  Iinnford f o r  the next three woeks. 
You can rcsch me by leovinq a messaue .I. I.hn mrcfura MOUSO - - - - - - - - 
( 5 0 9 )  946-7611 or -with Dr; Don Slie,  Richland Operations 
Clfficn ( 5 0 9 )  376-2603. 

Very Truly youre, 

N i c d o l  C .  M81l%y 
Consulting niv t  roniuwitrl Engineer 

/m It 

C - C .  R e  Scott,  WE 
C .  Grundlcr, DOE 

b.c.c.  W .  Sm; t 11 
C .  Yatcs 
u. middle 
P .  AlexanCro 
710t  F i l e  

De 11 vc rab le 
Task 

Sampling 6 Analysis 
Fcrira It1 F i 1 c1 

. 
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NOTE: May mrmpla drum of reamtly 
g e n a n t d  I am t e 

NOTE: Thlo may be tlir I( uld 

plan 

NOTE: A l  rbovo 

r r m l i k  mhown on p. a4 of ramp 1 trig 

NOTE: May ,ample b a r d  d 
accumtrlrkd waste 

NOPE: May urnpie drums d thio 
materlrl 

NOTE: May sample drurri of ocournu- 
lated waste motexla1 

NOTE: 6nmplu d r u m  of thie aste- 
dsl and suhjcct to TC.1.P analyair 

NOTE: Sample dly lquid In sum() 
around pad 
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e-81 6 5 4 1 ,  
INTERNAL CORflESPOr(lUEmCE' 

H. Walloy 

c. Yatos 

SUBJECT; FMPC Sampling Plan 

Afrer reviovinq t h e  imytuyicl ctnnlysf b prublwn i t  w d x  sxsnc1ui1m1 
that that following radronuclxde analyses  should be perfosmcd: 

0-234, 0-735,  11-238 
Th-2 3 7 
Pu-~JR, Pu-239 
Np-237 
TC- 9 9 

Rn-228 was eliminated since it  i s  a daughter o f  Th-232.  llwever, 
thc o p c c i t i c  iookopic analyoos f o r  uranium muat be partormed, 
f o r  the following rea8ons: 

(1) I t  is ocncral industry pract icc  (cg. NRC) t o  pcrtonn 
these analyses .  

1 2 )  I t  w i l l  not be possible to  assess t h e  o r i g i n  of 
o f f r i t c  uranium unless  the s p e c i f i c  i s o t o p i c  breakdown 1 6  kown. 

13) Proper dose calculat ions  can only be made if t h e  
concentrations of U-234, U-235, U-238 arc known. 

Tlir t r . i t M 1  c c i h t :  h c n w v w f ,  CMII IW # c c l i w ? . t r t t i c c l l y  rmlrrc*rcl 11y 
selective designation of sample locat ions  i n  whlch these analyses 
should bc pcrtonncd. Thc rcvi tcd  oamplc l o c a t i o n s  La which 
t h e  onalysef should be POrfOrIaIOd are shovn in t h e  attached 
Latrle. 

/ r l t  
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. General ~o_ la t ion  --- S.WP.4.e ~ Y P e  . W e r  o i - l o c ? ~ ~ n r .  - ' 

P o i  1 3 Fugj t j vc buwt 

Grcat )Ciami Ravcr 3 (include up C dovnotrcam) 

Paddy's Run Sedimanr 5 ( i n c l u d e  up L dwnnl.raAm) 

Storm Yewer O u t f a l l  

6cd imc nt 

b'ediment 2 
D i t c h  

L i q u i d  1 5  

7 

Dmeetic Wclls 

Farm MA 1k 

Croat Miami Hiver Water 3 ( inc lude  UP L dovnotrcam) 

Paddy's Run Water 5 ( inc lude  up L dcwnnirnlrm) 

Storm Sewer outfall 
ni I clr 

Liquid 2 

B t  osd leaf 5 
Vegetation- 

Y a m  
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Table C.1.3: 

Table C.1.4: 

Table C.1.5: 

Table C.1.6: 

Table C.1.7: 

Table C.2.1: 

Table C.2.2: 

Table C.2.3: 

Table C.3.1: 

Table C.3.2 

Table C.3.3 0 
Table C.3.4 

Table C.4: 

Table C.5.1: 

Table C.5.2: 

Table C.5.3: 

Table C.5.4: 

Table C.5.5: 

Table C.5.6: 

Duplicate Results for 

Duplicate Results for 

Duplicate Results for 

Duplicate Results for 

Duplicate Results for 

Duplicate Results for 

Duplicate Results for 

Fluoride in Fil ters 

TCLP Extracts of Inorganics in Liquid 

Mercury in Solids 

Total Uranium in Solids 

Total Uranium in Liquids 

Inorganic Analyses in Solids 

Inorganic CLP Analyses in Liquids 

Laboratory Preparation Blanks for Fluoride in Filters 

Laboratory TCLP Extraction Fluid Blanks: Inorganic Analyses 

Laboratory Preparation Blanks for Inorganic CLP Analyses in Liquids 

Matrix Spike Recovery for Mercury in TCLP Extracts 

Matrix Spike Recovery for Inorganics in Solids 

Matrix Spike Recovery for Inorganic CLP Analyses in Liquids 

Matrix Spike Recovery for Inorganic TCLP Extracts in Liquids 

Field Blanks of Filters for Magnesium and Fluoride Analysis 

Alpha Spectrometry Counting Backgrounds for Liquid Samples Pu, Np 
Analyses, with Pu-236 as the Internal Standard 

Alpha Spectrometry Counting Backgrounds for Liquid Samples Th 
Analyses with Th-229 as the Internal Standard 

Alpha Spectrometry Counting Backgrounds for Solid Samples Pu, Np, 
Th Analyses 

Internal Standard Recovery in Liquid Matrix Pu, Th Analyses 
(Determined by Alpha Spectrometry) 

Internal Standard Recovery in Solid Matrix Pu, Th Analyses 
(Determined by Alpha Spectrometry) 

Gamma-Spectroscopy Calibration Results (Gamanal Program) 
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Table C.5.7: 

Table C.5.8: 

Table C.5.9: 

Table C.5.10: 

Table C.5.11: 

Table C.6.1: 

Table C.6.2: 

Table C.7.1: 

Table C.7.2: 

Table C.7.3: 

Table C.8: 

Table C.9: 

Table C.10: 

Table C.ll: 

Table C.12: 

Table C.13: 

- _ _  
Issue Date:  06/17/88 

Rev is ion:  00 
Gamma-Spectroscopy Room Background Monitored on Detector 1 
(Batch 89-4001) 

Gamma-Spectroscopy Room Background Monitored on Detector 3 

Gamma-Spectroscopy Room Background Monitored on Detector 4 

Gamma-Spectroscopy Room Background Monitored on Detector 6 

Gamma-Spectroscopy Room Background Monitored on Detector 9 

Backgrounds and Individual Analysis Results for Radium in Sediment 
Samples (Batch 87-4008) 

Backgrounds and Individual Analysis Results for Radium in Water 
Samples (Batch 87-4008) 

Th-Ore and U-Ore Standards for Analysis of Radium in Sediment 
Matrices 

Ra-226 Spiked Type I1 Water for Ion Exchange Resin Method 

Results for Blank in Region of Interest for Ra-226 Analyses 

Quality Control Results for PCB Analyses 

Instrument Calibration Verification for Mercury Analysis 

Results of EPA EMSL-LV Uranium Cross Check Standards in Liquid 
Matrix 

Results of NBS-SRM Standards for Uranium Analyses in Solid and 
Liquid Matrices 

Matrix Spikes of Fluoride in Solid 

Duplicate Results for Total Organics in Glass Fiber Filter Blank 
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Table C.l.l: DUPLICATE RESULTS FOR FLUORIDE IN FILTERS a 
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Revision: 00 

Batch Sample Sample Duplicate Difference 
Number Number Result . Result (W 

87-0082 FE02120T1 A 106.0 95.0 10.9 
87-0082 FE02160T1 A 6.6 6.5 1.5 
87-0096 FE0518FD17 94000.0 102000.0 8.2 
87-0096 FE0519FD18 31 00.0 2400.0 25.4 

(m) (ms) 
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TABLE C.1.2: DUPLICATE RESULTS FOR TCLP EXTRACTS OF INORGANICS IN LIQUIDS 

Batch Sample Sample Duplicate Relative 
Number Number Analyte Result Result Difference' 

(mg/L) (mgR) (%) 

87-0021 
87-0027 
87-0076 
87-0084 
87-0093 
87-01 03 
87-01 11 
87-0021 
87-0027 
87-0076 
87-0084 
87-0093 
87-01 03 
87-01 11 
87-0021 
87-0027 
87-0076 
87-0084 
87-0093 
87-01 03 
87-01 11 
87-0021 
87-0027 
87-0076 
87-0084 
87-0093 
87-01 03 
87-01 11 
87-0021 
87-0027 
87-0076 
87-0084 
87-0093 
87-01 03 
87-01 11 
87-0021 
87-0027 
87-0027 
87-0076 
87-0084 
87-0084 
87-0093 
87-0093 
87-0093 
87-0093 
87-01 03 
87-01 14 
87-01 21 
87-01 21 
87-01 26 

FE0422SW24 
FE0713DW1 C 
FE07180T2C 
FE0629DS1 B 
FEO131 IS1 B 
FE0102WP2B 
FE07170T3C 
FE0422SW2A 
FE0713DW1 C 
FE07180T2C 
FE0629DS1 B 
FE0131 IS1 B 
FEO102WP2B 
FE07170T3C 
F E0422S W2A 
FE0713DW1 C 
FE07180T2C 
FE0629DS1 B 
FE01311SlB 
FEO102WP2B 
FE07170T3C 
FE0422SW2A 
FE0713DW1 C 
FE07180T2C 
FE0629DS1 B 
FE0131 IS1 B 
FEO102WP2B 
FE07170T3C 
FE0422SW2A 
FE0713DW1 C 
FE07180T2C 
FE0629DS1 B 
FE0131 IS1 B 
FEO102WP2B 
FE07170T3C 
FE0419SW2 
FE0707DW1 C 
FE0713DW1 C 
FE0803MW14C 
FEOlOOTIS3B 
FE0633DS1 B 
FE010041S2B 
FE10041S2B 
FE101 OIS3B 
FE101 OIS3B 
RE0109SS2B 
FE0615SSl B 
FE0313DR2B 
FE0325DR1 B 
FE10121S2B 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
< O S  
~ 0 . 5  
< O S  
< O S  
<0.5 
< O S  
< O S  
0.24 
0.09 
0.06 
1.05 
0.50 
0.55 
e0.05 
<0.02 
c0.02 
<0.02 
<0.02 
<0.02 
<0.02 
C0.02 
c0.03 
c0.03 
~ 0 . 0 3  
~ 0 . 0 3  
c0.03 
e0.03 
~ 0 . 0 3  
<o.oo 
<o.oo 
<0.001 
<0.001 
eo.001 
<0.001 
<0.001 
<0.001 
<0.001 
eo.001 
<0.001 

<0.001 
<0.001 

0.00 3 

0.0260 

<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
< O S  
< O S  
< O S  
< O S  
< O S  
< O S  
C O S  
0.1 
0.14 
0.06 
1.09 
0.52 
0.54 

e0.05 
<0.02 
<0.02 
C0.02 
<0.02 
c0.02 
C0.02 
<0.02 
~ 0 . 0 3  
~ 0 . 0 3  
q0.03 
~ 0 . 0 3  
<0.03 
~ 0 . 0 3  
~ 0 . 0 3  
<o.oo 
<o.oo 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

<0.001 
<0.001 

0.00 2 

0.0260 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
77.8 
43.5 

0 
3.7 
3.9 
1.8 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

8.0 

'NC= Not calculated 
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TABLE C.1.2 (CON.): DUPLICATE RESULTS FOR TCLP EXTRACTS OF INORGANICS IN LIQUIDS 

Batch Sample Sample Duplicate Relative 
Number Number Analyte Result Result Difference' 

87-01 27 
87-0021 
87-0027 
87-0076 
87-0084 
87-0093 
87-01 03 
87-01 11 
87-0021 
87-0027 
87-0076 
87-0084 
87-0093 
87-01 03 
87-01 11 

FEO124SS1 B 
F E0422SW2A 
FE0713DWlC 
FE07180T2C 
FE0629DS1 B 
FE0131 IS1B 
FEOlO2WP2B 
FE07170T3C 
FE0422SW2A 
FE0713DW1 C 
FE07180T2C 
FE0629DSl B 
FE01311SlB 
FEO102WP2B 
FE07170T3C 

Hg 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Se 
Se 
Se 
Se 
Se 
Se 
Se . 

<0.001 
~ 0 . 3  
~ 0 . 3  
~ 0 . 3  
~ 0 . 3  
~ 0 . 3  
<0.3 
~ 0 . 3  
~ 0 . 5  
< O S  
C O S  
< O S  
< O S  
4 . 5  
< O S  

<0.001 
<0.3 
~ 0 . 3  
e0.3 
~ 0 . 3  
~ 0 . 3  
<0.3 
~ 0 . 3  
< O S  
~ 0 . 5  
< O S  
< O S  
< O S  
4 . 5  
< o s  

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

*NC=Not calculated 
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TABLE C.1.3: DUPLICATE RESULTS FOR MERCURY IN SOLIDS 0 
Batch Sample Sample Duplicate Relative 
Number Number Result Resub Difference. 

(mgkg) (mqlkg) (Yo) 

87-01 23 FE051 OFD10 ~ 0 . 0 5  <O. 05 NC 
87-01 23 FE0522FD21 <0.05 <O. 05 NC 

*NC=Not calculated 
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Batch Sample Sample Duplicate Relative 
Number Number Result Result Difference* 

(mg/kg) (mglkg) (VI) 

87-0006 
87-0006 
87-0048 
87-0048 
87-0059 
87-0060 
87-0085 
87-0085 
87-0096 
87-0096 
87-01 16 

FEO125SS1 B 
FE0402SE2B 
FE0607WP1 B 
FE0622SS1 B 
FE0231 OT2A 
FE10031SlB I 

FE0640DS1 B 
FE10091S3B 
FE0507FD8 
FE0523FD22 
FE10151S2B 

234.0 
12.0 
9.4 

11 2.0 
850.0 

4.3 
24.0 

1.7 
4370.0 
7820.0 
250.0 

241 .O 
14.0 
9.4 

105.0 
955.0 

5.0 
20.0 

2.0 
431 0.0 
6420.0 
253.0 

2.9 
15.4 
NC 

6.4 
11.6 
15.0 
18.2 
16.2 
1.4 

19.7 
1.2 

*NC=Not calculated 
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TABLE C.1.5: DUPLICATE RESULTS FOR TOTAL URANIUM IN LIQUIDS 0 
Batch Sample 
Number Number 

Sample Duplicate Relative 
Result Result Difference* 
(pCJ/L) (pC$L) ( O h )  

87-0005 
87-0005 
87-0005 
87-0046 
87-0046 
87-0046 
87-0046 
87-0058 
87-0058 
87-0058 
87-0058 
87-0058 
87-0058 
87-0058 
87-0058 
87-0058 
87-0081 
87-0081 
87-0081 

FE04040T1 C 
FE0416SW2 
FE0420SW 1 
FE07130T1 C 
FE07170T1 C 
FE07170T2C 
FE07170T3C 
FE07150T1 C 
FE07180T1 C 
FE07180T2C 
FE07180T3C 
FE0803MWll C 
FE0803MW12C 
FE0803MW14C 
FE0804MW5C 
FE0805M W5C 
FE1007lSl B 
FE10151S3B 
FE10151S4B 

635 .O 
2.4 

12.0 
2920.0 

24000.0 
25400.0 
23200.0 

754.0 
23500.0 
2430 0.0 
27200.0 

24.0 
72.0 
15.0 

442.0 
111.0 

13.0 
2230.0 
3270.0 

633.0 

12.0 
2950.0 

24600.0 
26400.0 
23800.0 

792.0 
25000.0 
278 00.0 
25700.0 

22.0 
74.0 
16.0 

406.0 
109.0 
14.0 

2340.0 
3420.0 

2.4 I 

0.3 
NC 
NC 

1 .o 
2.5 
3.9 
2.6 
4.9 
6.2 

13.4 
5.7 
8.7 
2.7 
6.4 
8.5 
1.8 
7.4 
4.8 
4.5 

*NC=Not calculated 
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TABLE C.1.6: DUPLICATE RESULTS FOR INORGANIC ANALYSES IN SOLIDS a 
Batch Sample Sample Duplicate Relative 
Number Number Analyte Resun Result Difference. 

87-01 23 FE0507FD8 Ag <10 < l o  NC 
87-01 23 FE0528FD27 Ag < l o  < l o  NC 
87-01 23 FE0507FD8 As < loo < loo NC 
87-01 23 FE0528FD27 As <loo < loo  NC 
87-01 23 F E0507FD8 Ba 71 73 2.8 
87-01 23 FE0528FD27 Ba 1600 1500 6.4 
87-01 23 FE0507FD8 Cd <5 <5 NC 
87-0123 F E0528 FD27 Cd <5 <5 NC 
87-01 23 FE0507FD8 Cr 17 19 11.1 
87-01 23 FE0528FD27 Cr 49 51 4.0 
87-0059 FE0231 OT2A Mg 70900 73200 3.2 

37000 381 00 1.3 
5.2 
5.6 

31 700 301 00 
87-0096 FE0507FD8 Mg 
87-0096 FE0523FD22 Mg 
87-0059 FE0231 OT2A Pb 67.9 71.8 
87-01 23 FE0507FD8 Pb 35.0 39.0 10.8 
87-0123 FE0528FD27 Pb 474.0 349.0 30.4 
87-01 23 FE0507FD8 Se <20 <20 NC 
87-0 1 23 FE0528FD27 Se <20 <20 NC 

mglkg) (mgkg) (70) 

- 

*NC=Not calculated 
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Batch Sample Sample Duplicate Relative 
Number Number Analyte Result Result Difference 

W L )  W L )  rw 

87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0083 
87-0085 
87-0083 
87-0083 
87-0083 
87-0083 

FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 
FE07140T2C 

AI 
Sb 
As 
Ea 
Be 
Cd 
ca 
cr 
c o  
c u  
Fe 
Pb 
Mg 
Mn 
Hg 
Ni 
K 
Se 
Ag 
Na 
n 
v 
Zn 

2080 
1.5u 
2.6U 

0.094U 
137 

v.71 
46900 

5.7u 
43u 
18 

1760 
34 

27500 
68 

24U 
0.2u 

123000 

17 
521 000 

75 
170 

1.3U 

2.2 

2080 
1.5U 
2.6U 

0.094U 
128 

11 5 1  
47000 

5.7u 
43 u 
17 

1760 
32 

27500 
68 

24 U 
0.2u 

124000 

17 
523000 

76 
170 

1.3U 

2.2 

0 
NC 
NC 

NC 
NC 

NC 
NC 
NC 

0 
6.0 
0 
0 

NC 
NC 

0.8 
NC 

0 
0.4 

NC 
1.3 
0 

6.8 

0.2 

'Bracketed values indicate a result between the instrument detection limit (IDL) and the contract 
required detection limit (CRDL). 

NC=Not calculated. 

