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January 8, 1997 

Fernald Environmental Management Project 
Letter No. C:FCDP(PSI):97-0004 

Mr. Mike Murphy 
United States Environmental Protection Agency 
77 West Jackson Boulevard - AE-17J 
Chicago, IL 60604-3590 

Dear Mr. Murphy: 

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT - 1996 STACK TEST REPORTS - MIXED 
WASTE TREATMENT PROJECT AND RESPIRATOR WASHING FACILITY 

Enclosed are the 1996 stack test reports for the periodic confirmatory testing of the Mixed 
Waste Treatment Project (located in Plant 6) and the Respirator Washing Facilit y... Submission 
of these reports to your office is pursuant to  Clean Air Act, paragraph D of the 1986 Federal 
Facilities Compliance Agreement. The stack test results confirm the estimated low levels of 
emissions as required by 40 CFR 61.93(b)(4)(i) and also verify that the Respirator Wash Facility 
is being operated in compliance with its permit to operate. 

If you have any questions regarding these stack test, please call Tim Miller of my staff at (51 3) 
648-41 98. 

Sincerely, 

Manager, Edvironmental Compliance 
Project Support & Integration 

LCG:TEM:mhv 
Enclosures 



Mr. Mike Murphy 
Letter No. C: FCDP(PSI 1 : 97-0004 
Page 2 ., 

1 . .  
C: With Enclosures 

2 :  

~~~~~~~~~ f l 5  '18 
File Record Storage Copy 108.14 
PSI Files 

Without E n cl os u re s 

L. C. Goidell, FDF 
W. B. Jameson, FDF 
K. 0. Klee, FDF 
T. E. Miller, FDF 
M. W. Page, FDF 
E. P. Skintik, DOE-FEMP . 
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Executive Summary 

Hayden Environmental Group, Inc. was retained by Fernald Environmental Management Corporation 
(FERMCO) to determine the particulate; uranium - 233/234, 235/236, and 238; thorium - 228, 230, 
and 232; radium - 226 and 228; and total uranium emissions fiom the Mixed Waste Chemical 
Treatment Project located in Building ##6 at their Fernald, Ohio project site. The evaluation was 
perfomed to demonstrate periodic conformity measurements as required by NESHAP Subpart H 
regulations Emission samples were collected and analyzed using USEPA Reference Methods for 
stationary source sampling. The tests were conducted on September 19,1996. The results of the tests 
are summaflzed * below: 

Summary of North Exhaust Stack Emission Rates 

Total Particulate O.OOE-00 NA Ib/hr 
Udum-233/234 329.0 82.4 P& 

Uranium-23 5/23 6 BPQL BPQL P& 
Uranium-23 8 152.6 63.3 P& 
ThoriUm-228 140.4 56.9 Pm 
ThoriUm-230 361 .O 83.2 pci/hr 

ThoriUm-232 BPQL BPQL pci/hr 
Radium-226 BPQL BPQL pcilhr 
Radium-228 ND ND P* 
Total Uranium 3.53E-06 3.53E-07 lb/hr 

~~ ~ 

NA: not applicable 
BPQL: activity was measured at a level below the practical @Cation limits (However the 

ND: activity was not detected 
I b h  poundsper hour 
pci/hr: picocurie per hour 

measured activity is recorded in the emission tables located in appendices A and B) 



Summary of South Exhaust Stack Emission Rates 

Total Particulate BPQL NA lb/hr 

UraniUm-233/234 50.7 23 .O pci/hr 
UraniUm-235/236 BPQL BPQL 

Uranium-23 8 35.8 18.5 pci/hr 

ThoriUm-228 33.4 23.2 P W  

Th0ri~1~1-230 124.3 33.3 P& 

ThoriUm-232 BPQL BPQL pci/hr 

Radium-226 BPQL BPQL P& 
Radium-228 ND ND P& 
Total Uranim 2.69E-06 2.69E-07 l b h  

NA: not applicable 
BPQL: activity was measured at a level below the practical quantification limits (However the 

ND: activity was not detected 

l b k  pounds per hour 

measured activity is recorded in the emission tables located in appendices A and B) 

pci/hr picocurie per hour 



TABLE OF CONTENTS 

1.0 Introduction .................................................................................................................................. 1 

2.0 Process Description ...................................................................................................................... 1 

3.0 Sampling Site Description ........................................................................................................... 1 
Figure 3.1 Mixed Waste Treatment Project Sample Site Detail ............................................... 2 

4.0 Sampling and Analytical Procedures .......................................................................................... 3 
4.1 Measurement Sites (USEPA Method 1A) ...................................................... ........... .. 3 
4.2 Velocity and Volumetric Flow Rate (USEPA Method 2C). . . . . ... . . .. . . . . . . . . . . . . . .. . .. . . . . . . . . . . . 3 

4.3 Dry Molecular Weight (USEPA Method 3). .. ... . . ... ... . .. . ... . . . . . . . . .. . . . . . . .. . . . . . . .. . . .. .. . . . ... . . . . . 3 
4.4 Moisture (USEPAMethod 4) ..................................................................................... 3 
4.5 Particulate (USEPAMethod 5A) ................................................................................ 5 
4.6 Radionuclide (USEPA Method 114) ........................................................................... 5 

Figure 4.1 Velocity measurement apparatus ............................................................................ 4 
Figure 4.2 Partidate and radionuclide Sampling Train .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

5.0 Discussion and Interpretation ..................................................................................................... 7 

APPENDIX A North Exhaust Stack Test Results 
APPENDIX B. South Exhaust Stack Test Results 
APPENDIX C Process Data 
APPENDIX D Field Data Sheets 
APPENDIX E Laboratory Data 
APPENDIX F Calculations 
APPENDIX G Quality Assurance Procedures and Protocols 



8 0 1 9  

1.0 Introduction 

Hayden Environmental Group, Inc. (Hayden) was retained by Fernald Environmental Management 
Corporation (FERMCO) to perform a particulate; uranium - 233/234, 235/236, and 238; thorium - 
228, 230, and 232; radium - 226 and 228; and total uranium emissions to demonstrate periodic 
conformity measurements as required by NESHAP Subpart H regulations on the Mixed Waste 
Chemical Treatment Project located in Building #6 at their Fernald, Ohio project. The evaluation was 
performed on September 19,1996. A single test run was conducted using USEPA Reference Methods 
1, 2, 3, 4, 5, and 114. Mr. Tim Miller of FERMCO. coordinated the test schedules with plant 
operations. Ms. Dawn Wiburs of Hamilton County Department of Environmental ServiceS (HCDES) 
was on-site to vex-@ process operating conditions and witness testing procecEures. The emission tests 
were performed by the Hayden test team of Mr. Bruce Samen and Mr. GeofEey Schoenberger. The 
emission samples were analyzed by Data Chem Laboratories, Inc. located in Salt Lake City, Utah. 

2.0 Process Description 

The Mixed Waste Chemical Treatment Project (MWCTP) is operated to treat approximately 334 
drums of four waste categories currently being stored at the Fernald site. Treatments will consist of 
Neutralization, Precipitation, Deactivation, and Stabilization techniques. There are numerous exhaust 
hoods located along the conveyor system for the above mentioned treatments. The exhaust fiom the 
hoods are vented to one of two high efficiency particulate air (HEPA) M o n  systems before being 
released to the atmosphere. 

Production was only operating under the South exhaust vent hoods. There was no production taking 
place under the North exhaust vent hoods. 

The process data is included in Appendix C. 

3.0 Sampling Site Description 

Emissions fiom the HEPA filters are vented through two identical 12 inch diameter vertical exhaust 
stacks. Two sampling ports are positioned at 90" angles fiom each other. The sampling ports are 
located more than 96 inches or 8.0 stack diameters downstream (elbow) fiom the last flow disturbance 
and 24 inches or 2.0 stack diameters upstream to the next flow disturbance (top of stack). A drawing 
of the sampling site is provided in Figure 3.1. 

EmXl 1 
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CROSS SECTIONAL AREA 
NOT TO SCALE 

Diameter 12" 
SAMPLE POINT LOCATION 
1 .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .o. 804" 
2 .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3 .OOO" 
3..  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9.000" 
4 ..................................... 11.196" 

Figure 3.1 Mixed Waste Treatment Project Sample Site Detail 
2 m 
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4.0 Sampling and Analytical Procedures 

The sampling and analytical procedures conformed to the most recent revisions of USEPA Reference 
Methods for stationary sources. Specifically, USEPA Reference Methods 1 4  2C, 3,4,5C, and 114 
were used. A brief description of each procedure is included below: 

4.1 

4.2 

4 3  

4.4. 

Measurement Sites (USEPA Method 1A) 
The location of measurement sites and the number of traverse points were determined using 
USEPA Reference Method 1 4  "Sample and Velocity Traverses for Stationary Sources with 
Small Stacks or Ducts. 

Velocities and Volumetric Flow Rates (USEPA Method 2C) 
The stack gas velocity and volumetric flow rates were detexmined u i ig  USEPA Reference 
Method 2C, "Determination of Stack Gas Velocity and Volumetric Flow Rate in Small Stacks 
or Ducts." The stack gas velocity were measured before and after each test run with an 
inclined oil filled manometer using a standard pitot tube. The stack gas temperature were 
measured with a calibrated type "K" thermocouple and Omega digital temperature readout. A 
schematic of the velocity measurement apparatus is included in Figure 4.1. 

DIT Molecular Weieht (USEPA Method 3) 
The stack gas dry molecular weight was determined using USEPA Reference Method 3, "Gas 
Analysis for Carbon Dioxide, Oxygen, Excess Air, and Dry Molecular Weight." Several grab 
samples were collected and analyzed during each test with Fyrite combustion gas analyzers 
which directly measure concentrations of 02 and (2%. 

Moisture (USEPA Method 4) 
The stack gas moisture content was determined using USEPA Reference Method 4, 
"Determination of Moisture Content in Stack Gases". Moisture samples were collected in a 
series of chilled impmgers. The moisture collected within the impingers was analyzed by 
gravimetric anal*. 

3 000009- 
m i .  
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4.5 Particulate Matter WSEPA Method 5C) 
The total partidate emissions were determined using USEPA Reference Method 5C, 
"Determination of Particulate Emissions fiom Stationary Sources with Small Stacks or Ducts." 
The stack gas samples were collected fiom a single representatrv * e point isokin&cdy through a 
heated glass lined probe, a heated (248"+/-25") tared glass fiber filter, and a series of cooled 
impingers (to condense the moisture). The nozzle, probe, and ghsware prior to the filter was 
rinsed with acetone into a beaker that had been tareweighed. The impiiers and glassware 
after the filter was rinsed with DI water into a separate beaker that had been tare-weighed. The 
acetone and DI water were evaporated at temperatures below their b o i g  points. The acetone 
particulate residue within the tare-weighed beaker and the filter were d y z e d  by gravimetric 
analysis to determine the filterable particulate mass collected. The DI water particulate residue 
within the tare-weighed beaker was analyzed by gravimetric analysis to determine the 
condensiile partidate mass collected. The filterable and condensiile particulate mass were 
added together to determine the total particulate mass collected. A schematic of the particulate 
sampling train is provided in Figure 4.2 

4.6 Radiological Anahses (EPA Method 114 + Laser Phowhonmetrv CU onhQ 
The particulate sample residues (filter and probe rinse residue) were recovered, composited for 
each sample run, and analyzed for uranium - 234,235,236, and 238; thorium - 228,230, and 
232; and radium - 226 and 228 by the procedures established in USEPA Method 114. 
Additionally, the samples were d y z e d  for total uranium by laser phosphorimetry. 

5 
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5.0 Discussion and Interpretation' 

Although both arhausts were operating and tested, production was limited to the hoods supplying the 
South exhaust. There was no production under the hoods serving the North exhaust stack 

A negative weight gain was detected on the sample filters fiom both the North and South exhaust 
stacks, after their respective test runs. A weight loss is common on a filter with very lite grain loading. 
The filter has a tendency to adhere to the gasket material on the filter bell during sample recovery. The 
filter material is than recovered into the acetone rinse. Ifthis situation occurs a negative weight gain 
may be observed on the filter. However a net positive weight gain should be observed on the filter and 
acetone rinse mmbimed. The negative filter weight gain observed on the North exhaust stack can be 
explained by adherence to the gasket material. 

The negative weight gain observed on the South exhaust stack was too consequential to be explained 
by adherence to the gasket material. After a thorough investigation, an explanation for the anomaly 
was not discovered. 

The UraniUm-235/236; Radium-226; and Thorium 232 collected fiom both exhaust stacks were 
measured below the practical quantification limit. The measured activity value was used to estimate 
the stack gas concentratom and emission rates. 

Radium-228 was not detected on either stack 

000013 7 
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SOUTH EXHAUST STACK TEST RESULTS 
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APPENDIXC 

PROCESS DATA 



11-86-1996 13:02 513+648+5263 
.. * 

Env. Compliance D i v !  P .03/03 

PLAMT 6 NIXED WASTE CHEHXCAL TREATHEN" PROJECT 
PROCESS DATA FOR THURSDAY 9/19/96 

rsdav morning; Process began at 8:30 

* The crew was shreddlng LOR failed waste from box #'s 421477 & 
421425. 

* 
* 

12 drums o f  MEF 1906 HF tank sludge were mixed/neutralized. 

After the HF run, the drums o f  reprocessed material were slurried & 
sodium sulfate treated. 

The crew sampled MEF 1906 according to SAP 96-1267 as follows; 

1906 421380 W156672 96- 1267- 2 0939 
L&B/metal s 

HEPA pre-fllters readings at 0945: east: 0.4 lpches 
west: 1.1 inches 

Thur sdav a f  ternoon : 
4 13 drums o f  HF tank sludge (MEF 1906) were neutralized by adding 

1 Ime. 

13 drums from box # 421477 wlth MEF t ' s  20145, 2823, 50173 a 61004 
were on llne and slurried. (Ea) 

* 

000025 
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Filter No: 0 00’7 5 3 Glassware Set No: 3 Sample Box #:2 
IMPINGER DATA 

Gravimetric: J Volumetric: 

. .“ . RECOVERED SAMPLE r. 

Description of Particulate on Filter: M/s u 6; re Q., ~4 
I 

Color of Silica Gel: $2 ~ , &  
8 

Recovered By: b G\ , 
\ 

:: .. . . . .  . .  
I . .... - ..... - .. . . . . . _. - .. _ _ _ _  _ _ .  . . . . . . . -  . .  . .  ..; , .._ . . . . . ~ . ... . _ .  .... , . 9:: . .#. 

. . -. .. - ...~.. . _ _ _ ?  .. .. ___.__: i _. ’.,. .., 



.... .. lumaa -0 
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SAMPLE RECOVERY DATA 

Filter No: Glassware Set No: ( Sample Box #: I 
IMPINGER DATA 

Gravimetric: .J volumetric: 

RECOVERED SAMPLE 

Description of Partidate on Filter: ,+ 
Color of Silica Gel: 

d I 5; h [t 1 o s d  6iq 

bL. S P A  

Recovered By: 3- P 

. . . .  . . .  . . .  . . .  .. .. ... . . . . .  . . . . . . . .  ... . . . .  . . . . . . . .  . .  . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . .  . . . . .  _ _  . .  . .  .- _ _ _ _ _ _ _ _ _  -.- -. .._ _, .‘I. :; 
- .  

I 

9 
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NOMENCLATURE 

A,,=AreaofsampIin.gnoizIe,AZ 

A, = Cross-sectional area of stack at sampling site, 

L = Proportion water vapor in stack gas by volume 

CO = Percent carbon monoxide in stack gas by volume,dry basis, % 

COZ = Percent carbon dioxide in stack gas by volume, dry basis, % 

cp = Pitot tube d c i e n t  

C I =  Concentration of particulate in stack gas, grains/dscf 

C2 = C o n d o n  of particulate in stack gas, lb/dscf 

= C o n d o n  ofRadium-Z6 in stack gas, pci/dscf 

CWB = Concentration of Radium-228 in stack gas, pci/dscf 

C.rap~ = ConCentraton of Thorium-228 in stack gas, pci/dscf 

C a m  = Concentration of Thorium-230 in stack gas, pci/dsd 

C ' I ~ Z ~  = Concentration of Thorium432 in stack gas, pci/dscf 

ctml~=Concentrationoftotaluraniuminstackgas, p g / h  

ctml~~=Con~onoftotaluraniuminstackgas,  pg/dscf 

CUD= = Concatmiion of uraniutn-233/234 in stack gas, pci/dscf 

CUBS = Concentration of dum-235 in stack gas, pci/dscf 

CWZS = Concentration of uranium-238 in stack gas, pci/dscf 

EX = particulate emission rate, lb/hr 

EILm = Radium-226 emission rate, pci/hr 

ERlLpg = Radium-228 emission rate, pclmt 

ERam = Thorium-228 emission rate, pci/hr 
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ER-m = Thorium-230 emission rate, pci/hr 

ER-z~ = Thonum-232 emission rate, pci/hr 

E R T ~ u  = total uranium emission rate, I b h  

F&z- = UraniUm-233/234 emission rate, pci/hr 

E&zs = Uranium-235 emission rate, pci/hr 

E&238 = Uranium-238 emission rate, pci/hr 

AH = Average pressure drop across orifice 

%I = Percent isokinetic sampling rate, % 

& = Molecular weight of stack gas, dry conditions, Iwlb-mole 

M, = Molecular weight of stack gas, stack conditions, lbAb-mole 

% = Particulate catch, mg 

&= = Radium-226 activity, pCi 

&= = Radium-228 activity, pCi 

&= = T h ~ h - 2 2 8  d v i t y ,  pCi 

pVIIkIh230 = Thorium-230 activity, pCi 

Mnm232 = ThoriUm-232 actiVity, pCi 

mdu=uraniumcatch,crg 

& ~ 3 / a 4  = UraniUm-2331234 &vi@, pCi 

&z5 = UraniUm-235 activity, pCi 

bhUz8 =U--238 q, & 

N2 = Percent nitrogen in stack gas by volume, dry basis, % 

02 = Percent oxygen in stack gas by volume, dry basis, % 

Ap = Average velocity head of stack gas, inches HZ0 



dAp = Average square root of velocity head pressure, inches H20 

Pb = Barometxic pressure, inches Hg 

Pg = Static pressure of stack gas, inches H20 

P, = Absolute stack gas pressure, inches J3g 

Qa = Volumetric stack gas flow rate, stack conditions, acEm 

Qltd = Volumetric stack gas flow rate, dry standard conditions, dscfin 

0 = Elapsed time of test, minutes 

T m  = Average dry gas meter temperature, "F 

T, = Average stack gas temperature, "F 

Vk = Mass ofwater collected, g 

Vm = Volume of gas measured by dry gas meter, ft? 

V, = Volume ofdry gas meter corrected for leak rate, ft3 

VW = Volume of dry gas meter corrected to standard conditions, f? 

V d  = Volume of water collected, standard conditions, ft3 

Vs = Stack gas velocity, f p s  

y = dry gas meter dimt ion  m o r ,  dimensionless 

Note: Standard conditions = 68°F and 29.92 inches Hg. 
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EXAMPLE CALCULATION 
MlXED WASTE CEEMICAL TREATMENT PROJECI' NORTH EXHAUST STACK 

TEST RUN # 2 

1. Volume Metered, Standard Conditions (WF, 29.92 In Hg) 

(M) 

(T, + 460) 
(pb)+  (13.6) v, = (I 7.647)x(v,,,)x(Y)x 

(I .3 00) 
(29.20) + - 

V- = (1 7.647)~(13 5.545)~(0.9474)~ = 122.397 
(82.4 + 460) 

2. Volume Water Vapor Collected, Standard Conditions 

VM, = (O.O4707)X(V,) 
Vwu = (0.04707)~(3 1.1) = 1.464 

3. Proportion Water Vapor, By Volume 

= 0.012 
(1. 464) 

Bw = (1.464 + 122.397) 

4. Molecular Weight of Stack Gas, Dry Conditions 

M d  = (O.44X CO2) + (0 .32~ 02) + (O.28X(N2 + CO)) 
M~ = (0.44xO.O)+ (0.32~21.0) + (0.28~79.0) = 28.84 

5. Molecular Weight of Stack Gas, Stack Conditions 



EXAMPLE CALCULATION 
MIXED WASTE CHEMICAL TREATMENT PROJECI' NORTH EXHAUST STACK 

TEST RUN # 1 (Cont) 

6. Static h.esSu~~, inch= H20 

P@ Ps= Pb)+- 
(1 3.6) 

(-0.04) PS = (29.20) + - = 29.20 (1 3.6) 

7. Stack Gas Velocity, fps 

= 16.4 (75.5 + 460) 
(29.20)x(28.71) 

V ,  = (85.49)x(0.9 1 5)x(0.26 17)x 

8. Stack Gas Flow Rate!, acfm 

Q, = (6O)x(v,)x(5. 454E - 03)x(Dia 

Q, = (60)x(16.4)x(5.454E - 03)x(12 f = 770.8 

9. Stack Gas Flow Rate, dscf 

Qd = (1 7.647x(Qa)x(l - BW)x (PJ 
(TJ + 460) 

= 732.9 (29.20) 
(75.5 + 460) 

Qd = (1 7.647)~(770.8)~(1- 0 .012)~ 

10. Isonkinetic Variation, YO 
(Ts + 460)x(Yd)  %I =(O.O944)x 

%I = (0.0944)x 

~ ~ x ( v J ) x ( h ) x ( @ ) x ( 1 -  Bw) 

= 109.9 (755 + 460)x(122.397) 
(29.20)~(16.4)~(5.2E - 0 4 ) ~ ( 2 2 9 ) ~ ( 1 -  0.012) 



EXAMPLE CALCULATION 
MIXED WASTE CEIEMXCAL TREATMENT PROJECT NORTH EXHAUST STACK 

TEST RUN # 1 (Cont.) 

11. Particulate Concentration, g d d d  

(0.0154)x(un) CI = 
(Vd) 

12. Particulate Concentration, lb,dscf 

= (I. 429E - 04)~(c,) 
= (I.429E - 04)~(-2.14E 03) = (-3.06E - 07) 

13. Particulate Emission Rate, lbhr 

14. Total Uranium Concentration, pg/dscm 

= 0.9817 (3.4)x(3 5.34 1) 
(1 22.3 97) Crotalu = 

15. Total Uranium Standard Deviation Concentration, pg/dscm 

(034)x(35341) = 0.09817 
(1 22.3 97) crotalu = 
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EXAMPLE CALCULATION 
MlXED WASTE CHEMICAL TREATMENT PROJECT NORTH EXHAUST STACK 

TEST RUN # 1 (Cont.) 

16. Total Uranium Concentration, pg/dscf 

(3*4) = 2.78E - 02 - 
(122.397) C T o t d U z  - 

17. Total Uranium Standard Deviation Concentration, pg/dscf 

= 2.78E - 03 (0.34) 
(122.397) CTotalUzsuhr = 

18. Total Uranium Emission Rate, lbhr 

(C~od u z ) ~  ( Q ~ ) x  (60) 
(l,OOO,OoO)x(453.59) E R T o t d U  = 

19. Total Uranium Standard Deviation Emission Rate, lbhr 

( C T ~  U Z ) X (  Q&)X(~O) 
(l,OOO,OOO)x(45 3.59) r n T o t a l U s t d v  = 

(2*78E - 03)x(732*9)x(60) = 2.69E - 07 
E R T O t a l U s t m , =  

(l,OOO,OOO)x(453.59) 

20. Radionuclide (Uranium-233l234) Concentration, pci/dsd 

(0*141) = 1.15E 03 
(122397) cu-2331234 = 

00004s 
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EXAMPLE CALCULATION 
MIXED WASTE CHEMICAL TREATMENT PROJECT NORTH EXHAUST STACK 

TEST RUN ## 1 (Cont) 

21. Radionuclide (Uranium-233/234) Standard Deviation Concentration, pci/dscf 

= 5.24E - 04 (0.064 1) 
(122.397) cU-2331234srdv = 

22. Radionuclide Emission Rate, pci/hr 

ERu - 233 I 234 = (1.15E - 03)~(732.9)~(6v, = 7 

23. Radionuclide (Uranium-233/234) Standard Deviation Emission Rate, pcfir  



n 1  v- 4. 
MIXED WASTE CHEMICAL TREATMENT PROJECT 

FERMCO, PN. AS043 
M i  Waste Chendcal Treabnent Facil Mid Waste Chemiil Treatment Facil 

FERMCO, PN. A96043 CLlENTlPROJECT I: 
SAMPLE LOCATION: 
DATWIME: 
RUN #: 

9/1 9/96 0830.1 51 9 
S1 

9/19/96 0830.1519 
N-1 

STATIC PRESSURE (‘H20): 
BAROMETRIC (‘Hg): 

Cp PITOT 
METER BOX Y: 

NOZZLE DIAMETER (inches): 
LENGTH OF TEST (min): 

VOLUME METERED (CF): 
SQUARE ROOT DELTA P (‘H20): 

DELTA H (‘ H20): 
STACK TEMPERATURE (F): 
METER TEMPERATURE (F) 
STACK DIAMETER (Inches): 

STACK GAS 02 CONCENTRATION (%): 
STACK GAS C02 CONCENTRATION (%): 

VOLUME LIQUID COLLECTED(ml): 

PARTICULATE MASS LOADING 
PARTICULATE MASS ON FILTER (ma): 

PARTICULATE MASS IN ACETONE RINSE (mg): 

4.04 
29.20 
0.92 

0.9474 
0.309 
229.0 

135.545 
0.261 7 
1.300 
75.5 
82.4 
120 
21 .o 
0.0 
31.1 

4.03 
29.20 
0.99 

0.9754 
0.230 
229.0 

148.979 
0.5755 
1.350 
75.0 
80.3 
12.0 
21 .o 
0.0 

34.5 

2.8 
-1 9.8 

2.3 
-2.3 

)ANALMEM Total Uranium 
3.4 
0.34 

Total Uranium 
2.1 
0.21 

Mass (ug): 
Mass Std. Dev.(ug): 

ANALYTE #2 UraniumP3Jz34 
0.141 
0.0641 

Uranium-233/234 
0.431 
0.108 

Activity (pci): 
Activity std. Deviation (pci): 

ANALYTE #3 Uranium-235/236 
0.01 94 
0.0381 

Uranium-235/236 

0.0540 
BPQL 0.0477 BPQL Activity (@I: 

Activity std. Deviation (pci): 

ANALYTE #4 Uranium238 
0.0997 
0.051 4 

Uranium-238 
0.200 
0.0829 

Activity (pci): 
Activity Std. Deviation (pci): 

ANALYTE #S Radium226 
44 
79 

Radium226 

75 
BPQL 62 BPQL Activity (pci): 

Activity std. Deviation (pci): 

Radium228 
3.4 ND 
9.6 

ANALYTE #8 RadiWl-228 
5.4 
9.7 

Activity (pci): 
Activity Std. Deviation (pci): 

ND 

Thorium-228 
0.184 

Thorium228 
0.0931 



- Q l !  
MIXED WASTE CHEMICAL TREATMENT PROJECT 

ANALYTE #8 Thorim230 
Activity (pci): 0.346 

Activity SM. Deviation (pci): 0.0928 

Thon’UIn-230 
0.473 
0.109 

ANALYTE #9 ThoriUm-232 ThOriUm-Z32 
Activity (*I: 0.0279 BPQL 0.0398 BPQL 

Activity std. Deviation (pci): 0.0328 0.0432 

CALCULATIONSu 
122.397 

1.464 
1.2 

28.84 
28.71 
29.20 
16.4 

T70.8 
7329 
75.5 
1.2 

21 .o 
0.0 

109.9 

137.193 
1.624 
1.2 

28.84 

28.71 
29.20 
38.9 

1833.5 
1745.2 
75.0 
1.2 

21 .o 
0.0 
93.4 

VOLUME METERED STD. CONDITIONS (dsd): 
OLUME H20 VAPOR COLLECTED STD. CONDITIONS (dsd): 

STACK GAS MOISTURE (%): 
STACK GAS MOLECULAR WEIGHT, DRY CONDITIONS: 

STACK GAS MOLECULAR WEIGHT, STACK CONDITIONS: 
STACK GAS STATIC PRESSURE (‘H20) 

STACK GAS VELOCITY (fps): 
STACK GAS AIR FLOW, STACK CONDITIONS (adm): 
STACK GAS AIR FLOW, STD. CONDITIONS (dsdm): 

STACK GAS TEMPERATURE (F): 
STACK GAS MOISTURE (%): 

STACK GAS 02 CONCENTRATION (%): 
STACK GAS C02 CONCENTRATION(%): 

ISOKlNETlC VARIATION (%): 

CONCENTRATION (gr/dscf): 
CONCENTRATION (IWdsd): 

EMISSION RATE (Ibhr): 

-2.14E-03 
-3.06E-07 

0.01 3 

O.WE+W 
O.WE+W 

0.000 

Total Uranium 
2 7 8 E M  
278E-03 

Total Uranium 
1 5e-02 
1 S3E-03 

ANALYTE #l RESULTS 
CONCENTRATION (Ugldscf): 

CONCENTRATION STANDARD DEVIATION (ugldscf): 

3.53E- 
3.53E47 

EMISSION RATE (IMu): 
EMISSION RATE STANDARD DEVIATION (IMu): 

269E- 
269E07 

ANALYTE #2 RESULTS 
CONCENTRATION (pcildscf): 

CONCENTRATION STANDARD DEVIATION (pcildsd): 

Uranlum-233J234 
1.15E43 
5.24E-04 

Uranlum-23JI234 
3.1 4E43 
7.87E-04 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pcilhr): 

5.07E+Ol 
230E+Ol 

ANALYTE #3 RESULTS 
CONCENTRATION (pcildscf): 

CONCENTRATION STANDARD DEVIATION (pcildscf): 

Uranlum-2351238 
1.5sE-04 
3.11E-04 

Uranium-2351236 
3.48E-04 
3.94E-04 

3.64EWl 
4.12E+Ol 

000048 

EMISSION RATE (pdlhr): 
EMISSION RATE STANDARD DEVIATION (pdlhr): 

11/20/96 m 2 
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CONCENTRATION (pcildscf): 
CONCENTRATION STANDARD DEVIATION (pcildscf): 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pdlhr): 

ANALYTE #s RESULTS 
CONCENTRATION (pcildsd): 

CONCENTRATION STANDARD DEVIATION (pcildsd): 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pdhr): 

ANALYTE #6 RESULTS 
CONCENTRATION (pcildsd): 

CONCENTRATION STANDARD DEVIATION (pdldsd): 

EMISSION RATE (pdhr): 
EMISSION RATE STANDARD DEVIATION (pdhr): 

ANALYTE #I RESULTS 
CONCENTRATION (pcildsd): 

CONCENTRATION STANDARD DEVIATION (pcildscf): 

EMISSION RATE (pdhr): 
EMISSION RATE STANDARD DEVIATION (pciihr): 

ANALYTE #8 RESULTS 
CONCENTRATION (pdldscf): 

CONCENTRATION STANDARD DEVIATION (pcildscf): 

EMISSION RATE (pciRu): 
EMISSION RATE STANDARD DEVIATION (pciRw): 

ANALYTE #9 RESULTS 
CONCENTRATION (pcildsd): 

CONCENTRATION STANDARD DEVIATION (pcildscf): 

EMISSION RATE (pdhr): 
EMISSION RATE STANDARD DEVIATION (pciihr): 

COMMENTS: 

Uranium-238 
8.1 5E-04 
4.20E-04 

3.58E91 
1.85E91 

Radlum-226 
3.59E-01 
6.45E-01 

1 . = E a  
2.84E+04 

Radlum-228 
4.41 E M  
7.93E-02 

1.94E+03 
3.4!3E+03 

Thorium-228 
7.61 E-04 
5.27E-04 

3.34E91 
232E91 

Thorium-230 
283EU3 
7.58E-04 

1.24E+02 
3.33E91 

Thorlum-232 
2.28E-04 
268E-04 

1 .WE91 
1.18E91 

Uranium-238 
1 
6.04E-04 

1 S3E92 
6.33E91 

Radium226 
4.52E-01 
5.47E-01 

Radium-228 

7.WE-02 
-248EM 

Thorium-228 
1.34E-03 
5.43E-04 

1.40E+02 
5.69E91 

Thorium-230 
3.45E-03 
7.95E-04 

3.61 E+02 
8.32E91 

Thorlum-232 
2.90E-04 
3.1 5E-04 

3.04E91 
3.30E91 

dml 
3 
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QUALITY ASSURANCE PROCEDURES AND RESULTS 



OUALITY ASSURANCE PROCEDURES AND RESULTS 

The sampling equipment used in this test series has been calibrated in accordance with procedures 
outlined in the USEPA Reference Methods for stationary source sampling and also in the Quality 
Assurance Handbook for Air Pollution Measurement Systems. All pertinent calibration data for the 
equipment used in this test series are included in this appendix. The following diration procedures are 
employed. 

a. 

b. 

C. 

d. 

e. 

E 

Probetips (Nozzles) 
Probe-tips are inspected before use to detect damage or irregularities. Ifthe nozzle shows signs 
of damagey it is repaired and measured before use. The nozzle diameter is determined in the 
field by measuring three diameters with a precision micrometer. The average of the three 
measurements is the nozzle diameter. 

Pitot Tubes 
The S-type pitot tubes are built to the design specifications Cited in Reference Method 2 and are 
calibrated annually in a wind tunnel. Standard pitot tubes are supplied fiom the manufkturer 
with a coefficient of 0.99. The pitot tubes, connecting lines, and manometers are leak-checked 
in the field before and after each test run. 

Thermocoudes 
Thermocouples are calibrated upon receipt and annually thereatler. The thermocouples are 
calibrated at 32”F, ambient temperaturey 212TY and approximately 450°F. 

Fvrite Analvzers 
The @ite analyzers are leak-checked on-site and the reagents are replenished as needed. 

Method 5 Control Consoles 
The dry gas meter and the orifice in the Method 5 control consoles are caliirated at six (6) 
points fiom 0 to 4 inches of mercury. The dry gas meter coefficient (y-factor) and the orifice 
constant (Delta H) are established f b m  this caliiration The dry gas meter is calibrated after 
each test series to confirm the y-mors is used in all sample volume calculations. Hayden 
Environmental participates in the USEPA Method 5 Dry Gas Meter Inter-Laboratory 
Performance Audit. 

Barometers 
The aneroid field barometers are calibrated with a stationary mercury column barometer prior to 
each use. The reference barometer is permanently mounted in the Hayden Environmental 
Laboratory. 
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DGhUORIFICE CALIBRATION 

DATE MIXER BOX NO. - 
BAROMETRIC PRESSURE 2 y f  f in. Hg 
CALIBRATOR D5 Re4enelrce Me+R ~s~~~ /. 616 

REFERENCE MEIXR NO. / 3 3 4 G. 3 7 

VACUUM 

5 

5 

'5 

4 
5 
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THERMOCOUPLE C U R A T I O N  

Source 

Reference 
Thermometer 
Temperature 

"F 

Test 
Thermocouple Ternperamre Thermocouple 
Temperature Differencz S imuiator 

"F "F Dkpiay S h g  
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THERMOCOUPLE CALIBRATION 

f 6 DATE: ?/$h,/y~ 
o r - 3  

n 

THEELMOCOUPLELD.: LENGTH: 

CAIJBRATED BY. b, .w- 

Reference Test 
Tnermometer ThermocoupIe Temperature Thermocouple 

"F OF OF Dirpiay Sening 
source Temperature Temperature Differencz Simulator 

...-. 
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THERMOCOUPLE C-RATION 

Reference Test 

Source 
Thermometer 
Temperature 

OF 

Thermocouple Temperarure Thermocouple 
Temperature Differencz Simulator 

OF OF Display Sexing 



11/19/96 18:36 FAX SO1 288 4748 DCL/CLIENT SVCS @ 002/002 

November 19,1996 

Mr. Bruce Sawen 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

CHEM 

8 0 1 9  

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Re.: Isotopic Uranium Analysis 

Dear Mr. Sarven: 

As per your conversation with Mr. Keith Nicholson in this office on Tuesday, November 
19,1996 the following addresses your issue. As I understand it you would like to have a written 
response concerning your request for Uranium 235 and the DCL report which has Uranium 
235/236 as a result. @ 

As I mentioned when we spoke about this work in JuIy, Table 2 in the bidding 
information requested U-234, U-235, Th-236, U-238 and this was incorrect. Table 2 should have 
read U-234, U-235/236, U-238. Uranium-239236 cannot be separated by -existing analytical 
methods. Uranium-235/236 use the same spectral region of interest by alpha spectrometry and 
since chemical separation cannot separate these two radionuclides it is impossible to give 
individual measurements. It is standard to report isotopic uranium as U-234, U-235/236, and U- 
238 by alpha spectromeuy. . 

If you have any further questions please contact me directly ar; 1-801-266-7700 ~ 3 3 1 -  

Sincerely, o m G =  
Robert P. Di ienzo 
Project Manager 

CORPORATE OFFICE 
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FOMI ARF-AL 8019 ANALYTICAL REPORT 
Page 1 of 1 
Part 1 of 1 
10039611311638 

Laboratory Group Name 96E-0640-01 
Account No. 4 3 n 7 5  

0 CHEM L A B O R A T O R I  E S  

A sorenson company 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 FAX ~ 5 i n )  548 - 3n3n 

Telephone ( 5 1 3 )  428-3010 

Sampling Collection and Shipment 
Sampling Site !-W'L€X f Z A l O I @ k J ~  Date of Collection SpLemb- - 
Date Samples Received at L a b o r a t o r y 1  

Hethod of Analysis Method 5 /?2RTfft)MLg e f h f l  

Date(s) of Analysis 

Analysis 

Analytical Results 

Field 
sample 
Number I- 9131.39.40 

O 
Y Laboratory 

Number 

36E04 514 

36304 515 r I R  2.8 1-19.8 
36304516 r I R  2 . 0  I - 0 . 7  

19137,45,46 36304517 LI R 3.5 I -3.7 

ILimit of  Detection - (Limit of Quantitation 

I '  I I 
c 

t see comment on last page. 
ND Parameter not detected above LOD. 
NR Parameter not requested. 

a t  ?e comment on last page. 
arameter between LOD and LOQ. 0 

960 West LeVoy Drive / S a l t  Lake City, Uta -2547 / (801) 2 
FAX (801) 268-9992 



DATACHEM LABORATORIES Filter Weight Book No. FWT 06 Page NO. %Pd 
Filter Lot #: -? T e m p . :  7 4  R.H.:  sfl* 

Filter: 6-(E 'tc 
ram M y s t  
T O M  Weight 
rotal Weight 

I -  

m g  Total Weight 

mg 

Tare Weight 

Avg. Tare Weight Y97- q m9 

Filler: / +5Lr2C (%a?) 

SAMPLE No. mg SAMPLEWT. 
Total w1 Anal. Date 
Chedc AnaIyst Date 

TareAnalya K '  Date 
Total WeigM m9 
Total WeigM - m g  

- 
Avg. Total Weight m g  

Tareweight zD:G 
Tare Weighl rn; 

Avg. Tare Weight %I. I m g  
'- 

SAMPLEWT. m g  SAMPLE No. 
Total Wt. Anal. Date 
Check Analyst Date 

Filler: c-qd. 7 7  
Total W e i g h t 4 . 5  m g  

- c 

Tam Analyst / bate 

Total WeigM 4*. 5 m g  

Tare Weight 
Tare Weight 

Avg. Tare Weight 

Filter: (--Sc -7 F (723; 

TamAnalyst /A Date WkkG L 
Total Weight m g  
Total Weight m g  

Avg. Total We' M m9 
Tare Weight $E% m g 
Tare Weight m g  

SAMPLE No. 
Tdal Wt. Anal. Date 
Check Analyst Date 

Avg. Tare Weight 9 s - K  m9 
SAMPLEWT. mg 

Anal@ Date 
Total Weight m9 
Total WeigM m g  

Tare Weight m g  
Tare Weight m9 

Avg. Total Weight 

Avg. Tare Weight m9 
SAMPLE WT. - m g SAMPLE No. 

Total WI. Anal. Date 
Check Analyst Dale 
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Sample Work Order 
Q C  Clearance: - 
Project Manager: Robert P. Di Rienzo 

Radiochemistry 
Analytes Requested 

Method 5 Particulate 
Isotopic Uranium 

lient: Hayden Environmental 
ccount: 03025 

Project/Task: COMM-ENV 
Date Received: 25-Sep1996 

Date for Mailing Report: 25-Oct-1886 

Latest Latest N ~ .  of Storage Analysis/Prep. 
Prep. Date Anal. Date Samp. Location Method Inst. Matrix 

18-Mar-1-F 4 Method 5 GRAV AIR 
1-Oct-1996' 18-Mar-199F 4 WR-DC-341 AS AIR 

d 

I 

80119 
DCL Root Set ID: 96E-0640* 
DCL Lab. Name: 96304514-96EO4517 
Total # Samples: 4 
Sample Entry: Karyn L. Boyack 
Section: WA 
Earliest Sampling Date: 19-Sep1996 
Preparation Type: 

IWR-DC-200 I 

Radium 2261228 by gamma spec 

Total Uranium by kPA 

l & M a r - l 9 9 F  4 W R- EP- 3 2 5 GS AIR 
W R-DC-200 

18-Mar-199F 4 WR-DC-342 kPA AIR 
on date of collection 

Special Instructions: 

Section Manager: Charlie C. Walker 

Other Sections Receiving Sample Portions: None 
DataChem Laboratories/ 960 West LeVoy Drive / Salt Lake City, Utah 8412@04)0 '  b 4 

PRINTED 9/25/1996 1 4 ~ 4 9  Form: WO1.M-SWV2.12 
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TALLY SHEET 

RELEASE #k 
PO #k NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED: 23-SEP-96 
MATERIAL NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER 

PARTICULATE AND RAD 

Composite 
Sample 
Number 

NORTH FILTER 
ORTH FRONT I C  
JORTH BACK 112 
SOUTH FILTER 
OUTH FRONT 112 
jOUTH BACK 112 
FILTER BLANK 

DI BLANK 
CETONE BLANK 
RESP. FILTER 

IESP. FRONT 112 
RESP. BACK 1/2 

Lot Number 

~~ 

JO50-730-PO47-0417 
JO50-730-PO47-0417 
J050-730-PO47-0417 
JO50-730-PO47-0417 
4050-730-PO47-0417 
6050-730-PO47-0417 
JO50-730-PO47-0417 
JO50-730-PO47-0417 
6050-730-PO47-0417 
5050-730-PO47-0417 
5050-730-PO47-0417 
5050-730-PO47-0417 

Sample 
Container 

Size 

AIR FILTER 
1 L PLS 
1 L PLS 

AIR FILTER 
1 L PLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AnaLisl 
FACTS 
Number 

200259131 
200259139 
200259140 
2002591 35 
200259141 
2002591 42 
2002591 36 
200259143 
200259144 
200259137 
200259145 
2002591 46 

- 
Gross 
Veight 
Ibs. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.755 

- 
Tare 

Neight 
Ibs. 

0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 

- 

2.14E 

Page 1 of 1 8019 

- 
Net 

Yeight 
Ibs. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

- 
1.607 

OOOOG8 



32350 FEMP 
COVER SHEET 

oRSR 
DOCUMENT TYPE , R w p  e -YES 

NO 
SURVEY FOR RWP? 

BADGE # 

SURVEY NU M BER RWP NUMBER 

LOCATION CODE 
BLDG/GRID# FLR 



8 0  19 FEMP 
RADIOLOGICAL SURVEY REPORT 

DATEr RCT NAME: RCT BADGE #: 74321 PAGE: 

SURVEY NUMBER: 96- 7 -1 1 - /J- $- 

f REVIEWED By: REVIEWER BADGE NO: 1 0 F -  

9 -2 y -  r/L 

7 39/f 

0080’5’0 
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DESCRIPTION PRlNTlSlGNATURE 

' Signature by Material Release Evaluator indicates the material may be released for restricted use in the uncontrolled area of the FEMP site only. 
This material is  not being released for unrestricted use. 

* Signature by the Material OwnerlSurvey Requestor indicates acceptance of responsibility for the material white in the uncontrolled area and the 
material will be returned t o  the controlled area following use. 

' Additional approval by the Manager of Radiological Compliance is required prior t o  allowing the material t o  exit beyond the FEMP property 
boundarv. This allowance mav be annotated in the additional comments section of the form. 

FSF.3918 l06/24/9*l 



PROJECT PROTOCOL WORKSHEET 
8 0 1 9  

Project: 
Client: 

ccount: 
oj. Mngr: 

Fernald Emission Testing 
Hayden Environmental 
3025 
Bob Di Rienzo 

Date: 09/20/96 
Revision: 1 .O 

Client Contacts: Reports: Invoices: 

Bruce Sarven 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Same with COC 

Phone: (513) 438-3010 
FAX: (5 13) 438-3020 

Schedule: Starts 09/20/96 

TAT: 30 Calendar Days 

Sample Receipt: Use the 96E sample stream. Proikdkkuuger when m & - s  a re received, 

Analyses: Particulates and Radiochemistry 

QA~QC: Overall QNQC requirements will be based on the DCL Procedures. 

EDL: None. 

*D or MD: As per method 

Deliverables: RLIMS63 Report, Raw Data, and COC 
Paginate entire package 

Penalties: None 

Questions: If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 33 1, or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed first. 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

PageNumber: 1 
Fde Name: HAYDENJPW 
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, '  8 0 1 9  PRICE CODES AND ANALYTE GROUPS: 

articulate Air 4 Method5 NA 3025A01 NMETS 3025A1 MET5 WA 

Is0 u Air 4 AS WA NA 3025A01 NUISO 3025A 1 U S 0  

Is0 Th Air 4 AS WA NA 3025A0 1 NTISO 30XA1 TIS 0 

Radium 2261228 Air 4 GS WA ' NA 3025A01 NGS 3025A1 GS 

Total Uranium Air 4 P A  WA NA 3025AOlNTOTU 3025AlTOTU 

L I 

Page Number: 2 
File Name: HAYDEN.PPW 



DATACHEM LABORATORIES cLIENT-RELATEII INFORMATION REPORT (cRIPI) 0 19 
CRIR NO. 

Number of Coolers Received: 

Location Temperature Taken: C o n t r o G l z a &  

Are all temperatures within project specific 

Condition of Coolers: Temperature Control: 

Custody Seals: 

Tamper Evident guidelines? -0 

Ice Present Y e B  Are all applicable pHs within specific 

Frozeme1 td@ guidelines? Y e s m K a  

Cooler Cooler Cooler 
e~eiveQ PCL Cooler No. Temp. Received DCL Cooler No. Temp. R_eceived PCL Cooler No. Temp. 4 1 &lC96&:7? T 4 M C96 “ c -  7 MC96 T 

- 2 PIC96 T 5  MC96 Oc 8 MC96 T 

3 MC96 “ c 6  MC96 “ C L  MC96 T 

Missing Cooler 0 Missing Samples/Bottles Incorrect Preservation 0 Chain Of Custody Problem=. 
Cooler Conditions 0 Broken/Leaking Samples 0 pH Criteria Not Met 0 Other: 

0 Missing Paperwork 0 Incorrect Bottle Type Cl Head Space in Bottles 
0 Missinghcorrect Bottle 0 Cooler Temperatures Out 0 Insufficient Sample 

Labels Of Range Volume 

~~ 

Faxed to Client? Yes 0 No 0 (If yes, attach Fax Cover Sheet) 

e:* Response Required Within 24 Hours *3 

I PROJECT MANAGER COMMENTS: I 
Project Managet: Returned to Sample Receipt by: Date: 

Printed Name Signature 
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’ Particulates by Method 5 
Rinsate 
Filter 

Impinger 

Analytical Scheme 
Hayden Environmental - Fernault Emission Testing 

3 Samples and Field Blank 0 

L J/ 
1 Combine Filter and Rinsate 
I Discard Impinger I 

1 

Di est Filter and Rinsate Particulate d 
Split Sample for Alpha Spec 

Analyze for Is0 Uranium 
Uranium 234,2351236,238 



DATACHEM LABORATORIES Filter Weight Book No. FWT Ub Page NO. 019 
'ifter Lot #: -? T e m p . :  73 R.H.: 55% 8 0  1 9  

:iller: - G L 2 5  (m\ 
 iota^ Weight ' m 9  
ram AII~JW ,G Date / 

rotal weight m 9  

Avg. Total Weight m 9  
rare Weight 274T.5 m g  
rare Weight m 9  

Avg. Ten, Weight Y97- < m 9  
M P L E  NO. SAMPLEWT. m g  
rotal WL m. Date 
:heck Analyst Date 

rilter: / +9hr2C (%e?) 
rare w y s l  Date 
rotal weight m 9  
rota weight . m 9  

m 9  Avg. Total Weight 
rare Weight US& rn; 
rare Weight 

SAMPLE No. SAMPLEWT. m g  
rotal wt. AMI. Date 
:heck Analyst Date 

Avg. Tare Weight' +.I. 1 m 9  

Filter: C-GL 1 7 7  
rare ~ n a l y s t  bate 
rotal Weight 
rotal Weight 

rare Weight 
rare Weight 

m 9  
m 9  

Avg. Total Wei ht m 9  

~*.:; 
Avg. Tare Weight qe.3 m g  

SAMPLE No. SAMPLEWT. m g  
Total wt. m. Date 
Check Analyst Date 

Y 

Total Weight m 9  
Total Weight m 9  

Avg. Total We' ht m 9  -m&-rn: Tare Weight 
Tare Weight 

SAMPLE NO. SAMPLEWT. mg 
Total wl. AnaL Date - 
Check Analyst Date 

Filter: 
Tare Analyst Date 

Avg. Ten, Weight 99-8 m 9  

Total We&@ m 9  
Total Weight m 9  

Tare Weight m 9  
Tare Weight m 9  

SAMPLE No. 
Total WL A d .  
Check Analyst Date - 

Avg. Tdd Weight m 9  

m 9  
SAMPLE WT. ,- m 

Date 

Avg. Tare Weight 
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August 6,1996 
Refer to: BD0021 

Bruce Sarven 

561 Congress Park Drive 
Dayton, OH 45459 

. Hayden Environmental 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Sarven: 

DataChem Laboratories, Inc.@CL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
filters and sample bottles will be provided for these determinations. The 
acetone rinse and glass fiber filter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 235/236, Lranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed by alpha 
spectrometry(AS). Radium 226 and Radium 228 will be analyzed by 
gamma spectrometq(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 1 14 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not required. Combined particulate from the acetone rinse and filter will be 
analyzed according to DCL standard operating procedures(S0P). 

The standard turnaround time for these analyis is 30 calendar days. 
The requested turnaround time of 10 working days can be accomplished 
for an additional 25%. The.requested detection limits for isotopic analysis 
can not be met. Minimun Detectable Activity (MDA) is Listed on the 
attached table. 



Page 2. 

Attached is a Pricing Quotation for these analyses. If you have any question concerning 0 the attached quotation please call me. 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 



a 
Revised Pricing Quotation 

Project Reference Number: BD-0021 

Parameter Method MDA Method Fractions Price per 
Analysis pCi/Sample Sample 

Particulate Method 5 Grav Acetone $100.00 
. Rinse 
Filter 
Impinger 

Uranium 234 DCLSOP 1 AS Particulate* $3 12.50 
Uranium 235/236 1 
Uranium 238 1 

Thorium 228 
Thorium 230 
Thorium 232 

DCLSOP 1 
1 
1 

AS Particulate* $3 12.50 

Radium 226 
Radium 228 

DCLSOP 95 
20 

GS Particulate* $250.00 

* Total Uranium DCLSOP 0.8ug/ KPA Particulate* $187.50 
Sample 

0 * = Particulate samples are combined acetone rinse and glass fiber filter. 

000085 



EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER _. ~ 

TEST METHOD e 
Method 5 - Determination of Particulate Emissions from Stationary Sources 

1. PRINCIPLE AND APPLICABILITY 

1.1 Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber filter maintained at a temperature in the range of I20 k 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
US. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that condenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2. APPARATUS 

+ 21 Sampling Train. A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography); commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the follow'hg subsections. 

The operatina and maintenance procedures for the sampling train are described in APTD-0576 * 
(Citation 3 in 6 e  Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTD-0576 and adopt the operating and maintenance procedures outlined in it, unless 
otherwise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be s30=, and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless othenvise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of nozzle sizes suitable for isokinetic sampling should be available, e.g., 0.32 to 1.27 cm (1/8 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 cm (v16 in.). Each nozzle shall be calibrated according to the procedures outlined 
in Section 5. 

~~~ ~ ~ ~~ 

Prepared by Emission Measurement Branch 
Technical Support Division, OAQPS, EPA 

EMTIC TM-005 
September 25, 1989 
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EMTIC TM-.oo5 EMTIC NSPS TEST METHOD Page 14 

directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probe nozzle, probe fitting, probe liner, and front half of the filter 
holder by washing these components with acetone and placing the wash in a glass 
container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 
acetone rinse as follows: 

. 

Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container. Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action- 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the brush 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. 



EMTIC TM-005 EMTIC NSPS TEST METHOD Page 15 

Rinse the brush with acetone, and 
quantitatively collect these washings in the sample container. After the brushing, make 
a final acetone rinse of the probe as described above. 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 

. cyclone, also (if applicable). After all acetone washings and particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

0 

lmpinaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three impingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

If a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 

000088 
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EMTIC TM-0.05 EMTIC NSPS TEST METHOD Page 16 

4.3 Analysis. Record the data required on a sheet such as the one shown in Figure 5-3. 
Handle each sample container as follows: 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. For purposes of this Section, 4.3, the term "constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless othewise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

. Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to &I ml or gravimetrically to k0.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

NOTE At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be evaporated at temperatures higher than ambient. If evaporation 
is done at an elevated temperature, the temperature must be below the boiling point of 1 

the .solvent; also, to prevent "bumping," the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point 

4.4 Quality Control Procedures. The following quality control procedures are a 
000089 
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suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

0 
4.4.1 Meter Orifice Check. Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H20 that correlates to 0.75 cfm of 
air at 528"R and 29.92 in. Hg. The 
AH@ is calculated as follows: 

T, e 2  

P, y2 v,2 
AH@ = 0.0319 AH 

where: 

AH = Average pressure differential across the orifice meter, in. H20. 

T,,, = Absolute average DGM temperature, O R .  

P, = Barometric pressure, in. Hg. 

8 = Total sampling time, min. 

Y = DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hg/"R)(0.75 cfm)2 

Before beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (Le., pump, volume meter, and orifice) at the AH@ pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Yc, as follows: 

where: 

Yc = DGM calibration check value, dimensionless. 
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o OUESTIONS? CALL 805238-5355 TOLL FREE. TRACKING NUMBER 

From (Your Name) P k a S  Pnnl Your Phone Number (Very Imponant) 

. 

  TO (Recipient's Name) 

REClPlH/T'S 
Please Pnnl 

8019 
COPY 

Rmpienl I Phon Nmbr  (Vev lmponanl 

e SERVlCES b, (Check onty one box) 
Pliority Overnight Standard Overnight 

bh.rqCeamrmn7 ! ~ w m a a m m ~  ~, naWaMlraMm1 
11 r-i 
Economv Two-Day I Government Overnight 

I 

Freight Service 

TRANSPORT DETAILS 
Airport of Departure I mi0 shipment h within the 

limitations olescribed fn:  

Airnoti of Destination: I 

Failure to comply in all respects with the applicable Dangerous Goods 
Regulations may be in breach of the applicable law, subject to legal 
penalties. This Declaration must not, in any circumstances, be completed 
andor signed by a consolidator, a forwarder or an IATA cargo agent. 

Shinment tvne: (delete non-aoolimblsl 

I I '  
.. . .. 

NON-RADIOACTIVE KHXEI 
NATURE AND QUANTITY OF DANGEROUS GOODS 

- 
Proper Shipping Name 

Haamable Liquids, n.0, 
(Ace toaa) 

- 
Class 

or 9 

3 

-- 

Dangerous Goods Identification 
Ouantity and 

Jacking type of packing Group 
Subsi- 

- - - - - - _ _ _ _ _ -  
Additio al and 'n I formati bflecr '1Pight or Day - 24 

XI (1) Steel I)tlrrs x 3 6  L 

LL: 1-513-668-4444 
Ezaergency Wsponse Guide # 127 Applies/Attached 

Packing 
Inst. 