U = Analyzed for but not detected. Concentration of analyte was below instrument detection limit, 
which is the value reported for the analyte. 
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TABLE C.2.1: LABORATORY PREPARATION BLANKS FOR FLUORIDE IN FILTERS 

Batch Result 
(mg) 

8 7 - 0 0 8 2 
87-0096 

<0.02 
0.04 
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TABLE C.2.2: LABORATORY TCLP EXTRACTION FLUID BLANKS: INORGANIC ANALYSES 0 
Batch Analyte 

87-0084 
87-0084 
87-0084 
87-0084 
87-0084 
87-0093 
87-0093 
87-0093 
87-0093 
87-0 1 03 
87-01 03 
87-01 03 
87-01 11 
87-01 11 
87-01 11 
87-01 21 
87-01 21 
87-01 21 
87-01 21 
87-01 23 
87-01 26 
87~0126 

87-0084 
87-0084 
87-0084 
87-0084 
87-0084 
87-0093 
87-0093 
87-0093 
87-0093 
87-01 03 
87-0 1 03 
87-01 03 
87-01 11 
87-01 11 
87-01 11 
87-01 21 
87-01 21 - 

87-01 21 
87-01 21 
87-01 23 
87-01 26 
87-01 26 

87-0084 
87-0084 

As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 
As 

Ba 
Ba 

<0.1 
<0.1 
<0.1 
<0.1 
<O'. 1 
<0.1 
<0.1 
<0.1 
<0.1 
< O i l  
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

.- 

~ 0 . 0 5  
<0.05 
<0.05 
~ 0 . 0 5  
~ 0 . 0 5  
e0.05 
e0.05 
~ 0 . 0 5  
~ 0 . 0 5  
~ 0 . 0 5  
~ 0 . 0 5  
e0.05 
e0.05 
<0.05 
<0.05 
q0.05 
~ 0 . 0 5  
~ 0 . 0 5  
<0.05 
e0.05 
~ 0 . 0 5  
<0.05 

<0.05 
0.06 
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TABLE C.2.2 (CONT.): RESULTS OF LABORATORY TCLP EXTRACTION FLUID BLANKS: 
IN0 RG AN I C ANALYSES 

Batch Analyte 

87-0084 
87-0084 
87-0084 
87-0093 
87-0093 
87-0093 
87-0093 
87-01 03 
87-01 03 
87-01 03 
87-01 11 
87-01 11 
87-01 11 
87-01 21 
87-01 21 
87-01 21 
87-01 21 
87-01 23 
87-01 26 
87-01 26 

87-0084 
87-0084 
87-0084 
87-0084 
87-0084 
87-0093 
87-0093 
87-0093 
87-0093 
87-01 03 
87-01 03 
87-01 03 
87-01 11 
87-01 11 
87-01 11 
87-01 21 
87-01 21 
87-01 21 
87-01 21 
87-01 23 
87-01 26 
87-01 26 

87-0084 
87-0084 
87-0084 

Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 

Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 
Cd 

Cr 
Cr 
Cr 

<0.05 
0.06 
0.07 

~ 0 . 0 5  
~ 0 . 0 5  
~ 0 . 0 5  
~ 0 . 0 5  
0.13 
0.08 
0.1 0 
0.12 
0.13 

<0.05 
0.08 
0.09 

e0.05 
<0.05 
0.08 
0.09 
0.10 

<0.02 
<0.02 
<0.02 
<0.02 
e0.02 
c0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
c0.02 
<0.02 
c0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
c0.02 
<0.02 

<0.03 
~ 0 . 0 3  
~ 0 . 0 3  

.- 
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TABLE C.2.2 (CONT.): RESULTS OF LABORATORY TCLP EXTRACTION FLUID BLANKS: 
INORGANIC ANALYSES 

Batch Analyte 

87-0084 
87-0084 
87-0093 
87-0093 
87-0093 
87-0093 
87-01 03 
87-0 1 03 
87-01 03 
87-01 11 
87-01 11 
87-01 11 
87-01 21 
87-01 21 
87-01 21 
87-01 21 
87-01 23 
87-01 26 
87-01 26 

87-0027 
87-0027 
87-0084 
87-0084 
87-0084 
87-0084 
87-0084 
87-0084 
87-0093 
87-0093 
87-0093 
87-01 03 
87-01 03 
87-01 11 
87-01 14 
87-01 14 
87-01 14 
87-01 14 
87-01 21 
87-01 26 
87-0 1 33 

87-0084 
87-0084 
87-0084 
87-0084 
87-0084 

<0.03 
~ 0 . 0 3  
~ 0 . 0 3  
e0.03 
~ 0 . 0 3  
<0.03 
~ 0 . 0 3  
~ 0 . 0 3  
e0.03 
~ 0 . 0 3  
<0.03 
<0.03 
<0.03 
<0.03 
c0.03 
e0.03 
e0.03 
<0.03 
<0.03 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

<0.3 
~ 0 . 3  
~ 0 . 3  
e0.3 
~ 0 . 3  
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TABLE C.2.2 (CONT.): RESULTS OF LABORATORY TCLP EXTRACTION FLUID BLANKS: 
INORGANIC ANALYSES 

Batch Analyte 

87-0093 
87-0093 
87-0093 
87-0093 
87-0 1 03 
87-01 03 
87-01 03 
87-01 11 
87-01 11 
87-01 11 
87-01 21 
87-01 21 
87-01 21 
87-01 21 
87-0 1 23 
87-01 26 
87-0 1 26 

87-0084 
87-0084 
87-0084 
87-0084 
87-0084 
87-0093 
87-0093 
87-0093 
87-0093 
87-01 03 
87-01 03 
87-03 03 
87-01 11 
87-01 11 
87-01 11 
87-01 21 
87-01 21 
87-01 21 
87-01 21 
87-01 23 
87-01 26 
87-0 1 26 

Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 
Pb 

Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 
Se 

e0.3 
e0.3 
e0.3 
e0.3 
e0.3 
e0.3 
e0.3 
~ 0 . 3  
e0.3 
e0.3 
e0.3 
e0.3 
~ 0 . 3  
e0.3 
e0.3 
e0.3 
e0.3 

< O S  
< O S  
< O S  
< O S  
< O S  
e0.5 
< O S  
< O S  
< O S  
< O S  
< O S  
< O S  
< O S  
e0.5 
~ 0 . 5  
e0.5 
e0.5 
e0.5 
e0.5 
~ 0 . 5  
< O S  
< O S  
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TABLE C.2.3: LABORATORY PREPARATION BLANKS FOR INORGANIC CLP ANALYSES IN LIQUIDS e 
Batch Analyte Result' 

(mg/L) (mg/L) 

87-0083 AI P.11 
87-0083 Sb 1.5u 
87-0083 Sb 1.5u 
87-0083 As 2.6U 
87-0083 As 2.6U 
87-0083 Ba 12u 
87-0083 Be 0.094U 
87-0083 Cd 0.10u 
87-0083 Cd 0.10u 

87-0083 cr 5.7u 
87-0083 c o  43u 
87-0083 c u  1.1u 

87-0083 Pb 11 -21 

87-0083 Mn 11.21 
87-0083 Hg 0.2u 
87-0083 Hg 0.2u 
87-0083 Ni 24U 
87-0083 K 98U 
87-0083 Se 1.3u 
87-0083 Se 1.3u 
87-0083 Ag 2.3U 

87-0083 n 2.1 u 
87-0083 n 2.1 u 
87-0083 v 13-71 
87-0083 Zn 2.1 u 

87-0083 ca 1401 

87-0083 Fe 1231 
87-0083 Pb 13.11 

87-0083 Mg ~ 9 1  

87-0083 Na 1381 

'Bracketed values indicate a result between the instrument detection limit _- (IDL) and the contract 
required detection limit (CRDL). 

U = Analyte analyzed for but not detected. Concentration of analyte was below instrument 
detection limit, which is the value reported for the analyte. 
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TABLE C.3.1: MATRIX SPIKE RECOVERY FOR MERCURY IN TCLP EXTRACTS 

Spiked 
Batch Sample Sample Sample Spike Recovery 
Number Number Result Result Added (W 

(mg/L) (mg/L) (mg/L) 

87-0021 
87-0027 
87-0027 
87-0076 
87-0084 
87-0084 
87-0093 
87-0093 
87-0 1 03 
87-01 14 
87-01 21 
87-01 26 
87-01 27 

FE0420SW2 
FE07160T1 C 
FE07170T2C 
FE0805M W5C 
FEOl27SS1 B 
FE0632DS1 B 
FE0623SS1 B 
FE10051S1 B 
FEOl lOSS2B 
FEO614SEl B 
FE0320DR2B 
FE1015lSl B 
FE041 OSE2B 

<0.001 
<0.001 
<0.001 

0.001 
<0.001 
<0.001 
eo.001 
<0.001 ' 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 

0.005 
0.006 
0.006 
0.005 
0.002 
0.002 
0.001 
0.002 
0.001 
0.001 
0.001 
0.001 
0.001 

0.005 
0.005 
0.005 
0.005 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

100 
120 
120 
83 

200 
200 
100 
200 
100 
100 
100 
100 
100 
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TABLE C.3.2: MATRIX SPIKE RECOVERY FOR INORGANICS IN SOLIDS a 
Spiked 

Batch Sample Sample Sample Spike 
Number Number Analyte Result Result Added Recovery 

(pg/g) (pg/g) (pg/g) ( Yo) 

87-01 23 
87-0 1 23 
87-0 1 23 
87-01 23 
87-0 1 23 
87-01 23 
87-01 23 
87-01 23 
87-01 23 

FE0507FD8 
FE0522FD21 
FE0507FD8 
FE0507FD8 
FE0507FD8 
FE0507FD8 
FE0507FD8 
FE0507FD8 
FE0507FD8 

Hg 
Hg 
Ag 
As 
Ba 
Cd 
Cr 
Pb 
Se 

<0.05 
e0.05 

<10 
e1 00 

72 
<5 
18 
37 

<20 

0.41 
0.56 

<10 
148 
150 

14 
100 
116 
88 

0.48 
0.52 

50.3 
97.3 
91.3 
18.7 
93.0 
98.3 
99.1 

85.4 
107.7 

NC* a 
152.1 a 
85.4 

88.2 
80.4 
88.8 a 

74.9 a 

*NC = Not calculated. 

aln retrospect, at the ICP reporting limits defined for Ag (e10 pglg), As (e100 pg/g), 
Cd (e5 pdg), and Se (e20 mg/g), the spike added levels should have been approximately 
20-50 times the reporting limit values for best estimations of the percent recoveries. 
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TABLE C.3.3: MATRIX SPIKE RECOVERY FOR INORGANIC CLP ANALYSES IN LIQUIDS 

Spiked 
Batch Sample Sample Sample Spike 
Number Number Analyte Result' Result Added Recovery 

(us/L) (ug/L) (uq/L) (%)' 

87-0083 FE07140T1 C AI 21 20 3940 2000 91 .o 
87-0083 FE07140T1 C Sb 1.5U 70 100 70.0n 
87-0083 FE07140T1 C As 2.6U 16 20 80.0 

2030 2000 93.3 
48 50 96.0 87-0083 FE07140T1 C Be [0.23] 

87-0083 FE07140T1 C Cd 11 5 1  7.3 5 11 6.0 
87-0083 FE07140T1 C Cr 5.7u 195 200 97.5 
87-0083 FE07140T1 C c o  43 u 453 500 90.6 

241 0 2500 95.6 
2760 1000 96.0 87-0083 FE07140T1 C Fe 1800 

87-0083 FE07140T1 C Pb 20 36 20 80.0 
87-0083 FE07140T1 C Mn 68 262 200 97.0 
87-0083 FE07140T1 C Hg 0.2u 1 1 100.0 

97.5 87-0083 FE07140T1 C Ni 24 U 390 400 
87-0083 FE07140T1 C Se 1.3u 7.9 10 79.0 

18 62 50 88.0 87-0083 FE07140T1 C Ag 
87-0083 FE07140T1 C n 
87-0083 FE07140T1 C V 77 571 500 98.8 
87-0083 FE07140T1 C Zn 196 439 200 121.5 

87-0083 FE07140T1 C Ba ~ 6 4 1  

87-0083 FE07140T1 C c u  ~ 9 1  

2.1 u 28 50 56.0n 

'Bracketed values indicate a result between the instrument detection limit (IDL) and the contract 
required detection limit (CRDL). 

U = Analyzed for but not detected. Concentration of analyte was below instrument detection limit, 
which is the value reported for the analyte. 

N = Spiked sample recovery not within control limits. 
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TABLE C.3.4: MATRIX SPIKE RECOVERY FOR INORGANIC TCLP EXTRACTS IN LIQUIDS a 
Spiked 

Batch Sample Sample Sample 
Number Number Analyte Result Result 

(mg/L) (mg/L) 

87-0021 FE0415SW2 Ag <0.1 1.78 
87-0021 FE0415SW2 As < O S  3.80 
87-0021 FE0415SW2 Ba 0.53 3.97 
87-0021 FE0415SW2 Cd c0.02 0.68 
87-0021 FE0415SW2 Cr c0.03 3.56 
87-0021 FE0415SW2 Pb <0.3 3.64 
87-0021 FE0415SW2 Se < O S  3.69 
87-0027 FE071 ODWl C Ag <O.l 1.84 
87-0027 FE071 ODWl C As < O S  4.08 
87-0027 FE071 ODWl C Ba 0.59 4.30 
87-0027 FE071 ODWl C Cd <0.02 0.75 
87-0027 FE0710DWlC Cr ~ 0 . 0 3  3.80 
87-0027 FE071 ODWl C Pb <0.3 4.08 
87-0027 FE071 ODWl C Se < O S  3.97 
87-0076 FE0803MW12C Ag <0.1 1.81 
87-0076 FE0803MW12C As < O S  3.63 
87-0076 FE0803MW12C Ba 0.27 3.54 
87-0076 FE0803MW12C Cd <0.02 0.64 
87-0076 FE0803MW12C Cr 0.05 3.43 
87-0076 FE0803MW12C Pb ~ 0 . 3  3.39 

.* 87-0076 FE0803MW12C Se <0.5 3.53 
FE0638DSl B Ag <O.l 1.79 

3.24 FE0638DSl B As C O S  
87-0084 FE0638DS1 B Ba 0.44 3.67 
87-0084 FE0638DS1 B Cd <0.02 0.63 
87-0084 FE0638DS1 B Cr e0.03 3.38 
87-0084 FE0638DSl B Pb c0.3 3.50 
87-0084 FE0638DS1 B Se C O S  3.62 
87-0093 FE10051S2B Ag <0.1 1.78 
87-0093 FE10051S2B As < O S  3.85 
87-0093 FE10051S2B Ba 0.28 3.77 
87-0093 FE10051S2B Cd e0.02 0.69 
87-0093 FE10051S2B Cr ~ 0 . 0 3  3.52 
87-0093 FE10051S2B Pb e0.3 3.49 
87-0093 FE10051S2B Se < O S  3.73 

<0.1 1.74 
< O S  3.79 

87-01 03 FEOlO7WP2B Ag 
87-01 03 FEOl07WP2B As 
87-01 03 FE0107WP2B Ba 0.32 3.59 
87-01 03 FEO107WP2B Cd C0.02 0.66 
87-01 03 FE0107WP2B Cr ~ 0 . 0 3  3.36 
87-01 03 FEO107WP2B Pb ~ 0 . 3  3.40 
87-01 03 FEO107WP2B Se < O S  3.75 

<0.1 1.84 
< O S  3.86 

87-01 14 FE0604WP1 B Ag 
87-01 14 FE0604WPl B As 
87-01 14 FE0604WP1 B Ba 0.61 4.07 
87-01 14 FE0604WP1 B Cd <0.02 0.70 
87-01 14 FE0604WPl B Cr e0.03 3.58 -- 

3 6 *  t3;:3;;1 

87-01 14 FE0604WP1 B Pb 
FE0604WP1 B Se 0 87-0114 

e0.3 
< O S  

3.76 
3.96 

Spike 
Added 
0 

2.00 
3.87 
3.63 
0.74 
3.70 
3.91 
3.94 
2.00 
3.87 
3.63 
0.74 
3.70 
3.91 
3.94 
2.00 
3.87 
3.63 
0.74 
3.70 
3.91 
3.94 
2.00 
3.87 
3.63 
0.74 
3.70 
3.91 
3.94 
2.00 
3.87 
3.63 
0.74 
3.70 
3.91 
3.94 
2.00 
3.87 
3.63 
0.74 
3.70 
3.91 
3.94 
2.00 
3.87 
3.63 
0.74 
3.70 
3.91 
3.94 

Recovery 
(70) 

89.0 
98.2 
94.8 
91.9 
96.2 
93.1 
93.6 
92.0 

105.4 
102.2 
101.4 
102.7 
104.3 
100.8 
90.5 
93.8 
90.1 
86.5 
92.7 
86.7 
89.6 
89.5 
83.7 
90.0 
85.1 
91.4 
89.5 
91.9 
89.0 
99.5 
96.1 
93.2 
95.1 
89.2 
94.7 
87.0 
97.9 
90.1 
89.2 
90.8 
87.0 
95.2 
92.0 
99.7 
95.3 
95.6 
96.8 
96.2 
99.5 
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TABLE C.3.4 (CON.): MATRIX SPIKE RECOVERY FOR INORGANIC TCLP EXTRACTS IN LIQUIDS 0 
Spiked 

Batch Sample Sample Sample Spike 
Number Number Analyte Result Result Added Recovery 

(mg/L) (mg/L) (rng/L) (%) 

<0.1 1.85 2.00 92.5 
3.72 3.87 96.1 

87-01 14 FE0615SSl B Ag 
87-01 14 FE0615SSl B As e0.5 
87-01 14 FE0615SSl B Ba 0.58 3.88 3.63 90.9 
87-0 1 14 FE0615SSl B Cd <0.02 0.65 0.74 87.8 
87-01 14 FE0615SSl B Cr 0.05 3.44 3.70 91.6 
87-01 14 FE0615SSl B Pb c0.3 3.62 3.91 92.6 
87-01 14 FE0615SSl B Se ~ 0 . 5  3.78 3.94 95.9 
87-01 26 FE10151S2B Ag co.1 1.85 2.00 92.5 

3.87 102.3 87-01 26 FE10151S2B As < O S  3.92 
87-01 26 FE10151S2B Ba 0.86 4.28 3.63 94.2 
87-01 26 FE10151S2B Cd <0.02 0.68 0.74 91.9 
87-01 26 FE10151S2B Cr <0.03 3.52 3.70 95.1 
87-01 26 FE10151S2B Pb <0.3 3.65 3.91 93.3 
87-01 26 FE10151S2B Se < O S  3.95 3.94 100.2 
87-01 27 FE0412SE2B Ag <0.1 1.75 2.00 87.5 
87-01 27 FE0412SE2B As ~ 0 . 5  3.68 3.87 95.1 
87-0 1 27 FE0412SE2B Ba 1.02 4.38 3.63 92.6 
87-0 1 27 FE0412SE2B Cd c0.02 0.67 0.74 90.5 
87-01 27 FE0412SE2B Cr c0.03 3.46 3.70 93.5 
87-01 27 FE0412SE2B Pb e0.3 3.63 3.91 92.8 
87-0127 FE0412SE2B Se ~ 0 . 5  3.96 3.94 100.5 
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TABLE C.4: FIELD BLANKS OF FILTERS FOR MAGNESIUM AND FLUORIDE ANALYSES a 
Batch Sample 
Number Number 

87-01 55 F E02430T-B LANK Mg 2.81 
87-01 55 FE02430T-BLANK F 1.90 
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TABLE C.5.1: ALPHA SPECTROMETRY COUNTING BACKGROUNDS FOR LIQUID SAMPLES 
Pu, Np ANALYSES, WITH PU-236 AS THE INTERNAL STANDARD 

Counting Batch Sample Average' 
Number Number Analytes Counter Background Date 

(CPM) 

87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 

FE0415SW3C 
FE0416SW3C 
FE0419SW3C 
FE0420SW3 
FE0422SW3C 
FE0700DW2C 
FE0701 DW2 
FE0702 D W2C 
FE0703 DW2C 
FE0704DW2C 
FE0705 D W2C 
FE0706 D W2C 
FE0707D W2C 
FE0708DW2C 
FE0709DW2C 
FE071 ODW2C 
FE0711 DW2C 
FE0712DW2C 
FE07130T3C 
FE07140T38 
FE07220T1 C 
FE07230T1 C 
FE07240T1 B 
FE07260T1 B 

Np-237,Pu-241+242 
Pu-239+240, PU-238 

I 

I 

n 

I 

I 

I 

I 

I 

ll 

I 

I 

I 

" 
I 

I 

I 

I 

I 

I 

I 

I 

I 

ll 

REAGENT BLANK n 

1 
1 
2 
3 
2 
1 
2 
1 
2 
3 
1 
3 
1 
2 
3 
4 
3 
4 
1 
3 
4 
4 
4 
4 
4 

0.001 0 
0.0009 
0.0007 
0.0014 
0.0000 
0.0013 
0.0008 
0.001 3 
0.0008 
0.0008 
0.001 1 
0.0009 
0.001 0 
0.0008 
0.0009 
0.0007 
0.0007 
0.0007 
0.001 2 
0.0008 
0.0008 
0.001 7 
0.0004 
0.0006 
0.0006 

0111 2/87 
01/15/87 
01/12/87 
0111 2/87 
01/15/87 
01/23/87 
01/23/87 
01/23/87 
01/23/87 
01 123187 
0 1 /OW8 7 
0 1 I1  5/87 

01 /OS187 
01 123187 
01 123187 
01/05/87 
01/05/87 
0 210218 7 
01/05/87 
01 105187 
01/15/87 
0111 2/87 
01 123187 
0 1/23/87 

oi/os/a7 

'Arithmetic average of background counts summed over all regions of interest, for all isotopes of 
interest, for the analytes and internal standard. 

C f M  = Counts per minute. 
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TABLE C.5.2: ALPHA SPECTROMETRY COUNTING BACKGROUNDS FOR LIQUID SAMPLES 
Th ANALYSES WITH Th-229 AS THE INTERNAL STANDARD 

Batch 
Number 

87-4009 
87-4009 
8 7-40 09 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 

87-4009 
8 7-40 09 
87-4009 
87-4009 

Sample Average' Counting 
Number Analytes Counter Background Date 

(CPM) 

FE0415SW3C 
FE0416SW3C 
FE0419SW3C 
FE0420SW3 
FE0422SW3C 
FE0700DW2 
FE0701 DW2 
FE0702DW2C 
FE0703DW2C 
FE0704DW2C 
FE0705DW2C 
FE0706DW2C 
FE0707DW2C 
FE0708 D W2C 
FE0709DW2C 
FE071 ODW2C 
FE0711 DW2C 
FE0712DW2C 
FE07130T3C 
FE07140T38 
FE07220T1 C 
FE07230T1 C 
FE07240T1 C 
FE07260T1 B 
REAGENT BLANK 

Th-232,Th-230 
Th-228,Th-227 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Il 

I 

I 

I 

5 
5 
6 
9 
6 
7 
5 
5 

. 6  
7 
5 
7 
5 
6 
6 
8 
7 

- 8  
6 
7 
8 
8 

10 
8 
8 

0.0049 
0.0052 
0.0029 
0.001 6 
0.0039 
0.0084 
0.01 17 
0.0055 
0.0066 
0.0078 
0.0046 
0.0044 
0.0047 
0.0279 
0.0189 
0.0033 
0.0048 
0.0027 
0.0035 
0.0041 
0.0030 
0.0033 
0.001 5 
0.0039 
0.0037 

01/08/87 
01/08/87 
01/08/87 
0111 3/87 
01 108187 
01/21/87 
01 12 1/87 
0111 6/87 
0 1 11 6/87 
01/16/87 
0 1 /OW87 
01 108187 
01/08/87 
0 1 i05i87 
01/21/87 
01/17/87 
01 /05/87 
01 105187 
0 1/08/87 
01 108187 
01/08/87 
01/08/87 
01/13/87 
01/21/87 
01 121 187 

*Arithmetic average of background counts summed over all regions of interest, for all isotopes of 
interest, for the analytes and internal standard. 

CPM = Counts per minute 
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TABLE C.5.3: ALPHA SPECTROMETRY COUNTING BACKGROUNDS FOR SOLID SAMPLES 
Pu, Np, Th ANALYSES 

Batch Sample Average' Counting 
Number Number Ana I yt e s Counter Background Date 

(CPM) 

(Pu-236 - Internal Standard) Np-237,Pu-241+242 
P~-239+24O,P~-238 

I 

I 

3 0.0009 01 I23187 
1 0.001 5 01 I23187 
2 0.0008 01 I23187 
3 0.0007 01123187 
4 0.0007 0 1/23/87 

87-4009 FE0301 TK1 B 
87-4009 FE0404SE3B 
87-4009 FE0507FD8 
87-4009 FE0520FD19 
87-4009 FE0521 FD20 

I 

I 

I 

(Th-229 - Internal Standard) Th-232,Th-230, 
Th-228 ,Th-227 

87-4009 FE0301 TK1 B 
87-4009 FE0404SE3B 
87-4009 FE0507FD8 
87-4009 FE0520FD19 
87-4009 FE0521 FD20 
87-4009 FE0620SS1 B 
87-4009 FE0621 SS1 B 
87-4009 FE0622SS1 B 
87-4009 FE0623SS1 B 

0.0121 
0.01 17 
0.0057 
0.0080 
0.0134 
0.0128 
0.01 71 
0.0095 
0.0039 

0 1 I 2  1 I8 7 
0 1 12 1 I87 
0411 3/87 
01 121 I87 
0 1 12 1 I87 
0 1 121 I87 
0 1 12 1 I87 
0 1 I2 1 I87 
01 12 1 I87 

'Arithmetic average of background counts summed over all regions of interest, for all isotopes of 
interest, for the analytes and internal standard. 

CPM = Counts per minute. 
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TABLE C.5.4: INTERNAL STANDARD RECOVERY IN LIQUID MATRIX 
Pu, Th ANALYSES (DETERMINED BY ALPHA SPECTROMETRY) 

Internal Internal 
Batch Sample Internal Standard Standard Recovery’ 
Number Number Standard Result Added (“w 

(DPM) (DPM) 

87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 

FE0415SW3C 
FE0416SW3C 
FE0419SW3C 
FE0420SW3 
FE0422S W3C 
FE0700DW2 
FE0701 DW2 
FE0702DW2C 
FEO703DW2C 
F E0704 D W2C 
FE0705 DW2C 
FE0706DW2C 
FE0707D W2C 
FE0708 D W2C 
FE0709D W2C 
FE071 ODW2C 
FE0711 DW2C 
FE0712DW2C 
FE07130T3C 
FE07140T3B 
FE07220T1 C 
FE07230T1 C 
FE07240T1 C 
FE07260T1 B 
REAGENT BLANK 
FE0415SW3C 
FE0416SW3C 
FE0419SW3C 
FE0420SW3 
FE0422SW3C 
FE0700DW2 
FE0701 DW2 
FE0702 DW2C 
FE0703 DW2C 
FE0704DW2C 
F E0705 D W2C 
FE0706DW2C 
FE0707DW2C 
FE0708DW2C 
FE0709DW2C 

Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-2.36 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 

3.491 
3.500 
3.466 
3.474 
3.422 
3.213 
2.687 
2.757 
3.358 
3.469 
2.552 
3.328 
2.865 
3.070 
3.302 
3.547 
3.226 
2.703 
3.352 
3.049 
3.147 
3.224 
3.288 
1.653 
3.290 
2.540 
0.276 
2.660 
1.440 
1.1 60 
2.830 
1.940 
0.560 
0.734 
2.960 
3.440 
0.535 
0.986 
2.720 
3.000 

3.481 100.3 
100.5 
99.6 
99.8 
98.3 
92.3 
77.2 
79.2 
96.5 
99.6 
73.3 
95.6 
82.3 
88.2 
94.9 

102.0 
92.7 
77.6 
96.3 
87.6 
90.4 
92.6 
94.5 
47.5 
94.5 

3.560 71.3 
7.8 

74.7 
40.5 
32.6 
79.5 
54.5 
15.7 
20.6 
83.2 
96.6 
15.0 
27.7 
76.5 
84.4 

‘Recoveries of 100% - 115% are attributable to counting statistics. Low recoveries (less than 
25%) are attributable to interferences in the sample matrix. When a low recovery was observed, 
the counting time for the sample was increased to minimize the effect on the counting statistics. 

DPM = Disintegrations per minute. 

0 8 0 $,.-23 
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Batch Sample 
Number Number 

Internal Internal 
Internal Standard Standard Recovery ' 

Standard Result Added (%I 

87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 

FE071 ODW2C 
FE0711 DW2C 
FE0712DW2C 
FE07130T3C 
FE07140T3B 
FE07220T1 C 
FE07230T1 C 
FE07240T1 C 
FE07260T1 B 
REAGENT BLANK 

Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 

2.490 
3.050 
3.740 
2.090 
2.054 
3.220 
0.649 
2.950 
0.070 
3.1 00 

69.9 
3.560 85.6 

105.1 
58.7 
57.7 
90.6 
18.2 
82.9 

2.0 
87.1 

'Recoveries of 100% - 115% are attributable to counting statistics. Low recoveries (less than 
25%) are attributable to interferences in the sample matrix. When a low recovery was observed, 
the counting time for the sample was increased to minimize the effect on the counting statistics. 

DPM = Disintegrations per minute. 

0 0 Q 2.-> 4 
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TABLE C.5.5: INTERNAL STANDARD RECOVERY IN SOLID MATRIX 
PU, Th ANALYSES (DETERMINED BY ALPHA SPECTROMETRY) 

Internal Internal 
Batch Sample Internal Standard Standard Recovery. 
Number Number Standard Result Added W) 

(DPM) (DPM) 

87-4009 
87-4009 
87-4009 
87-4009 
8 7-40 09 
87-4009 
8 7-40 09 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 
87-4009 

FE0301 TK1 B 
FE0404SE3B 
FE0507FD8 
FE0520FD19 
FE0521 FD20 
FE0301 TK1 B 
FE0404SE3B 
FE0507FD8 
FE0520FD19 
FE0521 FD20 
FE0620SS1 B 
FE0621 SS1 B 
FE0622SS1 B 
FE0623SS1 B 

Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 
Th-229 

1.1560 
0.1080 
0.4930 
1.041 0 
1 S360 
0.3350 
0.031 1 
1.9300 
0.0396 
0.1340 
0.1500 
0.8040 
0.9550 
0.8200 

3.481 33.2 
3.1 

14.2 
29.9 
44.1 

3.560 9.4 
0.9 

54.1 
1.1 
3.8 
4.2 

22.6 
26.8 
23.0 

'Recoveries of 100% - 115% are attributable to counting statistics. Low recoveries (less than 
25%) are attributable to interferences in the sample matrix. When a low recovery was observed, 
the counting time for the sample was increased to minimize the effect on the counting statistics. 

DPM = Disintegrations per minute. 
- 
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TABLE C.5.6: GAMMA - SPECTROSCOPY CALIBRATION RESULTS (GAMANAL PROGRAM) 

Date Date 
Batch Sample Cs-137 Detector Measured Error Standard Sample 
Number Number Standard Number DPM' X 1 O6 (%) Counted Counted 

DPM' X 1 O6 

87-4001 
87-4001 
8 7-40 0 1 
8 7-40 0 1 
8 7-40 0 1 
8 7-40 0 1 
8 7-40 0 1 
8 7-40 0 1 
87-4001 
87-4001 
87-4001 
87-4001 
8 7-40 0 1 
87-4001 
87-4001 
87-4001 
8 7-4 0 0 1 
87-4001 
87-4001 
87-4001 
87-4 0 0 1 
87-4001 
87-4001 
8 7-40 0 1 
.87-4001 
87-4001 
87-4001 
87-4001 
87.-40 0 1 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-400 1 
87-4001 

FEOlOOWP3B 9.85 
FEO101 WP3B 1.07 
FE0102WP3B 9.85 
FEO103WP3B 9.85 
FEO104WP3B 1.07 
FEOlO5WP3B 9.85 
FEO106WP3B 9.85 
FEO107WP3B 9.85 
FEO108SS3B 9.85 
FEO109SS3B 9.85 
FEO11 OSS3B 9.85 
FEOll lSS3B 9.85 
FEO112SS3B 9.85 
FEOl13SS3B 9.85 
FEOl14SS3B 9.85 
FEO115SS3B 9.85 
FEO116SS2B 9.85 
FEOl17SS2B 9.85 
FEO118SS2B 1.07 
FEO119SS2B 9.85 
FE0120SS2B 9.85 
FE0121SS2B 9.85 
FEOl23SS2B 9.85 
FEO124SS2B 1.07 
FE0125SS2B 9.85 
FE0126SS2B 9.85 
FE0127SS2B 1.07 
FE01281S2B 9.85 
FE01291S2B 1.07 
FE01301S2B 1.07 
FE0131 IS2B 9.85 
FE01321S2B 9.85 
FE01331S2B 1.07 
FE01341S2B 9.85 
FE01351S2B 1.07 
FE01361S2B 9.85 
FE01361S3B 9.85 
FE0326DRIB 1.07 
FE0327CDRI 9.85 
FE0401 SE3B 1.07 
FE0402SE3B 1.07 
FE04030T2C 9.85 
FE0404SE3B 9.85 
FE0405SE3B 9.85 
FE0406SW2BlC 9.85 
FE0407SW2BlC 9.85 
FE0408SE3 1.07 
FE0409SE3 9.85 
FE041 OSE3 9.85 
FE0411 SE3 9.85 

3 
9 
1 
1 
9 
4 
6 
1 
1 
1 
3 
3 
3 
6 
6 
6 
4 
6 
9 
1 
3 
4 
6 
9 
1 
6 
9 
1 
9 
9 
4 
4 
9 
3 
9 
6 
3 
9 
4 
9 
9 
4 
4 
1 
3 
6 
9 
1 
3 
4 

9.863 
1.028 
9.557 
9.557 
1.028 
9.875 
9.826 
9.557 
9.557 
9.557 
9.863 
9.863 
9.863 
9.826 
9.826 
9.826 
9.884 
9.855 
1.022 
9 574 
9.854 

9.855 
1.066 
9.493 
9.91 1 
1.024 
9.497 
1.043 
1.066 
9.81 5 
9.883 
1.042 
9.866 
1.042 
9.775 
9.903 
1.064 
9.927 
1.028 
1.028 
9.875 
9.875 
9.574 
9.863 
9.826 
1.028 
9.574 
9.854 
9.884 

9.884 

0.3 
0.8 
0.6 
0.6 
0.8 
0.7 
0.5 
0.6 
0.6 
0.6 
0.3 
0.3 
0.3 
0.5 
0.5 
0.5 
0.7 
0.4 
0.8 
0.6 
0.3 
0.7 
0.4 
0.7 
0.6 
0.5 
0.8 
0.5 
1 .o 
1 .o 
0.7 
0.7 
1 .o 
0.3 
1 .o 
0.5 
0.4 
0.8 
0.7 
0.6 
0.6 
0.7 
0.7 
0.6 
0.3 
0.5 
0.6 
0.6 
0.3 
0.7 

09/22/86 
09/22/86 
09/22/86 
09/22/86 
09/22/86 
09/22/86 
09/22/86 
09/22/86 
0912218 6 
0 912 218 6 
0 912 218 6 
09/22/86 
09/22/86 
09/22/86 
09/22/86 
0912 218 6 
09/30/86 
0913 018 6 
0913 018 6 
09/30/86 
0 913018 6 
0 913018 6 
09/30/86 
10/06/86 
10/06/86 
1011 3/86 
1011 3/86 
1 1 /1 0186 
1111 0186 
1 1 11 7/86 
11/17/86 
1 1 11 0186 
1 1 103186 
1 1 11 0186 
1 1/03/86 
1 1 11 0186 
1211 5/86 
1211 5/86 
1 211 5/86 
0 912218 6 
0 912218 6 
09/22/86 
0912 218 6 
0913 018 6 
09/22/86 
0912 218 6 
0 912 218 6 
0 913 018 6 
0913 018 6 
0913 018 6 

09/23/86 
09/22/86 
09/22/86 
09/23/86 
0912318 6 
09/23/86 
09/23/86 
09/24/86 
09/25/86 
09/26/86 
09/24/86 
09/25/86 
09/26/86 
09/26/86 
09/24/86 
09/25/86 
10/02/86 
10/02/86 
1 0/03/86 
10/03/86 
1 0/03/86 
1 0/03/86 
10/03/86 
1 0/06/86 
10/06/86 
1011 5/86 
1011 6/86 
11/13/86 
11/13/86 
1 1 11 8/86 
1 1 11 9/86 
11/13/86 
1 1 IO5186 
11/13/86 
1 1 106186 
1 1 11 3/86 
1211 6/86 
1211 6/86 
1211 5/86 
09/24/86 
09/25/86 
09/29/86 
09/26/86 
09/30/86 
09/29/86 
09/29/86 
09/30/86 
09/30/86 
09/30/86 
09/30/86 

*DPM = Disintegrations per minute 



C-28 

FMPC S & A Data Doc. 
issue Date: 0611 7/88 

Revision: 00 

TABLE C.5.6 (CONT.): GAMMA - SPECTROSCOPY CALIBRATION RESULTS (GAMANAL PROGRAM) 

Date Date 
Batch Sample Cs-137 Detector Measured YO Standard Sample 
Number Number Standard Number DPM' X 1 O6 Error Counted Counted 

87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
8 7-40 0 1 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
8 7-40 0 1 
87-4001 
87-4001 
87-400 1 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
8 7-40 0 1 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-400 1 
87-4001 
87-4001 
87-4001 
87-4001 

FE0412SE3 
FE0413SE3 
FE0415SW3 
FE0416SW3C 
FE0417SE2 
FE0418SE3 
FE0419SW3 
FE0420SW3 
FE0421 SE2 
FE0422SW3C 
FE0507FD8 
FE0520FD19 
FE0521 FD20 
FE0601 WP2B 
FE0602WP2B 
FE0603WP2B 
FE0604WP2B 
FE0605W P2B 
FE0607WP2B 
FE0608WP2B 
FE0609WP2B 
FE0610DS2B 
FE0611 DS2B 
FE0612DS2B 
FE06130T2B 
FE0614SE2B 
FE0615SS2B 
FE0616SS2B 
FE0617SS2B 
FE0618SS2B 
FE0619SS2B 
FE0620SS2B 
FE0621SS2B 
FE0622SS2B 
FE0623SS2B 
FE0625 DS2 B 
FE0626DS2B 
FE0631 DS2B 
FE0632DS2B 
FE0633DS2B 
FE0634DS2B 
FE0636 DS3 B 
FE0638DS2B 
FE0639 DS2 B 
FE0640DS2B 
FE0700DW 
FE0700DW 
FE0701 DW2 
FE0702DW2C 
FE0703DW2C 

9.85 6 
1.07 9 
9.85 1 
9.85 3 
9.85 4 
9.85 6 
1.07 9 
9.85 1 
9.85 3 
9.85 3 
1.07 9 
9.85 6 
1.07 9 
9.85 1 
9.86 3 
9.85 4 
9.85 6 
9.85 4 
9.85 1 
9.85 3 
9.85 4 
9.85 6 
1.07 9 
9.85 1 
9.85 4 
9.85 4 
9.85 6 
9.85 1 
9.85 1 
9.85 1 
9.85 3 
9.85 3 
9.85 6 
9.85 1 
9.85 3 
9.85 1 
1.07 9 
9.85 1 
9.85 1 
1.07 9 
1.07 9 
9.85 1 
9.85 1 
9.85 1 
9.85 3 
9.85 4 
9.85 4 
9.85 4 
9.85 6 
1.07 9 

9.855 
1.022 
9.574 
9.854 
9.884 
9.885 
1.022 
9.574 
9.854 
9.854 
1.064 
9.877 
1.064 
9.493 
9.887 
9.854 
9.838 
9.854 
9.493 
9.887 
9.854 
9.838 
1.066 
9.493 
9.854 
9.854 
9.838 
9.584 
9.535 
9.584 
9.905 
9.905 
9.91 1 
9.584 
9.905 
9.555 
1.006 
9.555 
9.555 
1.042 
1.042 
9.555 
9.555 
9.497 
9.866 
9.871 
9.871 
9.874 
9.838 
1.066 

0.4 
0.8 
0.6 
0.3 
0.7 
0.4 
0.8 
0.6 
0.3 
0.3 
0.8 
0.4 
0.8 
0.6 
0.3 
0.6 
0.5 
0.6 
0.6 
0.3 
0.6 
0.5 
0.7 
0.6 
0.6 
0.6 
0.5 
0.6 
0.6 
0.6 
0.3 
0.3 
0.5 
0.6 
0.3 
0.6 
1 .o 
0.6 
0.6 
1 .o 
1 .o 
0.6 
0.6 
0.5 
0.3 
0.7 
0.7 
0.6 
0.5 
0.7 

09/30/86 
09/30/86 
0 913 018 6 
0 913018 6 
09/30/86 
09/30/86 
09/30/86 
0 913 018 6 
09/30/86 
0913 0186 
1211 5/86 
1211 5/86 
1211 5/86 
10/06/86 
1 0/06/86 
10/06/86 
10/06/86 
10/06/86 
1 0/06/86 
10/06/86 
1 0/06/86 
10/06/86 
1 0/06/86 
10/06/86 
10/06/86 
10/06/86 
10/06/86 
1011 3/86 
0 1/05/87 
1011 4/86 
1011 3/86 
1 011 3/86 
1011 3/86 
1011 3/86 
1011 3/86 
10/27/86 
1 1 11 7/86 
10/27/86 
10/27/86 
1 1/03/86 
1 1/03/86 
10/27/86 
10127186 
1 1 11 0186 
1 1 11 0186 
1 1/24/86 
1 1/24/86 
1011 3/86 
10/06/86 
10/06/86 