P 305 

/-' . --- 

Authorizatior 

I hereby declare that the contents of this consignment are fully and accuratety described above by the proper 
shipping name and are classified, packaged, marked, and labeled, and am in all respects in the proper -&&Le Wrray. mr;ffiC 
condition for transport by air according to the applicable International and National Governmental Regulations. 

Nameme Of 

J ? z m ! g ,  Ohio 45030 09-24-96 
N mber R uired for US nor D s nation Shi m n Emergey33??3&3_d&4 & c o ~ Y e c t  or Day - 24 0r. Line (~,y$!?? ?,,' . e J  a .  - 

IF ACCEPTABLE FOR PASSENGER AIRCRAFT, THIS SHIPMENT CONTAINS RADIOACTIVE MATERIAL INTENDED FOR USE IN, OR INCIDENT TO, RESFRCH.,MEDIBAL 
DIAGNOSIS, OR TREATMENT. 
~ \ \ \ \ ~ \ ~ \ \ \ \ \ \ \ \ \ \ \ \ ~ \ \ \ \ \ \ \ \ \ \ \  
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Analysis: Total Uranium 
Preparation SOP #: WR-DC-200 

Lot/Release/SDG #: N/A 
Analysis SOP#: WR-DC-342 

DCL Set ID: 96E-0640-05 

L A B  0 R A T  0 R 1 1 9  
!. 6Or(CL16@L C @ U P I I V  

Case Narrative 

Client: Hayden Env. 
Account: 03025 
Matrix: Filter 

General Set Information: This lot consisted of four field and two QC samples. 
Method Summary: Samples were analyzed using a laser phosphorimeter to determine 

Sample Preparation: Sample preparation was performed according to WR-DC-200. 
Holding Times: Holding times were not applicable to this project. 
Dilutions: Dilutions were performed to place sample concentrations within the range of the 

total uranium in the samples according to WR-DC-342. 

calibration curve. The dilutions that were made are recorded on the form A’s for 
each particular sample. 

Method and Sample QC Data: 
Laboratory Control Sample: The laboratory control sample (LCS) was within the 

Blank: The blank consisted of acidified DI water and was within QC limits. 

accordance with published procedures. 

method acceptance criteria for recovery. 

Instrument QC: Instrument initial and continuing calibrations were performed in 

Nonconformance/Corrective Action Reports (NC CAR): No NCWCARs were required. 
Miscellaneous Comments: N/A Y 



A- Sorenson company 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 

C l i e n t  
Sample Name 

BL-1232 41-1 
QC-123241-1 
9131.39.40 
9135.41.42 
9136,43,44 
9137.45.46 

Laboratory 
Sample Bame 

BL-123241-1 
QC-123241-1 
96E04 514 
96B04515 
96304516 
96E04517 

COVER FORM (TYPE I) 
SINGLE M E T H O D  ANALYSES 

SUMMARY INFORMATION 

Laboratory 
Sample I D  

S969K018 
S969K019 
S968SO6Q 
S968S06R 
S9 6 8S06S 
S968S06T 

Laboratory 
Group name 

96E-0640-05 
963-0640-05 
963-0640-05 
96E-0640-05 
963-0640-05 
963-0640-05 

8 0 1 9  
Form RLIMS63M-V1.3 

Page 1 
102496 1042 01 60 

G968S02B 

O @ f  2 5 Date Reported. .... : 
Date printed......: 24-OCT-96 1Q:42 
DCL Report Group..: 96E-0640-05 

Client Ref Number.:Not Provided 
Release Number....:Not Provided 

Analysis Hethod(s):WR-DC-342 

Laboratory 
GrOUD ID 
G968S02B 
096 8SO2B 
G968SO2B 
G968S02B 
G968SQ2B 
G9 6 8SO 28 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 2 6 6 - 7 m O O 9 3  
FAX (801) 268-9992 



CHEM L A B O R A T O R I  E S  

FORM H (TYPE I )  
SINGLE M E T H O D  ANALYSES 

8019 
Form RLIMS63H-VI. 3 

Page 2 
10249610420160 

SAMPLE GROUP COMMENTS 
A Sorenson Company 

Date Printed......: 24-OCT-96 10:42 
DCL Report Group..: 968-0640-05 

Client Name...:Hayden Environmental 
Release Number....:Not Provided 

General Information 

The DCL QC Database maintains all numerical figures which are input from the pertinent data 
source. These data have not been rounded to significant figures nor have they been moisture corrected. 
Reports generated from the system, however, list data which have been rounded to the number of 
significant figures requested by the client or deemed appropriate for the method. This may create 
minor discrepancies between data which appear on the QC Summary Forms (Forms 8-0) and those that would 
be calculated from rounded analytical results. Additionally, if a moisture Correction is performed, 
differences will be observed between the QC data and the surrogate data reported on Form A (or other - 
indicate the "Report Basis" as well as the moisture value used for making the correction. 
Report generation options: E2X 

- report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form A will 

Result Svmbol Definitions 

ND - Not Detected above the WDL or IDL (LLD or MDC for radiochemistry]. 
** - NO result could be reported, see sample comments for details. 

gaalifier Symbol Definitions 

U - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
For radiochemistry the nuclide was not identified by the Canberra Nuclear NID program, 
activity values reported are calculated using the Canberra Nuclear MINACT program. 

B - For organic analysis the qualifier indicates that this analyte was found in the method blank. 
For inorganic analysis the qualifier signifies the value is between the IDL and PQL. 

J - The qualifier indicates that the value is between the MDL and the PQL. It 1s also 
used fot indicating an estimated value for tentatively identified compounds in mass 
spectrometry where a 1:l response is assumed. 

098094 
960 West LeVoy Drive / Salt  Lake C i t y ,  Utah 84123-2547 / ( 8 0 1 )  266-77 

FAX (801) 268-9992 



CHEM L A B O R A T O R I  E S  

A Sorenson Company 

Analyte 

FORM A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

Date Detection 
Analyzed Limit Resu 1 t+Er r o  c Qual. Dilution CRDL 

t 8 0 1 9  
Form RLInS63A-V1.3 

Page 3 
10249614170997 

Total Uranium 122-OCT-96 12:OO 7.OE-1 1 4.7E-3f4.?E-4 

S A M P L E  ANALYSIS D A T A  S H E E T  

8.OE-1 I 100 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Applicable 
Release Number.......: Not Provided 

Date Received........: Not Applicable 
DCL Report Group ..... : 96E-0640-05 
DCL Preparation Group: ~ 9 6 9 1 ~ 0 0 ~  
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342 

Net weight/Volume .... : Not Required 
- Aliquot Weight/Volume:l 

Date Printed......: 24-OCT-96 14:17 
Client Sample Name: BL-123241-1 
DCL sample Name...: BL-123241-1 

Matrix ..:......... :AIR 
Date Sampled ...... :Not Applicable 
Reporting Units...: ug/sample 

DCL Analysis Group:G969KOOV 

Instrument Type ... : LP 
Instrument ID.....: KPA-11 
column Type ....... : ~ o t  ~ p p l i c a b l e  

Analysis Method...:WR-DC-342 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 2 6 6 - u @ Q o 9 ~  
FAX (801)  268-9992 



DATA 
CHEM L A B O R A T O R 1  E S  

- Date Detection 
Ana lyte Analyzed Limit Resul t+Er ro C 
Total Uranium 122-OCT-96 12:OO 7.OE-1 1.7Elf1.7EO 

A sorenson company 

Qual. Dilution CRDL 
100 8.OE-1 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
sampling Site........: Not Applicable 
Release Number.......: Not Provided 

Date Received........: Not Applicable 
DCL Report Group.....: 96E-0640-05 

DCL Preparation ~ r o u p :  G969K00V 
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342 

Net weight/volume .... : Not Required 
- Aliquot Weight/Volume: 1 

8 0 1 9  
Form RLIHS63A-V1.3 

Page 4 
10249614170997 

S9 6 9 KO 19 

Date Printed......: 24-OCT-96 14:17 
Client Sample Name: Q C - 1 2 3 2 4 1 - 1  
DCL sample Name...: Q C - 1 2 3 2 4 1 - 1  

Matrix............: AIR 
Date Sampled ...... : Not Applicable 
Reporting Units...: ug/sample 

DCL Analysis GrOUp:G969KOOV 
Analysis Method...: WR-DC-342 
Instrument Type ... : LP 
Instrument ID.....: KPA-11 
Column Type ....... : Not Applicable 

Analytical Results 

960 West I;eVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801)  26MXXBD6 
FAX (801)  268-9992 



FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

Date Detect ion 
Analyte Analyzed Limit ResultfEr C O K  
Total uranium 22-OCT-96 1 2 : O O  7.OE-1 I 2.1EOf2.1E-1 

CHEM SAMPLE ANALYSIS D A T A  SHEET 
L A B O R A T O R I  E S  e A sorenson Company 

Qual. ~ i l u t i o n  CRDL 
100 8.OE-1 

8019 
Form RLIHS63A-V1.3 

Page 5 
10249614170997 

S968S06Q 

Client Name..........: ~ a y d e n  Environmental 
Client Ref Number....: Not Provided 
Sampling site........: Not Provided 
Release Number ....... : Not Provided 
Date Received........: 25-SEP-96 00:oO 
DCL Report Group ..... : 96E-0640-05 
DCL Preparation Group: G969KOOV 
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342. 

Net Weight/Volume .... : Not Required 
- Aliquot Weight/Volume: 5.2E2 

Date Printed ...... : 24-OCT-96 14:17 
Client Sample Name: 9131,39,40~80RTH 
DCL Sample Name...: 96304514 

MatKlX ............ : AIR 
Date Sampled. ..... : 19-SEP-96 08:30 
Reporting Units...: ug/sample 
Report Basis ...... : H A S  Received O D r i e d  

DCL Analysis Group: G969K00V 
Analysis Method...: WR-DC-342 
Instrument Type ... : LP 
Instrument ID.....: KPA-11 
Column Type ....... : Not Applicable 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-%@'97 
FAX (801)  268-9992 



CHEM L A B O R A T O R I  E S  

Analyte 
Total uranium 

A Sorenson company 

Date Detect ion 
Ana 1 yz ed Limit Resul t+Error Qual. Dilution CRDL 

22-OCT-96 12:OO I 7.OE-1 3.4EOt3.4E-1 1' I 100 8.OE-1 

F O R M  A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

S A M P L E  ANALYSIS D A T A  S H E E T  

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Provided 
Release Number.... ... : Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group ..... : 96E-0640-05 
DCL Preparation Group: G969ICOOV 
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation nethod...: WR-DC-342 

Net Weight/Volume .... : Not Required 
- Aliquot Weight/volume: 4.8E-2 

Analytical Results 

8019 
Form RLIHS63A-V1.3 

Page 6 
10249614170997 

S9 6 8 S06R 

Date Printed ...... : 24-OCT-96 1 4 : 1 7  
Client sample Name: 9135,41,42~SOUTH 
DCL Sample Name...: 9 6 ~ 0 4 5 1 5  

flatrix ............ : AIR 
Date Sampled ...... : 19-SEP-96 08:30 
Reporting Units...: ug/Sample 
Report Basis ...... : W A S  Received O D r i e d  

DCL Analysis Group: G969KOOV 
Analysis Method...: WR-DC-342 
Instrument Type ... : LP 
Instrument ID.....: KPA-11 
Column Type ....... : Not Applicable 

98 960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801)  26ww 
FAX (801)  268-9992 



DATAe 

Date De tectlon 
Analyte Ana 1 yzed Limit Resu 1 t+ErrO C Qual. 
Total Uranium 22-OCT-96 12:OO 7.OE-1 5.4E2f5.4El 

CHEM L A B O R A T O R I  E S  a A sorenson company 

Dilution CRDL 
100 8.OE-1 

. FORM A ( T Y P E  I )  
SINGLE M E T H O D  ANALYSES 

8019 
Form RLIHS63A-V1.3 

Page 7 
10249614170997 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
sampling Site.... .... : Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group. .... : 96E-0640-05 
DCL Preparation ~ r o u p :  ~ 9 6 9 k O O V  
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342 

Net Weight/Volume .... : Not Required 
- Aliquot Weight/Volume: 5.OE-2 

Date Printed......: 24-OCT-96 14:17 
Client Sample Name: 9136,43,441BLA~K 
DCL sample Name...: 96E04516 

HatriX............:AIR 
Date Sampled ...... : 19-SEP-96 08:30 
Reporting Units...: ug/Sample 
Report Basis ...... : M A S  Received O D r i e d  

DCL Analysis GCoup:G969KOOV 
Analysis Method...: WR-DC-342 
Instrument Type ... : LP 
Instrument ID.....: KPA-11 
Column T y p e  ....... : Not Applicable 

000099 
960 West LeVoy Drive / Salt Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 

FAX (801) 268-9992 



DATA= 

Date Detect ion 
Analyzed Limit Resul t+E r r 0  C Qual. Analyte 

CHEM L A B O R A T O H I  E S  

A sorenson company 

Dilution CRDL 

FORM A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

8019 
Form RLIMS63A-V1.3 

Page 8 
10249614170997 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0O:OO 
D C L  Report Group ..... : 96E-0640-05 
DCL Preparation ~ r o u p :  t969I100V 
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342 

Net Weight/Volume .... : Not Requlred 
- Aliquot Weight/volume: 5.OE-2 

Date Printed......: 24-OCT-96 14:17 
Client Sample Name: 9137,45,46IRESP 
DCL Sample Name...: 96E04517 

natrix............: AIR 
Date Sampled ...... : 19-SEP-96 08:30 
Reporting units...: uglsample 
Report Basis ...... : H A S  Received O D r i e d  

DCL Analysis Group: G969K00V 
Analysis Method...: WR-DC-342 
Instrument Type...: LP 
Instrument ID.....: KPA-11 
Column Type ....... : N o t  Applicable 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801)  266-7700 
FAX (801 )  268-9992 



- - A FORM B (TYPE I) 
Form RLIMS@lOl h 9 - - SINGLE M E T H O D  ANALYSES 

QUALITY CONTROL DATA SHEET 

10249 0420160 DATA- Page 9 

S969K019 
CHEM LABORATORY CONTROL SAMPLE (LCS) 
A Sorenaon Company 

Date 
Analyte Ana 1 y zed Target 

Client Name..........:Hayden Environmental 
Release Number.......:Not Provided 

QC 
Flag 

Percent QC 
Result Recovery Limits 

Matrix...............:FILTER 
Reporting Units......: pg/filter 

Total uranium 122-OCT-96 12:OO 1.8El I 1.7El I 97.6 

DCL Preparation Group: G969KOOV 
Date Prepared...... ..: 21-OCT-96 l2:OO 
Preparation  method...^ WR-DC-342 

75.0/125. 

Date Printed......: 24-OCT-96 10:42 
DCL Sample Name...:QC-123241-1 

DCL Analysis Group:G969KOOV 
Analysis Method...: WR-DC-342 
Instrument Type...: LP 
Instrument ID.....: KPA-11 
Column Type.......:Not Applicable 

QC Limit Type ..... :Method 
- Analytical Results 

960 West LeVoy Drive / Salt Lake City,  Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 



- 
DATA- 

Date 
Analyte Analyzed Result 
Total uranium 22-OCT-96 12:00( 0.0047 

CHEM L A B O R A T O R 1  E S  

CRDL 
0.8 

A Sorenson Company 

FORM C (TYPE I) 
SINGLE M E T H O D  ANALYSES 

QUALITY CONTROL DATA SHEET 
BLANK SAMPLE 

8019 
Form RLIMS63C-V1.3 

Page 10 
10249610420160 

80011/02 
960 West LeVoy Drive / Salt Lake City,  U t a h  84123-2547 / (801) 266-7700 

FAX (801) 268-9992 
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CHEM Datapackage Table of Contents 8019 DAWW 
L A @  0 A 1 0  m l a a  

Information pertairrtng to this datapackage IS divided into the four Catcgode~ listed below (see colored m e r  
sheets for an inventory Ilst of each category). If an item on the -tory Is not appucable. an TU" is placed in the 
comspondlng check box. A Case NarratWc lmmedlatdy precedes Table of Contents and contains pu-ttncnt 
information about US datapackage. 

Analytical Forms ...................... Yellow 
Sample Tracking Documentation ........... Pink 
Analytical Documentation ................. Blue 
RawData..  .......................... Green 
4 4 4 4 4 4 4 4 4 4 

Analytical Forms 
Inventory Checklist 

CaseNarrative 

I I 0 Data Review and Approval Form I I 0 Analytical or Environmental Report Form 

0 GC/MSTICs I 0 ApplicableQCSheets 

C o v e r ~ o m  

Sample AnaIysis Data Sheet (Form AI 

Maw Spike/Matrix Spike Duplicate Sample (Form Fl 

Surrogate Summary (Form GI 

InltIal Calibration Fom 

Inltlal Calibration Verlfication UCVI Form 

ConUnulng Callbration Form 

serial Dilution Form 

Endrin Breakdown or BFB/DFTPP GC/MS Tuning Form 

Analytical Forms 
Reviewer Checklist 

$.- 
fc 
1L 
>( 
+ 

me Analytical Forms Inventory Checklist above is complete. 
The Case Narrative was completed in accordance with procedures in DCL SOP XX-DC-020. 
"Datapackage Reparation and Validation." 
only the correct report forms are used (IRDMIS or ~ommercial F O ~  or RUMS FO-). 
All flelds on the report forms are complete with the correct information. including signatures. 

Results for all samples are reported per client request 
Units, meqods. and dates are correct. 



CHEM L A m  0 I A I 0 m i i s  

A ~ O R I I I O I C O Y P A I Y  

Sample Tracking Documentation 
Inventory Checklist 

8019 

UMS Grouping Reports 

DataChem Laboratories (DCL) Chain-of-Custody Record 

DCL Sample Work Order 

Copy of numbered Nonconfonnance/Corrective Action Report (NC/CAR) 

Copy of Client-Related Problem Report (CPR) 

Sample Tracking Documentation 
Reviewer Checklist 

+ The Sample Tracking Documentation Inventory Checklist above is complete. 

DCL Chain-of-Custody Record provides signatures for the sample portion reported in this data 
package. 

DCL Chain-of-Custody Record was completed in accordance with procedures in DCL SOP XX- 

Methods s p e d e d  on the Sample Work Order were perfonned or an explanation for devlations Is 
provided. 

Special instructions on the Sample Work Order were followed. 

Project Management instructions on the Project Protocol Worksheet were followed. 

Client's requests were met or an explanation is provided in the Case Narrative. 

NC/CAR and/or CPR were completed in accordance with procedures in DCL SOP QC-DC-006 
"Nonconfonnance/Corctive Action Report (NC/CAR) Procedures." 

DC-006 "ChaLn-of-Custody and Laboratory Tracking." 

d_ 

J(- 
-,& 

a 

Assembled by: Reviewed by: 

00010 P ihr. Wgs 



ate: 18-OCT-1996 12:16 
ser: RICHARDSON 

Preparation Run Name: G969KOOV 

Samples: 6 

Pos 

1 
2 
3 
4 
5 
6 

--- 
Laboratory 
Sample Name ------------ 
BL-123241-1 
QC-123241-1 
96E04514 
96E04515 
96E04516 
96E045 17 

DataChem Laboratories 
LIHS - Sample Haster System 

Preparation Group Report 

Field Sample 
Name 1 ------------ 
BL-123241-1 
QC-123241-1 
9131 , 39,40 
9135,41,42 
9136,43 , 44 
9137,45,46 

Field Sample Laboratory 
Name 2 Sample ID ------------ ---------- 

S969K018 
S9 69K0 19 

NORTH S968S06Q 
SOUTH S968S06R 
BLANK S968SO6S 
RESP S968S06T 

--e-- END OF LISTING ----- 

8 0 1 9  

Page: 1 
RLIMS15-V1.2 

Group ID: G969KOOV 

Laboratory 
Group Name ------------ 
96E-0640-05 
96E-0640-05 
96E-0640-05 
96E-0640-05 
96E-0640-05 
96E-0640-05 

Accnt. 
Number 

03025 
03025 
03025 
03025 
03025 
03025 
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Sample Work Order b S U A 9  
Q C Clearance: 

Project Manager: Robert P. Di Rienzo 
DCL Root Set ID: 963-0640* 
DCL Lab. Name: 96304514-96EO4517 

/ 01 
I 02 

Client: Hayden En&onmentaI 

Projed/Task: COMM-ENV 
@account:  03025 

Method 5 Particulate 
Isotopic Uranium 

Date Received: 25-Sep1996 

1-Oct-1996' 

1-Oct-1996' 

Total # Samples: 4 
Sample Entry: Karyn L. Boyack 
Section: WA 
Earliest Sampling Date: 19-Sepl996 

lkMar-199? 4 Method 5 
18Mar-1997' 4 WR-DC-341 

WR-DC-200 
18-Mar-1997C 4 WR-DC-341 
18-Mar-199? 4 W R- EP-3 2 5 

W R-DC-200 
18-Mar-1997' 4 WR-DG342 

Date for Mailing Report: 25-Oct-1886 Preparation Type: 

.J 03 
04 

/ 05 
P 

Radiochemistry I Latest 1 Latest 1 N ~ .  of 1 Storage 1 Analysis/Prep. 
Analytes Requested Prep. Date Anal. Date Samp. Location Method I Inst. 1 Matrix 1 

ISOTOPIC THORIUM 
Radium 226 f220 by gamma spec 

Total Uranium bv LPA 

yi 
AIR 

Special Instructions: 

Section Manager: Charlie C. Walker 

Other Sections Receiving Sample Portions: None 
DataChem Laboratories/ 060 West LeVoy Drive / Salt Lake City, Utah 84123 

PRlWTED 9/2&11996 1 4 ~ 4 0  

000107 



9&- 86!($9 SAMPLE LOG-IN SHEET 
Group Name: 
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TALLY SHEET 

Composite 
Sample 
Number 

NORTH FILTER 
\IORTH FRONT 1R 
NORTH BACK 1R 
SOUTH FILTER 

SOUTH FRONT 
SOUTH BACK 1R 
FILTER BLANK 

D1 BLANK 
ACETONE BLANK 

RESP. FILTER 

RESP. BACK 1R 
RESP. FRONT 1/2 

8019 

Lot Number 

WO50-730-PO474417 
WO50-730-PO474417 
WO50-730-PO474417 
WO50-73O-PO47-0417 

1RW050-730-PO474417 
WO50-73O-PO47-0417 
WO50-73O-PO47-0417 
WO50-730-PO474417 
WO50-73O-PO47-0417 
WO5O-730-PO474417 

WO50-730-PO474417 
WO50-730-PO47-0417 

RELEASE #: 
PO #: NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED:. 23-SEP-96 
MATERIAL: NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER 

ANALYSIS: PARTICULATE AND RAD 

Sample 
Container 

Size 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 L PLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AnaLid 
FACTS 
Number 

2002591 31 
200259139 
200259140 
2002591 35 
200259 14 1 
200259142 
2002591 36 
200259143 
200259144 
2002591 37 
200259145 
200259146 

- 
Gross 
Weight 
IbS. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.755 

- 
Tare 

Weight 
Ibs. 

0.097 

- 
o.za 
o.za 

o.za 
o.za 

o.za 
o.za 

o.za 
0.220 

0.097 

0.097 

0.097 

- 
2.14E 

Page 1 of 1 

- 
Net 

Weight 
Ibs. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

- 
1.607 



wel 32350 FEMP s o 1 9 m  

COVER SHEET 
a' 

RSR 
DOCUMENT TYPE , Rwp 

,-YES 
NO 

SURVEY FOR RWP? 

BADGE # DATE TIME 

SURVEY NUMBER RWP NUMBER 

. . - . - - - ' FS-F-4617 (4/22/96) 

LOCATION CODE 
BLDG/GRID# FLR 



8019 
FEMP 
RADIOLOGICAL SURVEY REPORT 

SURVEY NUMBER: 96- 9 -1 1 - 5. . 
DATE: RCT BADGE #: 74323 PAGE: 

RMEWED By: 
47 -2 y-  CIL 

000113 
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DESCRIPTION 

’ Signanme by Material Release Evaluator indieatas the material may be released for restricted use m the uncomrollad area of the FEMP site only. 
This InatsMl is not being released for unrestricted use. 

Signature by the  Material OwnerlSurvey Requestor indicates acceptance of responsibility tor the material while in the uncontrolled area and the 
material wiU be returned to the controlled area following use. 

’ Addlional approval by the Manager of Radiological Compliance is required prior to allowing tha material to exit be 



~ 

. 
PROJECT PROTOCOL WORKSHEET 8 0 1 9  

Project F e d d  Emission Testing 
’ client: t Hayden Environmental 

ccounf: 3025 
Bob Di Ftienzo 

Date: 09/20/96 
Revision: 1 .O 

Client Contacts: Reports: Invoices: 

Bruce Sarven Same with COC 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Schedule: Starts 09/20/96 

TAT: 30 Calendar Days 

Analyses: Particulates and Radiochemistry 
! 

QNQC: Overall QNQC requirements will be based on the DCL Procedures. 

None. 

As per method 

Deliverables: RLIMS63 Report, Raw Data, and COC 
Paginate entire package 

Penalties: None 

Questions: If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 33 1, or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed first, 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

. -  

PageNumbex 1 
Fdc Name: HAYDENPPW 



PRICE CODES AND ANALYE GROUPS: 8 0 1 9  

4 Method5 WA NA I3025AOINMETS 13025AlMET5 

Air 4 AS WA NA 3025AOlNUISO 3025AlUISO 

Is0 Th Air 4 AS WA NA 3025AOlNTISO 3025AlTISO 

4 GS 1WA ' NA 3025AOlNGS 3025A1 GS 

Total Uranium 4 kPA WA NA 3025A0 1 NTOTU 3025A lTOTU 

Page Number: 2 
Fde Name: HAYDENSPW 

. -  



DATACHEM LABORATORIES CLIENT-RELATED INFORMATION REPORT (C&p 1 9 
CRIR NO. 

Datdrimc of Receipt 

Condition of Coolers: Temperature Control: 

Number of Coolen Received: 

custody seals: 
&e all temperatures within project specific 

TamperEvidenc guidelines? -0 
Are all applicable pHs within specific 

guidelines? 

Ice Present: 

Cooler Cooler Cooler 
DmgLRece ived  Temp. Received DCLCooler No, Temp. 

oc 
2 MC96OC 5 -2 8 MC96 =C 

Missing SampledBottles 0 Incorrect Presentation 0 Chain Of Custody Problem 
Coola Conditions 0 BrokenlLeakhg Samples 0 pH CriteriaNot Met 0 Other: 
Missing Paperwork 0 Incorrect Bottle Type 0 Head Space in Bottles 
Missing/Incorrect Bottle 0 Cooler Temperatures Out 0 Insufficient Sample 

Of Range Volume 
. .  

* BRIEFLY DESCRIBE THE PROBLEM AND THE ACTION TAKEN: 

~ ~~ ~ 

1 Faxed to Client? Yes 0 No 0 (If yes, attach Fax Cover Sheet) 

*:* Response Required Within 24 Hours e:* 
. . . . .  . . .  . . . . . . .  .... . . . .  .. . . . . . .  ..._ <. .: :.. :.;.'..': 

. . .  . .  ...'.. . . . . . . .  :: ......... 
:_. 

. .  
. . . .  . . . . . . . .  . .  . . . . . . . .  . .  . . .  . _  PROJECT' MANA.GEMENT, .:'I. . . . .  . . . . .  ~; ::L..: ... ..: .. . . . .  

. . .  . . . ,  . . - .  ,.>.:.-:::: 

' PROJECT MANAGER COMMENTS: 

h j e n  Manager: Returned to Sample Receipt by: Date: 
Printed Name Signature 

000118 
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Analytical Scheme 

Hayden Environmental - Fernault Emission Testing 

3 Samples and Field Blank 

Rinsate 
Filter 
Im in er -Y 

Analyze by Gamma Spec 

Split Sample for Alpha Spec 

Analyze for Is0 Uranium 
Uranium 234,2351236,238 . .  

t 

000119 



jATACHEM LABORATORIES Filter Weight Book No. FWT 06 Page NO. 03 9 
rlter Lot #: 7 Temp. :  1 3  R.H.: 5 5 ~ 8 0  !! 9 

Avg. Tam Weight 9s-8 rng 
WPLE No. MMPLE'W. my 
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August 6,1996 
Refer to: BD0021 

Bruce Sarven 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX. (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Sarven: 

' DataChem Laboratories, Inc.(DCL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
fdters and sample bottles will be provided for these detennhations. The 
acetone rinse and glass fiber filter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 235/236, Uranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed by alpha 
spectrometry(AS). Radium 226 and Radium 228 will be analyzed by 
gamma spectrometry(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 114 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not required. Combined particulate from the acetone rinse and filter will be 
analyzed according to DCL standard operating procedures(S0P). 