09/30/86 
10/01/86 
10/01 186 
10/01 186 
10/01 186 
lOlO1 186 
10/02/86 
10/02/86 
1 0/02/86 
1 0/06/86 
1211 7/86 
1211 6/86 
1211 6/86 
1 0/07/86 
1 0107l86 
1 0107l86 
10/07/86 
10/07/86 
1 0/08/86 
1 0/08/86 
1 0/08/86 
1 0/08/86 
10/08/86 
10/09/86 
1011 0186 
10/09/86 
1 0/09/86 
1011 3/86 
01 /05/87 
1011 4/86 
10/13/86 
1011 4/86 
1011 4/86 
1011 5/86 
1011 5/86 
1 1 103186 
11/17/86 
1 1/04/86 
1 1/05/86 
1 1/03/86 
1 1/04/86 

1 1/07/86 
1111 1/86 
1111 1/86 
12/01/86 
12/01/86 
1011 3/86 
1011 0186 
1011 0186 

1 1/06/86 

*DPM = Disintegrations per minute ncn.3 ?7 
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TABLE C.5.6 (CONT.): GAMMA - SPECTROSCOPY CALIBRATION RESULTS (GAMANAL PROGRAM) 

Date Date 
Batch Sample Cs-137 Detector Measured % Standard Sample 
Number Number Standard Number DPM' X l o6  Error Counted Counted 

DPM' X 1 O6 

87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
8 7-40 0 1 
87-4001 
87-4001 
8 7-400 1 
87-4001 
87-4001 
87-4001 
8 7-40 0 1 
87-4001 0 t;::::: 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 

. 87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
87-4001 
8 7-40 0 1 
87-4001 
8 7-400 1 
87-4001 
87-4001 
87-4001 

FE0704DW 
FE0705 DW2C 
FE0706DW2C 
FE0707D W2 
FE0708 DW2C 
FE0709 DW2C 
FE071 ODW2C 
FE0711 DW2C 
FE0712DW2C 
FE07130T3C 
FE07140T3B 
FE07150T4C 
FE07160T4C 
FE07170T4C 
FE07180T4C 
FE0719SE2B 
FE0720SE2B 
FE0721 SE2B 
FE07220T1 C 
FE07230T1 C 
FE07240T1 C 
FE07260TlB 
FE07260T2B 
FE07270T1 C2 
FE07270T1 G1 
FE0728SE2B 
FE0803MW9C 
FE0803MW1 OC 
FE0804M W7C 
FE0805M W7C 
FE1001 IS3B 
FE1001 IS20 
FE10021S2B 
FE10031S1 B 
FE10041S2B 
FE10051Sl B 
FE10051S2B 
FE10071S3B 
FE10071S4B 
FE10071S5B 
FE10081S1 B 
FE10081S2B 
FE10091S2B 
FE10091S4B 
FE101 OIS2B 
FE101 OIS4B 
FE1011 IS1 B 
FE1011 IS26 
FE10121S1 B 
FE10121S2B 

1.07 
9.85 
9.85 
9.85 
1.07 
9.85 
9.85 
9.85 
9.85 
1.07 
9.85 
9.85 
9.85 
9.85 
9.85 
9.85 
9.85 
9.85 
1.07 
9.85 
9.85 
9.85 
9.85 
9.85 
9.85 
1.07 
9.85 
1.07 
1.07 
1.07 
9.85 
9.85 
1.07 
9.85 
1.07 
9.85 
9.85 
1.07 
9.85 
1.07 
1.07 
9.85 
9.85 
1.07 
9.85 
1.07 
1.07 
1.07 
9.85 
9.85 

9 
3 
4 
6 
9 
3 
4 
6 
1 
9 
1 
1 
3 
6 
1 
4 
3 
4 
9 
3 
4 
1 
1 
6 
1 
9 
4 
9 
9 
9 
3 
1 
9 
3 
9 
1 
1 
9 
6 
9 
9 
3 
3 
9 
1 
9 
9 
9 
1 
1 

1.024 
9.887 
9.874 
9.91 1 
1.024 
9.905 
9.874 
9.91 1 
9.584 
1.066 
9.493 
9.555 
9.905 
9.91 1 
9.555 
9.874 
9.903 
9.927 
1.064 
9.864 
9.81 5 
9.598 
9.640 
9.857 
9.555 
1.006 
9.874 
1.076 
1.024 
1.035 
9.864 
9.584 
1.006 
9.864 
1.006 
9.640 
9.452 
1.086 
9.877 
1.035 
1.086 
9.903 
9.864 
1.042 
9.452 
1.043 
1.066 
1.066 
9.495 
9.495 

0.8 
0.3 
0.6 
0.5 
0.8 
0.3 
0.6 
0.5 
0.6 
0.7 
0.6 
0.6 
0.3 
0.5 
0.6 
0.6 
0.4 
0.7 
0.8 
0.4 
0.7 
0.5 
0.5 
0.5 
0.6 
1 .o 
0.6 
0.8 
0.8 
1.1 
0.4 
0.6 
1 .o 
0.4 
1 .o 
0.5 
0.6 
0.8 
0.4 
1.1 
0.8 
0.4 
0.4 
1 .o 
0.6 
1 .o 
0.8 
0.8 
0.6 
0.6 

1011 3/86 
10/06/86 
1011 3/86 
1 011 3/86 
1011 3/86 
1011 3/86 
1011 3/86 
1011 3/86 
1011 3/86 
10/06/86 
10/06/86 
10/27/86 
1011 3/86 
1011 3/86 
10/27/86 
1011 3/86 

. 12/15/86 
1211 5/86 
1211 5/86 
1 1 11 7/86 
1 1 11 7/86 
12/22/86 
1 1/24/86 
10127186 
10/27/86 
1 1 11 7/86 
1 011 3/06 
01/05/87 
1011 3/86 
10/27/86 
1 111 7/86 
1 011 3/86 
1 111 7/86 
1 1 11 7/86 
1 1 11 7/86 
1 1/24/86 
1 211 5/86 
11/24/86 
1211 5/86 
10/27/86 
1 1/24/86 
1211 5/86 
1 111 7/86 
11/03/86 
1211 5/86 
11/10/86 
12/08/86 
12/08/86 
12/08/86 
12/08/86 

1011 4/86 
1011 0186 
1011 4/86 
1011 3/86 
1011 3/86 
1011 6/86 
1011 6/86 
1011 6/86 
1011 7/86 
10/09/86 
1011 0186 
10/27/86 
1011 7/86 
1011 7/86 
10/29/86 
1011 5/86 
1211 5/86 
1211 5/86 
1211 5/86 
11/17/86 
11/17/86 
12/22/86 
1 1/26/86 
10/27/86 
10/28/86 
1 1 11 9/86 
1011 7/86 
01 107187 
1011 7/86 
10/28/86 
11/20/86 
1011 6/86 
11/20/86 
11/21/86 
11/21/86 
1 1/24/86 
1211 5/86 
11/25/86 
1211 5/86 
10/29/86 
1 1/24/86 
1211 7/86 
1 1 11 9/86 
11/07/86 
1211 6/86 
1111 1/86 
1211 1/86 
1211 0186 
1211 0186 
1211 1/86 

*DPM = Disintegrations per minute 
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TABLE C.5.6 (CONT.): GAMMA - SPECTROSCOPY CALIBRATION RESULTS (GAMANAL PROGRAM) 

Date Date 
Batch Sample Cs-137 Detector Measured % Standard Sample 
Number Number Standard Number DPM' X l o 6  Error Counted Counted 

DPM' X l o 6  

87-4001 FE10131SlB 9.85 3 9.842 0.3 12/08/86 1211 0186 
87-4001 FE10131S2B 9.85 3 9.842 0.3 1 2/08/86 1211 1 I86 
87-4001 FE10141SlB 9.85 4 9.760 0.7 12/08/86 1211 1/86 
87-4001 FE10141S2B 9.85 4 9.760 0.7 12/08/86 1211 0186 
87-4001 FE10151SlB 9.85 6 9.835 0.5 12/08/86 1211 1 I86 
87-4001 FE10151S2B 9.85 6 9.835 0.5 12/08/86 1211 0186 
87-4001 FEl0151S5B 1.07 9 1.035 1.1 10/27/86 10127186 

'DPM = Disintegrations per minute 
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TABLE C.5.7: 
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Issue Date: 0611 7/88 

Revision: 00 

GAMMA-SPECTROSCOPY ROOM BACKGROUND MONITORED ON DETECTOR 1 
(BATCH 89-4001) 

Sample -Gfwa-b 
Number OateCounted 18!jd 609 662 91 1 1332d 1460 

SampleC BackgroundC 

FE0102WP3B 
FEO103WP3B 
FEOl07WP3B 
FEO108SS3B 
FEOlO9SS3B 
FEO119SS2B 
FEO125SS2B 
FEOl281S2B 
FE0405SE3B 
FE0409SE3 
FE0415SW3 
FE0420SW3 
FE0601 WP2B 
FE0607WP2B 
FE0612DS2B 
FE0616SS2B 
FE0617SS2B 
FE0618SS2B 
FE0622SS2B 
FE0625DS2B 
FE0631 DS2B 
F E0632 DS2B 
FE0636DS3B 
FE0638DS2B 
FE0639DS2B 
FE0712DW2C 
FE07140T3B 
FE07150T4C 
FE07180T4C 
FE0721 SE2B 
FE07260T1 B 
FE07260T2B 
FE07270T1 G1 
FE1001 IS26 
FE1005lSl B 
FE10051S2B 

\ 

09/22 
09/23 
09/24 
09/25 
09/26 
10103 
10106 
11/13 
09/30 
09/30 
1 010 1 
10102 
10107 
10108 
lOlO9 
10f13 
01/05e 
1011 4 
1011 5 
11/03 
11/04 
11/05 
11/06 
11/07 
1111 1 
1011 7 
1011 0 
10127 
10129 
1211 5 
12/22 
11/26 
10128 
1011 6 
11/24 
1211 5 

09/20 
09/20 
09/20 
09/20 
09/26 
09/26 
10105 
11/10 
09/26 
09/26 
09/26 
09/26 
10/05 
10/05 
1 0015 
1011 1 
1211 8 
1011 1 
1011 1 
10131 
1 013 1 
10131 
1013 1 
1 013 1 
11/10 
1011 1 
10105 
10124 
10124 
1211 2 
1211 8 
1 1 I22 
10124 
1011 1 
11/22 
1211 2 

0.253 
0.253 
0.253 
0.253 
0.196 
0.196 
0.232 
NM 
0.196 
0.196 
0.196 
0.196 
0.232 
0.232 
0.232 
NM 
0.129 
NM 
NM 
0.101 
0.101 
0.1 01 
0.101 
0.101 
NM 
NM 
0.232 
0.219 
0.219 
0.207 
0.129 
NM 
0.219 
NM 
NM 
0.207 

0.71 4 
0.71 4 
0.71 4 
0.71 4 
0.720 
0.720 
0.694 
0.671 
0.720 
0.720 
0.720 
0.720 
0.694 
0.694 
0.694 
0.745 
0.692 
0.745 
0.745 
0.692 
0.692 
0.692 
0.692 
0.692 
0.671 
0.745 
0.694 
0.677 
0.677 
0.71 0 
0.692 
0.706 
0.677 
0.745 
0.706 
0.71 0 

0.809 
0.809 
0.809 
0.809 
0.828 
0.828 
0.748 
0.859 
0.828 
0.828 
0.828 
0.828 
0.748 
0.748 
0.748 
0.814 
0.849 
0.814 
0.814 
0.816 
0.816 
0.81 6 
0.81 6 
0.81 6 
0.859 
0.814 
0.748 
0.838 
0.838 
0.840 
0.849 
0.841 
0.838 
0.814 
0.841 
0.840 

0.21 8 
0.218 
0.218 
0.21 8. 
0.231 
0.231 
0.185 
0.179 
0.231 
0.231 
0.231 
0.231 
0.185 
0.185 
0.185 
0.1 79 
0.160 
0.179 
0.179 
0.190 
0.190 
0.190 
0.190 
0.190 
0.179 
0.179 
0.185 
0.21 0 
0.21 0 
0.209 
0.160 
0.205 
0.21 0 
0.179 
0.205 
0.209 

0.020 
0.020 
0.020 
0.020 
0.048 
0.048 
0.070 
NM 
0.048 
0.048 
0.048 
0.048 
0.070 
0.070 
0.070 
NM 
0.025 
NM 
NM 
0.059 
0.059 
0.059 
0.059 
0.059 
NM 
NM 
0.070 
0.034 
0.034 
0.043 
0.025 
0.048 
0.034 
NM 
0.048 
0.043 

1.786 
1.786 
1.786 
1.786 
1.752 
1.752 
1 ;799 
1.652 
1.752 
1.752 
1.752 
1.752 
1.799 
1.799 
1.799 
1.758 
1.224 
1.758 
1.758 
1.732 
1.732 
1.732 
1.732 
1.732 
1.652 
1.758 
1.799 
1.745 
1.745 
1.778 
1.224 
1.696 
1.745 
1.758 
1.696 
1.778 

aCPM = Counts per minute. 
b The background energies monitored in kiloelectron volts (Ke V) for gamma spectroscopy are 
characteristic of the following analytes: 

185 KeV 
609 KeV Ra-226 

U-235 and/or radiuwradon decay chain 

662 KeV CS-137 
911 KeV Th-232 
1332 KeV CO-60 
1460 Ke V K-40 

=All counts, with the exception of those in January 1987, occurred in 1986. 
dNM = Not monitored. 
*01/05/87 

! 
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0 TABLE C.5.7 (CONT.): GAMMA-SPECTROSCOPY ROOM BACKGROUND MONITORED ON 
DETECTOR 1 (BATCH 89-4001) 

Sample 
Number DateCounted 185 609 662 91 1 1332 1460 

mr!Lua #ne rav Level lKeV) b 

SampleC Backqroundc 

FEl 01 OIS2B 1211 6 1211 2 0.207 0.710 0.840 0.209 0.043 1.778 
FE10121S1 B 1211 0 1 1 I28 0.233 0.681 0.816 0.187 0.039 1.747 
FE10121S2B 1211 1 1 1 I28 0.233 0.681 0.816 0.187 0.039 1.747 

0 

aCPM = Counts per minute. 
bThe background energies monitored in kiloelectron volts (Ke V) for gamma spectroscopy are 
characteristic of the following analytes: 

185 KeV 
609 KeV Ra-226 

U-235 and/or radiuwradon decay chain 

662 KeV CS-137 
911 KeV Th-232 
1332 Ke V CO-60 _ A  

1460 Ke V K-40 
=AI1 counts, with the exception of those in January 1987, occurred in 1986. 
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TABLE C.5.8: GAMMA SPECTROSCOPY ROOM BACKGROUND MONITORED ON DETECTOR 3 

Sample 5 m a - b  
Number Datebunted 185 609 662 91 1 

SampleC BackgroundC 

FEO1 OOWP3B 09/23 09/23 0.338 0.653 0.221 0.144 
FEO11 OSS3B 09/24 09/23 0.338 0.653 0.221 0.144 
FEO11 lSS3B 09/25 09/23 0.338 0.653 0.221 0.144 
FEOll2SS3B 09/26 09/23 0.338 0.653 0.221 0.144 
FEO12OSS2B 10103 09/28 0.315 0.686 0.242 0.173 
FE01341S2B 11/13 11/10 0.291 0.342 0.279 0.177 
FE01361S3B 1211 6 1 2/05 0.360 0.809 0.220 0.196 
FE0406SW2B/C 09/29 09/28 0.315 0.686 0.242 0.173 
FE041 OSE3 09/30 09/28 0.315 0.686 0.242 0.173 
FE0416SW3C 10/01 09/28 0.315 0.686 0.242 0.173 
FE0421 SE2 10102 09/28 0.315 0.686 0.242 0.173 
FE0422SW3C 10106 10106 0.284 0.436 0.229 0.165 
FE0602WP2B 10106 . 10106 0.284 0.436 0.229 0.165 
FE0608WP2B 10108 10106 0.284 0.436 0.229 0.165 
FE0619SS2B 1011 3 1011 1 0.309 0.445 0.254 0.165 
FE0620SS2B 1011 4 1011 1 0.309 0.445 0.254 0.165 
FE0623SS2B 1011 5 1011 1 0.309 0.445 0.254 0.165 
FE0640DS2B 1 111 1 11/10 0.291 0.342 0.279 0.177 
FE0700DW 10/09 10106 0.284 0.436 0.229 0.165 
FE0705DW2C 1011 0 10106 0.284 0.436 0.229 0.165 

1011 1 0.309 0.445 0.254 0.165 
1011 1 0.309 0.445 0.254 0.165 

FE0709DW2C 10116 
FE07160T4C 1011 7 
FE0720SE2B 1211 5 12/05 0.360 0.809 0.220 0.196 
FE07230T1 C 1 111 7 11/14 0.356 0.595 0.223 0.182 
FE1001 IS36 1 1 120 11/14 0.356 0.595 0.223 0.182 
FE1003lSl B 11/21 11/14 0.356 0.595 0.223 0.182 
FE10081S2B 1211 7 1211 7 0.312 0.658 0.232 0.190 
FE10091S2B 11/19 11/14 0.356 0.595 0.223 0.182 
FE1013lSl B 1211 0 12/05 0.360 0.809 0.220 0.196 
FE10131S26 1211 1 12/05 0.360 0.809 0.220 0.196 

1332 1460 

0.062 
0.062 
0.062 
0.062 
0.056 
0.064 
0.102 
0.056 
0.056 
0.056 
0.056 
0.096 
0.096 
0.096 
0.076 
0.076 
0.076 
0.064 
0.096 
0.096 
0.076 
0.076 
0.102 
0.071 
0.071 
0.071 
0.097 
0.071 
0.102 
0.102 

1.290 
1.290 
1.290 
1.290 
1.337 
1.452 
1.503 
1.337 
1.337 
1.337 
1.337 
1.350 
1.350 
1.350 
1.330 
1.330 
1.330 
1.452 
1.350 
1.350 

' 1.330 
1.330 
1 SO3 
1.396 
1.396 
1.396 
1.475 
1.396 
1 SO3 
1 SO3 

=CPM = Counts per minute. 
bThe background energies monitored in kiloelectron volts (KeV) for gamma spectroscopy are 
characteristic of the following analytes: 

185 KeV 
609 KeV Ra-226 

U-235 and/or radiuNradon decay chain 

662 KeV CS-137 
911 KeV Th-232 
1332 Ke V CO-60 
1460 Ke V K-40 

=AI1 counts occurred in 1986. 
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TABLE C.5.9: GAMMA-SPECTROSCOPY ROOM BACKGROUND MONITORED ON DETECTOR 4 

Sample 
Number 185 609 662d 911d 1332d 1460 

SampleC BackgroundC 

FEOlO5WP3B 
FEO116SS2B 
FEO121 SS2B 
FE0131 IS2B 
FE01321S2B 
FE04030T2C 
FE0404SE3B 
FE0411 SE3 
FE0417SE2 
FE0603WP2B 
FE0605WP2B 
FE0609WP2B 
FE06130T2B 
FE0614SE2B 

FE0701 DW2 
FE0706DW2C 
FE071 ODW2C 
FE0719SE2B 

. FE0700DW 

FE0721 SE2B 
FE07240T1 C 
FE0803MW9C 
FElO14lSl B 
FE10141S2B 

09/23 
10102 
10103 
11/19 
11/13 
09/29 
09/26 
09/30 
10/01 
10107 
10107 
10108 
1011 0 
10/09 
12/01 
1011 3 
1011 4 
1011 6 
1011 5 
1211 5 
11/17 
1011 7 
1211 1 
1211 0 

FE03273CDRl B 1211 5 

09/20 
09/28 
09/28 
11/14 
11/10 
09/28 
09/25 
09/28 
09/28 
10106 
10106 
1 0106 
1 0106 
10106 
11/28 
1011 1 
1011 1 
1011 1 
1011 1 
1211 2 
11/14 
1011 1 
12/05 
12105 
1211 2 

0.316 
0.368 
0.368 
0.349 
0.31 4 
0.368 
0.369 
0.368 
0.368 
0.308 
0.308 
0.308 
0.308 
0.308 
0.305 
0.363 
0.363 
0.363 
0.363 
0.357 
0.349 
0.363 
0.323 
0.323 
0.357 

1.727 
2.006 
2.006 
1.514 
0.180 
2.006 
4.284 
2.006 
2.006 
0.665 
0.665 
0.665 
0.665 
0.665 
0.198 
0.81 2 
0.81 2 
0.81 2 
0.81 2 
1.955 
1.514 
0.81 2 
2.178 
2.178 
1.955 

0.040 
0.050 
0.050 
0.047 
NM 
0.050 
0.069 
0.050 
0.050 
NM 
NM 
NM 
NM 
NM 
0.046 
0.048 
0.048 
0.048 
0.048 
0.041 
0.047 
0.048 
0.045 
0.045 
0.041 

0.033 
0.054 
0.054 
0.048 
0.049 
0.054 
0.109 
0.054 
0.054 
NM 
NM 
NM 
NM 
NM 
0.048 
0.060 
0.060 
0.060 
0.060 
0.046 
0.048 
0.060 
0.049 
0.049 
0.046 

0.092 
0.093 
0.093 
0.091 
0.086 
0.093 
0.103 
0.093 
0.093 
0.087 
0.087 
0.087 
0.087 
0.087 
9.081 
0.084 
0.084 
0.084 
0.084 
0.083 
0.091 
0.084, 
0.085 
0.085 
0.083 

0.094 
0.1 11 
0.1 11 
0.088 
0.1 27 
0.1 11 
0.540 
0.1 11 
0.1 11 
0.071 
0.071 
0.071 
0.071 
0.071 
0.1 03 
0.090 
0.090 
0.090 
0.090 
0.097 
0.088 
0.090 
0.081 
0.081 
0.097 

aCPM = Counts per minute. 
bThe backgmund energies monitored in kiloelectron volts (Ke V) for gamma spectroscopy are 
characteristic of the following analytes: 

185 KeV 
609 KeV Ra-226 

U-235 and/or radiunVradon decay chain 

662 KeV CS- 137 
911 KeV Th-232 
1332 Ke V CO-60 
1460 Ke V K-40 

counts occurred in 1986. 
dNM = Not monitored. 



C-35 
Issue Date: 0611 7/88 

Revision: 00 

TABLE C.5.10: GAMMA-SPECTROSCOPY ROOM BACKGROUND MONITORED ON DETECTOR 6 

Sample (CPMLa aEnerav Level (KeVlb 
Number D a t & ~ ~ @ d  185d 609 662d 911d 1332d 1460 

SampleC BackgroundC 

FEOlO6W3B 09/23 0911 1 0.203 0.480 0.115 0.138 NM 0.931 
FEO113SS3B 09/26 09/24 NM 0.497 NM 0.165 NM 0.919 
FEO114SS3B 09/24 09124 NM 0.497 NM 0.165 NM 0.919 
FEO115SS3B 09/25 09/24 NM 0.497 NM 0.165 NM 0.919 
FEO117SS2B 10102 09128 0.291 0.476 0.101 0.139 NM 0.947 
FEO123SS2B 10103 09/28 0.291 0.476 0.101 0.139 NM 0.947 
FEO126SS2B 1011 5 1011 1 0.251 0.378 0.096 0.144 NM 0.956 
FE01361S2B 11/13 11110 0.005 0.364 0.087 0.133 NM 0.984 
FE0407SW2BlC 09/29 09/28 0.291 0.476 0.101 0.139 NM 0.947 
FE0412SE3 09/30 09/28 0.291 0.476 0.101 0.139 NM 0.947 
FE0418SE3 1 010 1 09128 0.291 0.476 0.101 0.139 NM 0.947 
FE0520FD19 1211 6 1211 2 0.243 0.510 0.090 0.155 NM 0.961 
FE0604WP2B 10107 10106 0.311 0.387 0.087 0.157 NM 0.913 
FE0610DS2B 10108 10106 0.311 0.387 0.087 0.157 NM 0.91 3 
FE0615SS2B 10/09 10106 0.311 0.387 0.087 0.157 NM 0.913 
FE0621SS2B 10/14 1011 1 0.251 0.378 0.096 0.144 NM 0.956 
FE0702DW2C 10/10 10106 0.311 0.387 0.087 0.157 NM 0.913 
FE0707DW2 1011 3 1011 1 0.251 0.378 0.096 0.144 NM 0.956 
FE0711 DW2C 1011 6 1011 1 0.251 0.378 0.096 0.144 NM 0.956 
FE07170T4C 1011 7 1011 1 0.251 0.378 0.096 0.144 NM 0.956 
FE07270T1 C2 10127 10122 0.246 0.349 0.092 0.132 NU 0.925 

1211 5 1211 2 0.243 0.510 0.090 0.155 NM 0.961 
1211 1 12105 0.221 0.510 0.080 0.144 NM 0.941 
1211 0 12/05 0.221 0.510 0.080 0.144 NM 0.941 

EKE 
FE10151S2B 

\ 

aCPM = Counts per minute. 
bThe background energies monitored in kiloelectron volts (Ke V) for gamma spectroscopy are 
characteristic of the following analytes: 

185 KeV 
609 KeV Ra-226 

U-235 and/or radiuntlradon decay chain 

662 KeV CS-137 
911 KeV Th-232 

1460 Ke V K-40 
1332 Ke V CO-60 .- 

CAI1 counts occurred in 1986. 
dNM = Not monitored. 
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TABLE C.5.11: GAMMA-SPECTROSCOPY ROOM BACKGROUND MONITORED ON DETECTOR 9 

Sample B-lCPMla aEnerav Level IKeVlb 
Number DateCounted 185d 609 662 91 1 1332d 1460 

SampleC BackgroundC 

FEOlOl WP3B 
FEOl04WP3B 
FEO118SS2B 
FEOl24SS2B 
FEOl27SS2B 
FEO1291S2B 
FEO1301S2B 
FE01331S2B 
FE01351S2B 
FE0326DRIB 
FE040 1 S E3B 
FE0402SE3B 
FE0408SE3 
FE0413SE3 
FE0419SW3 
FE0507FD8 
FE0521 FD2C 
FE0611 DS2B 
FE0626DS2B 
FE0633 DS2B 
FE0634 DS2B 
FE0703DW2C 
FE0704DW 
FE0708 D W2C 
FE07130T3C 
FE07220T1 C 
FE0728SE2B 
FE0803MW1 OC 
FEO804M W7C 
FE0805M W7C 
FE10021S2B 
FE10041S2B 
FE10071S3B 
FE10071S5B 
FE10081Sl B 

09/22 
09/23 
10103 
10106 
1011 6 
11/13 
11/18 
1 1 105 
11/06 
1211 6 
09/24 
09/25 
09/30 
10/01 
10102 
1211 7 
1211 6 
10108 
11/17 
11/03 
11/04 
1011 0 
1011 4 
1011 3 
10/09 
1211 5 
11/19 
01/07e 
lOJ17 
10128 
11/20 
11/21 
11/25 
10129 
11/24 

09/09 
09/09 
09/28 
1 0106 
1011 1 
11/10 
11/14 
10131 
10131 
1211 2 
09/09 
09/09 
09/28 
09/28 
09/28 
1211 2 
1211 2 
10106 
11/14 
10131 
1 013 1 
10106 
1011 1 
1011 1 
10106 
1211 2 
11/14 
1211 8 
1011 1 
10124 
11/14 
11/14 
11/22 
10124 
11/22 

NM 
NM 
0.182 
NM 
0.147 
NM 
NM 
0.1 61 
0.161 
NM 
NM 
NM 
0.182 
0.182 
0.182 
NM 
NM 
NM 
NM 
0.161 
0.161 
NM 
0.147 
0.147 
NM 
NM 
NM 
0.156 
0.147 
0.114 
NM 
NM 
NM 
0.114 
NM 

0.247 
0.247 
0.277 
0.259 
0.226 
0.233 
0.265 
0.206 
0.206 
0.253 
0.247 
0.247 
0.277 
0.277 
0.277 
0.253 
0.253 
0.259 
0.265 
0.206 
0.206 
0.259 
0.226. 
0.226 
0.259 
0.253 
0.265 
0.246 
0.226 
0.233 
0.265 
0.265 
0.223 
0.233 
0.223 

0.150 
0.1 50 
0.192 
0.1 29 
0.141 
0.1 76 
0.1 68 
0.1 52 
0.1 52 
0.1 77 
0.1 50 
0.1 50 
0.1 92 
0.1 92 
0.192 
0.1 77 
0.1 77 
0.1 29 
0.1 68 
0 152 
0.152 
0.1 29 
0.1 41 
0.1 41 
0.1 29 
0.1 77 
0.1 68 
1.038 
0.1 41 
0.1 87 
0.1 68 
0.1 68 
0.1 66 
0.1 87 
0.1 66 

0.091 
0.091 
0.088 
0.1 10 
0.075 
0.092 
0.096 
0.102 
0.102 
0.095 
0.091 
0.091 
0.088 
0.088 
0.088 
0.095 
0.095 
0.110 
0.096- 
0.102 
0.102 
0.110 
0.075 
0.075 
0.110 
0.095 
0.096 
0.095 
0.075 
0.083 
0.096 
0.096 
0.085 
0.083 
0.085 

NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 
NM 

0.71 5 
0.715 
0.690 
0.761 
0.71 7 
0.743 
0.738 
0.732 
0.732 
0.728 
0.715 
0.71 5 
0.690 
0.690 
0.690 
0.728 
0.728 
0.761 
0.738 
0.732 
0.732 
0.761 
0.71 7 
0.71 7 
0.761 
0.728 
0.738 
0.724 
0.71 7 
0.733 
0.738 
0.738 
0.705 
0.733 
0.705 

aCPM = Counts per minute. 
bThe background energies monitored in kiloelectron volts (Ke V) for gamma spectroscopy are 
characteristic of the following analytes: 

185 KeV 
609 KeV Ra-226 

U-235 ancVor radiunVradon decay chain 

662 KeV CS- 137 
911 KeV Th-232 
1332 Ke V CO-60 
1460 Ke V K-40 

CAI1 counts, with the exception of those in January 1987, occurred in 1986. 
dNM = Not monitored. 
"0 1/0 718 7. 
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TABLE C.5.11 (CONT.): GAMMA-SPECTROSCOPY ROOM BACKGROUND MONITORED ON 
DETECTOR 9 

Sample B a c k a r o u n d l C P M l a a t E n e r a v L e r e l m b  
Number OateCounted 18!jd 609 662 91 1 1332d 1460 

SampleC BackgroundC 

FE10091S4B 1 1 I07 10131 0.161 0.206 0.152 0.102 NM 0.732 
FElOlOlS4B 1111 1 11110 NM 0.233 0.176 0.092 NM 0.743 
FE1011 IS1 B 1211 1 12/08 NM 0.242 0.170 0.093 0.090 0.699 
FEl 01 1 IS26 1211 0 12/08 NM 0.242 0.170 0.093 0.090 0.699 
FE10151S5B 1 0127 10124 0.114 0.233 0.187 0.083 NM 0.733 

=CPM = Counts per minute. 
b73e background energies monitored in kiloelectron volts (Ke V) for gamma spectroscopy are 
characteristic of the following analytes: 

185 KeV 
609 KeV Ra-226 

U-235 and/or radiumradon decay chain 

662 KeV CS-137 
971 KeV Th-232 
1332 Ke V CO-60 
1460 Ke V K-40 

CAI1 counts , with the exception of those in January 1987, occurred in 1986. 
dNM = Not monitored. 
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BACKGROUNDS AND INDIVIDUAL ANALYSIS RESULTS FOR RADIUM IN SEDIMENT 
SAMPLES (BATCH 87-4008) 

Reported Meas. 

(pCilcJ)b (pCilg)b (CPM)C (CPM)C (min) 

Sample Ra-226 Ra-226 ROla Counting Counting 
Number Avg. Conc. Conc. ROIa Bkgd. Time Date 

FE0301TK1 B 
FE0301TK1 B 
FE0301TK1 B 
FE0301TK1 B 
FE0301TK1 B 

FE0308TK1 B 
FE0308TK1 B 
FE0308TK1 B 
FE0308TK1 B 

FE0401SE4B 
FE0401 SE4B 
FE0401SE4B 
FE0401 SE4B 

FE0402SE4B 
FE0402S E4B 
FE0402SE4B 
F E0402S E4B 

FE0404SE3B 
FE0404SE3B 
FE0404SE3B 

FE0408SE4B 
FE0408SE4B 

FE0409SE4B 
FE0409SE4B 
FE0409SE4B 

FE041 OSE3 
FE041 OSE3 
FE041 OSE3 

FE0411 SE3 
FE0411 SE3 
FE0411 SE3 

FE0412SE4B 
FE0412SE4B 
FE0412SE4B 
FE0412SE4B 
FE0412SE4B 

1.93 
1.93 
1.93 
1.93 
1.93 

65.21 
65.21 
65.21 
65.21 

0.82 
0.82 
0.82 
0.82 

1.27 
1.27 
1.27 
1.27 

0.75 
0.75 
0.75 

0.61 
0.61 

0.59 
0.59 
0.59 

0.82 
0.82 
0.82 

0.66 
0.66 
0.66 

1.87 
1.87 
1.87 
1.87 
1.87 

1.90 
1.78 
1.97 
2.00 
2.00 

64.43 
65.24 
64.58 
66.59 

0.76 
0.81 
0.84 
0.86 

1.21 
1.27 
1.29 
1.32 

0.71 
0.74 
0.80 

0.61 
0.61 

0.46 
0.48 
0.51 

0.76 
0.87 
0.84 

0.60 
0.67 
0.72 

1.90 
1.70 
1.91 
1.87 
1.99 

aROl = Region of Interest for Ra-226 
bp~gg = picocuries per gram 
=CMP = Counts per minute 

3269.2 
3347.1 
3326.4 
3357.3 
3353.3 

24209.6 
24093.7 
23979.7 
23970.6 

826.7 
842.8 
843.4 
840.4 

1088.5 
1097.5 
1091.8 
1093.6 

754.7 
762.7 
769.9 

609.7 
605.9 

693.0 
693.4 
695.2 

768.0 
802.3 
807.3 

596.2 
621.3 
61 7.3 

1873.1 
1853.7 
1884.2 
1873.5 
1867.3 

220.2 
220.2 
220.2 
220.2 
220.2 

220.2 
220.2 
220.2 
220.2 

21 7.0 
219.6 
220.2 
220.2 

21 7.0 
219.6 
220.2 
220.2 

220.2 
220.2 
220.2 

219.6 
220.2 

21 7.0 
219.6 
220.2 

219.2 
21 7.0 
220.2 

219.2 
217.0 
220.2 

220.2 
220.2 
220.2 
220.2 
220.2 

91 .o 
87.0 
87.0 
88.0 
86.0 

12.4 
12.5 
12.5 
12.4 

200.0 
200.0 
200.0 
200.0 

200.0 
200.0 
200.0 
200.0 

200.0 
200.0 
200.0 

200.0 
200.0 

200.0 
200.0 
200.0 

200.0 
200.0 
200.0 

200.0 
200.0 
200.0 

149.0 
150.0 
151 .O 
154.0 
158.0 

01 107187 
0 1/09/87 
0111 2/87 
0211 6/87 
0211 7/87 

0 1 109187 
01/12/87 
0211 6/87 
0211 7/87 

12/06/86 
1211 3/86 
01/12/87 
0211 3/87 

1 210618 6 
1211 4/86 
01 I1 3/87 
0211 3/87 

0 1 109187 
01 I1 3/87 
0211 4/87 

1211 4/86 
0211 3/87 

12/06/86 
1211 4/86 
0211 4/86 

1 1 I1 9/86 
12/05/86 
0211 4/87 

1 1 I1 9/86 
12/05/86 
0211 4/87 

12/02/86 
1211 1/86 
1211 4/86 
0111 3/87 
0211 4/87 
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Issue Date: 0611 7/88 
Revision: 00 

Reported Meas. 

(pCi/g)b ( p C i / ~ ) ~  (CPM)C 

Sample Ra-226 Ra-226 
Number Avg. Conc. Conc. ROla 

FE0413SE3 0.69 0.69 932.1- 

FE0728SE2B 0.72 0.68 640.6 
FE0728SE2B 0.72 0.71 637.5 
FE0728SE2B 0.72 0.69 636.9 
FE0728SE2B 0.72 0.77 634.5 
FE0728SE2B 0.72 0.76 637.8 

aROl= Region of Interest for Ra-226 
bpci/s = picocuries per gram 
=CMP = Counts per minute 

ROla 
Bkgd. . 

(CPM)C 

220.2 

220.6 
21 7.0 
220.2 
220.2 
220.2 

Counting Counting 
Time Date 
(min) 

200.0 12/06/86 

12/02/86 200.0 
200.0 12/06/86 
400.0 0 1/04/87 

0211 7/87 200.0 
200.0 0211 8/87 
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BACKGROUNDS AND INDIVIDUAL ANALYSIS RESULTS FOR RADIUM IN WATER 
SAMPLES (BATCH 87-4008) 

Reported Meas. 

(pCilg)b (pCilg)b (CPM)C (CPM)C (min) 

Sample Ra-226 Ra-226 ROla Counting Counting 
Number Avg. Conc. Conc. Rota Bkgd. Time Date 

FE0415SW3 4 . 9  
FE0415SW3 4 . 9  

FE0416SW3C 4 . 9  

FE0419SW3C 4 . 9  

FE0420SW3C 4 . 9  
FE0420SW3C 4 . 9  

FE0422SW3C 4 . 9  
FE0422SW3C 4 . 9  
FE0422SW3C 4 . 9  

FE0700DW2 4 . 9  

FE0701DW2 -- 4 . 9  

FEO702DW2C 4 . 9  

FE0703DW2C 4 . 9  

FE0704DW2C c5.9 

FE0705DW2C 4 . 9  

FE0706DW2C 

FE0707D W2C 

FE0708 DW2C 

FE0709 D W2C 

FE071 ODW2C 

FE0711 DW2C 

FE0712DW2C 
FE0712DW2C 

FE07130T3C 
FE07130T3C 

FE07140T3B 

45.9 

4 . 9  

4 . 9  

4 . 9  

43.9 

4 . 9  

4 . 9  
4 . 9  

7.7 
7.7 

7.0 

FE07220T1 C 4 . 9  
aROl= Region of Interest for Ra-226 
bpci/s = picocuries per gram 
CCMP = Counts per minute 

-1.52 
-0.44 

0.05 

3.24 

0.90 
2.44 

-0.37 
-0.56 
1.97 

1.18 

0.23 

-1.27 

1 .oo 
-1.30 

1.64 

3.67 

1.73 

0.09 

0.47 

1.62 

2.25 

2.68 
4.87 

9.21 
6.22 

7.00 

0.58 

220.6 
21 6.9 

218.8 

220.6 

221 .o 
219.9 

220.1 
220.7 
219.9 

223.7 

221.2 

219.4 

220.7 

219.7 

221.3 

220.7 

219.7 

219.0 

219.5 

220.0 

219.6 

225.7 
225.8 

277.1 
278.3 

285.0 

220.4 

221.3 
218.6 

218.6 

218.6 

221.2 
21 8.6 

221.2 
220.2 
21 8.6 

221.2 

221.2 

221.2 

221.2 

221.2 

221 -2 

218.1 

218.1 

218.1 

218.1 

218.1 

218.1 

222.3 
218.1 

220.0 
220.0 

220.0 

21 8.9 

400 
400 

400 

400 

400 
400 

400 
200 
400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 

400 
400 

400 
400 

400 

400 

12/28/86 
01/26/87 

01 127187 

0 1/27/87 

1 2/31 I86 
01 127187 

12/31/86 
01 109187 
01/27/87 

01 120187 

01 I2 1 I87 

01 I21 I87 

01 121187 

01 122187 

01/22/87 

01/23/87 

0 1/23/87 

01/23/87 

01 123187 

01/24/87 

01 124187 

12/27/86 
0 1/24/87 

12/28/86 
01/25/87 

0 1 I31 I87 

01 129187 
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ANALYSIS RESULTS FOR RADIUM IN 
' WATER SAMPLES (BATCH 87-4008) 

Reported Meas. 