The standard turnaround time for these analysis is 30 calendar days. 
The requested tumaround time of 10 worlring days can be accomplisbi 
for an additional 25%. The requested detection limits for isotopic analysis . 
can not be met Minixnu Detectable Activity (MDA) is listed on the 
attached table. 



I- 8019 
Page2. ' ,  .; 

Attached is a Pricing Quotation for these analyses. If you have any question concerning 
the attached quotation please call me. a 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 



Revised Pricing Quotation 
Project Reference Number: BD-0021 ? ,  

Parameter Method MDA Method Fractions Price per 
Analysis pCi/Sample Sample 

Particulate Method 5 GraV Acetone $100.00 
-Rinse 

Fdter 
Impinger 

Uranium 234 DCLSOP 1 As Particulate* $3 12.50 
Uranium 235/236 1 
Uranium 238 1 

Thorium 228 DCLSOP 1 As Particulate* $3 12.50 
Thorium 230 1 
Thorium 232 1 

Radium 226 DCLSOP 95 GS Particulate* $250.00 
Radium 228 20 

* Total Uranium DCLSOP 0.8ugl KPA Particulate* $187.50 
Sample 

* - Particulate samples are combined acetone rinse and glass fiber filter. 



8019 
EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 

TEST METHOD 

Method 5 - Determination of Paeiculate Emissions from Stationary Sources 

1. PRINCIPLE AND APPLICAEILKY 

1.1 Principle. PaRiculate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber filter maintained at a temperature in the range of I20 f 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
U.S. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that condenses at or above the filtration temperature, is detemined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2. APPARATUS 

21 Sampling Train. A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APT04581 (Citation 2 in the Bibliography): commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Citation 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTD.0576 and adopt the operating and maintenance procedures outlined in it, unless 
otherwise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be ~30'. and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless othewise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of nozzle sizes suitable for isokjnetic sampling should be available, e.g., 0.32 to 127 cm (1/8 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 crn (VI6 in.). Each noale shall be calibrated according to the procedures outlined 
in Section 5. 

Prepared by Emission Measurement Branch EMTIC TM-005 
Technical Support Division, OAQPS, EPA September 25,1989 
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directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probe nozzle, probe fitting, probe liner, and front half of the filter 

container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 
acetone rinse as follows: 

4 
holder by washing these components with acetone and placing the wash in a glass . 

Carefully remove the  probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and *rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container. Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action' 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the bru.sh 
through the probe three times or more until no visible PM is camed out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. 



. 

a 

a 

a 

$ 0 1 9  

t- 

EMTIC TM-005 EMTIC NSPS TEST METHOD Page 15 

Rinse the brush with acetone, and 
quantitatively collect these washings in the sample container. After the brushing, make 
a final acetone rinse of the probe as described above. 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinseteach surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings and particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

ImDinaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three irnpingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

If a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

. -  . -  

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 
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4.3 Analysis. Record the data required on a sheet such as the one shown in Figure 5-3. 
Handle each sample container as follows: 

Container No. I. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. For purposes of this Section, 4.3, the term "constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless otherwise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

", Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to 21 ml or gravimetrically to 50.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

a 
Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

NOTE: At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be evaporated at temperatures higher than ambient. If evaporation 
is done at an elevated temperature, the temperature must be below the boiling point of 1 

the solvent; also, to prevent "bumping," the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point. 

4.4 Quality Control Procedures. The following quality control procedures are 

000132 
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* 

suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

4.4.1 Meter Orlflce Check, Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H20 that correlates to 0.75 cfm of 
air at 528"R and 29.92 in. Hg. The 
AHe is calculated as follows: 

T, e* 
p,* v,' 

AH@ = 0.031 9 AH 

where: 

AH = Average pressure differential across the orifice meter, in. H,O. 

7, = Absolute average DGM temperature, O R .  

P- = Barometric pressure, in. Hg. 

€3 = Total sampling time, min. a 
Y = DGM calibration factor, dimensionless. 

V m  = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hgl0R)(0.75 cfm)2 

&fore beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (Le., pump, volume meter, and orifice) at the AH, pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Yc, as follows: 

lod f'0.0319qp 1 ' 
. -  Y C  = WI 

V m  L P b T * '  

where: 

Yc = DGM calibration check value, dimensionless. 

000133 
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Analytical Documentation 

Inventory Checklist 

IMs Is a "dummy datapackage". Data for inventory checklist found with set 

Copy of TCLP Preparation Logbook Pages 

copy of Sample <-tion N O Z I J B J W W ~ E ~ ~  

Copy of Analyst's Noteboo- 

@ Copy of Instrument Injection LogbookFstrument L o g b o o k / ~ i Z ~  

Copy of Reagent Logbook Pages 

Copy of Working Standard pI.epamtion Logbook Pages 

Copy of Secondary or Intermediate Standard Preparation Logbook Pages 

Copy of primary Standard or Concentrated Stock Standard Preparation Logbook Pages - 

Certificates of Analysis for Standards 

Copy of Standard VeMcaUon Logbook Pages (including documentatlon for spiking 
solutions and/or &ration standards) 

1 
8 
).vRI Copy of Prepamtion Logbooks for solutions prepared by QC 

All other miscellaneous documentation associated with this set (describe) 

- .  
Analytical Documentation 

Reviewer Checklist 

The Analyttcal Documentation Invent06 Checklist above is complete. 
Basic documentation procedms were followed in accordance with DCL SOP XX-DC-004 
"Analytical Data Record Keeping." 
All noteboob and logbook pages contaln page number, book number, title. and available space for 
pagination (lfrequlred. 
All n o t e b k  and logbook pages were signed and dated by the analyst and reviewer before 
copying. 
All copies are leglble. 

Standaxd peparatlon is documented in accordance with DCL SOP XX-DC-019 "Standards Purlty, 
Repaxation, Traceability and Verltlcation" or by WR-DC-001 ""he AcquislUcm, Preparatton. and 
use of Radloacw standard Reference Materials." 
Documentation is provided to verlfy that standard calibration solutions and spiking solutions are 
traceable ts( a vendor certltlcate. 
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nessed & Understood by me, Date Invented by Date 

/0-2f-P6 L Recorded by I o/ 8/96 

000135 



f 
1 

I I 

'' PageNo. 149 Book No. 

Detenninatkn of Selected Actinides by Ion Exchange 
Client Jk A& No. 7025 Sei No. 9 6 k W O - 0  S Matrix Ar 'Fllh) T . 2 : .  

Requested Analysis: Am- Cf- Cm- Np, Pu- Th- U,lc' 

Standard Control ID Conc. (pCi/g or ml) Aliquot (g or ml) Activity (pCi) I 

Tracer ID Conc. (pCig or ml) Aliquot (g or d) Activity (pCi) 

I I I 1 I I 

I I I 

VESSEL# I SAMPLE# I WEIGHT (g) 

13 
14 

15 

16 
17 

12 I I I 24 I I \ 
-- 'N/A= Not Applkd 

Imam$ 



.*- ...... 
. ... . .  

8 0 1 9  

a 

a 

Total Uranium by Kinetic Pulsed Laser Phosphoninehy 

I 

*N/A-Not Applirable 



KPA Run Log 
8 0 6 9  

1 

Reviewed By: 
signature & Date 



I‘ 
I. 
1 

r’ 1 r J  
(3 
I J  
I’ 
I’ 

L 1 

RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATEIUAL INVENTORY 

WORKING STANDARD LOG 

Book No. Page 111 

8019 

WorkingStandardID: WSL 3/23 238 Intermediate Standard ID: i s c  2/39 

Reference DatelTimd: &.f f993 e S oo RMI Source Log Ref. BooklPage: 211 0 

*Use Juiian date and military time 
DCL Balance ID No.: 

ii 

Date Inits. Solvent I Activity (pCi)t I Final Volume I Conc. (pCi/g)t I Witness 11 

Usage: 

hits. I Aliquot I Activity (pCi)t I Balance (pCi)t I Destination 
I I I I 

J 

f All adivities are referenced to the source dateftime. Decay corrections are to be made on the following page. 

To Page: 

Q00133 
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RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVENTORY 
INTERMEDIATE STANDARD LOG 

$019 

krtermediateStandardID:TSL 2 h  c u238) Standard Source ID: I eq3-Z 

Reference DatelTirne*: Oc+ '93 /d 5 0 0  RMI Source Log Ref. Boomage: 2 //o 
I I 

I 

.Use JrJian date and military time 
DCL Balance ID No.: 8 316p, 102 6 9 5  

Usage: 

-1 Date Inits. Aliquot Adivity @Ci)t Balance (pCi)t Destination 

l V l 6 k  8K, 50 ca 6061 .5  606 \#26f  NJSL 3/23 
2. 

3. 

4. 

I 

I 

I I I I I 
a&%k~ are referenced to the source datdtime. Decay corrections are to be made on the following page. -: Y To Page:- 
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Source Reference DatdTimd: &7- . ' 4 3  /d! 30 Solvent: O * < U  F! nu3 
ISOTOPE@) CONC. (pCi/g) ISOTOPE(S) CONC. @Ci/g) I 

u- 23% a3ST6 

k 

RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATE- INVENTORY 

STANDARD SOURCE LOG 

h 

1 1 

4 

r CAUllON 

Place Source Law Above 
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U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory-tas Vegar 

Nuclear Radiation Arsarrment Division . 
. .  

Calibration Certificate 

Description 

8019 

. .  
Measurement Activity of principal radionuclide 

1- -1 d [ Uranium-238 *- ‘ed by 
0.11 n a n m i e s  1 of Uranium-235 per 
gram of solution. 

October 1993 

Activity of daughter radionuclide 

&mr &;d.$\~h-234, Pa-234, U-234 I assuming d equilibrium. 

Total m8ss of this rol.ythn ‘ 

. .  
Method of measurement *- 

The solution was prepare3 gravirrrttrically by dissolving a weighed - 
quantiw of the Natioiial Bureau of Standards’ SRM 950b (99,9720.02 
percent Uranium Oxi& (U308) 1 in nitric acid and diluting to a 
known weight. Natural uranium was assumed to consist of 99.28 
percent U-238 and 0.711 percent U-335 by weight with’specific 
activities of 3.36xlS  and 2.16xlO nanocUries per gram respectively. 
The solution was ccmpared to an earlier preparation (1843-1) , 
which was traced to the National Ins t i tu te  of Standards and Technology 
(NIST) , using liquid scintillation counting. - 
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Purity The manufaaurer states that activities other than that of the principal nuclide 
and of its daughter nuclides. if any, were estimated/known to be: I less than 1 0 . 6 1  of the principal activity (1) ~ a d i m 2 2 6  

' 1 less than vi Of the principal activity 

1 ~~~~~ 1 . I  of the principal activity 

equal to 

m e  activir/ of impurity (1) is not (2) is not (3) is not 
included in the quoted figures of the principal activity. 

~ ~ 

Random Errors 

The precision of this standard was such that the certified value of the radioactive 

concentration of the principal activity had a standard error (sm) not greater than 5 

(The 99.7% confidence limits are given by t(sm) where t is obtained from the student t factor 
for the degree of freedom (n-1)). 

The maximum uncertainty due to the assessable systematic errors (dilution, counting, and 
known uncertainty of the standard) is obtained by the separate arithmetic summation of the 
positive and negative systematic error ( + b - b ' 1. These have been estimated not to exceed 

the overall .uncertainty (often called accuracy) is an estimate of the possible divergence of 
the quoted result from the true value. It is'a combination of random error [t(smfl at the 99.7% 
confidence limits and the worst case estimate of the systematic errors ( +a :-a ' ) 
The overall uncenainty is therefore calculated on the basis of + [t(sm) +a], - b(sm) +a] 
and is (*4.01, - [-]of the quoted radioactive concentration. 

~~ ~ 

Decay Schemes This standardization is based on the following assumptions of the principle nuclide, its 
daughter nuclides and impurities (no allowance for error in these assumptions or the 
assumption of quoted half-life have been included in the statement of accuracy above). 

UraniCPn-238 decays by alpha d s s i o n  to Thorium234 'which decays 
by M successive beh missions to Uranium-234. Uranium-234 is 
a s d  to be in secular equilibrium w i t h  Uranim238. 

- _  

Chemical Carrier content per gram of solution: Other commnents: 
Composition 
of Solution 

Preservative: 

0.5M - nitric acid 

Remarks 
The d m  concentration of the solution is 7.12 milligrams/gram. 

/-- 

a Date Cenificate Prepared 

Approval Signature 



Raw Data 
Radiochemistry/Mixed-Waste Department 

Kinetic Phosphorescence Analysis 
Inventory Checklist 

Section 1. Sample and QC Data 

Section 2. Instrument Performance and Calibration Data 

a 

inventory and reviewer checklists in each raw data 

Ba. 9/95 
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Section 1. Sample and QC Data 

Kinetic Phosphorescence Analysis 
Inventory Checklist 

Laboratory Control Sample (LCS) Instrument Print-Out 

Q BW Instrument Print-Out 

Accuracy Sample (MS) Instrument Print-Out 

Precision Sample (MSD/MD) Instrument Print-Out 

Field Sample Instrument Print-Outs 

Computer/ManuaI Calculation Sheets summarizing all calculational inputs and results 

Section 1. Sample and QC Data 
Kinetic Phosphorescence Analysis 

Reviewer Checklist 

-$ The Sample and QC Data Inventory Checkllst above is complete. 

x All appropriate QC for the project was performed. 

- All appropriate QC data met acceptance criteria. Unacceptable QC data were documented. and 
justifications were provided for data used. 
Print-outs are initialed and dated. - 



Sample ID BL-123241-1 Date/Time 10/22/96/00:41:45 80 1 9  
Description G969KOOVf96E-0640-05 Cal Y=l.083+07X+2312.449 

Laser Pulses 1000 Conc 4.743-05 + 9.663-07 ug/ 
time 224 + -979 us Dilution Factor 100 mL/mL 

Ref. Ratio 1.068 Intensity 2067 (t= 52 us 1 

-9992 
Integrated 34465 FINAL RESULT 4.743-03 + 9.663-05 us/ 

Range: LOW 

w 
Record 3460 of 3481 

Sample ID QC-123241-1 Date/Time 10/22/96/00:45:07 
Description G969KOOV,963-0640-05 Cal Y=1.663+05X-1.713+02 

Laser Pulses 1000 Conc .17126 + 5.333-03 ug/ 
Lifetime 248 + -399 us Dilution Factor 100 mL/mL 
R2 ,9999 
Integrated 384444 FINAL RESULT 17.126 + .533 ug/ 
Record 3461 of 3481 Range: HIGH 

Sample ID 96304514 Date/Time 10/22/96/00:49:18 
Description G969KOOVf96E-0640-05 Cal Y=1.08E+07X+2312.449 

Laser Pulses 1000 Conc 1.113-03 + 2.143-05 ug/ 
Lifetime 243 + -594 us Dilution Factor 100 mL/mL 
R2 ,9998 

Record 3462 of 3481 Range: LOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ref. Ratio 1.034 Intensity 21740 (t= 52 us 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ref. Ratio 1.062 Intensity 11118 (t= 52 us 1 

Integrated 189712 FINAL RESULT -111 + 2.143-03 US/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
e ID 96E04514MD 

time 239 + .474 us 

- - - - - - - - - - - - -_ -__- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Sample ID 96304515 Date/Time 10/22/96/00:57:22 
Description G969KOOV,96E-0640-05 Cal Y=1.08E+07X+2312.449 

Laser Pulses 1000 Conc 1.573-03 + 3.063-05 ug/ 
Lifetime 236 + -65 us Dilution Factor 100 mL/mL 
R2 -9997 
Integrated 249946 FINAL RESULT .157 + 3.063-03 Ug/ 
Record 3466 of 3481 

Sample ID 96E04516 Date/Time 10/22/96/01:00:47 
Description G969KOOV,96E-0640-05 Cal Y=1.66E+05X-1.71E+02 

Laser Pulses 1000 Conc .26759 + 8.353-03 ug/ 
Lifetime 240 + -493 us Dilution Factor 100 mL/mL 
E22 -9998 
Integrated 582618 FINAL RESULT 26.759 + .835 ug/ 
Record 3468 of 3481 

Ref. Ratio 1.138 Intensity 14917 (t= 52 us 1 

Range: LOW 
- - - - - - - - - -______- - -_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Ref. Ratio 1.095 Intensity 33560 (t= 52 us 1 

Range: HIGH 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

e 



Sample ID 96304517 Date/Time 10/22/96/01: 03 : 11 8 0 1 9 
Description G969KOOV,963-0640-05 Cal Y=1.08E+07X+2312.449 
Ref. Ratio 1.083 Intensity 3289 (t= 52 us 1 
L er Pulses 1000 Conc 1.383-04 + 2.943-06 ug/ 

time 302 + 2.266 us Dilution Factor 100 mL/mL 
-9976 

Integrated 62463 FINAL RESULT 1.38E-02 + 2.943-04 ug/ 
Range: LOW 

#- 
Record 3469 of 3481 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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8019 
Section 2. Instrument Performance and Calibration Data 

Kinetic Phosphorescence Analysis 
Inventory Checklist 

Analyst Initials 

Instrument ID. Manufacturer, and Model Number 

Certification of Calibration Standards 

Calibration Date 

Background Report 

Calibration Report with High and Low Calibration Curves 

Results of Callbration Check 

Section 2. Instxument Performance and Calibration Data 
Kinetic Phosphorescence Analysis 

Reviewer Checklist 

The Instrument Performance and Calibration Data Inventory Checklist above Is complete. 
Speclfled analytfcal protocols are followed for particular contract requirements. 
Conditions of instrument setup are noted. 
NCWs) noted, and affected instruments not used. fi 

- 

Rep. 3/95 



s o r p  

Reviewed By: 
Signature t Date 
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Book No. -A Page 39 

Solvent Adivity (pCi)t F d  Weight Conc. @Ci/g)t Witness 

RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVENTORY 

INTERMEDIATE STANDARD LOG 

Il/lb)9+ 1 BR 2 M HNO? 

ediateStandardID:TSL 2 h  f ~ 1 2 3 8 )  Standard Source ID: I arI.9-Z 

Reference DatdTime': Ocs '93 / d 5 6 0  source Log Ref. 'howage:  2 / 1 o 
I I 

*Use Julian date and military time 
DCL Balance ID No.: B 316 P, J d Z  6 9 5  

12122.369 s s O W  4 121.23 

1. 

2. 
3. 
- 
4. 

c 
6. 

7. 

8. 

- 
- 

9. 

10, 

11. 

12. 

l3. 

14. 

15. 

16. 

17. 

- 
- 
- 
- 
- 
- 
- 
- 

- *  

Date I Inits. I Aliquot Activity (pCi)t Balance (pCi)t Destination I I I 

.L 
I aaivities are referenced to the source datdtime. Decay corrections are to be made on the following page. 

To Page: 



- 7  , " - - -  
CCCJ 

U.S. E n v i r o n m e n t a l  Protect ion Agency 
E n v i r o n m e n t a l  Monitoring Systems Laboratory-Las Vegas 

N u c l e a r  R a d i a t i o n  Assessment Division 

Calibration Certificate 

6) 
8019 

Measurement Activity of principal radionuclide 

A A M I y  p s r  Cam of Chic solution 

1- -1 nanocurias 01 [ 'u'ranium-238 I "AccCpnpanied by 
0.11 nanmies 

gram of solution. 
October 1993 of Uranium-235 per 

Activity of daughter radionuclide 

[2.381 Per 0'- 

d t(r dau9ht.r [Th-234, Pa-234, U-234 1 assming s e c ~ l a r  equilibrium. 

Total mass of this solution 

I Approximateiy 5.0 gram& 

Method of measurement ' 

The solution was prepared graviretrically by dissolving a weigh& 
quantity of the National Bureau of Standards' SRl4 950b (99.3720.92 
percent Uranium Oxide (U308)) in nitric acid and diluting to a 
known weight. Natural uranium was assumed to consist of 99.28 
percent U-238 and 0.711 percent U-235 by weight w i t h  specific 
activities of 3.  36x102 and 2.16~10~ nancCuries per gram respectively. 
The solution was ccanpared to an earlier preparation (1843-11, 
which was traced to the National Institute of Standards and T e c h r . c l q  
(NIST), using liquid scintillation counting. 

. 

. 

Useful Life 
This ra&onvclid. hac d.uwd ChrouOh 1-1 half lire* rince II &.,+d r,, EUSL.LV 

000252 



- -  

a -  

Purity The manufacturer states that activities other than that of the principal nuclide 
and of its daughter nuclides. if any. were estimatedlknown to be: 

1 less Ihan 1 0 . 6 1  of the principal activity 

I less than 1 7 1  of the principal activity equal to 

I less lhan 1.1 of th-e principal activity equal to 

The activity of impurity (1) is not (2) is not (3) is not 
included in the quoted figures of the principal activity. 

Random Errors 

The precision 

concentration 

of this standard was such that the certified value of the radioactive 

of the principal activity had a standard error (sm) not greater th'an 10.51 
(The 99.7% confidence limits are given by t(sm1 where t is obtained from the student t factor 
for the degree of freedom (n-J)). 

-, 
The maximum uncertainty due to the assessable systematic errors (dilution. counting. and 
known uncertainty of the standard) is obtained by the separate arithmetic summation of the 
positive and negative systematic error ( + 6 - 6 ' ). These have been estimated not to exceed 

the overall uncertainty (often called accuracy) is an estimate of the possible divergence of 
the quoted result from the true value. It is a combination of random error [t(smfl at the 99.7% 
confidence limits and the worst case estimate of the systematic errors ( + a .  - 6 '  ) 
The overall uncertainty is therefore calculated on the basis of + t(sm) +a], - k(sm) +a3 
and is 1 . 4 . 0 1 ,  I-lof the quoted radioactive concentration. 

c 
~~ 

Decay Schemes This sandardizatio(r is based on the following assumptions of the principle nuclide, its 
daughter nuclides and impurities (no allowance for error in these assumptions or the 
assumption of quoted half-life have been included in the statement of accuracy above). 

Uranium-238 decays by alpha emission t o  Thorim-234 icrhich decays 
by Ism successive beta emissions t o  Uranium-234. Uranium-234 is 
a s h  to be in secular equilibrium w i t h  Uranium-238. 

Chemical 
Composition 
of Solution . 

Carrier content per gram of solution: 

Preservative: 

Other components: 

0. SEI nitric acid - 

Remarks 
The uranium concentration of the solution is 7.12 milligrams/gram. 

-~ 1 Octoke 27, 1993 Date Certificate Prepared 

Approval Signature Y d B  74& 



8019 

NOTES - -  

Individual uncertainties have the significance of one standard deviation 
of the mean, or an approximatica thereof. 
the individual uncertainties shown below added in quadrature. 
overall uncertainty is taken to be three times the combined uncertainty. 

The combined uncertainty is 
The 

Source of uncertainty Uncertainty a ( % )  

a> liquid-scintillation measurements 0.12 

b) gravimetric measurements 0.05 

c) deadtime 0.05 

d) backgro;r,d 

e) original calibration of SRH 4321 

f) count-rate-vs-energy 
extrapolation to zero energy 

3.10 

0.13 

0.11 

8) half life 0.00 

h) photon-emittidg impurities 0 . 4 3  

Combined uncertainty 

Overall uncertainty ' 

- 
0.49 
" 3  
1.47 
- 

c 

Overall uncertainty reported by EMSL. 

The limit of detection for photon-emitting impurities is, 
0.01 ys-lg'l f o r  energies betwecn 90 and 1900 keV , progided that the 
impurity photons are separated in energy by 5 keV or more from photons 
emitted in the decay of uranium-23s and uranium-238 and progeny. 

The limit of detection f o r  226Rc? is less than 0.24  Bq g-1. 

Proposed Recommended List of Heavy Element Radionuclide Decay Data, 
INDC(NDS)-149/NE; International Atomic Energy Agency, December 1983. 

This result demonstrates the traceability of EMSL to NBS, for this 
measurement, to within five percent as specified in the appendix, 
Traceability Studies, of the EPA-NBS interagency agreement of 
April 1976, as amended. 

For further information call Larry Lucas at (301) 9.75-5546 or FTS 879-5SG6. 



8019 

J40-051(238 q) (4 .468  EO9 yr) (3.154E07 s e m  - (3.22 E-03 q) 
(Sec*gJ (mol) ( - i n  (0.5) 1 (6.023E23hnol) - g so in  

* -  1 = 3-24 u Mt 
0.9928 g aoln 

A = Activity  (sec-l) 

AW = 

AO = 

- 1  
X = Decay constant ( ~ e c - ~ )  

l% = Halflife (sec) 

N = Number of atoms 

Atomic weight 

Avogadro's number (mols-l) c 

. 



Calibration 8019 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Range: LOW 
Background Measured Intensity 883 

Concentration Intercept Uncert. % Disc. Intensity Lifetime R2 

+ 7.683-05 Ug/ 2002.11 44.75 -3.633+01 1818 353.5607 .9933 
5601.12 74.84 -1.33E+01 4054 220.0613 .9993 + 3.846-04 ug/ 

+ 1.543-03 ug/ 1.873+04 136.8 -1.203+00 15205 326.9717 .9999 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
+ 3.073-03 Ug/ 3.56E+04 188.56 0.26 28693 290 -33 -9997 
+ 6.143-03 Ug/ 7.26E+04 269.38 5.75 60091 323.5809 1 
+ 1.313-02 ug/ 1.423+05 376.78-1.263+00 116637 330.7232 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Zero Point NOT Included. Y=l.O83+07X +2312.449 

Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Range: HIGH 
Background Measured Intensity 6 

Concentration Intercept Uncert. % Disc. Intensity Lifetime R2 

+ 1.31E-02 Ug/ 2193.3 46.83 9.28 1769 315.014 .9996 
+ 2.613-02 ug/ 4347.59 65.94 4.28 3575 310.1283 .9996 
+ 5.373-02 Ug/ 8360.9 91 -44 -4.543+00 6516 295.2348 .9996 
+ .lo7 ug/ 1.763+04 132.5 -3.743-01 14367 301.2404 .9998 
+ -215 ug/ 3.573+04 188.9 0.28 28585 294.9246 -9999 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Zero Point NOT Included. Y=1.663+05X -1.71E+02 



Intensity 82386 
Lifetime 253.9 + -14 us 
R2 1 
Intercept 1.06E+05 

Background for HIGH Range 
Laser Pulses 1000 

Intensity 883 

First Time Gate Used (sample) 5 
Date/Time 10/22/96/00:04:04 
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CHEM L A B O R A T O R I  E S  e A Sorenson Company 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 

- Cllent 
Sample Name 
BL-123240-1 
QC-123240-1 
9131.39.40 
9135.41.42 
9136.43.44 
9137.45.06 
9137.45.46 

Laboratory 
Sample Name . 

BL-123240-1 
QC-12 3 24 0 -1 
96304514 
96304515 
96304516 
96304517 
96E04517MD 

COVER FORM ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES Form RLIMS63M-V1.3 

Page 1 
102 19613494084 

S U M M A R Y  INFORMATION 

Laboratory 
Sample ID 
S9699072 
S9699073 
S968SO6L 
S96BS06H 
S968S06N 
S968SO6P 
S9699074 

Laboratory . 
Group Hame 
963-0640-04 
963-0640-04 
963-0640-04 
963-0640-04 
963-0640-04 
963-0640-64 
963-0640-04 

Date Reported ...... - OCT 2 2 
Date Printed......: 21-OCT-96 13:49 
DCL Report Group..: 96E-0640-04 

Client Ref Number.:Not Provided 
Release Number....:Not Provided 

Analysis Method(s):WR-EP-325 

Laboratory 

G968S029 
G9 6 8 SO 2 9 
G968S029 
09688029 
69688029 
G968S029 
G968S029 

GrOUD ID 

I ? z Y  total pages. 