(pCi/qb) (pCilqb) (CPMF (CPM)C (min) 

Sample Ra-226 Ra-226 ROla Counting Counting 
Number Avg. Conc. Conc. ROla Bkgd. Time Date 

FE07230T1 C 4 . 9  -2.09 218.8 221.2 400 1 213018 6 
FE07230Tl C 4 . 9  0.68 220.4 218.9 400 01/30/87 

FE07240T1 C 4 . 9  -0.59 220.3 221.2 400 12/31/86 
FE07240T1 C 4 . 9  1.27 220.3 218.9 400 0 1130187 

FE07260T1 B 4 . 9  -1 S O  261.8 218.6 400 01/28/87 
-1.76 264.1 21 8.9 400 02/02/8 7 FE07260T1 B 4 . 9  

FE07260T1 B 4 . 9  1.65 261.7 21 7.8 400 0211 3/87 

aRO/ = Region of Interest for Ra-226 
bpCgg = picocuries per gram 
=CMP = Counts per minute 
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TABLE C.7.1: ThORE AND U-ORE STANDARDS FOR ANALYSIS OF RADIUM IN SEDIMENT 
MATRICES 

Spiked 
Sample Spike Recoverya 

(pCi)b (pCi)b 
Sample Date Analyte Results Added (%I 

CMUORE 
CMUORE 
CMUORE 
CMTHORE 

CMTHORE 
CMTHORE 
CMTHORE 

CMTHORE 

01/12/87 
02/16/87 
0211 7/87 
12/02/86 
12/11/86 
01/12/87 
02/16/87 
02/17/87 

Ra-226 
Ra-226 
Ra-226 
Ra-228 
Ra-228 
Ra-228 
Ra-228 
Ra-228 

13238.0 
13122.0 
13222.0 
16569.3 
161 73.8 
16692.9 
15951.5 
15996.5 

13158.0 
131 58.0 
131 58.0 
15646.4 
15646.4 
15646.4 
15646.4 
15646.4 

aRewveries of over 100% are attributable to counting statistics. 
bpicocuries 

100.6 
99.7 

100.4 
105.9 
103.3 
106.6 
101.9 
102.2 
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TABLE C.7.2: Ra-226 SPIKED TYPE It WATER FOR ION EXCHANGE RESIN METHOD e 
Spiked 
Sample Spike Recoverya 

(pCi)b (pCi)b 
Date Analyte Results Added (W Sample 

CMRA6A 1211 1/86 Ra-226 1968.7 201 7.3 97.6 
CM RAGA 0211 7/87 Ra-226 2037.3 201 7.3 101 .o 

=Remveries of over 100% are attributable to counting statistics. 
bpicocuries 
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TABLE C.7.3: RESULTS FOR BLANKS IN REGION OF INTEREST FOR Ra-226 ANALYSES 0 
Blank 
Identifier 

Counts per Minute 
Date (CPM)’ 

RESIN08 
RESIN08 
RESIN08 
RESIN08 
RESIN08 
RESIN08 
RESIN08 
WATER4 
WATER4 
WATER4 
RESIN08 
RESIN08 
RESIN08 
RESIN08 
RESIN08 
WATER8 
WATER8 
WATER8 
WATER8 
WATER8 
WATER8 

12/11/86 
1211 2/86 
1211 4/86 
1211 8/86 
12/29/86 
0 1 I O  1 I87 
0 1/04/87 
01 107187 
01/08/87 
0111 0187 
0 1 122187 
0 1 125187 
01/28/87 
01 I3 1 I87 
02/03/87 
02/04/87 
0210 618 7 
0211 1 I87 
0211 3/87 
0211 6/87 
0211 8/87 

220.5 
222.3 
219.6 
220.0 
221.3 
,221.2 
220.2 
218.6 
21 8.4 
220.1 
221.2 
218.1 
218.6 
218.9 
218.7 
21 7.8 
21 7.5 
218.9 
220.0 
218.3 
217.8 

‘Note that all CPM values are at background levels as indicated in tables C.6.1 and C.6.2; hence 
they are not identified with particular samples. An appropriate matrix blank was counted with each 
set of samples. Preset conditions counted the blank for 200 min or 300,000 total counts in the 
region of interest (ROI). The ROI is channels 10-500 in a 51 7 channel memory region with a 
maximum energy of -3Me V. 



6541 
FMPC S8A Data Doc. 
Issue Date: 06f17taa 

(3-45 Revision: 00 

TABLE C.8: QUALITY CONTROL RESULTS FOR PCB ANALYSES 

Sample Sample Recovery 
Type Analyte Result Standard Units (W Matrix 

IPPM) 

Blank 
Blank 
Blank 
Blank 

Blank 
Blank 
Blank 
Blank 

Blank 
Blank 
Blank 
Blank 

QC 
QC 
QC 
QC 

Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

<3 
<4 

-<2 
<1 

~ 0 . 3  
~ 0 . 4  
<0.2 
~ 0 . 3  . 

<0.1 
<0.2 
e0.05 
<0.1 

115 
<3 
<1 
<2 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

l o o  
0 
0 
0 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA - 
NA 

115 
NA 
NA 
NA 

oillsolvent 
oillso Ive nt 
oikolvent 
oillso Ive nt 

soil 
soil 
soil 
soil 

water 
water 
water 
water 

oikolvent 
oillsolvent 
oiVsolvent 
oillso Ive nt 
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TABLE C.9: INSTRUMENT CALIBRATION VERIFICATION FOR MERCURY ANALYSIS a 
Batch InitialCalibrat ion Continuing Calibration 
Number Verification Verification 

(Yo R)a (% R). 

87-0021 

87-0027 

87-0076 

87-0084 

91 % 

105% 

95% 

107Yo 

87-01 11 93% 

87-01 14 

87-01 21 

106% 

108% 

87-01 23 106% 

87-01 26 

- 87-01 27 

100% 

104% 

4 

%R= x 100 
True Concentration 

%R control limits for mercury are 80% to 120% 

99.0% 
101 .O% 

88.0% 
105.0% 

105.0% 
99.6% 
97.0% 

101 .O% 
108.0% 

104.0% 
96.0% 

106.0% 
100.0% 
94.0% 

99.n./, 
101 .O% 

101 .O% 
94.0% 

101 .O% 
100.0% 
105.0% 

105.0% 
105.0% 

96.0% 
94.0% 
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TABLE (2.10: RESULTS OF EPA EMSL-LV URANIUM CROSS CHECK STANDARDS IN LIQUID MATRIX 

Sample 
Batch Result Standard Difference 
Number (uq/L) (pq/L) (%) 

87-0046 
87-0048 

87-0058' 
87-0059 
87-0060 
87-0081 
87-0082 

. 87-0085 
87-0085. c 

87-0096 
87-0096' 
87-0 1 16 
87-01 35 
87-0 1 34 
87-0 1 55 

\ 87-0058 

'Duplicate 

55.9 
52.0 
53.0 
52.0 
55.0 
53.0 
55.0 
55.0 
56.0 
55.0 
53.0 
55.0 
52.0 
53.0 
53.0 
57.0 

58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 
58.0 

3.6 
10.3 
8.6 

10.3 
5.2 
8.6 
5.2 
5.2 
3.4 
5.2 
8.6 
5.2 

10.3 
8.6 
8.6 
1.7 
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Batch Sample Standard Units Difference Matrix 
Number Result (Yo) 

86-0709 
87-0059 
87-0059"* 
87-0060 
87-0081 
87-0082 
87-0085 
87-0096 
8 7-0096' ** 
87-01 16 
87-01 35 
87-01 34 

5.8 
208.0 
21 5.0 
213.0 
208.0 
240.0 
21 5.0 
214.0 
21 0.0 
21 3.0 
219.0 
21 3.0 

5 s  
200.0- 
200.0 
200.0 
200.0 
202.0"" 
200.0 
200.0 
200.0 
202.0 
202 .o 
202.0 

** 
NBS-SRM certificate value 5.5 mg U/kg 
NBS-SRM uranium standard prepared to 200 pglL 

NBS-SRM uranium standard prepared to 202 pg/L 
*** Duplicate **.* 

5 
4 
8 
7 
4 

19 
8 
7 
5 
5 
8 
5 

Solid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
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TABLE C.12: MATRIX SPIKES OF FLUORIDE IN SOLID 

SamDle 
Batch Resut! Standard Difference 
Number (m (w) (Yo) 

87-0082 1.14 t 1.55 103 
87-0082 ' 1.62 1.55 105 
87-0096 1.52 1.46 104 
87-0096 1.64 1.60 102 
87-0096 2.43 2.57 95 
87-01 55 2.58 2.52 102 
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TABLE C.13: DUPLICATE RESULTS FOR TOTAL ORGANICS IN GLASS FIBER FILTER BLANK 

Sample 
Number 

Analyte' Sample Duplicate Difference 
Result Result mJl 

FE02490T TOC 0.27 0.23 14.8 
FE02490T TOH . 0.01 1 0.01 1 0.0 

TOC = Total Organic Carbon 
TOH = Total Organic Halogen 
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APPENDIX D 

EPA AUDITS OF ALL ANALYTICAL CHEMISPRY LABORATORY 

-. 
EPA Environmental Monitoring Systems Laboratory - 

Las Vegas vist to the  Argonne National Laboratory 
Analytical Chemistry Laboratory 

December 10, 1986 

€PA Environmental Monitoring Systems Laboratory - 
Las Vegas on-site evaluation of the Argonne National 

Laboratory Analytical Chemistry Laboratory 
March 17, 1987 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
OFFICE Of RESEARCH AN0 DEVELOPMENT 

ENVIRONMENTAL MONITORING SYSTEMS lABORATORY4AS VEGAS 
9.0. 60X 15027. US VEGAS NEVADA 891 14.5027 702/798-2100 (FTS 545-2100) 

\w45 
% * -4' 

SUBJECT: 

P U :  

TO: 

JAN 6 1987 

S p e c i a l  On-Site Laboratory V l r l t  AC Argonne N8tlOn81 L ~ b o t ~ t ~ ~ y ,  
Argonne, f l l f n o f s  

E 

David U. B o t t r e l l  
Q u a l i t y  Arrurance Dlvlalon 
Qua l i ty  Assurance Rcrearch Branch 

Karen Knight 
O f f i c e  of E n v l r o m a t a l  Audit8 and Compliance 
Department of Energy, Headquarterr  

. 6 5 4 1  

f h l 8  on-rite war conducted a t  your r equa r t  oa December 10, 1986. A8 t h e  
time a v a i l a b l e  from our rchedulad a n a l y t l c a l  wetlag uar l imi t ed  t o  approxi- 
u t c l y  an  hour, l nd lv idua l  a r p e c t r  of t h e  l abora to ry  l a v a r t i g a t l o n  were 
div ided  b t tueen  Keith Aleckron (LWSCo) and y r e l f .  The rurvey of  l no rganfc  
procedures  war conducted by Keith and is  included AI attachment 1. My r e p o r t  
coverr t h e  o rgan ic  a n a l y t i c a l  func t lona  and a general ifbtegtated ruuary of the 
f a c i l i t y .  
a b l e  to  note changes i n  operFt lon that had bean lmp leun tad .  I had not via l ted  
t h e  f a c i l i t y  previourly.  
a r r o c i a t e d  wi th  the i n i t i a l  L W C o  eva lua t ion  (attachment 2). 

Ktlth had v l r i t e d  the l abo ra to ry  dur ing  a prcvlour a u d i t  and uai 
.. Therefore ,  my ob8ervat1onr and r e c o m n d a t l o n e  are 

cc: 
John Moore WSL-LV 
P . v l d .  Green ?AKL 
Peter L h d a h l  ANL 

Laboratory : 

Data: 

Type of Evaluat ion:  

Atg0-e N~tio-1 hboratory (ANL) 

b c r b e t  10, 1986 

Combined Otgaalc and Ino rgan ic  
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Laboratory Evaluation Pcrsonnel: 

Karen Knight 

Davld U. Bottrel l  

Kclth A. Aleckron 

Judith E. k b h a r t  

ANL Pctronncl Contacted: 

Davld Y. Cteen 

US EPA, n S L - L V  

LEfiSCO 

Battal le,  Colrubur Dlvlrlon 

Laboratory b r u g e r  

Peter C .  Llndahl Project Hanager 

Ronald J. Ylnegendet cclns Superviaor 

K .  Jenren .Inorganic Coordinator 

A. Bopara 1 ExtractlonIScrccnlng Coordinator 

The purpose of t h i s  Laboratory tour war t o  prov1de.r recond oplnlon 
r e l a t i n g  t o  problems obrerved by Karen Knight and Judith Ccbhart during a tour 
corrducted December 9 ,  1986 and to compare current pt8CtlCar/C8p8bll~tfdr t o  
thome reported i n  the prlor W S L  audit.  
sufflclent for a coaplete evaluation, a 1 1  main functional atear uere rurveyed. 
t h e r e  lncluded ample racelvlng/rtorage, a m p l e  preparation, lootgaalc r c u l y r i r ,  
organic analyrlr,  and pertlclde/PCB a r u l y r l r .  
eondltlonr acroas varlour operatlonal groupr and comments r p e c l f l c  t o  lndl- 
vidual afeaa 8re l l r t e d  bela,. 

Although the available tlw war not 

General comments that apply t o  

General Comments 

1. Standard Operating Procedurer (SOPI) a r t  &entia1 to lnrure u n l f o m  
' 

a n a l y t l c s l  procedurcr. Thlr l a  c r p c c l a l l y  true during l a l t l a l  involvement 
8nd when the addltlon of aeu pcrrohncl l r  roqulrcd. t h l r  project raprcrentr a 
change tn functlona\ rcqulreuntr  from tarearch t o  a productlon mode of opera- 
tion. thlr tranultlon reprerents a dr8rttc phllorophlcal 8 h l f t  that nccearl- 
tator the ertabllrhment and u n a g e r l a l  monitorial of rtandardlted oDeratlonr. 
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It W ~ E  noted that some ret procedures have been developed and others have not 
been finallzed due t o  frequent method modifications, e.6. rcreening protocols.' 
However, the abrolure necessity of thir documentation murt be emphasized by 
ANL management. 

2. A program QA/QC coordinator that evaluates program performance but 
report8 directly t o  upper management ir necerrrry. fhir indivldual i s  iden- 
tified in the orgadrat1ocm.l chart (attachment 3) provided by ANL. 
perron or the Project h n a g e r ,  Peter Lindahl, muit underrtand the program 
requirements and be familiar uith all technical and documentary requirements. 
Subrirrioo of the performance' rampler and ANL recruitment action8 indicate 
progrcrr. Peter Lindahl bar been extremely conrcientiour in hi8 effortr, 
but t h i r  project ir beyond the capacity of a mingle individual. 

Thir 

3. During the oa-rite, several arcar were noted in uhich ouggerted correc- 
tive rtcpr had been implemented. 
(iootganlc) , balance logs, aod standard logs. Other required docuuntat Lon, 
e.g. injection logs, cannot be developed without maple procerriag. f h i r  in 
one rearon for the ruggestlon that actual 8anpler be procerred through the 
entire rystem t o  identify probleas and establish oroutinc- operation. 

These involved docunentatiorr of  uater quality 

4 .  A final general comment i r  that logbooks must be reviewed by manage- 
ment and t h f s  proccss must be documented. 
by periodic inrpections t o  verify adherence t o  crtablirhed procedures. 
Ialtialling of log pages documents managerial review. 
involvement lr errentlal t o  establish acceptable performance during the 
development of group operutionr. 

Thlr can be accomplished simply 

Thir administrative 

SUGGESTIONS RELATING TO SPECIFIC LABORATORY FUNmIOHS 

Sample Receiving 

and rtorage procedurer/docurentation were dircurred uith lab perronncl and 
management. Pacilltler are adequate but rtandard procedurer are lacking. 
SOP8 are errentla~ for current and newly recruited perrormel. The Natlonal 
hforccwnt Invertlgrtion Center provlder generlc documentation that rhould 
arrirt i n  wctlag requlrewotr for Chi8 area. A copy of Chi8 information war 
provided to Steve Ballou during a recent sampling meeting. 

Pequlrerentr and ruggertions for ertablirhent of ruple logging, cu~tody, 

An example i r  the lack of definltlon for unacceptab1c rtorage conditlans 
.ad actions required when refrlgeratlon unit8 malfunction. 
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Sample Process lngJScre tn lng  

An u l t r a r o n l c  probe has been recelved;  but  t o  i n su re  the  a v a l l a b i l l t y  of 
func t lona l  equipment, a second apparatus  Is necessary. Redundancy l n  t h i s  
baric, e s r e n t l a l  func t lon  1s required.  One p o t e n t i a l  problem Is t h a t  b o t t l e d  
r e m l - v o l a t l l e  s tandard8 are s to red  l n  t h l r  area. They r ep re ren t  a p o t e n t l a l  
rource of contamlnatlon and rhould be moved t o  a r t ands rd r  area. .General ly ,  
f a c l l l t l e r  are cramped, but func t lona l .  

. 

S p e c l f l c  p ro toco l s  have not been f l n a l l t e d ,  bu t  s e v e r a l  p o t e n t i a l  problems 
appear  l i k e l y  under planned ope ra t ing  condi t lonr .  
Live detectorr are planned for ana ly re r  t h a t  r e q u i r e  lerr documentation, and 
r e rea rch  l n r t r u w n t r  have been l d e n t l f l e d  for a r u l y r e r  t h a t  r equ i r e  f u l l  CLP 
data P8Chge rubmlrslon. The ob jec t  of p a r t l a l  and f u l l  d a t a  d e l l v e r a b l e r  l a  
t h a t  f u l l  a n a l y r l r  r ep re ren t s  a11 rna ly re r .  
t e c h a l c a l l p  c o n r l r t e a t .  Both inrtrumentr are quadrupole lnrtrurcntr, b u t  t h e  
a p p l l c r t l o n  of a t r i p l e  stage research  l n r t r u v n t  l r  not  equiva len t  t o  a mar8 
r e l e c t l v e  detector (MSD). The bas i c  premlre of t h e  procedure depends upon 
cocrparabl l l ty  o€ t h e  a n a l y t i c a l  r y r t e r s .  ANL planned a p p l l c r t l o n r  may not be 
conrlrtent with DOE ob jec t ives .  

Hwlett-Packard mar8 oelec-  

The o c h e r  t h a t  An planr  la 

A f i n a l  ob re rva t ion  r e l a t i n g  t h e  MSD'r 1s t h a t  t h e r e  a n a l y t l c a l  r y r t c o s  
are neu and r e l a t i v e l y  unter ted .  
documentation may not  e x l r t .  
f a m l l l a r  with ryrtem hardware and data proce r r lng  e a p a b l l l t l c r .  
extremely d l f f l c u l t  wi th  neu equipment and new perronoel .  
w n t r  f o r  t h l r  ryr tem are i d e n t i c a l  t o  t h o r e  opec l f l ed  f o r  t he  t o t a l  d a t a  
package rubmlrrion. 
t h l r  p a r t i c u l a r  l o r t r u a c n t a t l o n .  
and a d d i t i o n a l  computer support .  
of rcheduled a n a l y ~ ~ e r  w i l l  f a l l  on t h l r  new equipment. 
data q u a l l t y  must be malntatned. 
r e g u l a r l y  audi ted  through review of raw d a t a  t ape r .  

Software t h a t  w i l l  r e a d i l y  provide r equ i r ed  

t h l r  w i l l  be 
Personnel performing t h e r e  ana ly re r  m u i t  be 

Analy t i ca l  r equ l r e -  

T h i o  1s achievable ,  aad  u n y  productlocr f a c l l l t i c r  r e l y  o n  
However, t h i n  r e q u l r e r  e q e r i 8 n c e d  per ronac1  
ANL management .urt underr tand that  t h e  burden 

Required protocola-  and 
T h i s  area of t h e  a n a l y t i c a l  p roce r r  w l l l  be 

CLP cc/ns Analyr i r  

i n r t r u w n t a t i o n  t o  cu r ren t  p ro toco l r  and comparabl l l ty  of the varlour ' lnrtru- 
mentatloa. 
a t l o n o  and 10 I #)E program dec la lon .  
with u t l l l r a t l o n  of t h l r  equlpment are rlgnlflcaat. 
r e q u i r e d ,  and abso lu te  dependence on r e rea rch  l n r t r u u n t a t l o n  f o r  a product  Lon 
fulrctlon may t u r n  ouf unacceptably.  A 1 8 0 ,  the omme p r o b l e m  with t r a l n i n g  and 
w p e r l e n c e  apply h e r e  ar wlth  t h e  )(SD r y r t e r r .  The VC c o n r l d r r a t l o n o  are more 
oevere due t o  t h e  h ighly  r o p h l r t k r t e d  o p e r a t i n g  ryrtem. 
VC opera to r  10 a v a l l a b l e ,  four t o  e i g h t  weeks of f a m t l l a r l t a t l o n  w l t h  the 
hardware and d a t a  p t o c e r r i o g  r y r t u r  rhould  be minimal t rqu l remeat r  t h a t  are 
met  p r i o r  t o  a n a l y r l r  of #)E program a m p l e r .  

The major area of d l r c u r r l o n  he re  11 t h e  a p p l i c a t i o n  of the r e m a t c h  VC 

Thlr value judgement 10 not n o r u l l y  ao roc la t ed  wi th  on-rite eva lu -  
However, r e l a t e d  q u e r t i o n r  a r r o c l a t e d  

R e l i a b l e  o p e r a t i o n  l a  

Unlerr  an experienced 
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~ n o t g a n i c  ~ n a l y o  IS 

General  l a b  o rde r  was noted as a major problem, e r p e c i a l l y  in t h e  tlercury 
8 n a l y t l c a l  mea. 
of a r u l y t i c a l  s tandards  rhould be coni tored .  f h l r  area i r  d i rcu r red  in t h e  
8 t t8ched  r e p o r t  provided by Kei th  Aleckron. 