0 0 1  960 West LeVoy Drive / Salt Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 
~ O O B ~ G O  

FAX (801) 268-9992 



CHEM L A B O R A T O R 1  € 5  e A Sorenson Company 

FORM H (TYPE I) 
SINGLE M E T H O D  ANALYSES 

SAMPLE GROUP COMMENTS 

80lg 
Form RLIMS63H-VI. 

102 19613494084 
Page 2 

Date Printed......: 21-OCT-96 13:49 
DCL Report Group..: 968-0640-04 

Client Hame ... :Hayden Environmental 
Release Number....:Not Provided 

General Information 

The DCL QC Database maintains all numerical figures which are input from the pertinent data 
soarce. These data have not been rounded to significant figures nor have they been moisture corrected. 
Reports generated from the system, however, list data which have been rounded to the number of 
significant figures requested by the client or deemed appropriate for the method. This may create 
minor discrepancies between data which appear on the QC Summary Forms (Forms B-G) and those that would 
be calculated from rounded analytical results. Additionally, if a moisture correction is performed, 
differences will be observed between the QC data and the surrogate data reported on Form A (or other 
report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form A will 
indicate the .Report Basis. as well as the moisture value used for making the correction. 
Report generation options: 2EX 

- 

Result Symbol Definitions 
- 1  ND - Not Detected above the HDL or IDL (LLD or MDC for radiochemistry). 

** - No result could be reported, see sample comments for details. 
pnaliffer Symbol Definitions 

U - Not Detected above the MDL or IDL (LLD or HDC for radiochemistry). 
For radiochemistry the nuclide was not identified by the Canberra Nuclear BID program, 
activity values reported are calculated using the Canberra Nuclear MINACT program. 

For inorganic analysis the qualifier signifies the value is between the IDL and POL. 

used for indicating an estimated value for tentatively identified compounds in mass 
spectrometry where a 1:1 response is assumed. 

B - For organic analysis the qualifier indicates that this analyte was found in the method blank. 
J - The qualifier indicates that the value is between the MDL and the PQL. It is also 

- _  

0 0 2  960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 

0002G% 



DATA- 

* Date Detection ResultiError 
Analyte Analyzed Limit fTPU Error Qual. Dilution CRDL 
Radium-226 10-OCT-96 13:20 6.5E1 2.SElf7.5El 1. OEO 95 

Radium-220 10-OCT-96 13:20 1.7El 1.7EOf9.4EO U 1.OEO 20 
f7. 5El 

FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

SAMPLE ANALYSIS DATA SHEET 

Client name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Applicable 
Release Hun&er.......:Not Provided 

Date Received........: Not Applicable 
ncz Report GSOU~.....: 96~-0640-04 

DCL Preparation Group:G969901S 
Date Prepared..... ... : 08-OCT-96 16:OO 
Prepazation Method...: WR-DC-200 

- Aliquot Weight/Volume: 1.OEO S 
Net Weight/Volume....rNot Required 

8019 
Form RLIMS63A-V1.3 

Page 3 
10219613494084 

S9699072 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: BL-123240-1 
DCL Sample Name...:BL-123240-1 

Matrix............: AIR 
Date Sampled. ..... :Not Applicable 
Reporting Units...: pCi/sample 

DCL Analysis Group:G969901S 
Analysis Method...: WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: GS 
Column Type.......:Not Applicable 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 8 0 3 
FAX (801) 268-9992 

lr)4)01G2 



- DATA- 

Date Detection ResultfError 
Analyte Analyzed Limit fTPU Error 
Radium-226 14-OCT-96 1 0 ~ 5 6  2.OEO 5.4Elfl.lEl 

Radium-228 14-OCT-96 1 0 ~ 5 6  5.3E-1 ?.BE-1i3.1E-1 
tl. 9El 

f3.1.E-1 

FORM A (TYPE I )  
SINGLE M E T H O D  ANALYSES 

Qual. Dilution CRDL 
1. OEO 95 

U 1. OEO 20 

Client blame..........: 
Client Ref Number....: 
Sampling Site........: 
Release Number.......: 

Date Received........: 
DCL Report Group. .... : 
DCL Preparation Group: 
Date Prepared........z 
Preparation Method...: 

- Aliquot Weight/Volume: 
Net Weight/Volume.. ..: 

SAMPLE ANALYSIS D A T A  SHEET 

layden Environmental 
Not Provided 
Not Applicable 
Not Provided 

Not Applicable 
96E-0640-04 

G969901S 
08-OCT-96 16:OO 
WR-DC-20 0 
1 . 0 ~ 2 9  S C ~ ~ . , V ( +  
Not Required 

8019 
Form RLIMS63A-V1.3 

Page 4 
102 19613494084 

S9699073 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: QC-123240-1 
DCL Sample Name...:QC-123240-1 

Matrix............: AIR 
Date Sampled......:Not Applicable 
Reporting Units ... :pCi,463 

l o b  (46 
l2c 

DCL Analysis GrouprG969901S 
Analysis Method...: WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: OS 
Column Type.......:Not Applicable 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 OQO%G&O . -  4 



FORM A ( T Y P E  I )  
SINGLE M E T H O D  ANALYSES 

Date etection ResultfError 
Analyte Analyzed I" Limit fTPU Error 
Radium-226 10-OCT-96 09:06 7.1El 6.2Elf7.5El 

Radium-228 10-OCT-96 09:06 1.6E1 -3.4EOf9.6EO 
k7.6El 

SAMPLE ANALYSIS D A T A  SHEET 

Qual. Dilution CRDL 
1. OEO 95 

U 1. OEO 20 

Client Name..........: Bayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....:96E-0640-04 

DCL Preparation Group:G969901S 
Date Prepared........: 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 

- Aliquot Weight/Volume:l.OEO S 
Net Weight/Volume....: Not Required 

$ 0 1 9  
Form RLIMS63A-VI. 3 

Page 5 
10219613494084 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 9l3lr39,40~~0RTB 
DCL Sample Name...: 96EOISlQ 

Matrix............: AIR 
Date Sampled... ... : 19-SEP-96 08:30 
Reporting Units...:pCi/S 
Report Basis... ... :@As Received ODried 

DCL Analysis Group:G96990lS 
Analysis Method...:WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: OS 
Column Type.......:Not Applicable 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 0 0 5  
FAX (801) 268-9992 . .  



CHEM L A B O R A T O R 1  E S  a A Sorenson Company 

Date Detection ResultfError 
Analyte Analyzed Limit fTPU Error Qual. Dilution 
Radium-226 10-OCT-96 09 : 07 7.7E1 4.4Elf7.9El 1.OEO 

Radium-228 10-OCT-96 09:07 1.8El 5.4EOf9.7EO U 1. OEO 
f7.9El 

f9.7EO 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

CRDL 
95 

20 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0 O : O O  
DCL Report Group.....: 96E-0640-04 

DCL Preparation Group:G969901S 
Date Prepared........: 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 
Aliquot Weight/Volume: 1.OEO S 
Net Weight/Volume....:Not Required 

Form RLIMS63A-V1.3 

Page 6 
10219613494084 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 9135,41,421SOUTH 
DCL Sample Name...: 96x04515 

MatriX............:AIR 
Date Sampled.. .... :19-SEP-96 08:30 
Reporting Units ... :pCi/S 
Report Basis......:OAs Received ODried 

DCL Analysis GrouprG969901S 
Analysis Method...: WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....:CS 
Column Type.......:Not Applicable 

960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 . .  0 0 6 



- 
DATA= 

CHEM L A B O R A T O R 1  E S  e A Sorenson Company 

Analyt e 
Radium-226 

Radium-228 

F O R M  A ( T Y P E  I )  
SINGLE M E T H O D  ANALYSES 

Date Detection ResultfError 
Analyzed Limit fTPU Error Qual. Dilution CRDL 

09-OCT-96 14:43 7.6El 1.9Elf7.5El 1. OEO 95 

09-OCT-96 14:43 1.9El 5.ZEOfl.lEl u 1.OEO 20 
f7.5El 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEI-96 0O:OO 
DCL Report Group.....: 963-0640-04 

DCL Preparation Group:G969901S 
Date Prepared...... ..: 08-OCT-96 16:OO 
Preparation Methoa...:WR-DC-200 

- Aliquot Weight/Volume:l.OEO S 
Net Weight/Volume....: Not Required 

Form RLIMS63A-V1.3 

Page 7 
102 196 134 94084 

S968S06N 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: Sl36,43,441BLANg 
DCL Sample Name...: 96804516 

Matrix............: AIR 
Date Sampled......: 19-SEP-96 08:30 
Reporting Units. ..:pCi/S 
Report Basis ...... :@As Received O D r i e d  

DCL Analysis Group:G969901S 
Analysis Method...: WR-EP-325 

Instrument ID.....: GS 
Column Type ....... :Not Applicable 
Instrument Type...: GAMMA 

- .  

960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 0 0 7 FAX (801) 268-9992 - .  



DATA 

Date Detection ResultfError 
Analyte Analyzed Limit fTPU Error Qual. Dilution CRDL 
Radium-226 09-OCT-96 14 : 30 6.9el 8.5Elf8.6El 1.OEO 9s 

Radium-228 09-OCT-96 14:30 1.8El -1.9EOfl.lEl U 1.OEO 20 
f8. BE1 

f1.1El c 

CHEM L A B O R A T O R 1  E S  a A Sorenson Company 

FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

8019 
Form RLIMS63A-V1.3 

102 1961 3494084 
Page 8 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0 O : O O  
DCL Report Group ..... : 96E-0640-04 
DCL Preparation Group:G969901S 
Date Prepared ........ : 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 
Aliquot Weight/Volume: 1.OEO S 
Net Weight/Volume....: Not Required 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 9137.45.461RBSP 
DCL Sample Name...: 96x04517 

Matrix............: AIR 
Date Sampled......:19-SEP-96 08:30 
Reporting Units ... :pCi/S 
Report Basis ...... :@As Received ODried 

DCL Analysis GrOUp:G96990lS 
Analysis Method...: WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: GS 
Column Type.......: Not Applicable 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 0 0 8  FAX (801) 268-9992 



FORM A ( T Y P E  I) 

Date Detection 
Analyte Analyzed Limit 
Radium-226 10-OCT-96 1 3 ~ 2 3  7.8E1 

Radium-228 10-OCT-96 13:23 1.7E1 

SINGLE METHOD ANALYSES 

ResultfError 
fTPU Error Qual. Dilution CRDL 
5.6EOf7.3El 1.OEO 95 

-l.QEO+l.OEL U 1. OEO 20 
f7.3El 

+1. OEl 

CHEM SAMPLE 
L A B O R A T O R I  E S  0 A Sorenson Company 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0 O : O O  
DCL Report Group.....: 96E-0640-04 

DCL Preparation Group:G969901S 
Date Prepared........: 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 

- Aliquot Weight/Volume:l.OEO S 
Net Weight/Volume....: Not Required 

88119 
Form RLIMS63A-V1.3 

Page 9 
10219613494084 

ANALYSIS D A T A  SHEET 
S9 6 9 9 0 7 4  

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 9137.4Sr461RESP 
DCL Sample Name...: 96E04517KD 

Matrix............: AIR 
Date Sampled......: 19-SEP-96 
Reporting Units ... :pCi/S 
Report Basis......:mAs Rece 

08:30 

ved ODried 

DCL Analysis Group:G969901S 
Analysis Method...:WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: GS 
Column Type.......:Not Applicable 

0 0 9  
960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 

FAX (801) 268-9992 



- - - FORM B (TYPE I) 8 0 1 9  
SINGLE M E T H O D  ANALYSES Form RLIMS63B-V1.3 - 

10219613494084 DATA- Page 10 
QUALITY CONTROL DATA SHEET 

S9699073 
mAEM LABORATORY CONTROL SAMPLE (LCS) 

A Sorenson Company 

Analytc 
Radium-226 

Client name..........: Hayden Environmental 
llelease Number.......: Not Provided 

Date Percent QC QC 
Analyzed Target Result Recovery Limits Flag 

14-OCT-96 10:56/ 5.OEl 5.4El 108. 75.0/125. 

Hatrix.,.............: SOIL 
Reporting Units......: pCi 

DCL Preparation Group:G9699018 
Date Prepared........: 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 

Date Printed......: 21-OCT-96 13:49 
DCL Sample Name...:QC-123240-1 

DCL Analysis Group:G969901S 
Analysis Method...:WR-EP-325 
Instrument Type ... : GAMMA 
Instrument ID.....:GS 
Column Type.......:Not Applicable 

QC Limit Type.....:Method 

0 1 0  
960 West IieVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 

FAX (801) 268-9992 



FORM C (TYPE I) 
SINGLE M E T H O D  ANALYSES 

Date 
Analyte Ana 1 y z ad Result CRDL 
Radium-226 10-OCT-96 13:20 25. 95 

QUALITY CONTROL DATA SHEET 
BLANK SAMPLE 

Client name..........: Hayden Environmental 
Release Number.......:Not Provided 

Matrix...............: FILTER 
Reporting Units......: pCi/sample 

8019 
Form RLIMS63C-VI. 3 

Page 12 
10219613494084 

549699072 

Date Printed......: 21-OCT-96 13:49 
DCL Sample Name...:BL-l2324O-l 

DCL Analysis Group:G96990lS 
Analysis Method...:WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: OS 
Column Type.......:Not Applicable 

DCL Preparation Group:G969901S 
Date Prepared........: 08-OCT-96 16:OO 
Preparation Hethod...:WR-DC-200 

QC Limit Type ..... :Method 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 Q 1 1  FAX (801) 268-9992 



8019 

- Date Sample Duplicate QC QC 
Analpte Analyzed Result Result Mean Range RER Limits Flag 
Radium-226 
Rad ium-228 10-OCT-96 13~23, -1.9EO -1.4EO -1.7 0 . 5 4  0.07 0.00/2.00 A 

10-OCT-96 13:23 8.5El 5.6EO 46. 8 0 .  1.4 0.00/2.00 

- - F O R M  E (TYPE I) - - SINGLE M E T H O D  ANALYSES 

QUALITY CONTROL D A T A  SHEET 
M A T R I X  DUPLICATE SAMPLE 

DATA= 
CHEM L A B O R A T O R I  E S  
A Sorenson Company 

- 

Client same..........: Bayden Environmental 
Release Number.......: Not Provided 

Matrix......,........: FILTER 
Reporting Units......: pCi 

Form RLIMS63E-V1.3 

Page 13 
102 19613494084 

Date Printed......: 21-OCT-96 13:49 
DCL Sample Name...: 96E04517UD 

DCL Analysis Group:G969901S 
Analysis Hethod...:WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: GS 
Column Type.......:Not Applicable 

DCL Preparation Group:G969901S 
Date Prepared........: 08-OCT-96 16x00 
Preparation Method...: WR-DC-200 

00027% 
0 1 2  

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 
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- X 

A SO111108 1 0 1 P U Y  

Sample Tracking Documentation 
Inventory Checklist 

LJMS Grouping Reports 

DataChem Laboratories DCL) Chain-of-Custody Record 

DCL Sample Work Order 

Copy of numbered Nonconformance/Corrective Action Report (NC/CAR) 

Copy of Client-Related Problem Report (CPR) 

Sample Tracking Documentation 
Reviewer Checklist 

The Sample Tracking Documentation Inventory Checklist above is complete. 

DCL Chain-of-Custody Record provides signatures for the sample portion reported in this data 
package. 

DCL Chain-of-Custody Record was completed in accordance with procedures in DCL SOP XX- 

Methods speclfied on the Sample Work Order were performed or an explanation for deviations is 
provided. 

Special instructions on the Sample Work Order were followed. 

Project Management instructions on the Project brotocol Worksheet were followed. 

Client's requests were met or an explanation is provided in the Case Narrative. 

NC/CAR and/or CPR were completed in accordance with procedures in DCL SOP QC-DC-006 
"Nonconfoxmance/CorcUve Action Report (NC/CAR) Procedures." 

DC-006 "Chafn-Of-CuStOdy and Laboratory Tracldng." 



DataChem Laboratories 
LIMS - Sample Master System 
Preparation Group Report 

te: 10-OCT-1996 13:28 
er: L U U Y  

Preparation Run Name: G96990lS 

Samples: 7 

Pos 

1 
2 

--- 

3 
4 
5 
6 
7 

Laboratory 
Sample Name ------------ 
BL- 123240- 1 
QC-123240-1 
96E04 5 14 
96E045 15 
96E045 16 
96E04517 
96E04517MD 

Field Sample 
Name 1 ------------ 
BL-123240-1 
QC-123240-1 
9131,39,40 
9135,41,42 
9136,43,44 
9137,45,46 
9137,45,46 

Field Sample Laboratory 
Name 2 Sample ID ------------ ---------- 

S9699072 
S9699073 

NORTH Sg68SO6L 
SOUTH Sg68SO6M 
BLANK S968SO6N 
RESP S968SO6P 
RESP S9699074 

Page: 1 
RLIMS15-V1.2 

. . . . . . . . 

Group ID: Gg6ggOlS 

c/ 

Laboratory Accn t . 
Group Name Number ------------ ----e- 

96E-0640-04 03025 
96E-0640-04 03025 
96E-0640-04 03025 
96E-0640-04 03025 
96E-0640-04 03025 
96E-0640-04 03025 
96E-0640-04 03025 



an a al 

= 
u3 Total Uranium by 

kPA 

Radium 2261228 
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I I  
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0 um 
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QC Clearance: - 

Radiochemistry 
Analytts Requested 

Method 5 Particulate 

Project Manager: Robert P. Di Rienzo 
Client: Hayden Enkonmental 

ccount: 03025 @I roject/Tatk: COMM-ENV 
Date Received: 2SSep1996 

Date for Mailing Report: 25-Oct-1996 

Latest 
Prep. Date 

d 

4 

4 
4 

4 

Sample Work Order 

WR-DC-341 AS AIR 

WR-DC-341 AS AIR 
WR-EP-325 GS AIR 

W R- D C-2 0 0 

W R-DC-200 
WR-DC-342 kPA AIR 

Isotopic Uranium I 1-0ct-l9%C 
1 

ISOTOPIC THORIUM I 1-Oct-1996' 

I Radium 226/228 by gamma spec 

TotdUranium by kPA 
I on date of collection 

Latest 
Anal. Date 

1&Mar-l99? 

18-Mar-1997' 

DCL Root Set ID: 96E064 8019 
DCL Lab. Name: 96304514-96304517 
Total # Samples: 4 
Sample Entry: Karyn L. Boyack 
Section: WA 
Earliest Sampling Date: 19-Sep-1996 
Preparation Type: 

N ~ .  ,,fl Storage I Analyris/Ptep. 
SamD. Location Method 1 Inst. 1 Matrix 

I I I I 

4 1  (Method 5 I GRAV I AIR 

Special Instructions: 

Section Manager: Charlie C. Walker 

a Other Sections Receiving Sample Portions: None 
DataChem Laboratories/ 960 West LeVoy Drive / Salt Lake City, Utah 84125 

Form: WOl&SWV2.12 PRINTED 0/2S/lOOS i4:49 

0 1 7  



SAMPLE LOG-IN SHEET 
1 1 

Gmm Name: 9 ! &  c%gd 



3 

--<< y .:,. *.:,.:: . . . . . .. . ...,.. . . , . , . , . . ::>.::.,: . . ...... . . . . . . . . . . ., . 

FILTERED 

$ 
1 ;  
I i 



0 c 
0 0 
4 

8 
c 

lj" 0 2 0  



TALLY SHEET 

RELEASE #: 
PO #k NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED: . 23-SEP-96 
MATERIAL: . NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER 

PARTICULATE AND RAD 

Composite 
Sample 
Number 

NORTH FILTER 
IORTH FRONT 1L 
UORTH BACK 1D 
SOUTH FILTER 

SOLITH BACK 1/2 
FILTER BLANK 

DI BLANK 
KETONE BLANH 
RESP. FILTER 

?ESP. FRONT lli 
RESP. BACK 1/2 

10LJTH FRONT ll: 

Lot Number 

VO50-730-PO474417 
VO5O-73O-PO47-04 17 

VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 

VO50-730-PO47-0417 

VO50-730-PO47-0417 
VO50-730-PO47-0417 

Sample 
Container 

. Size 

AIR FILTER 
1 LPLS 
1 L PLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AnaLid 
FACTS 
Number 

2002591 31 
2002591 39 
2002591 40 
200259135 
2002591 41 
200259142 
2002591 36 
200259143 
200259144 
2002591 37 
2002591 45 
200259146 

- 
Gross 
Neight 
IbS. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.75: 

- 
Tare 

JVeight 
I&. 

0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 

- 

Page 1 of 1 

80 19 

- 
Net 

Weight 
Ibs. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

-- 
2.148 1.607 



m m  32350 FEMP 
COVER SHEET 

a RSR 
@DOCUMENT TYPE , R w p  

*. YES 
-0 NO 

SURVEY FOR RWP? 

SIG- LOCATION- 

BADGE # DATE 

0 
SURVEY NUMBER 

TIME 
r . -. 

RWP NUMBER 

LA4 i/z L 

LOCATION CODE 
BLDG/GRID# FLR --m i /  1 

- 



FEMP 
RADIOLOGICAL SURVEY REPORT 





8019 

' Signamre by Material Release Evaluator indicates the maerial may be released for restricted use m the uncontrolled area of the FEMP site only. 
This materiel is not being released for unrestricted use. 

' Signmure by the Material OwnerlSurvey Requestor indicates acceptance of responsibility for the material while in the uncontrolled area and the 
material will be rrnaned to the controlled area followhg use. 

a Additional approval by the Manager of Radiological Compliance is requhd prior to allowing me material to exit beyond the FEMP property 
boundarv. This allawance mav be annotated in the additional comments section of the form. & - ~- 



PROJECT PROTOCOL WORKSHEET 8819 
Project: 
Client: 

Client Contacts: 

Schedule: 

TAT: 

Sample Receipt: 

Analyses: 

+ or MD: 
Deliverable: 

Penalties: 

Questions: 

, a. 

F e d d  Emission Testing Date: 09/20/96 
Hayden Environmental Revision: 1 .O 
3025 
Bob Di Rienzo 

Reports: Invoices: 

Bruce Sarvcn Same with COC 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Starts 09/20/96 

30 Calendar Days 

Use the 9 6 ~  sample stream. Notifv Pro-iwXamger when sc~~mpks are received 

Particulates and Radiochemistry 

Overall QNQC requirements will be based on the DCL Procedures. 

None. 

As per method 

RLIMS63 Report, Raw Data, and COC 
Paginate entire package 

None 

If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 33 1, or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed firsL 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

PageNumb. 1 
Fde Name: HAYDESJTW 



PRICE CODES AND ANAL- GROUPS: 

Air 4 Method5 WA NA 30ZA01 NMET'5 3025A1 MET5 

Air 4 AS WA NA 3025AOlNUISO 3025AlUISO 
I 

I IsoTh lAir 14 IAS I W A  I N A  I3025AOlNTISO I 3025AlTISO I 
~~ I Radium 226/228 1 Air 14 I GS 1 WA I N A  13025AOlNGS 13025AlGS I 

14  I kPA I W A  I N A  I30ZAOlNTOTU I 3025AlTOTU 1 

Page Number: 2 
Fde Name: HAYDEN.PPW 

a 

.. . .  - .  .... 



8019 
DATACHEM LABORATORIES CLIENT-RELATED INFORMATION REPORT (cRIR) 

CRIR NO. 

D a t d l i e  of Receipt: 

Condition of Coolers: Temperature Control: 
custody seals: 

Number of Coolers Received: 

Location Temperature Taken: C o n m e  

Are all temperatures within project specific 

guidelines? m o  Tamper Evident 

Ilxprrsenr Are all applicable pHs within specific 

guidelines? Y c m ~  
ye 
Froizmeltd@ 

Cooler Cooler Cooler 
Temn, Received . T e m D .  e TemD.Received e DCLCoolerNo erzz2&hLE "c 7 M C 9 6 ,  "c 

LL MC96 "c 5 NC96 C C  

3 MC96 T L M C 9 6 O C L  -2 

0 Incorrect Bottle Type 

BRIEFLY DESCRIBE THE PROBLEM AND THE ACTION TAKEN: ! 

1 Faxed to Client? Yes 0 No 0 (If yes, attach Fax Cover Sheet) 

-3 Response Required Within 24 Hours 4- 

Returned IO Sample Receipt by: 

0 2 8  
OB01?37 



8019 Analytical Scheme 
Hay den Environmental - Fernault Emission Testing 

' PaRiculates by Method 5 
. 

b a t e  
Filter 

Impin per 

3 Samples and Field Blank 

Analyze by Gamma Spec 
Radium 226f228 

Split Sample for Alpha Spec 

Take Aliquot before preciptation , b j  
Thorium 228,230,232 



jATACHEM LABORATORIES Filter Weight Book No. FWT 06 Page NO 

R.H. :  s f l a  
9 T e m p . :  7 3  



Q, 
r, 
rp 
d 
3 
0 
4 
U 
& 
a 
& 

m 

I 
I 
I 

L 
0 
0 .: 
W 

I 
I 
I 

8019 
4 

P 
PI 

0 
4 

(0 
4 

(0 

.. 

a 
m 
I 

01 
w 
v) 

4 

I 
0 
N 

0 

r( 

0 
I a 
D 
0 
0: 
0 
u w 
P sa rc e 
4 

I 



E 
3 

a 2  - .  Q 
b 

a 

I 
I 
I 

0 e 
n w 
01 
s 
L 
0 

t 
Y 

I 
I 
I 

n 

- . . . . . . 



0. 

pc 
3 
0 
9 5 .  0 

I 

I 
I 
I 

0 
P 
U w cn 
=r" 

n a 

L. 
0 

0 
d 

ro 
d 

(D 
m 
m 
d 
I 

0. 
U 
VI 
I 

0 
U 

.. 

0 3 3  
800192 



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

I 
I 
I 

0 
E s 
w 
rl 

L 
0 
P e 

I 
I 
I 

m 

8049 

0 
P 
9 
P 

0 
d 
0 
I 

01 
3 
0 
0: 

I 
0 

m 
E 
P a 
4 e 
4 



8019 

a 
P 
a a 

rl 
I a 

w 
v) 
I 

0 
N 



. 
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.. . .. .. . . . . . .. . ~~ - .  .- -. .. - ~ . . . . - . . . . .- . -. . . - . . . . . - .. . . . - . , . . - - .. . . . . . - - . 
a 

August 6,1996 
Refer to: BD0021 

Bruce Sarven 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Sarven: 

DataChem Laboratories, Inc.@CL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
filters and sample bottles will be provided for these determinations. The 
acetone rinse and glass fiber filter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 239236, Uranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed by alpha 
spectrometry(AS). Radium 226 and Radium 228 will be analyzed by 
gamma specmmetry(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 114 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not required. Combined particub from the amtone rinse and filter will be 
analyzed according to DCL standard operating procedures(S0P). 

The standard tuxnaround time for these analysis is 30 calendar days. 
The requested turnaround time of 10 working days can be accomplished 
for an additional 25%. The requested detection limits for isotopic analyse . 
can not be met Minimun Detectable Acti\ity (MDA) is listed on the 
attached table. 



8 M 9  
Page2. ,.: 

Attached is a Pricing Quotation for these analyses. If you have any question concerning 
. .  the attached quotation please call me. 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 

. . -  



8019 Revised Pricing Quotation 
Project Reference Number: BD-0021 I .  

@ Parameter Method MDA Method Fractions Price per 
Analysis pCi/Sample Sample 

Particulate Method 5 Grav Acetone $100.00 
.Rinse 

Fdter 
Impinger 

Uranium 234 DCLSOP 1 As Particulate* $3 12.50 
Uranium 235/236 1 
Uranium 238 1 

Thorium 228 DCLSOP 1 As Particulate* $312.50 
Thorium 230 1 
Thorium 232 1 

Radium 226 DCLSOP 95 GS Particulate* $250.00 
Radium 228 20 

- Total Uranium DCLSOP 0.8ugl KPA Particulate* $1 87.50 
Sample 

* - Particulate samples are combined acetone rinse and glass fiber fdter. 

, 
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EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 

TEST METHOD 

Method 5 - Determination of Particulate Emissions from Stationary Sources 
e 

1. PRINCIPLE AND APPllCABlLrPl 

l.1 Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber filter maintained at a temperature in the range of I20 f 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
U.S. Environmental Protection Agency, for a particular application. The PM mass, which includes 
a n y  material that amdenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Appficability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2 APPARATUS 

21 Sampling Train. A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography); commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Citation 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTD4576 and adopt the operating and maintenance procedures outlined in it, unless 
othewise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be s30=, and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless othewise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of nozzle sizes suitable for isokhetic sampling should be available, e.g., 0.32 to 1.27 cm (1/8 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 cm (VI6 in.). Each nozzle shall be calibrated according to the procedures outlined 
in Section 5. 

. .  - -  

Prepared by Ernisslon Measurement Branch 
Technical Support Division, OAQPS, EPA 

EMflC TM-005 
September 25,1989 

0 3 9  
000198 
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directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probs nozzle, probe fitting, probe liner, and front half of the filter 
holder by washing these components with acetone and placing the wash in a glass 
container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 
acetone rinse as follows: 

Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

, 

. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container. . Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action' 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the bru.sh 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. 0 
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@ Rinse the brush with acetone, and 
quantitatively collect these washings In the sample container. After the brushing, make 
a final acetone rinse of the probe as described above. 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings and particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the  impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

: 

@ 

ImDinaet Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three impingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

If a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 
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4.3 Analysis. Record the data required on a sheet such as the one shown in Figure 5-3. 
Handle each sample container as follows: 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in adesiaator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. for purposes of this Section, 4.3, the term ''constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless othewise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to &I ml or gravimetrically to 50.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

' 

Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

NOTE: At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be evaporated at temperatures higher than ambient. If evaporation 
is done at an elevated temperature, the temperature must be below the boiling point of 1 

tfie solvent; also, to prevent "bumping," the evaporation process must be closely 
supenn'sed, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point .. 

4.4 Quality Control Procedures. The following quality control procedures are 
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suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

4.4.1 Meter Orlflce Check Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H20 that correlates to 0.75 cfm of 
air at 528"R and 29.92 in. Hg. The 
AH@ is calculated as follows: 

T, e2 
pba, v2 

AH, = 0.031 9 AH 

where: 

AH = Average pressure differential across the orifice meter, in. H,O. 

T,,, = Absolute average DGM temperature, O R .  

Pbu = Barometric pressure, in. Hg. 

8 = Total sampling time, min. 

Y = DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hgl0R)(0.75 cfm)2 

Before beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (i.e., pump, volume meter, and orifice) at the AH, pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Yc, as follows: 

where: 

Yc = DGM calibration check value, dimensionless. 
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A S O R f l I D l  C O Y P A W  

Analytical Documentation 
Inventory Checklist 

Copy of Sample Prepamtion Notebook/Logbook Pages 

Copy of Analyst's Notebook/Method Logbook Pages 

Copy of Instrument Injection Logbook/Instrument Logbook/Run Log Pages 

Copy of Reagent Logbook Pages 

Copy of Working Standard heparation Logbook Pages 

Copy of Secondary or Intermediate Standard Preparation Logbook Pages 

Copy of primary Standard or Concentrated Stock Standard Preparation Logbook Pages 

Certificates of Analysis for Standards 

Copy of Standard Verfflcation Logbook Pages (including documentation for spiking 
solutions and/or calibration standards) 
Copy of Preparation Logbooks for solutions prepared by QC 

All other miscellaneous documentation associated with this set (describe) 

Analytical Documentation 
Reviewer Checklist 

x 
- x 

- x. 
x 
x 

The Analyti a l  Documentation I n v m t o ~ ~  Checklist above is complete. 

Basic documentation procedures were followed in accordance with DCL SOP XX-DC-004 
"Analytical Data Record Keeping." 
All notebook and logbook pages contain page number, book number. title. and available space for 
pagination (If required). 
AU notebook and logbook pages were signed and dated by the analyst and reviewer before 
copying. 
All copies are legible. 
Standard prepamtion is documented in accordance with DCL SOP XX-DC-019 standards purity. 
Preparation, Traceability and Verification" or by WR-DC-001 "The Acquisition. Preparation. and 
use of Radioactive Standad Reference Materials." 

Documentation is provided to veri@ that standard callbratton solutlons and spiking solutions are 
traceable to a vendor certificate. 
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January  g D  1986 

Dear Reader and Cus todian  of  TMC Radium-226 R e f e r e n c e  Material: 

A number of you have i n q u i r e d  about  t h e  v a l u e s  f o r  lead-210 i n  t h e  
radium-226 r e f e r e n c e  material  se t s  w e  prepared and d i s t r i b u t e d ;  
Attached i s  a b r i e f  n o t e  d e s c r i b i n g  t h e  r e s u l t s  o f  our  a n a l y s i s  of  t h e  
r e f e r e n c e  material  f o r  lead-210 and f o r  one of i t s  d a u g h t e r s ,  
polonium-210. The r e s u l t s ,  and t h e i r  a s s o c i a t e d  u n c e r t a i n t i e s  a t  o n e  
s t a n d a r d  d e v i a t i o n ,  a r e  summarized below: 

Nominal Radium-226 Lead-210 
(DCi/V) (DCi/V) 

5 
- 15 

50 

We hope you f i n d  t h e s e  d a t a  u s e f u l .  

Happy c oun t i n g  ! 

S i n c e r e l y  yoursh 

P r o j e c t  Manager 
T e c h n i c a l  Measurements Center 

5.2 2 0.2 
15.7 0.6 
51.5 2 1.7 

Attachment 



Addendum t o  Technical  Measurements Center Report GJ/TMC-10 

DEVELOPMENT OF SOLID RADIUM-226 REFERENCE MATERIALS' 

llany u s e r s  of the Technical  Measurements Center (TMC) radiuat-226 
r e fe rence  m a t e r i a l s  have suggested t h a t  the  m a t e r i a l s  would be 
more useful if the va lues  f o r  lead-210 were known. Accordingly,  
t he  A n a l y t i c a l  Chemistry Laboratoxy of  Bendix F i e l d  Engineer ing 
Corporation/Grand J u n c t i o n  Operat ions (Bendir) has  analyzed t h e  
r e fe rence  m a t e r i a l s  f o r  lead-210 by means of l i q u i d  s c i n t i l l a t i o n  
count ing fo l lowing  ac id  d i g e s t i o n  of t h e  ma te r i a l s  and anion- 
exchange s e p a r a t i o n  of lead-210.2 In  addi t ion ,  a lpha  spectrometry 
was used t o  measure polonium-210, a daoghter  of lead-210, a f t e r  
equ i l ib r ium had been achieved.' 
208 s t anda rds ,  t r aceab le  t o  the  Nat iona l  Bureau of S tandards ,  were 
used f o r  c a l i b r a t i o n  purposes.  

C e r t i f i e d  lead-210 and 'polonium- 

The lead-210 and p o l o n i a r ~ 2 1 0  r e s u l t s  f o r  each of t he  t h r e e  s e t s  
of ref'erence ma te r i a l  (5 ,  15, and 50 pCi/g) a r e  presented  i n  
Tables  1, 2 ,  and 3, r e spec t ive ly .  Eramination of t hese  r e s u l t s  
f o r  -extreme values ,  a s  desc r ibed  by Diron  and Massey,* r evea led  
one o u t l i e r  i n  the polonium-210 r e s d t s  f o r  the 15-pCi/g d a t a  s e t .  
This va lue  was excluded from the da t a  s e t  when c a l c u l a t i n g  t h e  , 

mean value.  

1R. B. Chessmore and P. R. Engelder,  1983. Develoment  of 
SoIid Radinm-226 Reference Mater ia l s ,  GJITMC-10, U. S. Department 
of Energy, Technical  Measurements Center,  Grand Junc t ion ,  
Colorado. 

Lead-210 by Liquid  S c i n t i l l a t i o n  Cortnting,' Analv t ica l  Chemistry, 

'A. B. MacKenzie and B. D. Scot t ,  1979.  ' Sepa r s t ion  of 
Bismuth-214 and Polonium-2lO from &ueous Solut ions by Spontaneous 
Adsorpt ion on Copper F o i l s , '  b a l v s t ,  Vol. 104, pp. 1151-1158. 

4W. J. Dixon and F. J. Massey, Jr.. 1969. I n t r o d u c t i o n  t o  
S t a t i s t i c a l  Analvr is :  Th i rd  Edi t ion ,  McGrar-Bill Book Co. , Inc. ,  
New York, New Pork. 

'W. D. Faixman and J. Sedle t ,  1968. 'Direct  Determina t ion  of 

Vola 40, NO. 13, pp. 2004-2008. 

.. 
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DISCUSS ION 

The mean va lues  of the r e s u l t s  ob ta ined  f o r  lead-210 and poloniam- 
210 a r e  presented  i n  Tables  1, 2 ,  and 3 .  Also o i t e d  a r e  the 
experimental  s tandard d o v i a t i o n s  i n  o rde r  t o  provide  an i n d i c a t i o n  
of the  p r e c i s i o n  of the  measurements. The suggested va lue  f o r  
lead-210 in the  r e fe rence  m a t e r i a l s ,  given a t  the  bottom of each 
t ab le ,  i s  ,the average of a l l  t he  de te rmina t ions  ob ta ined  us ing  
bo th  methods, excluding o u t l i e r s .  The u n c e r t a i n t i e s  c i t e d  a r e  
a s s o c i a t e d  w i t h  the  experimental  s tandard  dev ia t ions  only and do 
not  include systematic  e r r o r s .  Since these  r e s u l t s  have not  been 
v a l i d a t e d  by o t h e r  workers, they should be  considered a s  ‘ f o r  
in format ion  only’ va lues .  

Table 1. Resu l t s  of Bendix Analysis  f o r  pb-210 and Po-210: 
S-pCi/g Ra-226 Reference Elaterial  

B o t t l e  Lead-21 0 Polonium-210 
Number (d i /  II 1 (oCi/ K) 

117 
116 
101 
114 

110 
1 04 
112 
120 

Ye an 
Expe r imenta 1 Standard 

loa 

Devia t ion  

5.5 
5.2 
5.5 
5.2 
5.3 
5.4 
5.2 
5.3 
5.4 

5.3 

50.1 

Suggested Value f o r  Lead-210: 5.2 If 0.2 p C i / g  

5.0 
5.4 
5.0 
5.1 

5.0 
5.2 
4.9 
5.2 

4.9 ,. 

s.1 

- +0.2 

Page 2 of 3 



8 0 1 9  

Table 2. _Besul_tr of Bendir Analysis f o r  Pb-210 and Po-210: 

_ -  

_ -  - -  - lS-pCi/g Ra-226 Reference Material 

Pol onium-21 0 
Bo t t l e  Le ad-21 0 b b e  r 

15.1 15.7 106 

124 15.3 13.ga 
103 15.9 16.2 
112 15 .o 15.8 
109 15.2 15.7 
105 15 .3 16.1 
101 15.6 15.8 
119 14.8 16.9 
114 15.3 16.5 

Me an 15.3 16.1 Experimental Standard 

Deviation - +0.3 - +0.4 
Suggested Value for  Lead-210: 15.7 2 0.6 pCi/g 

(DCi /R  1 ( D C i / n )  

- 
aOutl ier .  

Table 3. Results of Bendir Analysis for Pb-210 and Po-210: 

B o t t l e  Lead-21 0 Pol onium-21 0 Number 

SO-pCi/g Ra-226 Reference Material 

( D C ~ / K  1 ( D C i / a  1 

107 53.5 . 51.4 
122 49.3 51.9 
105 52.6 49.5 

120 51.6 53.7 
101 51.6 54.5 

108 51.2 53.9 

49.6 51.6 

116 49.9 50.6 
119 51 .o 49 .O 

He an 51.1 51.8 Experimental Standard 

Suggested Value f o r  Lead-210: 51.5 2 1.7  pCi/g 

110 * 

- +1.4 - +1.9 * 
Dev i a  ti on 

Page 3 of 3 
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Dear Reader: 

UNC Gootech 
2597 B 3 4  Road 
P.O. Box 14oOo 
Grand Junction. Colorado 81502.5504 
3031242-6621 

October 1987 

The DOE Technical Measurements Center report entitled Uranfurrr 
Reference Materials, UNC/GJ--36(TMC) published in July 1987, 
incorrectly identified uranium mill tailings reference material Tki-3 
as having a recommended U-238 concentration of 29.6 pCl/g (Table 7, 
page 6). The correct recommended concentration for TRM-3 is 19.6 
pCi/g. Attached is the corrected.table, which can be easily inserted 
into the report by peeling the paper off of the gummed back and 
pasting it over the current Table 7. 

We regret any inconvenience that this typographical error may have 
caused. If you have any further questions, please do not hesitate to 
contact me at 303-242-8621 o r  FTS 322-9543. 

SincerGy , n 

J p z w  n R. Duray 
Project Manager 
Technical Measurements Center 

Dls tr i but ion': 
UC-70A 
S-70A 
Reference Material Holders 
of Record 
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Summary 
The Technical Meammnents Center 0, located at the US. Department of Energy (DOE) Grand 

Junction ProjeCtsOffice (-1, hasbeen tasked by the WE Office of Remedd . Actionandwaste 
Technology to support onping remedial action programs by pxwiding both khnical guidance and--- - 

assistance inmaldng the Various measurements required in all phases of remedd * action work. 
Pursuanttothistask,theTechnicatMeanvementsCenterhasprepareduraniummill~ngsreference 
materials for useby mnedial action amtram and cognhant federal and state agencies Four 
materials were prepared with varying amcentrations of adicmuclides, using three tailings materials 
and a river-bottmn soil diluent W materials were p d ,  dried, and blended thoroughly to ensure 
homogeneity. The a n , a l ~  on which the recommended values for nuclides in the reference materials 
are based were perfomed, using independent methods, by the UNC Geotech (UNCI chemistry 
Laboratoxy, Grand Junction, Colorado, and by C W. Si (Sill), Idaho National Engheering Laboratory, 
Idaho Falls, Idaho. 

Several statistical tests were performed on the analytical data to charact& the reference materials. 
Results of these tests meal that the four reference materials are homogeneous and that no large sys- 
tematic bias exists between the analytical methods used by Sill and those u d  by .TMC The average 
values for radionuclides o f  the two data sets, representing an unbiased estimate, were used as the 
recommended values for concentrations of nuclides in the reference materials. The reammended con- 
centrations of radionuclides in the four reference materials are listed in Table 7. Use of these reference 
materials wilt aid in providing uniform standarditation among measurements made by remedial action 
contmctors. The reference materials are available free of charge to remedial action contractors and to 
Federal and State agencies involved in WE Remedial Action Programs. Individuals interested in 
obtaining these reference materials are enmuraged to contact the Technical Measurements Center by 
Calling FI'S 322-9543 (303/242-8621, Ext. 543). 

Companion sets of&-226' and Th-23? reference materials have previously been prepared and are 
also available from the Technical Measurements Center. Gamma spectroscopic measurement results for 
S228 and K40, determur * ed during the Ra-226 analysis performed by the UNC Chemistry 
Ldboratory,arepresentedinAppendixA. 

f '  -- 
\ 

. 
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URANIUM REFERENCE MATERIALS 

Introduction 

n e c e s s a r y f o r ~ u n i f u n n -  tion 
Uraniummintailingsreferencema~are - 

among radionuclide neasurements performed 
b y ~ a c t i o n c o n t r a ~ T h e T ' c a l  
MeanvementtCenterundertoolcthetasfcof 
preparing appmrdmately 200 pounds each of 

varying donuclide concentrations from three 
difkrent tailing materials and a soil diluent 
Uranium-238 concentrations of appmximteIy5, 
20, SO, and 100 pioocuries per gram (pCi/g) 

Concentratians o f  u-238, u-Z34,m230, 
Ra-226, and Pb-210 in each of the reference 
materials were measured by C W. Sill of Idaho 
National Engineerb.;, Laboratory, and by the 
UNC Geotech chemistry Laboatory, Grand 
Junction, Colorado, using independent methods. 

f o u r d i f f e l e n t r v a n i u m m i l l ~ r e k r e n c e  
m a k r i a l s . T h e m a t e r i a t W e r e p ~ W i t h  

were used as target values. 

Preparation and Analysis 
Uranium Mi11 Tailings 

Tailings from two sites, the East Tailings 
kea and theVanadiumTailings Ary of the 
Montido millsite, Manticello, Utah, were 
used forthis project. The thirdmaterialused 
wasauraniumorefrom theQimaxMillin 
Grand Junction, Colorado. The materials were 
ground to -325 mesh and dried at 110 "c for 
24 hours. The materials were blended in a 
cross-fiow blender for 72 hours, then placed in 
55gallondrumsmamountofmaterial 
prepared msylted in approximately 120 sets of 
referencematerials. 

Sampling 

. 

The minimum number of samples needed to 
estimate the mean concentrations of r a d b  
nuclidesinthestartingma~wasolculated 
from the equation (modified fromNatrella% 

CV = D/S (1) 
Where 

cv= 
D= 

S = estimated allowable deviation gained 
thtou$lprwiousexperience 

In thiscase,S = 196, D = 2% and CV = 2. 
Using Table A 4  given in NatrelIa, the mini- 

mum sample size for estimating the means 
within 2 percent with 95 pacent d d e n c e  is 
six. For this project, the number of samples was 
inCreasedto10 in order to acquireabetteresti- 
mate o f  the mean. Ten 8oo.gam samples from 
each'ofthefourstartingmataialswereran- 
domly collected from the blender as the material 
was tanskrred to the55gallon dntms. 
Analysis 

In order to minimize thg errors in the recom- 
mended values, radionuclide analyses were 
perfomed on the statting materials rather than 
on the final reference materials. This approach 
flows the calculation of concentrations in the 
reference materials with a higher degree of 
accuracy than would be posu'ble by direct 

'W230, and Ra-226 by aIpha6pctrometry?* 
and -210 by beta counting. "he UNC 
ChemistryLaboraturydetennined~238, 

trom;try7A and Ra-226 by gamma spectros- 
copy. US. National Bureau of Standards trace- 
able standards were used when possiile for all 

analysis. Sill determined U-238, U-234, 

U-234, Th- 230, and -210 by alpha 

=Q=* 
Reference Materials 
TRh4-1-Tailings reference material TRM-1 is 
the undiluted Monticdo Vanadium Tailings 
Area material pkviously desaibki. The 
material was transferred to lquartglass jars 

TRh4-2-Tailings ref- material TRk-2 is a 
120 dilution of TRM-1. The material contains 

Aerosil200, a surfactant, was atso added (907 
grams) to assist in blending.To pmpare the 
material, all of the lRM-1 and Aerosil200 and 
onequarter of the soil were placed in a Uhxbic- 
foot blender and mixed overnight The blender 

Withnofratherprepalation 

4536 gram3 of TRM-1 and &277gams of soil. 

was stopped, another portion of diluent was 
added, and the mixture was blended for another 
24 hours. This process was repeated four times. 
After all the diluent had been added and blend- 

ai@& value (pammter n@ed to 
estrmatexninimumsamplesrze) 
maximurn anowable deviation ing completed, the material was transferred into 

000218 0 5 9  



IQuart glass jars. Ten fandm samples  ere ~01- 
lected during the transfer to check homogerreity. 
TRM-s--Tailings reference material TRM-3 is a 
1:10 dilution of the East Tailing Area material. 
The material contains 80,741 grams soil, 907 
grams A d  200,and 9,072 gams tailings 
makrial. Ihe material was blended, sampled, 

desaibedpreviausly. 
TRM+TailingsreferencematerialTRM4isa 
120 dilution ofthe Climax Ore materiaLThe 

A d  200, and4336 grams Climax Ore. The 
maW was blended, -pled, and transkrtpd 
fnto jarsin the same manner as desuibed 

and transferred intowin the s a m e m a s  

material COntaiTIs 85m grams soil, 907gmS 

mausly. 
Homogeneity Analysis 
The samples collected after final blending of 

ref- materials a - 2 ,  TRM-3, and TRM-4 
were analyzed for Th-230 by Sill of Idaho 
Nafiod Engineering Laboratory and for 

thox desaibed previously. 

Ra-226byuNcchemis~Laboatorytocheck 
homogeneity.Analyticalmethodsusedwere 

Results 
Tables 1 through 4 p-t the results 

obtained by the two laboratories for the r a d b  
nudide determw * tionsperformedonthe 

Andtsarereported inpCi/g. A procedure 
for detec!yptliers, as described by Dixon 

thereahla- The means of thedata sets and 
the experbmtal standard deviations at 2a (95 

at thebottom of each table 
?heresultsforeachnudide &tainedbySill 

and theresultsfor thenudides obtained at 
U N C m  compared, using the test for equality 
of means desuibed by Dunn and Oarfc" This 
tat aoarpares the means of the results of the 
twohboratories to deterrmne ' ifthereisany 
mgasrpabledifferenoe Results of these bestr 
(Table9 demonstrate that the absolute value of 
the caIculated t-statistic (t) is p t e r  than the 
aitical value.0 in most instances. These find- 

enoesexi!5tbetween the results of the two 

uranium mill tailings and soil diluent materials 

andMassey, !weak fouroutliersinthedata 
S&S These d u e s  w e  deleted prior to any fur- 

percentalnfidenceinterval) are also presented 

ings indicate that statisticany significant differ- 

laboratories These differences may be 
accounted for by systematic bias inherent in any 
v t  system and are to be expected 
when using independent laboratories, operators, 
andmethods.Thf?differencebetweenthetwo 
datasetswasatmost4percent,whichiswithin ._.  

theTMCstandardsdefined forthis and similar 
Fw- 

Sincethedifferencesbetween the results 
obtained by the two laboratories are of accept- 
able magnitude, the reported concyntration for 
each radionuclide in each tailings ma- is the 
rvent~oftheresultsframbothhboratories 
Statistically, the best estimate of any true value 
is an average of two or more means, frequently 
r e f e r r e d  toas the "mean of means." Therefore, 
for the purposes of this project, the estimated 
concentrations are derived from averaging the 
means of the results from tlie two laboratories 
The assodated uncertainty for these values is 
the sum of the uncertainties (standard devia- 
tions) of the individual means. These concentra- 
tions and uncertainties are presented in Table 6. 

Recommended Concentrations 
c 

The concentrations of radionuclides in the 
final reference materials were calculated using 
the values presented in Table 6 and the weights 
given above (Rrfnarcchhtrripls, page 1). The un- 
&ties in Table 6 were propagated through 
the calculations to arrive at the total 
uncertainties in the recommended values at the 
95 percent confidence level.,Emn assodated 
with weighing were negligible and are not 
induded in the table. Table 7 pxesents the 
recommended amcentrations and total uncer- 
tainties. It should be noted that eq%iIibrium 
between Ra-226 and 5 2 1 0  does not exist in 
these materials. Since -210 has a relatively 
short half-life (21 years), the -210 am6entra- 
tion may change slightly over time. 

Homogeneity 
The results of the 'Ih-w)axdysesand the 

Ra-226analysesperformed onthe final 
materials to check homogeneity are presented in 
Table 8. At the bottom of the table the means 
and experimental standard deviations at laare 
prsented. The standard deviation, GO, is the 2 
pertent variation a prior to the preparation of 
the materials as the acceptable limit This limit 



wasalsoused todetermine thenumber of 
.I: iequid samples (see sampling, page 1). The -3 onesided confidence limit, SI, is calculated as in 

Natrella at the 95 perrent confidence level. If Si 
exceeds 00, then the material is considered ~ n -  
homogeneousSinceS1didnotexceedboinany 
of themteriats, the referencemat-erhIsarem- 

sidered homogeneous at the 95 percent 
within 2 percent for a 1- sample$ze. The 
homogeneity of the starting tailings ma teriais 
was checked in the same fashion. AU of the 
materials are considered homogeneous within 2 
percent at the 95 percent confidence level. 

0 1 9 

Table 1. Laboaiory Ana!ysis of the East Tdfings Area Material 

Concantation (pCUg) 
G238 &234 Th-230 Ra-226 Pb-210 

Si11 UNC Slll UNC Slll UNC Slll UNC Slll UNC 

186 178 187 182 599 557 
103 183 184 190 572 562 
185 184 184 183 582 . 569 
186 202. 188 207' 582 567 
189 179 190 175 591 570 
186 179 186 182 592 568 
184 188 185 109 588 563 
189 187 191 102 59s 559 
184 190 188 183 502 565 
185. 187 183 102 9 0  50 1 

586 
591 
578 
751' 
500 
592 
590 
594 
592 
596 

~ 

607 555 565 
594 553 558 
603 537 ' 551 
600 551 553 

557 547 
559 567 607 

600 543 553 
604 543 552 
605 546 554 
601 532 553 

T 2  

Mean 186 184 187 183 586 566 509 599 548 555 

SDb 4 0 6 0 16 14 12 20 18 12 

'ouai. 
b~~ - bpfimentai stmdard -tion. 

i 

0 
Tab18 2 Laboraiory Analysis of rhe Vanadium Tailing; Area Material 

Concentatlon (pCVg) 

LF.238 u-234 lh-230 R s 2 2 6  Pb-210 
Slll UNC Slll UNC Slll UNC SI11 UNC Slll UNC 

100 97 
100 100 
100 99 
100 96 

. 98 101 
100 101 
97 100 
96 102 
397 100 
96 102 

108 
107 
109 
108 
107 
108 
106 
109 
1 05 
105 

98 471 463 49 1 
102 460 465 486 
104 475 467 484 
105 475 469 476 
101 480 463 480 
104 477 476 487 
103 472 465 487 
105 471 464 475 
101 480 468 490 
103 479 461 493 

498 
493 
493 
494 
500 
490 
483 
499 
485 
493 

'411 428 
439 440 
423 430 
426 - 431 
41 1 436 
426 430 
421 41 5 
427 424 
413 444 
414 414 

Mean 98 100 lo7 103 475 466 485 493 420 429 

SD. 4 4 4 4 8 8 12 12 14 20 

3 

0 6 1  
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Table 3. Laboratory Anarysis of the CIimax Ore 

Concentration (pCVg) 

u-238 u-234 W 2 3 0  b 2 2 6  Pb-210 
SI11 UNC Slll UNC SI11 UNC SI11 UNC Slll UNC 

884 
882 
889 
863 
887. 
881 
884 
876 
872 
872 

M m  879 

SDb 16 

891 
867 
883 
0 n .  
8f3 
897 
865 
868 
849 
885 

876 

27 

868 
871 
890 
871 
876 
870 
877 
868 
860 
869 

872 

16 

874 
Bo$ 
886 
863 
859 
868 
884 
876 
874 
870 

874 

18 

851 875 
847 884 
870 888 
845 869 
852 870 
851 866 
877 856 
855 ' 863 
856 850 
853 858 

856 868 

20 24 

845 
837 
840 
w 
854 
831 
848 
839 
828 
824 

838 

18 

846 750 771 
046 761 790 
028 766 767 
844 766 770 
839 769 760 
826 715 784 
838 760 764 
833 743 , 7 7 3  
837 751 749 
848 751 760 

839 . 754 769 

16 31 24 

Table 4. Laboratory Analysis of the Soil Diiuent 

Concentration @Cl/g) 

U.238 u-234 Th-230 Re-226 b 2 1 0  
SI11 UNC SI11 UNC SI11 UNC Sill UNC SI11 UNC 

1 .o 
1 .o 
0.9 
0.9 
1 .o 
1 .o 
1 2  
1 2  
1 2  
1.1 

0.9 
0.9 
0.9 
1 .o 
0.9 
1.1 
1.1 
1.1 
0.9 
1 .o 

1 .o 1 .o 
1 .o 1 .o 
1 .o 0.9 
1 .o 1 .o 
1.1 1 .o 
1 .o 1 .o 
1.1 1 .l 
1 .o 1 .o 
1 .o 0.9 
1.1 0.9 

1 .o 
1 .o 
1.1 
1 .o 
1 .O 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

1 .o 1.0. 
1 .l I .O 
1.1 0.9 
0.9 1 .o 
0.9 1 .o 
0.9 0.9 
1 .o 0.9 
1 .o 1.0 
0.9 1 .o 
0.9 0.9 

0.9 . 0.Q - 1.0 
0.9 0.7 0.9 
0.9 1.0 - 0.8 
1 .o 0.9 0.8 
1.1 12 0.8 
0.8 1 .o 0.7 
1 .o 1 .o 0.7 
12 1 .o 0.7 
1.1 . 1 2  0.9 
0.9 1.1 0.8 

Mean 1.1 1 .o 1 .o 1.0 1 .o 1 .o 1 .o 1 .o 1 .o 0.8 

SD. 0 2  0 2  0.1 0.1 0.1 0 2  0.1 0 2  0 2  0 2  

. s O - ~ r i m e n t a l ~ n ~ ~ .  
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Table 5. Tests tbr Equality of Means 

4 

CrItJcal Value (M). Flndlng . 
CPlCUlatOd 

m m e  t-statlstlc (1) 

East Tailings Area Material 
U-238 1.170 
u-234 2124 

Th-230 5.961 
Ra-226 -2.648 
Pb-210 4.235 

Vanadium Tailings Area Material 
U 2 3 8  -1 379 
lb-234 5.542 

-230 4.596 
Ra-226 -2.999 
-21 0 -2345 

Climax Ore 
U238 
u-234 

Th-230 
Ra-226 
-21 0 . 