Good labora tory  p r a c t i c e  r e l a t i n g  t o  frequency of prepa ra t ion  

The development of a product ion l abora to ry  in a re rearch  f a c l l l t y  r a q u l r e r  
r t r o n g  u n a p m e n t  cordtment t o  e r t a b l i r h  and monitor the  adherence t o  standard-  
ired procedurer .  
t r a i n i n g ,  documentation, 8nd program f a m i l l a r i r a t l o n  are required.  
Knight rcquer ted  dur ing  our  d i r t u r r i o n  of f a c l l l t y  e a p a b i l l t i e s ,  r p e c i f l c  goal0 
mur t  be developed, monitored, and repor ted  t o  DOE headquarterr  on 8n e a t a b l l c h c d  
rchedule  t h a t  u i l l  i n su re  acceptab le  p repa ra t lon  for  and p a r t i c i p a t i o n  in t h e  

T h i r  traasltion 1 8  p o r r i b l c ,  b u t  major e f f o r t 6  in hlrlng, 
As Karen 

p r o j e c t .  - 

Xn on effort t o  f a c i l i t a t e  t h i s  tranrition 8nd expaorion, r e v e t 8 1  o p t i o n s  
may be conridered.  I n l t f a l l y ,  t h e  p roca r r ing  of samples through t h e  e x l r t l n g  
8 n a l y t i e a l  ryr tem i r  e 8 r e n t i a 1  LO i d e n t i f y  r p e c i f i c  p rob lem i n  t h e  va r ious  
8rear of l a b o r a t o r y  opera t ion  and t o  e r t a b l i r h  a normal rou t ine .  
r u p l e r  through t h e  ryetern l r  necerrary t o  d u o n r t r a t e  acceptab le  performance. 
Addi t iona l  8rrLrtance Ln t h e  development of 8 f u n c t i o n a l  product ion mode of 
o p e r a t i o n  rhould be conrldered.  
h i r i n g  of perronnel  u i t h  t h e  demonstrated a b i l i t y  t o  e r t r b l i r h  a product ion  
f a c i l i t y  or through c o n t r a c t s  u i t h  consultants f a m i l i a r  u i t h  program and 
r o u t i n e  o p c t a t i o ~ l  requfrementr.  The a d d i t i o n  of experienced product ion 
o r i e n t e d  pe r roane l  u y  not be necerrary bu t  i r  a rugge r t ion  that could  f a c l l l -  
t 8 t e  t h e  development requi red  f o r  p a r t i c i p a t i o n  in Chi8 p r o j e c t .  A major 
coulttment involv lng  r p e c i f i c a l l y  rcheduled 8nd demonatrated p r o g r e r r  i n  
.ever81 area6 of l abora to ry  opera t lona  i r  aecerray t o  i n i u r e  accep tab le  
p e r f o m a n c e  p r i o r  t o  t h e  a n t i c i p a t e d  d a t e  of r u p l e  a r r i v a l .  

Procerring 

. 
This  could be 8ccomplirhed through d l r e c t  
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December 30,  1986 

Bnvironmental Protection bency 
P. 0. Box U027 
t.8 Vag8s, Yevad8 89114 

Attontion: D.Y. Bottroll 

Vi.: P.D. Plotard ;x b d. 
Subject: Suummry cmiwmnte on brief on-.it. review of the 

inorganic lab a t  Arsonne National k b ,  Argonno, IL 

At krtn Kni6ht.8 request, f briefly toured the inorganic labs 
at AYL on December 11, 1986 to observe 8- problems 8he felt 
noeded iPlaedirtc attention and also to evaluate U L ' 8  progress 
in getting ready for their next group of mraples in oarly March, 
1987. 
m o r t e d  below: 

Wy obrervations u r d  coamcntr for the inorganic lab are 

1. 1L.. Knight and Judy Cabhart of BatLelle obmerv.8 that the 
Hg ana1y.i~ lab uaa phyrically a mom. Thoy a180 noticed 
80m oxpired standards t b t  wore 8tor.d in the atomic 
abmorption lab. 
roc-ndod that the marcury lab bo clamnod up. 
roeo-nded that 811 metala mtandardm that wore older than 
1 p a r  not bo umod for calibration purpoaea end that a 
mtandard8 106 be Btarted that mort8 tho dato *n rtock 
mtandardo a n  oponed, tho dato thoy aro no lower um.6, the 
unufactunr, and the lot number. The m a m e  log mhould be 
used for reporting when roforonce 8tandMrd8 are takon in 
and out of morvico. It i8 a180 racolwndod t b t  the 
oxpirod standard. not be 8tor.d in the 8 . 1 6  aroa am the 
c8libration mtandardr to h e l p  prevont an 8xpir.d 8tandard 
from boing uoe6 f o r  calibration by accident. 

T obuerved the8e 8- problems 8nd 
I a100 
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D.Y. Bottrell 
Page Two 

2. 

3. 

4 .  

S. 

6 .  

Karen and Judy were a h 0  concerned that the written SOP'S 
were not moving along f8st enough to #et the needs of the 
program. 
written SOP'. for slmss-re uarhing. f o r  s-le 
preparation, and for tho TCLP method. Tho Lab .till needs 
to produce written SOP'. for 8 q l o  log-in and tracking. 
for assembling the dmta packager,' for the analytical 
methods. and for acchiviw the data once the result8 are 
-ported. I fool that the lab can have the SOP'S 
documented within the t h e  requirements if a 8chedule for 
completion is ret and i o  followed. 

I observad that the lab had completed hand 

The lab had added logbooks for the balances and the water 
system and ontrier had been made recently. 
are a result ob oar last on-rite. 
also noted on the refri&erators. 

These logbooks 
Tapperatwe logs were 

The inorganic lab io Using PCBA methods for digestion and 
for analysis of TCLP extracts as directed by EnSL-Las 
Vegas. These methods are not very #pacific concerning QC . 
frequency, 8equencc, and control lhito. the methods 
coumittee ahouLd consider adding these specifics to the 
TCLP method in the DOE Survey methods manual. 

The inorganic lab 8hould conrider putting all r-le digest 
activities under one person. That person should not be the 
prirury inEtrurent operator for 8ither the ICP or the M 
analysis. 
lab, the primary operators Will not k ab10 to both prepare 
and 8naLyre r q h s  efficiently. 

Uhon a large number of mrPpleo arrive at the 

The inorganic lab should stroamline their operation where 
poroible to meet the demand of analyzing a large number of 
mmples. 
dmterrined.by aomoone orrporimcod i n  the CLP uith more time 
to 8pend with WL than a fou hours. Once there measures 
have been put i n  place, the uyrtem mhould be checked for 
problems with a tost,group o€ #-Leo. 

Thore rtnaalining moamuror can ba botter 

/ 

. 
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7. It m y  bc possible for the iaor6anic lab to be ready for 
the March deadline with a great deal of work and 
preparation. Hwever, objectives for correction of a11 
deficiencies and de8dlines for the corrections should be 
met. If the lab doer not meet theme deadQne8 then the 
entry date for the lab into the DOE Survey program mhould 
b delayed 8CCOrdhgly. 

If there are any questions concemhg thi8 report, please c!ll 
at 102-798-314b. 

Very truly yours, 

a U M  : me0 

K.A. Alcckson 
Senior Scientist 
Laboratory Performance 
Monitoring Croup 

cc: 1.T. Homsher 
3 . 0 .  70.23 
Vp-0988C 

.- 
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October 31, 1986 

Environmental Protection bency 
P. 0 .  Box lS027 
&S v t g a ~ .  m~vada 89114 

Attention: J.C. Pearron 

Via : E.D. Flotard 

Subject: On-site gvaluation of Argonne National kbor8tory for 
the DepartrPant of Energy Ravironmental Survey 

Dear Hr. Peatson: 

A n  on-site evaluation of the analytical chemistry laboratory at 
Argonne National Laboratory (-1 war perfomed October 3 ,  1986 
by Csry Robertson and Keith Alocbon. 
this visit was to ovaluate the capability of the laboratory to 
porform CLP analyres and to ptOVid8 advice urd arsirtance in 
developing CLP analytical cap8bility. 

The pnlhinory nature of the .vmhation (some instnmmtation 

aV8il8bh. etc.) ruulted in the visit king u c h  10- of an 
advisory visit than a strict .valuation. 
items ovahated by the usual on-rite check 8hect aro not yot in 
place, the c-nts in this report m r o  prsrmtad in narrative 
f om. 

The primary purpose of 

not 8V.ihbh. SOP.8 not 40vel0p.d~ PO 8-1. d8t8 not 

Since u n y  of the 

c 
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W O R A T O R Y :  Argonne Nation81 Lab 

DATE : October 3 ,  1986 

TYPE OF EVALUATIOY: Combined Organic 8nd Inorganic 

PERSOUUEL COUTACTED: 

EW 
D.Y.  Crecn 
X. J. Jensen 
P.R. Heinrich 
P.C. Lindohl 
R.J. Uinegender . 
J.R. Schntider 
A.S. Boparoi 
M. Pice1 

LABORATORY EVALUATION TEAH: a . m  
Jortph Bode 
Keith Aleckson 
Cory Robertson 

TITLE 
h n a g e r  
Croup &.der Chemical Analysis  
Croup Le8der f n s t n n r a n k l  Analys is  
Chemist, Inorganic 
Organic Coordinator 
Chemist Organic 
Chemist, Organic 
Chemist, Organic 

- 

TITLE 

E n V i r O n ~ ~ 1 t 8 1  Engineer, DOE 
Senior Sc imnt is t ,  LECLSCO 
Princ ipal  S c i e n t i s t ,  LEMSCO 

.. . 

. .- 
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there are f i v e  major functional areas i n  the analytical  
chunietry laboratory a t  ANL involved i n  the DOE environmental 
m r v e y :  sample receiving,  radiation,  organic extraction,  
scroening and perticidelPCB analysis,  CWUS CLP analysis,  and 
inomuric  analysis.  General collacnts which apply t o  a11 a n a s  
and C-tS SpOCifiC t o  08ch area 8- di8CU88.d b h ~ .  

General Coamnentm 

1. 

2. 

3 .  

1 .  

Standard Operating Procedures (SOPS) nod t o  be producod 
f o r  the following: all a n a l y t i c a l  procedures, log-in 
procedures, internal  ruuple tracking M d  8ocurity 
procedures, glasoware cleaning pmc.dunr (inorganic and 
o m m i c ) ,  saaple preparation ( o q u r i c  and inomuric),  
. t u r b . d s  preparation, and data package preparation. 
Copies o f  the SOPS Bhould be provided i n  tho appropriate 
vork areas f o r  811 pereonnel. 
all of these SOPS cannot be developed till the actual  
procedures are i n  place.  

It 8hwld ba realized t h a t  

In addition t o  the personal logbooks almady kept, the 
f o l b u i n g  logbooks should bo i n i t i a t e d :  
proparation logs,  sample preparation 106S. inst-nt 
m8intonmco 106S. balance Aogs, instmzmont run l o g s ,  
r e f r i g e r a t o r  temperature l O g S ,  u r d  water purity  l o g s .  A l l  
logboob 8hould k p e r i o d i c a l l y  checked and initialled by 
tho mpervi8or andlor the QA officer. 

8t8nd8rd 

Balances 8hould be checked beforo oach m i t h i n g  ses8ion 
with 8t8nd8rd weights which 8m ctmckod with ch88 S 
w i g h t s  on 8 rogular b a s i l ,  i . 0 . .  m t h l y .  

Tho conductivity  o f  the n t e r  u8.d for  inomanic 8 n a l y s i t  
8hould be chocked and logged d a i l y  or bofon u c h  use, 
uhichover is froqumt:  a t o r  q u a l i t y  f o r  organic 

u r a l y s i s .  
mot nocesearily  ita able for o m a n i c  analysis. 

U L d Y 8 i S  i 8  908Nr.d at 0 C q O n U t t  O f  the -8BOZbt blank 
Yater that  i s  m i t a b l e  f o r  inorganic a n a l y s i s  i s  
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. .  

sample Ractiving 

1. A problem was noted with the .*ah on the runplt 8hfpping 
eoolors. ApproriPrtely one-half of the 8.81. of tho 
8hipmnt r o c e i v d  October 3.  1986 w e n  broken. T h i n  
8ppO8rd t o  k duo t o  the fragility Of the 8.81. 
(o~pecially when ucrt) rather than kapering.  various 
81t8mativer  war8 discussed th8t would prevent 8CCidankl 
bro8hge but o t i l l  provide evidence of t.nrpering. 

2. 2%. naurple ntoragc refrigerators  i n  the log-in area provide 
f o r  meparate s t o r a i e  of v o l a t i l e r  8nd mamivohtiler. 
refrigerator  tanporatUreS are rocorded. However, they 
8hould be i n i t i a l l e d  by the person recording the 
t.ropar8tures. 

me 

3 .  The sample .hipping coolers should be opened i n  8 hood. 
The person opening the cooltrs  8nd b n d l i n s  t h t  8uupl.s 
8hould wear protective  6lOveS. 
coolers nuspocted of containing ht8rdous t m p l e s  was 
discussed. 

The p o s s i b i l i t y  of f h g g i n g  

pd i a t  ion 

C- 8poctroaetry y.0 the only r8diBtiOn ar.8 ob8mruod. 
The 8n8lysis procodurer Yare in place and project 8.1~ple8 wre 

concerned i n i t i 8 l i n g  logbook r n t r i e s  of 8.arple d8t8'8nd k i n g  
10- conscious of .-le security  ( s w l e r  were un8ttmd.d on 8 
t a b l o  in tbo h b  ontmncc). 

alm8dy being U d - o d .  r e t 0 ~ ~ m d 8 t i O ~ ~  i n  t h i 8  8-8 

Thir 8r88 appmared t o  be 
functioning W.11 Vith i n  p1.C. QA/QC prO6FU. Houmver, 8 
dot8il.d OV8lU8tiOn by 80moone -11 v o m d  i n  r 8 d i O C h d 8 t l y  8 S  

wll 88 QA i s  roc-ded. 

$uildinrr 211 Omanie Sanrple Extraction. S c r e m i n i .  and 
Posticido/PCB hn8lrsir 

. .  

. .- 
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1. The ultrasonic probe for extracting s o i l  samples i o  
ordered but not received. 
8 S  8 b8chrp VPS recouamnded. 

Purchaae of a 8econd probe 

2. The 8.mple extraction are8 i s  being modified t o  handle 
l a q o r  numbers of s.mples. 

3 .  The I(SD'8 f o r  the 8creening procedures are  being 
ordored. 
operator t ra ining is being plannod. 

The 8creening method i 8  k i n g  wri t ten and 

nao estimated time u n t i l  th i s  area i s  fu l ly  operational f o r  
v o l a t i l e  mcreening i s  four t o  s i x  ~ e k s  with remivolati le 
8creening on-line no sooner than two or three weeks a f t e r  the  
mecond MSD is  raceived. 

Bui ldini  205 CLP C C I H S  Analvsis 

Jnomanie h a l v s i o  

1. 

2. 

3 .  

This area currently bas one functioning CWHS (Finnig8n 
4000) which needs t o  be converted t o  packed columm 
operation f o r  v o l r t i l e s  analysis  ( t h i s  i s  planned). 

Transit ion needs t o  be made t o  CLP quant i ta t ion protocols ,  
i.e., a u l t i p l e  inten181 st8ndard quantitation. 

A mocond instnment  (VC) is orbered and should arrive 
moon. 
malysrs. 
four  uuek8 a f t e r  the ivu ta l la t ion  mhould be aLlott .6 k f o r e  
productive CLP analyses are ucpcctod unless an mxporiurced 
VC operator is a V 8 i h b h .  

This inrtmment is planned fo r  semivolati lo 
Considering neebod o p t a t o r  t ra in ing  a t  h a s t  

UTr. appear8 t o  b v e  the  irutrummntation and parsoxanel 
necessary t o  colllplete the inorganic portion of the pro jec t .  
However. r r ch  uork is .till necessary t o  dovelop and document 
Bt8nd8rd procedure8 for  keeping logbooks, f o r  pnpar-  m.qp1.s. 
for analyzing tho s .qpleo,  and f o r  a s a d l i n g  the data paewe..  . 
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A list of equipment has been rupplied with this report. A 
doficioncy that w88 found in this list io the lack o f  recording 
dovices for tho back-up graphit. furnace atomic abmorption 
mpoctrontors. Ihir doficicncy tios tho ana1y.t up at the 
irutmment and haV08 tho an8lYmiB 0p.n to poamiblo 
tranmcription O-M. 
tho back up inotrrrwntr when they aro to bo usod. 

' 

ItecOrbing device8 mhould be procured for 

Di8cursionm mro Carried on with the inomanic ttaff over 
t h o  proparation and analytical procedures. 
covorad were ICP, graphite furnace atomic absorption, Clam 
atomic absorption, ion chromatography, mercury anmlytis, cyanide 
analysis, digestion procedures, and the TCLP extraction 
procedure. The poinu covered, for each method, included 
mequonco urd frequency for the QC, technique, logbooks, .ample 
proparation, and us. and availability o f  EPA ttandard reference 
materials for each method. 
oxtraction wthod had to be answered later by phone after 
conmlktion with Dr. L. Y i l l i u n s  of P(Sbtrs Vagas. 

the report fornrs and assembly of the data packages. 

n o s e  methods 

H8ny of the questions about the TCLP 

r'uture discussions by phone may be needed for completion of 

Jnorxanie Sample Analysis Instrumentation 

Tho following tables are extracted from the t turdard on-site 
check theet u r d  are provided for infomation on laboratory 
UkdytiCd C8p8City. 

A. JCP/DS Inottumcntation 

Type: Soquen- 
tial or D 8 k  

XCP 1-t-ntt SA JY48 Both Disit.1 
Manuf ae turcr Model Siml taneous SYttm 

EQUiP. corn 

8. Etomie Absotvtion (MI Spectrometer 

Manu f ae turc r nodel D8t8 SY#t- 
U ID# Perlrin-Elmer 20-n SO00 Perkin E l w r  7300 

M ID4 Inmtxumont Lab. 351 Yon. 

M ID# InmtLuwnt Lab. 251 mono 

AA ID# Porkin-Elwr 303 Yone 
- .- 

(HI1 8n81YSi8) 

000174 
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C. Additional Instrumentstion 

b n u f  acturer Model D8t8 Sratem 
Xon Chrosr. Di0n.X 1 4  (upgrad.) Nono 

V V I V i r .  CCA R1-700-56 Iton. 
Spoctromtor IlcPhor8on 

WlVir Caw 
Spec tromo t o r  

1 6  Yonc 

Uranium Scin t rex  UA-3 D i g i t d  VT-100 
b a l v r c r  

$ecormaenda t ion 

Ye rotoumend mothe r  on-site evaluation of the  MfL ana ly t i ca l  
ehanistry hbOr8tOry after the additions t o  instruarent8tion 8nb 
procoduret are presont, 8ft.r the  perfomanco ovalurntion 8.lrrplo 
results are avai lable ,  urd  after ML has wcparienced put t ing  

day v i 8 i t  t o  8110~ 8d.qu8ta t h o  fo r  ovalurntion of the 
togother 8 CLP 60- pack.6e- 

hbot8tOry 8 S  -11 U a d V i C 0  011 f0- 8nd 68t0 p8Ck8te 8 t N C t U m .  

This 8hould k p1urn.d 8 S  8 t U O  

Very tmly YDUF~, Vory t r u l y  yours, 
. .  

L A .  Alecluon C. t. Rokrtron 
S m i o r  Sc ion t i s t  Pr incipal  S c i e n t i s t  
Laboratory Porfomance Protocol Devolopwnt Group 

Monitoring-Craup 

cc: J.O. 70.23 
U P 4 8 1 7 C  \ 
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Dr. Steve Ballou 
Energy and Environmental Systems Division 
Argonne National Laboratory 
Argonne, I l l i n o i s  60439 

Dear Dr. BAllou, 

Enclosed i s  a copy Of EPA's audit of inorganic analytical  
performance and custody/laboratory documentation. It  appears t h a t  
the inorganic CLP audit went well and that the laboratory 
evidence audit had some corrective actions t o  perform. 

Please prepare a reply to your laboratory's corrective 
actions as a r e s u l t  of these audits.  