Soil Diluent . 
U238 
u-234 

-230 
Ra-226 
Pb210 

0.679 
-4.403 
-2.456 
-4.335 
-2305 

1.481 
1.987 
1.434 

4.474 
3.353 

1.734 
1.740 
1.734 
1.740 
1.734 

1.734 
1.734 
1.734 
1.734 
1.734 

1.734 
I .740 
1.734 
1.734 
1.734 

1.734 
1.734 
1.734 
1.734 - 
1.734 

t d  
t M  
t M  
t M  
t M  

t<M 
t M  
t<M 
t<M 
t M  

- 
Table 6. Average Concenlmtions of  Tailings Reference Materials @Ci/gl 

East Tailings 

Vanadium TaIllngs 

clhnax Ore 

Area Material 185 f s' 185 f 10 576 f 21 594 f 23 552 f 21 

Area Material 99 f 6 105 f 6 471 f 11 489 f 17 425 f 24 

Matedal 870 f 32 073 f 24 862 f 31 839 f 24 762 f 39 

4 son Dihrent 1.1 f 0.3 1.0 f 0.2 1.0 f 0.2 1.0 f 0 2  0.9 f 0.3 
- i  
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Appendix A U 

Thorium and Potassium Results 
*gammav-=FJY-~ perfOnningm-f=ts by gamma spectres perfonnedbytheuNc~tlyLaboratory 

for the deterrmna ' tion of Ra-226 also allowed the 
determination of 3l-228 and K-40. Data for 

nuclides may be useful to anyone 

copy. Since the data for these nuclides are from 
one laboratory only, they are presented here 
soIely for information pwposes. 

-Materiel Conmntratlon @CVg) - Th-228 K40 

TRW1 4 <lo 
TRhh-2 
T R M  

<1 

<1 

19 f 4' 

1 7 k p  

TRM-4 <1 l 9 f 5 '  

'UneeTainUes are the experimengl sgndard deviaUom a! 20. 

a 
-. 
.-a 



Table 7. Recommended Concentrations of Tailings Reference Materials (pC2g) 

TRM-1 TRM-2 lRM-3 TRM-4 u 

&238 99 f 6 6.0 f 4.0 29.6 f 1.4 44.9 f 1.6 

&234 105 f 6 6 2  f 4.0 19.6 f 1.9 44.6 f 1.2 

-30 471 f 11 24.5 f 0.6 

-226 489 f 17 . 25.4 f 0.9 60.3 f 2 3  42.9 f 1.2 
-21 0 425 f 24 221 f 1 2  56.0 f 2 1  38.9 f 2.0 

0 
44.0 f 1.6 58.5 f 2 1  

8019 

I Table 8. Homogeneiry Chedc 

Concentmtlon @CWg) 
TRM-2 fRM-3 T A W  

Th-23ob -226 Th-23ob Ra-226 Th-23ob * Re-226 

Sbtlstlcal 

c 24.9 252 61.1 - 60.5 - 44.9 43.0 -a 

24.2 25.4 58.3 61.9 44.5 41.6 

25.2 25.4 '59.3 625 45.5 41.8 

24.9 25.1 59.9 60.9 44.8 42.3 

23.0 25.1 59.4 59.3 44.3 42.1 

24.4 24.8 57.3 612.  44.6 - 41.0 

25.3 25.4 59.0 58.8 44.5 - 42.4 

24.8 23.9 60.9 59.6 45.8 40.7 

24.6 25.2 59.6 61.3 44.3 43.8 

25.0 262 57.4 59.7 45.7 42.5 
X 24.6 252 59.2 60.6 44.9 42.1 
- 
S 0.7 0.6 1.3 1 2  0.6 0.9 

Qo 0.5 0.5 1.2 1.2 0.9 0.8 

SI 0.5 0.4 0.9 0.9 0.4 0.7 

6 
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customer: DATA CHEM LABORATORIES P.O.No.: 14346 
Catalog No.: EG-MLAM-032-SU Reference Date: May 1 1995 

479-1 14-3 Total Radioactivity: 5.17 
Total Radioactivity- - - -191.3-- - 

Source No.: pCi. - _ _  - 

w- 
- - - - - - - -. - - - - - - - - - . - - 

-D&&iption of Source 
a. Capsule type: 
b. Nature of active deposit: 
c. Active diameterlvolume: 
d. Backing: Plastic 
e. Cover: Plastic 

Customer supplied 4 oz. jar 
Multinuclide and AmCU dispersed in an epoxy matrix 
ApproXimately 125 ml (M~ss of epoxy = 132.15 g) 

. -  
Nuclide Activity. - G m - R a y  Branching Systematic Random overall 

OrCi) hergy(MeV) Ratio% Uncert. Uncert. Uncert. 

Am-24 1 0.0307 0.0595 36.0 1.5% 0.3 % 1.5% 
(3-109 1.659 0.088 3.63 2.0% 0.6 95 2.1% 
CQ-57 0.0554 0.122, 0.136 85.6, 10.68 2.0% 0.7 % 2.1% 
Te- 123m 0.0658 0.159 84.0 2.0 % 0.8% 2.2% 
Cr-5 1 1.695 0.320 9.86 2.0 % 0.3 % 2.0% 
Sn-113 0.243 0.392 64.89 2.0 % 0.3 % 2.0% 
sr-85 0.327 0.514 98.4 2.0 96 0.3 % 2.0% 
CS-137 0.245 0.662 85.1 2.0% 0.7 % 2.1% 
co-60 0.261 1.173, 1.333 99.86, 99.98 2.0% 0.5 % 2.1% 
Y-88 0.590 0.898, 1.836 94.0,99.36 2.0% 0.4% 2.0 % 

Method of Calibration 
This source was prepared from a weighed aliquot of solution whose concentration, in pCilg, was determined by 
gamma spectrometry. 

NIST Traceability 

Leak Test(s) 
This calibration is implicitly traceable to the National Institute of Standards and Technology. 

See reverse side for Leak Te.st(s) applied to this source. . 
Notes 

1. Nuclear data was taken from Table of Radioactive Isotopes', edited by Virginia S. Shirley, 1986. 
2. IPL participates in M NIST mcasuremcnt assurance program to establish and maintnin implicit traceability for a number of  nuclides. 
b a d  on the b l i  assay (ard Lter NET certification) of Standard Reference Materials (As .in NRC Regulatory Guide 4.15). 
3. Overall unceminty is d a d a d  at the 99% confidence level. 
4. Reference Half Liven: 

Am-241 432.2 f 0.65 years Te-123m 119.7 f 0.1 days Sr-85 64.84 f 0.004days 
1.2665 f 0.0019 years Cr-51 27.706 f 0.007day~ (3-137 30.1 f 0.2 years Cd-109 

CQ-57 271.79 f 0.09 days Sn-113 115.09 f 0.04 days cod0 5.271 f 0.001 years 
Y-88 106.63 f 0.025 days 

&hL--h& 
OUALITY CONTROL 

ISOTOPE PRODUCTS LABORA'I'ORI ES 
3017 N. SAN FERNANDO H L \ ~  
BUKUANK. CALIFORNIA 91504 

818*843*7000 FAX 818*84~.616S 

Date Signed 

IPL Ref No. 479-1 14-3 
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Raw Data 
Radiochemistxy/Mixed-Waste Department 

Inventory Checklist 
. y Spectrometry - 

Section 1. Sample and QC Data 

Section 2. Instrument Performance and Calibration Data 

I . .  

The following signatures veri@ that the raw data and all inventmy and reviewer checklists ln each raw data 
section (all green sheets) rn complete and accurate. 

Assembled Reviewed w. 
a 

0 6 8  Ila. a/= 

000227 



Section 1. Sample and QC Data 
y Spectrometry 

Inventory Checklist 

.. - 

himratory Control Sample US) Instrument mt-out 
LCS Spectml Plot 

0 LCS Peak Search Report 
LCS Activity Report 

BW Instrument Print-Out 
Blank Spectral Plot 
Blank Peak Search Report 

Blank AcUvity Report 
Precision Sample (MD) Instrument Print-Out 
MD Spectml Plot 

MD Peak Search Report 
MDAcivityReport 

Field Sample Instrument Print-outs 
Sample Spectral Plot 
Sample Peak Search Report 

80 19 

Sample Actlvity Report 
Computer/Manual Calculation Sheets summarlzing all calculational inputs and results 

Section 1. Sample and QC Data 
y Spectrometry 

Reviewer Checklist 

The Sample and QC Data Inventory Checklist above is complete. 

AU appropriate QC for the project was performed. 

AU appropriate QC data met acceptance crlkrla. Unacceptable QC data were documented. and 
justLBcations were provided for data used. 

Print-outs are initialed and dated. 

& 

2 
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8019 Gamma Spectroscopy Report generated 11-OCT-1996 11:59 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - BL1232401 - GAMMA5 - PMP - 9190.CNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

&e Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S . - 
: BL-123240-1 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : -8.491853-08 EWHM Offset : 4.153863-01 
FWHM SlODe : 4.451503-02 MDA Width (FWHM) : 3.0 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: a It Energy 

1 0  7.73 
2 0  12 . 98 
3 0  16.12 
4 0  46.34 
5 0  63.28 
6 1  74.74 
7 1  77 . 15 
8 3  87.25 
9 3  92 . 60 

10 0 185.78 
11 0 238.41 
12 0 294.95 
13 0 351.78 
14 0 511.10 
15 0 609.64 
16 0 693.45 
17 0 1461.07 
18 0 1765.79 

1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Area 

1727 
348 
489 
211 
305 
90 

124 
71 
465 
183 
83 

107 
138 
397 
112 
56 
27 
33 

Bkgnd 

3223 
904 
962 
210 
233 
175 
158 
143 
159 
235 
168 
228 
165 
145 
87 
66 
22 
14 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel %Eff Cts/Sec %Err Fit 

1.32 16.97 8.953+00 1.203-01 5.8 
0.81 27.71 9.663+00 2.413-02 14.1 
1.13 34.13 9.783+00 3.393-02 11.5 
1.17 95.97 8.793+00 1.473-02 13.7 
0.94 130.61 8.083+00 2.123-02 10.0 
0.88 154.06 7.653+00 6.273-03 24.5 1.963+00 
0.87 158.99 7.573+00 8.583-03 18.0 
1.10 179.66 7.233+00 4.903-03 27.6 1.99E+00 
1.02 190.61 7.063+00 3.233-02 6.3 
1.02 381.23 5.03E+00 1.273-02 17.3 
0.98 488.92 4.323+00 5.743-03 28.8 
1.44 604.61 3.753+00 7.433-03 31.5 
1.02 720.89 3.313+00 9.603-03 19.9 
2.94 1046.93 2.483+00 2.763-02 8.6 
1.21 1248.58 2.133+00 7.763-03 17.8 
0.65 1420.12 1.903+00 3.903-03 31.0 
1.48 2991.66 9.093-01 1.873-03 38.9 
3.77 3615.76 7.373-01 2.303-03 31.4 



Gamma Spectroscopy Report generated 11-OCT-1996 11:59 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG BCKGND GAMMA5 9143.CNF $019 - - - Analyses by : PEAK V16.5 PEAKEFF V2.2 

---- Sample Information ---- 
--Sample Quantity :-1.00000E+OO G -  

- 
: BCKGND a l e  Sample Title ID - -  

Sample Type Sample Geometry : 

Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:20: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:Ol 0.0% 
Decay time 0 18:20 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 30-SEP-1996 09:Ol 
Detector name : GAMMAS Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 11:45 

---- Processing Parameters.---- 
Cali. Slope : 4.887563-01 Cali. Offset : -5.372443-01 
Cali. Quadratic : -7.071463-08 FWHM Offset : 5.946423-01 
FWHM Slope : 3.393103-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 0  
3 0  
4 0  
s o  
6 0  
7 0  
8 0  
9 0  

10 4 
11 4 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 

Energy 

7.76 
10.38 
13.03 
16.22 
19.25 
23.34 
26.04 
46.55 
53.64 
63.34 
66.28 
69.74 
74-19 
77 . 07 
84.43 
87.20 
92.67 
98.25 

109.75 
112 . 82 
139.81 
143.66 
185.85 
197.16 

Area 

24064 
4115 
4183 
6461 
1233 
285 
437 

1927 
405 

3752 
535 
385 
134 
495 
698 
283 

4997 
195 
354 
230 
682 
424 

2020 
456 

Bkgnd 

42790 
15170 
13266 
11688 
6158 
5186 
4406 
3150 
3070 
1877 
2846 
3435 
3061 
2625 
3059 
2253 
3152 
2385 
2985 
1804 
3118 
2282 
3123 
1487 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel %Eff Cts/Sec %Err Fit 

1.54 16.98 
0.84 22.34 
0.86 27.77 
1.08 34.29 
0.89 40.48 
1.44 48.85 
1.08 54.38 
0.94 96.35 
0.98 110.85 
0.81 130.70 
1.28 136.72 
1.87 143.79 
0.84 152.90 
0.94 158.79 
1.37 173.85 
0.85 179.52 
1.09 190.71 
0.93 202.14 
0.75 225.66 
0.95 231.93 
1.12 287.16 
1.06 295.05 
1.02 381.36 
0.89 404.51 

6.553+06 1.343-01 1.5 
1.323+04 2.293-02 4.8 
5.133+02 2.323-02 4.7 
6.283+01 3.593-02 3.1 
2.09E+01 6.853-03 10.0 
9.403+00 1.583-03 40.4 
7.033+00 2.433-03 24.7 
4.943+00 1.073-02 5.5 
5.293+00 2.253-03 24.2 
5.863+00 2.083-02 2.4 l.lOE+OO 
6.023+00 2.973-03 18.1 
6.213+00 2.143-03 26.7 
6.443+00 7.443-04 65.8 
6.573+00 2.753-03 17.0 
6.873+00 3.883-03 14.2 
6.973+00 1.573-03 27.2 
7.123+00 2.783-02 2.4 
7.253+00 1.093-03 42.0 
7.393+00 1.973-03 27.2 
7.403+00 1.283-03 28.5 
7.223+00 3.793-03 15.8 
7.163+00 2.353-03 19.3 
6.273+00 1.123-02 5.6 
6.003+00 2.533-03 13.8 4.493-01 



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It Energy 

4 198.38  
0 205.33 
0 238.76 

28 0 295.36 
2 9  0 352.05 
3 0  0 511.06 
31 0 569.99 
3 2  0 583.39 
33 0 609.48 
3 4  0 669.54 
35 4 693.56 
3 6  4 696.97 
3 7  4 702.45 
38 0 803.05 
3 9  0 962.14 
4 0  0 1120.02 
4 1  0 1331.87 
42 0 1460.47  
4 3  0 1764.72  

Area 

665 
188 
908 
1 7 9  
298 

4724 
434 
294 
299 
1 2 4  
349 
1 8 9  
1 9 2  
377 
2 4 1  
105  
1 3 6  
320 
1 2 8  

Bkgnd 

1790  
1689  
2089 
1472 
1202 
2215 
1409  
1218  
1186 

7 4 1  
1136 

993 
1226 

759 
859  
385 
353  
376 
183 

Page : 2 
Acquisition date : 4-OCT-1996 18:20:18  

FWHM Channel 

1 . 0 4  407.00 
0.96 421.24 
1 . 0 8  489.64 
1 . 0 3  605.47 
1 .06  721.47 
2 .53  1046.88 
1.55 1167.50 
1 . 2 5  1194.92 
1 .30  1248.33 
1.38 1371.25 
2.18 1420.41  
1 . 8 0  1427.39 
2 .19  1438.62 
1 .66  1644.53 
2.17 1970.22 
1 . 7 7  2293.42 
2 .38  2727.21 
1 . 7 5  2990.52 
2 . 4 1  3613.62 

%Eff Cts/Sec %Err 8 @id 
5.983+00 3.693-03 11.2 
5.813+00 1.04E-03 35.4 
5.07E+00 5.053-03 9.3 
4.053+00 9.943-04 36.3 
3.313+00 1.653-03 20.2 
2.15E+00 2.623-02 2.7 
1.91E+00 2.413-03 18.5 
1.87E+00 1.643-03 23.7 
1.793+00 1.663-03 21.5 
1.643+00 6.913-04 40.4 
1.583+00 1.943-03 21.4 3.273+00 
1.583+00 1,053-03 34.4 
1.57E+00 1.073-03 38.5 
1.413+00 2.093-03 15.0 
1.253+00 1.343-03 28.6 
1.153+00 5.833-04 35.1 
1.06E+00 7.543-04 28 .1  
1.023+00 1.783-03 14 .0  
9.273-01 7.113-04 23.0 

0 1 3  
000’232 



8 0 1 9  Gamma Spectroscopy Report generated ll-OCT-1996 11:59 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - BL1232401 - GAMMAS - PMP - 9190.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 

---- Sample Information ---- 

: FILTER Sample Geometry : PMP 

le Title : G969901S 
le ID . -: BL-123240-1 Sample. Quantity -: 1.00000E+00 SAMPLE s 

Sample Type 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:20 

---- Detector Parameters ---- 
Energy cal, time : 8-OCT-1996 12:40: 
Detect or name : GAMMA5 Counting geometry: PMP 
Effic, cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali, Quadratic : -8.491853-08 FWHM Offset : 4.153863-01 
FWHM SloDe : 4 . 451503-02 MDA Width (FWHM) : 3.0 
Start c&nnel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 0  
3 0  
4 1  
5 1  
6 3  
7 3  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 

Energy 

12,98* 
46,34* 
63.28* 
74.74* 
77,15* 

92 , 60* 
185.78* 
238.41* 
294.95* 
351.78* 
511,10* 
609.64* 
693.45* 

1461,07* 
1765.79* 

a7,25* 

Area 

13 
57 
5 

80 
84 
48 
65 
22 
10 
93 

114 
19 
88 
28 
1 

23 

Bkgnd 

904 
210 
233 
175 
158 
143 
159 
235 
168 
228 
165 
145 
87 
66 
22 
14 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel Left Pw Cts/Sec %Err Fit 

0.81 27.71 
1.17 95.97 
0.94 130.61 
0.88 154.06 
0.87 158.99 
1.10 179.66 
1.02 190.61 
1.02 381.23 
0.98 488.92 
1.44 604.61 
1.02 720.89 
2.94 1046.93 
1.21 1248.58 
0.65 1420.12 
1.48 2991.66 
3.77 3615.76 

26 
92 
128 
148 
148 
177 
177 
376 
485 
598 
715 
1038 
1244 
1414 
2986 
3604 

5 9.093-04394.2 
8 3.963-03 53.0 
7 3.163-04689.0 
14 5.533-03 29.2 1.96E+00 
14 5.833-03 27.7 
19 3.323-03 42.6 1.993+00 
19 4.513-03 47.7 
10 1.523-03151.2 
8 6.933-04248.0 

14 6.433-03 36.8 
11 7.953-03 24.4 
17 1.353-03182.1 
9 6.103-03 23.4 

11 1.963-03 65.3 
11 8.953-05858.7 
18 1.593-03 46.6 

Flag: = Peak area was modified by background subtraction 



Gamma Spectroscopy Report generated 11-OCT-1996 11:59 8 0 1 9  
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP BL1232401 GAMMA5 - PMP - 9190.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 

---- Sample Information ---- 
a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

-Sample Quantity : 1.00000E+00 SAMPLE- ._ 
: G969901S 
: BL-123240-1 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing Parameters ---- 
4.88823E-01 Cali. Offset 
-8.491853-08 FWHM Offset 
4.45150E-02 MDA Width (FWHM) 
1 End channel 
5.0 Gaussian Sens. 
2.0 Half life ratio 
75.0 WTM error limit 
PCI Act. Conversion 
5.0 Sigma Number 
Yes Systematic Error 

-5.65841E-01 
4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.. 00000E+06 
2 
0.0% 

*-"ID Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nucl ides 

0 
0 
0 
1 
1 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 98* 
46- 34* 
63,28* 
74 . 74* 
77,15* 
87.25* 
92 60* 

238.41* 
294.95* 

511. 10* 
609.64* 
693.45* 

1461.07* 
1765.79* 

ia5-78* 

351,7a* 

13 
57 
5 

80 
84 
48 
65 
22 
10 
93 

114 
19 
88 
28 
1 

23 

904 0.81 27.71 
210 1.17 95.97 
233 0.94 130.61 
175 0.88 154.06 
158 0.87 158.99 
143 1.10 179.66 
159 1.02 190.61 
235 1.02 381.23 
168 0.98 488.92 
228 1.44 604.61 
165 1.02 720.89 
145 2.94 1046.93 
87 1.21 1248.58 
66 0.65 1420.12 
22 1.48 2991.66 
14 3.77 3615.76 

26 
92 

128 
148 
148 
177 
177 
376 
485 
598 
715 

1038 
1244 
1414 
2986 
3604 

5788.4 
8106.1 
7***** 
14 58.4 1.96E+00 
14 55.3 
19 85.2 1.99E+00 
19 95.4 
10302.4 RA-22 6 
8496.0 
14 73.5 
11 48.8 
17364.3 
9 46.9 

11130.5 
11***** 
18 93.2 



8019 Gamma Spectroscopy Report generated 11-OCT-1996 11:59 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP-BL1232401 GAMMAS - PMP - 9190.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF V2.2 NID v3.1 

---- Sample Information ---- 
a l e  Title 
Sample ID - 

Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.08 

- Sample Quantity : 1.00000E+00 SAMPLE : G969901S 
-: BL-123240-1 

---- Sample Decay/Count Information ---- 

Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset : -5.65841E-01 
FWHM Offset : 4.15386E-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit .: 3.0 
Act. Conversion : 1.00000E+06 

Systematic .Error : 0.0% 
Sigma Number : 2  

m r f e r e n c e  Report 

No interference correction performed 



Rejec ted  Report 
Sample I D  : BL-123240-1 

Page : 2 
Acquisi t ion d a t e  : 10-OCT-1996 13:20:54 

Nuclide Ha 
3. 

Half-Life 2-Sigma 8019 
. I f - l i f e  R a t i o  Energy %Abund Ac t iv i ty  %Error Rejected by 
28E+04Y 0.00 50.10 31.70 --- Not Found --- Abun. 

100.00 
122.31 
144.24 
154.21 
205.00 
210.60 
234.90 
236.00 
256.20 
269.46 
271.23 
283.67 
286.10 
300.08 
304.40 
323.87 
330.00 
334.20 
338.28 
351.07* 
401.81 
404.84 
427.08 
445.03 
569.67 
831.96 
897.83 
897.83 

% Abundances Found = 

.. 

1.11 --- Not Found --- 
1.19 --- Not Found --- 
3.24 --- Not Found --- 
5.58 --- Not Found --- 
1.08 --- Not Found --- 
1.26 --- Not Found --- 
2.80 --- Not Found --- 
11.50 --- Not Found --- 
6.30 --- Not Found --- 

13.60 --- Not Found --- 
10.60 --- Not Found --- 
1.60 --- Not Found --- 
1.60 --- Not Found --- 
2.30 --- Not Found --- 
1.35 --- Not Found --- 
3.88 --- Not Found --- 
1.30 --- Not Found --- 
1.15 --- Not Found --- 
2.73 --- Not Found --- 
6.50 --- Not Found --- 
2.90 --- Not Found --- 
1.30 --- Not Found --- 
1.18 --- Not Found --- 
0.54 --- Not Found --- 
2.90 --- Not Found --- 
0.24 --- Not Found --- 
0.52 --- Not Found --- 
9.59 

12.94 5.OlOE-05 51.49 

U-235 7 . 04E+08Y 0.00 143.76 10.50 --- Not Found --- Abun. 
163.35 4.70 --- Not Found --- 
205.31 4.70 --- Not Found --- 
185.71* 54.00 1.5093-06 302.96 

% Abundances Found = 73.07 

Flag:  "* "  = Keyline 



Nuclide Line Activity Report 
Sample ID : BL-123240-1 

Page : 3 
Acquisition date : 10-OCT-1996 1 3 : 2 0 : 5 4  

8019 
Nuclide Type: Natural 

a i d e  
Uncorrected Decay Corr 2-Sigma 

Energy Area %Abn %Eff PCI/SAMPLE PCI/SAMPLE %Error 
1 8 6 . 2 1  -- --22 3 . 2 8 *  5; 027E+00 2 .4843+01  2. 484E+-Ol1 3 0 2 . 9 4  RA-22 6 --- 

Flag: "*"  = Keyline 



Gamma Spectroscopy Report generated 11-OCT-1996 12:oo 8 0 1 9 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVEJSMP BL1232401 GAMMA5 PMP 9190.CNE';2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 MTNACF V2.5 

---- Sample Information ---- 
: G969901S 
: BL-123240-1 - -  Sample-Quantity---: 1.00000E+00 SAMPLE 

&e Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic, cal. time : 19-SEP-1996 14:21 

---- Processing 
Cali. Slope : 4.888233-01 
Cali, Quadratic : -8.491853-08 
FWHM Slope : 4.451503-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

: -5.65841E-01 
: 4.153863-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

e i n e d  Activity-MDA Report 

Identified Nuclides ---- -- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

L?l-226 2.484E+Ol 7.5263+01 6.4663+01 1.196E+01 0.384 

Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

m-228 1.687E+OO 9.4043+00 1.668E+01 3.4253+00 0.101 
PA-231 5.010E+01 + 2 . 580E+01 3.302E+01 5.4243+00 1.517 
U-235 1.509E+00 + 4 . 572E+OO 6.010E+00 1.128E+00 0.251 

000238 

0 7 9  



8 0 1 9  
Gamma Spectroscopy Report generated 11-OCT-1996 12:OO 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP BL1232401 GAMMA5 PMP 9190.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF 72.2 NID v3.1 MTNACF V2.5 

---- Sample Information ---- 
le Title : G969901S 
le ID-- ----: -BL-123240-1--- Sample Quantity-- :-1.0000OE+OO- SAMPLE- 

: FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 

a! 
Sample Type 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

ined Activity-MDA Report YD 
---- Identified Nuclides ---- 

Activity Act error 
Nuclide (PCI/SAMPLE) 

Parameters ---- 
Cali. Offset 
EWHM Offset 
MDA Width (EWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

RA-226 2.484E+01 7.540E+01 

--- Non-Identified Nuclides ---- 
Key-Line 
Activity K . L .  Act error 

Nuclide (PCI/SAMPLE)Ided 

RA-228 1.687E+OO 9.4093+00 
PA-231 5.010E+01 + 2 . 733E+01 
U-235 1.509E+00 + 4.5803+00 

: -5,658413-01 
: 4.153863-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 9.0% 

MDA MDA error Act /MDA 
(PCI/SAMPLE) 

6.466E+01 1.196E+01 0.384 

MDA MDA error Act /MDA 
(PCI/SAMPLE) 

1.6683+01 3.425E+OO 0.101 
3.302E+01 5 . 424E+OO 1.517 

1.128E+00 0.251 6.010E+00 
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8019 Gamma Spectroscopy Report generated 21-OCT-1996 12:51 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - QC1232401 - GAMMA6 - PMP - 9220.CNF;S 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

---- Sample Information ---- 
: G969901S 
: QC-123240-1 - - - Sample Quantity : 1.00400E+02 G 

@le Title 
Sample- ID - 
Sample Type : SOIL Sample Geometry : TRMlS2 

Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detect or name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