If  you have any questions, please contact me a t  FTS 896- 
5486 

Sincerely yours, 

Off ice  of Environmental 
A u d i t  
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%' Aut= ENVIRONMENTAL MONITORING SYSTEMS LABORATORY-LAS VlGAS 
P.O. BOX 15027. US VEGAS. NEVADA 891 14-5027 ~702/798-2100 (FlS 545-2100) 

Dear Hs. Knight: 

y Samplj 

9Y 

e 

JUN 4 1987 

A n  on-site evaluation, similar to those routinely conducted at 
Superfund Contract Laboratory Program (CLP) facilities, was 
performed March 17, 1987, at Argonne National Laboratory. 

Personnel from Lockheed Engineering and Management Services 
Co. and TechLaw provided specific reports that pertain to 
inorganic analytical performance and custody/laboratory 
documentation, respectively. These reports are included with . 
this review. 

s i n c e b p  

David W .  Bo trell 

Quality Assurance Research Branch 
Quality Assurance and Methods Development Division 

Chemist 

Enclosures 

cc: 
Jim Petty, Chief, QAB 
Harold Vincent, QAB 
Richard Flotard, LEMSCo 
Peter Lindahl, ANL 
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UP- 1289C 
CLP I l O R C W X C  PLATE 

SUBJECT: Routine On-Site Laboratory Evaluation of ArEonne National Laboratory 
for lnorganic Analysis on March 17, 1987. 

FRW: Keith A. Aleckson 
Senior Scientist 
Laboratory Perfo-nce Monitoring Division 

V I A  : R.D. Flotard R.4- 42- 
TO : David W. Bottrell 

Chemist 
Quality Assurance-Research Branch 
Quality Assurance Methods Development Division 

An inorganic on-site evaluation similar to those routinely conducted at 
Superfund Contract Laboratory Program (CLP) facilities was performed on 
Harch 17, 1987 at the Argonne National Laboratory. During t h i s  
evaluation several areas for suggested changes were identified. 
relating to those items and specific observations relating to the 
inorganic analytical section are included in the text of t h i s  report. 

Details 

A n  evidentiary audit was conducted simultaneously by the Contract 
Evidence Audit Team (CUT) Techlaw. 
separate report. 

Their findings will be provided in a 

Attachment 

cc: (wlattaclunent) 
Hike Homsher, LEnSCO 
John Moore, QAQI 
J.O. 70.23 
DES 3-62 
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Laboratory: Arnonne National Laboratory 

Type of Evaluation: Special Inormmic for DOE Site Survey 

Contract Number: ---- 
Contract Title: ---- 

Personnel Contacted: 

Name , -  

Dave U. Green 

P.C. Lindahl 

R.R. Heinrich 

K.3. Jenson 

F. J. Xartino 

X.D.  Erickson a 
Laboratory Evaluation Team:, 

Name 

Keith Aleckson 

Jeff Worthinnton 

- Title 

Hananer 

Project Wananer 

Croup Leader 

Croup Leader 

Q A I Q C  Coordinator 

Croup Leader 

- 

- Title 

Team Leader. LEnSCO 

Evidence Auditor. Techlaw 

2 
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Sununary of Laboratory Evaluation 
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A .  Procedural Changes the Laboratory Should fmplemnt 

The following comments refer to deficiencies noted in the Laboratory 
Evaluation Checklist (Attachment 1). 

1. The sample receipt SOP should be kept in the sample receiving area. 

2.  The sample receipt logs should be reviewed and initimlltd by the 
supervisor. 

3 .  The sample preparation SOP should be updated. 

4. It is recommended that gains and intensities for the ICP be recorded 
in a log. 

E. Review of Data Audit Report 

The following comments refer to the SumryIConclusion section of the 
date audit report for the PE samples (Attachment 2). 

Report 
I t e m  No. C m e n t s  

. IV's in future cases. 
H1 The lab agreed to report the t m e  values on the Form 

H2, H 3 ,  H4, H5 The lab reported that not all of the raw data had been 
supplied with this case including the infonnation noted 
by these comments. In the future all of the raw data . 

will be supplied with each case. 

H6 

H7 

ml 

m2 

ANL will consolidate their Hg data into a fonnat that is 
more clear to the data reviewers, as requested. 

It is understood by the auditor that unusual 
circumstances surrounded the analysis of this case and 
that future cases analyzed by the lab will meet the 
holding time requirements for Hg. 

ICV and CCV results will be reported on Form I1 in the 
future. 

ICs results for Ca, Mg, Ha, K, Fe, 8nd A1 will be 
reported in the future on Form IV 8s required. 

m3 Spikes for Ag will be reported on Form V in the future. 

The lab is aware of the contract specified spike levels 
8nd will comply with them in future cases. 

4 
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Both the sample results 8nd ',he serial dilution results 
will be reported for all elements that are analyzed by 
ICP on QC Form IX in the future. 

The lab will pay closer attention to the fla~ging 
requirements in the future. 

The reporting requirements concerning significant 
figures are understood by IWL 8nd will be followed. 

Some acceptable formats for labeling and reporting the 
raw data were discussed with M L  and they will do their 
best to devise a system that will fit both our and their 
needs. 

D. Other Issues 

1. Argonne National Laboratory should be ready to accept samples for 
this program. However, they should be closely monitored-at first 
since many problems that are not foreseen may arise with the first 
few batches of samples that arrive at the lab. 

' 
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Laboratory Evaluation Checklist 

1. Organization and Personnel (Page 1 of 2) 

I 
I I I  I 

L8boratory or Project Manager (individual I I I  I 
responsible for overall technical effort) I I I  I 

I I I  1 
lame: Peter C. Lindahl I X I  I I 

I I I  I 

Inductively Coupled Plasma Emission 
Spectroscopist 
Name: E.A. Huff 
Experience: 9 months minimum requirement 

(Exhibit A ,  page 6, item 4.8 5/84) 

I I  
I I  
I I  

X I  I 
I 1  
I I  

I 
' I  

I 
I 
I 
I 

1-1- I I 
I I I  I 

Flameless Atomic Absorption Spectroscopist I I 1  I 
lame: Irene H. Fox I X I  I I 
Experience: 2 years minimum requirement I I I  I 

(Exhibit A ,  page 6, item 4.b  5/84) I 1 I I 
!_I_ I I 

I I  I 
Inorganic Sample Preparation Expert 
Name: A.M. EsslinR 
Name: I.H. Fox 
Experience: 6 months minimum requirement- 

(Exhibit A, page 6 *  item 4.c 5/84) 

1 ;  I 
X I  I I 
X I  I I 

I I  I 
I 1  I 

1-1- I I 
I I  I 

Flame and Cold Vapor M Spectroscopist I I I  1 
lame: R.U. Bene I X I  I I 
Experience: 2 years m i n i m  requirement I I I  I 

(Exhibit A, page 6. itan 4 . 6  5/84) I I t  I 

Cyanide Analyst 
lime: F.L. Williams 
Experience: 1 year minimum requirement 

(Exhibit A, page 6 ,  item 4.e 5 / 8 0 )  
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1. organization and Personnel (Page 2 of 2) 

I 

I I 1  I 
I 

I I I  1 
I X I  1 I 
I- I 1  - I 
I I 1  I 
I I I  I 
I I 1  I 

1 1  I 
I I I  I 
I X I  I I 

I 
I I  I 

Do personnel assigned to this project have the I 
mppropriate background to Buccessfully 
8ccomplish the objectives of the program? 

I I 

Quality Assurance Supervisor 
H a m e :  F.J. Wartino 1- I I  - I 
Glassware Preparation Technician 
lame: Not specified 

Is the organization adequately staffed to I I I  
meet project commitments in a timely manner? I x I I 

I I I  
' analysis available during the evaluation? I I 1  

I X I  I 

Uere a11 personnel involved with the CLP 

(List those not present) 

Additional Conmrents 0 
1. Sample Custodian: L. Mojica 

7 
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I TEH [YES (NO I COHHENT I 
I- I 1  - 1 
I I 1  I 

(SOPS) developed for receipt and storage I I 1  I 
of samples? I X I  I I 

I I  I 
I 
I 

to the sample custodian et the sample receipt/ I I I (1) I 
storage area? I 1 x 1  I 

1 1  I 
I 
I 

manner which prevents possible laboratory I I I  I 
contamination? I X I  I ( 2 )  I 

1-1- I I 
I I 1  I 

Are soil and cyanide samples that require I I 1  I 
refrigeration at 4OC stored in such a uay I I 1  I 
as to maintain their preservation? I X I  I I 

I I 
I I  I 

Are written Standard Operating Procedures 

:-,-I 

1-1-1 

Is the appropriate portion of the SOP available1 I I 

Are the sample shipping containers opened in a I 1 .  I 

Are adequate facilities provided for storage I 1 1 
of samples, including cold storage? I X I  I 

I I 
I 
I 
I 

!-;-I 
Is the temperature of the cold storage recorded] I I e 
daily in a permanent record? I X I  I 

I 1 
I I  I 

I Are temperature excursions ( 2  4.C) noted and I I I  
I 

I I 
I 

1-1- 
1 1  I 

I-'- 
are appropriate actions taken when required? I x I I 

Are the sample receiptlstorage and temperature I I I 
records maintained in a manner consistent with I I I 
CLP? I X I  I 

1 I 
I 

Are standards stored separately from sample I I 1  I 
bigestates? I X I  I I 

+I- 
l l  

8 
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If. Sample Receipt arid Storage Area (Page 2 of 2 )  

Has the supervisor of the individual maintaining 
the document(s) personally examined and reviewed 
the document(s) periodically, and si6neb his/ 
her name therein, together with the date and 
appropriate comments os to whether or not 
document(s) ate being maintained in an 
appropriate manner? 

. ... - _ _ . .  --_... - - - .  
Issue Date: 06/17/88 
Revision: 00 

ITEH IYES IN0 I COiQJENT I 
I 
1 
I I I  

I I  I 
1 1  I 
I 1  ( 3 )  I 
I I  I . 
I I  I 
1 x 1  I 

;-!-I 

p-1 I 
I 1  I 

Do the digested cases examined contain LcS's, I I I I 
duplicates, and matrix spikes? 1 I I  I 

I I I  
I X I  I Case PE sample 

, Additional Comments 

1. The sample receipt SOP should be made available to the sample custodian 
and kept in the sample receiving area. 

2 .  The coolers are opened and the seals are checked in the loading area. 

3 .  The supervisor should.review and initial all logs generated in the sample 
receipt area. 

9 
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111. Sample Preparation Area (Page 1 of 4 )  

When touring the facilities, give special attention to: ( 8 )  the overall 
appearance of organization and neatness, (b) the proper maintenance of 
facilities and instrumentation, ( e )  the general adequacy of the facilities to 
accomplish the required work. 

i i t  
orsanized manner? I X I  I 
Is the laboratory maintained in a clean and 

I I 
I 1-1- 

I I I  
Does the laboratory appear to have 8dcquatc I I I  

I I I  
unencumbered bench space per analyst)? I X I  I 
workspace (120 sq. feet, 6 linear feet of 

1-1- I I 
I I  I 

I 
I X I  I I 

Are contamination-free areas provided for trace I I I 
level analytical work? 

I 
1-1-1 - I 
I I 1  I 

I 
I 

1-1- I I 
I I I  I 

I 
I X I  I I 

I 1  I 
1 1  I 

I X I  I I 

1 1  I 
I t  I 
I t  1 

ch8ng e s ? I X I  I I 

Are the hoods in good condition and functional? I x I I 

Are chemical uaste disposal policieslproccdures I I I 
well defined and followed by the laboratory? I x I I 

Does the laboratory have a source of distilled/ I I I 
demineralized water? 

1-1- I I 

1-1- I I 

Is the conductivity of distilled/demineralized 
miter routinely checked and recorded? 

I 

Is the conductivity balance located away from 
draft and areas subject to rapid temperature 

I 
I 

Has the balance been calibrated within one year i i 
by a certified technician? I X I  I 

10 
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111. Sample Preparation Area (Page 2 of 4 )  

I ITEH IYES IN0 I COlVJENT 
;-I- I I 

I- I I  - I 

I 1  I 
I 1 1  I 
I l l  I 
I I I  I 
I X I  I I 

I I  I 
I 

I l l  I 
I X I  1 I 
1-1- 1 I 
I l l  I 
I 1 1  I 
I X I  I I 

I 1  I 

1- I 1  - I 
I I t  I 

I 

Is the balance routinely checked with the 
appropriate range of class S weights daily 
before use and are the results recorded in 
a logbook? 

Is the sample preparation portion of the SOP 1 I I 
available to the analyst at the sample 
preparation area? 

Are unexpired standards used to prepare 
instrument calibration standards? 

)_I_ I I 

Are fresh analytical standards prepared at a I 1 I 
frequency consistent with good QA? I X I  I 

Are chemicals and standards dated upon receipt? I x I I 
1-1-1 I 
I l l  I 

I 
I X I  I I 

Are reagent inventories maintained on a first- I I I 
in, first-out basis? 

1-1- I I 
I I  I 
I I  
I I  

Are reference materials properly labeled with I 
concentrations, date of.preparation, and the I 
identity of the person preparing the sample? I x I I 

1-1- I I 
I I I  I 

Is a spikinglcalibration standards preparation I I I  I 
and tracking logbook(s1 maintained? I X I  I I 

I I  I 
Are the primary standards traceable to EPA I I 1  I 
standards where possible? I X I  I I 

1- 1 1  - I 
I I I  I 

p. I I 

Do the analysts record bench data in a neat and I I I 
accurate manner? I X I  I 

11 



U - L 3  
I 1 . 1 1  CI dun U U L U  UUL. 

Issue Date: 06/17/88 
Revision: 00 

111. Sample Preparation Area (Page 3 of 4) 

ITEH lYES IN0 I COnnENT ' I  
1- I I  - I 
I I I  I 

I 
I X I  I I 
1-1-1 I 
I I I  I 

I 
I X I  1 I 

I 
I 1  I 

Is the SOP for glassware washing posted at the I I I 
cleaning station? 

Io a W-Visible spectrophotometer operational I I I 
8nd properly maintained? 

Is the mercury analyzer operational and well I i 
maintained (i.e.* properly vented)? I X I  I 

Are sufficient c.yanide distillation apparatus I I I 
available to routinely analyze a l l  samples 1 1 1  
within the required holding period? 1 X I  1 

t i  i 
;-I-I I Is the pH of the samples recorded and available I I 1 

for data review? I X I  I 
1-1- 1 I 
I 1 1  1 

I 
I X I  I I 
1-1- I I 
I I 1  I 

Are digestion logbooks/bench sheets maintained I I I 
in a neat and organized manner? 

Is an adequate drying oven available with a 
temperature measurement device? I I I  

I X I  I 

Has the supervisor of the individual 
maintaining the notebooklbench sheet 
personally examined and reviewed the notebook/ 
bench sheet periodically, and signed his/her 
name therein, together with the date and 
appropriate conrmsnts as to whether or  not the 
notebook/bench sheet is being maintained in 
an appropriate manner? 

12 
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111. Sample Preparation Area (Page 4 of 4 )  

Add i t i ona 1 Cornten t s 

1. The sample preparation SOP should be updated to include the QC that is 
to be prepared with each group of samples. 
an example of the reporting format for the preparations data be included 

It is also recormended that 

- in the SOP. 

1 3  
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I V .  Sample Analysis Instrumentation (PsEe 1 of 4 )  

A .  ICPIDS lnstmmeritation 

Type: Sequential Installation 
Manufacturer Hobel or Simultaneous Date 

XCP 
ID B 

Ins tnnnen ts SY4 8 
SA 

Both 

Data Disital 
system Equip. C o w .  

A r e  calibration intensity and gains kept in a i i i 
permanent record so that instxument performance I I I 
can be measured over time? I 1 x 1  

I 
I 
I 

I t  I 
I X I  I I 

I I  I 
1-1 I 

1- 
I 

Is a permanent service record maintained in a 
logbook? 

I 

Has the instrument been modified in any way? I 1 x 1  I 
1-1- I 1 
I i I  I 

Is the instrument properly vented? I X I  I I 
1-1- I I 
I I t  I 

Is a mass flow controller used? I X I  I I 

Is an auto-sampler used? I 1 x 1  I 
1 I 

I 
1-1- 
I I I  

Is the interference correction automatically I I I Analyst I 
perf omed? I I x I specified I 

1-1- I I 

1 4  
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IV. Sample Analysis lnstrumentation (Page 2 of 4) 

ITEM /YES IN0 I COMYNT I 
I 

I I  I 
Are interelement correction factors updated 1 I 1  I 

I x I I as needed I 
I 
I 

Is service maintenance by contract? I 1 x 1  I 

every six  months or more frequently? 

I 
I I  1 

Is preventative maintenance applied? I X I  I 1 
1-1-1 I 

Additional Coments 

I. The analyst reported that the gains are changed for some elements as 
needed and that it was not possible to document this. A record of these 
gain changes should be kept in the maintenance log. 
recommended that a record of the calibration intensities be kept. This 
record would be helpful to document the changes in the intensities as a 
result of the gain changes. 

It still is 

, 

1s 
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I V .  Sample Analysis lristmmentetion (Page 3 of 4 )  

P. A t o m i c  Absorption (AA) Spectrometer 

Installation 
Manuf ecturer Hodel Dote 

M 
ID # 

Perkin-Elmer Zeeman 
5000 

Dote Perkin-Elmer 7300 
System 

AA Ins t m m e n  t 351 
ID # Lab 

Data None 
System 

M 
ID # 

Instrument 351 
Lab 

@ Data None 
Sys tern 

1 6  
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IV. Sample Analysis histrumentation (Page 4 of 4 )  

B. Atomic Absorption (MI Spectrometer 

kMPC S&W Data Doc. 
Issue Date: 06/17/88 
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V .  Data Handling and Review a 
I 

1- I 1  - I 
I I 1  I 

I 
8tcond person? I X I  I I 

I t  I 
Do records indicate that appropriate corrective1 I I I 
action has been taken when analytical results I I I IA I 
fail to meet QC criteria? I I I  I 

1-1- I I 
I I 1  I 

Is a Laboratory Information Hanagement System I I I I 
I X I  I I 
1-1- I I 
I I I  I 

I 
I I  I 

IT€n /YES Ill0 I COIO(ENT 

Are manual data calculations spot-checked by a I I I 

1-1- I I 

(LIHS) used? l¶anufacturer/Hodel: VAX 

Is the operation of the LIHS validated with 8 I I I 
test set of data and is the data maintained I 
€or  on-site inspection? I 

Additional Comments 

1. The LIHS is just used for sample tracking so that the verification of 
calculations done by the computer is not necessary. e 

18 
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VI. Quality Control Manual and SOP'S 

ITEH IYES IN0 I ComENT I 
e 

i i  I 
1-1-1 I 

Does the laboratory maintain a 
Quality Control Hatrual? 

I I I  
I X I  I 
1- I I  - I 
I I I  I 

I 
of QC program, including the following: I X I  I I 

I 1  I 
I 
I I X I  I 

I I 
I I  I 

I X I  I I 
1-1- I I 
I I 1  I 

c. Operation of instruments? I X I  I I 
I I 

I I  I 
1 X I  I I 

I I 
I I  I 

Does the manual address the important elements I I I 

1-1-1 
a. Personnel? 

b. Facilities and equipment? 

d. Documentation of procedures? 

1 X I  I . I  
I 1 

1 1  1 

e. Preventative maintenance? 

I X I  I I 

I I x I totion I 

I 1  Needs 1 
I x I documentation 1 I 

1-1- I I 
I I 1  I 

HA I 
1-1- I 1 

f. Reliability of data? 
1-1- I I 

1-1- I 1 

I I Needs documen- 1 
g .  Data validation? 

h. Feedback and corrective action? 

Are files of outdated SOP's stored for reference I I I 

19  
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VIl. Summary 

A .  Summary Checkstieet 

1- I 1  - 1 
I I 1  I 

I 
I 

I X I  1 I 

Do responses to the evaluetion indicate that I I 1 
project and supervisory personnel are attare of I , I 1 
Q M Q C  and its application to the project? 

Have responses with respect to QWQC aspects of I I I 
the project been open and direct? I X I  I 

I I 
I 
I 

I X I  I I 
1-1- I I 
I I 1  I 
I I I  I 
I X I  I I 

;-;-I 
Has 8 cooperative attitude been displayed by I I I 
all project and supervisory personnel? 

Have any QAIQC deficiencies been discussed 
before leaving? 

1-1-1- I 
I I 1  I 

I I  I 
I X I  I I 

I I 
I I  I 

Is the overall quality assurance adequste to 
accomplish the objectives of the project? 

I 

I I t  - Have corrective actions recommended during 
previous evaluations been implemented? If 
not, provide details in Section VI1.B. - I I X I  I I  I 

20 
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