---- Processing Parameters ---- 
Cali. Slope : 4.88511E-01 Cali. Offset : -1.75400E-01 
Cali. Quadratic : -9.439143-08 FWKM Offset : 7.57862E-01 
FWHM Slope : 2.62786E-02 MDA Width (FWHM) : 3.0 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

a It 
1 6  
2 6  
3 6  
4 2  
5 2  
6 0  
7 0  
8 0  
9 1  

10 1 
11 4 
12 4 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

Energy 

10.68 
12 . 97 
15.59 
25.57 
27 . 37. 
46.53 
50.00 
53.28 
63.28 
67.63 
74 . 83 
77.11 
83.81 
87.18 
89.99 
92 . 47 
94.83 
97.97 

144.07 
154.22 
186 . 19 
236 . 02 
242 . 07 
255 . 63 

Area 

1026 
1667 
1676 
200 
604 

8088 
744 

2153 
1676 
1085 

12375 
21526 
3059 
6402 
2081 
1308 
760 
377 
634 
657 

7259 
634 

9730 
350 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

Bkgnd FWHM Channel %Eff Cts/Sec %Err Fit 

4588 
4395 
6280 
1806 
3054 
6385 
3298 
4484 
4335 
4410 
5951 
6168 
3862 
5255 
3995 
3434 
3027 
2576 
4292 
4492 
4188 
2309 
2271 
2631 

1.03 
1.01 
1.46 
0.91 
1.08 
0.99 
0.92 
1.01 
0.87 
0.88 
0.94 
0.92 
0.95 
1.18 
1.02 
0.95 
1.12 
1.46 
1.16 
1.06 
1.15 
1-09 
1.14 
0.98 

22.22 3.793+07 7.123-02 10.7 1.09E+00 
26.91 2.333+05 1.163-01 6.8 
32.27 6.543+03 1.163-01 9.1 
52.70 3.32E+01 1.393-02 30.7 1.76E+00 
56.38 2.303+01 4.203-02 15.8 
95.60 6.733+00 5.623-01 2.2 

102.72 6.583+00 5.173-02 12.7 
109.43 6.553+00 1.503-01 5.8 
129.91 6.81E+00 1.16E-01 6.4 4.25E+00 
138.80 7.00E+00 7.533-02 9.6 
153.55 7.34E+00 8.59E-01 1.3 1.58E+01 
158.22 7.453+00 1.49E+00 0.9 
171.93 7.753+00 2.123-01 3.7 
178.82 7.893+00 4.45E-01 2.2 
184.59 7.993+00 1.45E-01 5.3 
189.65 8.083+00 9.093-02 7.1 
194.49 8.15E+00 5.283-02 12.3 
200.92 8.243+00 2.623-02 21.9 
295.29 8.383+00 4.403-02 19.1 
316.08 8.19E+00 4.5631-02 18.8 
381.52 7.393+00 5.04E-01 2.0 
483.55 6.003+00 4.413-02 13.7 
495.93 5.853+00 6.76E-01 1.3 
523.69 5.513+00 2,433-02 28.9 

0 8 2  



Peak Search Report (continued) Page : 2 
Sample ID : QC-123240-1 Acquisition date : 14-OCT-1996 10:56:36 

Pk It Energy Area Bkgnd FWHM Channel %Ef f Cts/Sec %Err 8Pik 9 

28 0 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 
45 0 
46 0 
47 0 
48 0 
49 0 
50 0 
51 0 e :  54 0 

55 0 
56 0 
57 0 
58 0 
59 0 
60 0 
61 0 
62 2 
63 2 
64 0 
65 0 
66 0 
67 4 
68 4 
69 0 
70 0 
71 0 
72 0 
73 0 
74 1 
75 1 

259.00 620 
269.60 766 
271.40 589 
274.66 406 
295.29 21390 
299.78 216 
323.83 288 
329.91 192 
338.64 115 
351.98 35994 
389.24 292 
402 . 02 255 
405.43 235 
454 . 49 386 
480.76 229 
487 . 03 264 
511.24 663 
533 . 41 163 
580.09 251 
609.39 25069 
665.64 758 
703.13 254 
720.09 120 
742 . 51 146 
768.39 2353 
785.98 676 
806.44 528 
832.13 171 
838 . 96 331 
934.00 1211 
964.15 160 

1070.25 132 
1120.19 5134 
1155.09 666 
1207.91 189 
1237.92 1869 
1280.87 380 
1377.47 1408 
1385.22 259 
1401.01 399 
1407.75 672 
1509.15 707 
1538.32 207 
1542.84 190 
1583.07 216 
1599.03 71 
1661.05 291 
1729.54 941 
1764.41 4244 
1838.05 92 
1847.30 579 

1607 1.07 530.60 
1902 1.27 552.30 
1415 0.93 555.98 
1471 1.68 562.66 
2505 1.15 604.91 
1581 1.21 614.10 
1801 1.12 663.34 
1413 0.71 675.79 
1202 0.76 693.66 
2297 1.22 720.98 
1226 1.04 797.28 
1321 1.34 823.43 
1167 1.59 830.43 
1223 1.30 930.88 
726 1.49 984.68 
796 1.53 997.52 
1137 3.15 1047.10 
650 1.59 1092.50 
519 1.08 1188.09 
903 1.39 1248.09 
437 1.44 1363.31 
634 1.19 1440.08 
573 1.01 1474.82 
462 1.48 1520.74 
854 1.57 1573.75 
784 1.73 1609.78 
747 1.56 1651.70 
483 1.67 1704.31 
490 1.67 1718.31 
506 1.63 1912.99 
531 1.66 1974.76 
282 1.24 2192.12 
463 1.71 2294.45 
422 1.69 2365.95 
348 1.60 2474.18 
373 1.60 2535.67 
401 1.58 2623.68 
250 1.92 2821.63 
293 2.10 2837.50 
347 1.60 2869.86 
282 2.04 2883.68 
364 1.66 3091.48 
265 2.62 3151.28 
253 2.62 3160.53 
217 2.05 3243.00 
182 0.99 3275.70 
189 1.63 3402.82 
138 2.04 3543.22 
138 2.25 3614.69 
56 2.07 3765.66 
76 2.08 3784.61 

5.433+00 4.303-02 11.4 
5.19E+00 5.323-02 10.6 3.59E+00 
5.15E+00 4.093-02 11.2 - 

5.08E+00 2.82E-02 16.5 
4.66E+00 1.49E+00 0.8 
4.573+00 1.50E-02 32.6 
4.15E+00 2.00E-02 29.1 
4.06E+00 1.33E-02 34.7 
3.923+00 8.023-03 50.7 
3.733+00 2.50E+00 0.6 
3.283+00 2.03E-02 21.7 
3.15E+00 1.773-02 25.5 
3.11E+00 1.633-02 24.9 
2.70E+00 2.683-02 19.4 
2.523+00 1.593-02 21.5 
2.483+00 1,833-02 20.2 
2.343+00 4,603-02 11.6 
2.23E+00 1.13E-02 29.2 
2.04E+00 1.74E-02 17.0 
1.94E+00 1.74E+00 0.7 
1.78E+00 5,273-02 6.3 
1.70E+00 1.773-02 20.1 
1.67E+00 8.353-03 38.3 
1.63E+00 1.02E-02 28.6 
1.583+00 1.63E-01 3.5 
1.56E+00 4.69E-02 10.3 
1.53E+00 3.673-02 12.2 
1.50E+00 1.19E-02 25.3 1.29E+00 
1.49E+00 2.3OE-02 13.7 
1.40E+00 8-413-02 4.6 
1.38E+00 l.llE-02 29.0 
1.31E+00 9.173-03 24.6 
1.29E+00 3.573-01 1.7 
1.28E+00 4.623-02 7.6 
1.26E+00 1.31E-02 21.9 
1.24E+00 1.30E-01 3.2 
1.23E+00 2.643-02 12.3 
1.20E+00 9.783-02 3.5 8.41E-01 
1.20E+00 1.80E-02 14.7 
1.19E+00 2.773-02 11.6 
1.19E+00 4 . 663-02 6.4 
1.16E+00 4 . 91E-02 7.1 
1.15E+00 1.443-02 18.0 1.42E+00 
1.15E+00 1.323-02 19.7 
1.14E+00 1.50E-02 15.6 
1.13E+00 4.943-03 37.6 
l.llE+OO 2.023-02 11.8 
1.08E+00 6 . 533-02 4.4 
1.07E+00 2.953-01 1.7 
1.04E+00 6,363-03 22.4 1.74E+00 
1 . 04E+00 4 . 02E-02 5.2 



Gamma Spectroscopy Report generated 21-OCT-1996 12:51 

Configuration: DISK: [RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMA6 - 9 2 0 7 . C N F 8  0 1 9 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

Sample Information ---- (---- 

: BCKGND Sample Quantity : 1.00000E+00 L 
a l e  Title 
Sample ID 
Sample Type Sample Geometry : 

Sample Date : 1-JAN-1900 0O:OO: Acquisition date : ll-OCT-1996 22:02 
Elapsed live time: 0 16:40 Elapsed real time: 0 16:40 0.0% 
Decay time 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
m e r g y  cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: IPL-1L 
Effic. cal. time : 19-SEP-1996 11:47 

---- Processing Parameters ---- 
Cali. Slope : 4.88802E-01 Cali. Offset : -1.987613-01 
Cali. Quadratic : -1.240083-07 FWHM Offset : 6.370773-01 
F'WH.M S l o p e  : 3.320833-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
2 4  0 

Energy 

10.30 
13 . 11 
16.16 
19.32 
46.47 
53;49 
63.24 
66.38 
74.61 
77.06 
83.91 
92 . 78 

110.06 
139.64 
143.65 
163.35 
185.87 
198.28 
238.78 
352.10 
511.22 
583.67 
803.54 

1002.71 

Area 

1435 
1598 
1877 
489 

1092 
318 
1969 
251 
125 
243 
246 

2705 
123 
327 
214 
219 
1288 
600 
423 
159 

1963 
178 
130 
19 

Bkgnd 

8131 
5408 
4550 
2825 
1757 
1255 
1712 
976 

1302 
1345 
1375 
1751 
1181 
1326 
1132 
1122 
1399 
1223 
1033 
596 
898 
385 
310 
311 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 , 
Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel %Eff Cts/Sec %Err Fit 

0.94 21.49 4.883+00 2.393-02 10.3 
1.08 27.23 5.243+00 2.663-02 7.8 
1.14 33.48 5.503+00 3.133-02 6.5 
1.12 39.93 5.683+00 8.163-03 17.9 
1.00 95.48 5.873+00 1.823-02 8.1 
0.95 109.84 5.793+00 5.303-03 20.1 
0.88 129.79 5.653+00 3.283-02 4.4 
1.39 136.22 5.613+00 4.193-03 20.7 
0.63 153.05 50483+00 2.083-03 46.4 
0.84 158.06 5.443+00 4.063-03 25.9 
0.77 172.09 5.343+00 4.103-03 26.9 
1.03 190.24 5.213+00 4.513-02 3.5 
0.96 225.57 4.963+00 2.053-03 47.1 
1.16 286.11 4.573+00 5.453-03 21.6 
1.14 294.31 4.523+00 3.563-03 28.1 
0.98 334.62 4.293+00 3.643-03 28.4 
1.06 380.70 4.063+00 2.153-02 6.3 
1.98 406.10 3.943+00 1.00E-02 12.0 
1.02 488.98 3.593+00 7.043-03 14.5 
0.93 720.86 2.883+00 2.663-03 28.8 
2.64 1046.54 2.243+00 3.273-02 4.1 
1.64 1194.85 2.033+00 2.973-03 22.1 
1.08 1644.99 1.573+00 2.173-03 26.8 
1.88 2052.83 1.293+00 3.213-04184.6 



Peak Search Report (continued) Page : 2 
Sample ID : BCKGND Acquisition date : ll-OCT-1996 22:02:41 

Pk It Energy Area Bkgnd FWHM Channel %Eff Cts/Sec %Err 8 g 1 9  it 

98 143 1.20 2992.55 9.02E-01 1,633-03 27.1 
- -  - . _ _  - - _  - - - _ _  



8 0 1 9  
Gamma Spectroscopy Report generated 21-OCT-1996 12:51 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - QC1232401 - GAMMA6 - PMP - 9220.CNF;S 
Analyses by : PEAK V16.5 ENBACK V1.5 

---- Sample Information ---- 
le Title : G969901S 

:-QC-123240-1 - - Sample Quant-ity : 1-.00400E+02 G - -  

Sample Type : SOIL Sample Geometry : TRMlS2 

Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detect or name : GAMMA6 
Effic. cal. time : 19-SEP-1996 15:59 

---- Processing 
Cali. Slope : 4.885113-01 
Cali. Quadratic : -9.43914E-08 
FWHM Slope : 2.627863-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 

Sensitivity : 5.0 

Errors * It 
I 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

6 
6 
6 
2 
2 
0 
0 
0 
1 
1 
4 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

propagated: Yes 

Energy 

10.68* 
12 . 97* 
15.59* 
25.57 
27.37, 
46.53* 
50.00 
53.28* 
63.28* 
67.63* 
74.83* 
77 . 11* 
83.81* 
87 . 18 
89.99 
92 . 47* 
94.83 
97 . 97 

144.07* 
154.22 
186.19* 
236.02 
242.07 
255.63 

Area 

682 
1284 
1226 
200 
604 

7826 
744 

2077 
1203 
1024 
12345 
21468 
3000 
6402 
2081 
659 
760 
377 
582 
657 

6950 
634 

9730 
350 

Bkgnd 

4588 
4395 
6280 
1806 
3054 
6385 
3298 
4484 
4335 
4410 
5951 
6168 
3862 
5255 
3995 
3434 
3027 
2576 
4292 
4492 
4188 
2309 
2271 
2631 

FWHM 

1.03 
1.01 
1.46 
0.91 
1.08 
0.99 
0.92 
1.01 
0.87 
0.88 
0.94 
0.92 
0.95 
1.18 
1.02 
0.95 
1.12 
1.46 
1.16 
1.06 
1.15 
1.09 
1.14 
0.98 

Counting geometry: TRMl-S2 

Parameters ---- 
Cali. Offset : -1.754003-01 
FWHM Offset : 7.57862E-01 
MDA Width ( F W H M )  : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

Channel 

22.22 
26.91 
32.27 
52.70 
56.38 
95.60 

102.72 
109 . 43 
129 . 91 
138.80 
153 . 55 
158.22 
171.93 
178.82 
184.59 
189.65 
194.49 
200.92 
295.29 
316.08 
381.52 
483.55 
495 . 93 
523.69 

Left 

19 
19 
19 
51 
51 
90 
101 
106 
12 6 
12 6 
147 
147 
170 
176 
182 
188 
193 
199 
291 
312 
377 
480 
492 
518 

Pw Cts/Sec %Err Fit 

18 4.733-02 17.0 1.09E+00 
18 8.923-02 9.1 
18 8.513-02 12.6 
10 1.393-02 30.7 1.76E+00 
10 4.203-02 15.8 
11 5.433-01 2.3 
6 5.17E-02 12.7 
8 1.443-01 6.1 

16 8.363-02 9.0 4.25E+00 
16 7.113-02 10.3 
15 8.573-01 1.4 1.58E+01 
15 1.49E+00 0.9 
6 2.08E-01 3.8 
7 4.453-01 2.2 
6 1.453-01 5.3 
5 4.5831-02 14.5 
6 5.283-02 12.3 
6 2.623-02 21.9 
9 4.053-02 20.9 
9 4.563-02 18.8 

10 4.83E-01 2.1 
8 4.413-02 13.7 
9 6.763-01 1.3 
11 2.43E-02 28.9 



Peak Search Report (continued) Page : 2 
Sample ID : QC1123240-1 

Pk It 

9 :  28 0 

29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 
45 0 
46 0 
47 0 
48 0 
49 0 
50 0 6 ;  
54 0 
55 0 
56 0 
57 0 
58 0 
59 0 
60 0 
61 0 
62 2 
63 2 
64 0 
65 0 
66 0 
67 4 
68 4 
69 0 
70 0 
71 0 
72 0 
73 0 
74 1 
75 1 

Energy 

259.00 
269.60 
271.40 
274.66 
295.29 
299.78 
323.83 
329.91 
338 . 64 
351.98* 
389.24 
402 . 02 
405.43 
454.49 
480.76 
487 . 03 
511.24* 
533 . 41 
580.09 
609.39 
665.64 
703.13 
720.09 
742.51 
768.39 
785 . 98 
806 . 44 
832 . 13 
838.96 
934.00 
964.15 

1070.25 
1120.19 
1155 . 09 
1207.91 
1237.92 
1280.87 
1377 . 47 
1385.22 
1401.01 
1407.75 
1509.15 
1538.32 
1542 . 84 
1583 . 07 
1599.03 
1661.05 
1729.54 
1764.41 
1838 . 05 
1847.30 

Area 

620 
766 

- 589 
4 06 

21390 
216 
288 
192 
115 

35956 
292 
255 
235 
386 
229 
264 
192 
163 
251 

25069 
758 
254 
120 
146 

2353 
676 
528 
171 
331 

1211 
160 
132 

5134 
666 
189 

1869 
380 

1408 
259 
399 
672 
707 
207 
190 
216 
71 

291 
941 

4244 
92 

579 

Bkgnd 

1607 
1902 
14&5 
1471 
2505 
1581 
1801 
1413 
1202 
2297 
1226 
1321 
1167 
1223 
726 
796 

1137 
650 
519 
903 
437 
634 
573 
462 
a54 
784 
747 
483 
490 
506 
531 
282 
463 
422 
348 
373 
401 
250 
293 
347 
282 
364 
265 
253 
217 
182 
189 
138 
138 
56 
76 

Acquisition date : 14-OCT-1996 10:56:36 
. .  8019 

FWHM Channel 

1.07 530.60 
1.27 552.30 
0.93 .. 555.98 . 

1.68 562.66 
1.15 604.91 
1.21 614.10 
1.12 663.34 
0.71 675.79 
0.76 693.66 
1.22 720.98 
1.04 797.28 
1.34 823.43 
1.59 830.43 
1.30 930.88 
1.49 984.68 
1.53 997.52 
3.15 1047.10 
1.59 1092.50 
1.08 1188.09 
1.39 1248.09 
1.44 1363.31 
1.19 1440.08 
1.01 1474.82 
1.48 1520.74 
1.57 1573.75 

1.56 1651.70 
1.67 1704.31 
1.67 1718.31 
1.63 1912.99 
1.66 1974.76 
1.24 2192.12 
1.71 2294.45 
1.69 2365.95 
1.60 2474.18 
1.60 2535.67 
1.58 2623.68 
1.92 2821.63 
2.10 2837.50 
1.60 2869.86 
2.04 2883.68 
1.66 3091.48 
2.62 3151.28 
2.62 3160.53 
2.05 3243.00 
0.99 3275.70 
1.63 3402.82 
2.04 3543.22 
2.25 3614.69 
2.07 3765.66 
2.08 3784.61 

1.73 1609.78 

Left 

52 8 
548 
548 
560 
600 
611 
657 
672 
690 
714 
794 
820 

925 

994 
1041 
1089 
1184 
1241 
1359 
1436 
1469 
1516 
1566 
1601 
1645 
1697 
1697 
1907 
1969 
2188 
2287 
2359 
2469 
2529 
2618 
2816 
2816 
2861 
2877 
3084 
3144 
3144 
3237 
3271 
3397 
3535 
3606 
3758 
3758 

827 

981 

Pw Cts/Sec %Err Fit 

7 4.303-02 11.4 
12 5.323-02 10.6 3.59E+00 
12 4.093-02 11.2 - 

7 2.823-02 16.5 
12 1.493+00 0.8 
8 1.503-02 32.6 
11 2.OOE-02 29.1 
8 1.333-02 34.7 

14 2.503+00 0.6 
8 2,033-02 21.7 
8 1.773-02 25.5 
7 1,633-02 24.9 

13 2.683-02 19.4 
8 1.593-02 21.5 

14 1.333-02 41.2 
9 1.133-02 29.2 
8 1.743-02 17.0 

13 1.74E+00 0.7 
10 5,273-02 6.3 
11 1.773-02 20.1 
10 8.353-03 38.3 
10 1,023-02 28.6 
17 1.63E-01 3.5 
17 4.693-02 10.3 
15 3.67E-02 12.2 
31 1.193-02 25.3 1.29E+00 
31 2.303-02 13.7 
11 8.413-02 4.6 
11 1.113-02 29.0 
9 9.173-03 24.6 

14 3.573-01 1.7 
14 4,623-02 7.6 
13 1.31E-02 21.9 
14 1.303-01 3.2 
14 2.643-02 12.3 
29 9.783-02 3.5 8.413-01 
29 1.803-02 14.7 
16 2.773-02 11.6 
13 4.663-02 6.4 
16 4.913-02 7.1 
23 1.443-02 18.0 1.423+00 
23 1.323-02 19.7 
13 1.50E-02 15.6 
10 4.943-03 37.6 
15 2.023-02 11.8 
17 6.533-02 4.4 
19 2.953-01 1.7 
34 6.363-03 22.4 1.74E+00 
34 4.023-02 5.2 

7 8.023-03 50.7 

9 1.833-02 20.2 

Flag: " * n  = Peak area was modified by background subtraction 



Gamma Spectroscopy Report generated 21-OCT-1996 12:51 8 0 1 9  
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP-QCl2324Ol-GAMMA6-PMP - 9220.CNF;S 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF V2.2 NID V3.1 

---- Sample Information ---- 
le Title : G969901S 

- S pie- - ~ - - -  --:--Qc-123240--1 --Sample-Quantity - : --I 00400E+O-2--G---------- - 
: SOIL Sample Geometry : TRMlS2 

4P 
Sample Type 

Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detect or name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

---- Processing Parameters ---- 
Cali. Slope : 4.885113-01 Cali. Offset : -1.754003-01 
Cali. Quadratic : -9.43914E-08 FWHM Offset : 7.578623-01 
FWHM Slope : 2.627863-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.00000E+06 

Errors propagated: Yes Systematic Error : 0.0% 

Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

w - N I D  Peak Search Report 

It Energy 

6 10,68* 
6 12.97* 
6 15.59* 
2 25.57 
2 27.37 
0 46,53* 
0 50.00 
0 53.28* 
1 63.28* 
1 67.63* 
4 74.83* 
4 77.11* 
0 83.81* 
0 87.18 
0 89.99 
0 92 , 47* 
0 94.83 
0 97 . 97 
0 144.07* 

0 154.22 

Area 

682 
1284 
1226 
200 
604 

7826 
744 

2077 
1203 
1024 

12345 
21468 
3000 
6402 
2081 
659 
760 
377 
582 

657 

Bkgnd 

4588 
4395 
6280 
1806 
3054 
6385 
3298 
4484 
4335 
4410 
5951 
6168 
3862 
5255 
3995 
3434 
3027 
2576 
4292 

4492 

FWHM Channel 

1.03 22.22 
1.01 26.91 
1.46 32.27 
0.91 52.70 
1.08 56.38 
0.99 95.60 
0.92 102.72 
1.01 109.43 
0.87 129.91 
0.88 138.80 
0.94 153.55 
0.92 158.22 
0.95 171.93 
1.18 178.82 
1.02 184.59 
0.95 189.65 
1.12 194.49 
1.46 200.92 
1.16 295.29 

1.06 316.08 

Left 

19 
19 
19 
51 
51 
90 

101 
106 
12 6 
12 6 
147 
147 
170 
176 
182 
188 
193 
199 
291 

312 

Pw % E r r  Fit Nuclides 

18 34.0 1.09E+00 
18 18.2 
18 25.3 
10 61.4 1.76E+00 
10 31.7 
11 4.6 
6 25.4 PA-231 
8 12.1 

16 18.1 4.25E+00 
16 20.6 
15 2.7 1.58E+01 
15 1.8 
6 7.6 
7 4.5 
6 10.7 
5 28.9 
6 24.5 
6 43.7 
9 41.8 U-235 . 

PA-2 3 1 
9 37.7 PA-2 3 1 

000247 
0 8 8  



Post-NID P e a k  Search Report ( c o n t i n u e d )  P a g e  : 2 
Sample ID : QC-123240-1 A c q u i s i t i o n  d a t e  : 14-OCT-1996 10 :56 :36  

It E n e r g y  

0 
0 
0 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

703.13 8 720.09 

236.02 

242.07 
255.63 
259.00 
269.60 
271.40 
274.66 
295.29 
299.78 
323.83 
329 .91  
338.64 
351.98* 
389.24  
402 . 02 
405.43 
454.49 
480.76 
487. 03  
511.24* 
533 . 4 1  
580.09 
609.39 
665.64 

0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
4 
4 
0 

742 .51  
768  . 3 9  
785 . 98 
806  . 44 
832.13 
838.96 
934.00 
964.15 

1070.25 
1120.19 
1155.09  
1207 .91  
1237.92 
1280.87 
1377.47 
1385.22 
1401 .01  
1407.75 
1509.15 
1538.32 
1542.84  
1583.07  

Area 

6950 

634 

9730 
350 
620 
766 
589 
406 

21390 
216 
288 
192  
1 1 5  

35956 
292 
255 
235 
386 
229 
264 
192  
1 6 3  
2 5 1  

25069 
758 
254 
1 2 0  
146  

2353 
676 
528 
1 7 1  
331 

1 2 1 1  
1 6 0  
1 3 2  

5134 
666 
1 8 9  

1 8 6 9  
380 

1 4 0 8  
259 
399 
672 
707 
207 
1 9 0  
216 

Bkgnd 

4188 

2309 

2271 
2631  
1607 
1902 
1415  
1 4 7 1  
2505 
1 5 8 1  
1 8 0 1  
1413 
1202 
2297 
1226 
1 3 2 1  
1167 
1223  

726 
796 

1137 
650 
519 
903 
437 
634 
573 
462 
854 
784 
747 
483 
490 
506 
5 3 1  
282 
463 
422 
348 
373 
401  
250 
293 
347 
282 
364 
265 
253 
217 

FWHM Channe l  

1 .15  381.52 

1 .09  483.55 

1 .14  495.93 
0.98 523.69 
1 .07  530.60 
1 .27  552.30 
0 .93  555.98 
1 . 6 8  562.66 
1 . 1 5  604.91 
1 . 2 1  614.10 
1 . 1 2  663.34 
0 . 7 1  675.79 
0.76 693.66 
1 .22  720.98 
1 .04  797.28 
1 . 3 4  823.43 
1 .59  830.43 
1 . 3 0  930.88 
1 . 4 9  984.68 
1 . 5 3  997.52 
3 .15  1047.10 
1 . 5 9  1092.50  
1 . 0 8  1188.09  
1 . 3 9  1248.09  
1 . 4 4  1363.31  
1 . 1 9  1440.08 
1 . 0 1  1474.82 
1 .48  1520.74 
1 .57  1573.75  
1 . 7 3  1609.78 
1 .56  1651.70 
1 .67  1704 .31  
1 .67  1718 .31  
1 . 6 3  1912.99 
1 .66  1974.76 
1 .24  2192.12 
1 . 7 1  2294.45 
1 .69  2365.95 
1 .60  2474.18 
1 . 6 0  2535.67 
1 .58  2623.68 
1 .92  2821.63 
2.10 2837.50 
1 .60  2869.86 
2.04 2883.68 
1 .66  3091.48 
2.62 3151.28 
2.62 3160.53 
2 .05  3243.00 

L e f t  

377 

480 

4 92 
518 
528  
548 
548 
560 
600 
6 1 1  
657 
672 
690 
714 
794 
820 
827 
925 
9 8 1  
994 

1 0 4 1  
1089  
1184 
1 2 4 1  
1359  
1436  
1469  
1516 
1566 
1 6 0 1  
1645  
1697  
1697 
1907 
1969  
2188 
2287 
2359 
2469 
2529 
2618 
2816 
2816 
2 8 6 1  
2877 
3084 
3144 
3144 
3237 

Pw %Err F i t  N u c l i  

1 0  4.3 U-235 
RA-22 6 

8 27 .5  PA-2 3 1 
PA-2 3 1 

9 2.7 
11 57.7 PA-2 3 1 

7 22.9 
12  21.2 3.59E+00 PA-231 
12  22 .5  PA-2 3 1 

7 33.0 
12 1.7 

8 65.3 PA-2 3 1 
11 58.3  PA-2 3 1 

8 69.4 PA-2 3 1 
7101.3 PA-2 3 1 

1 4  1 . 2  PA-2 3 1 
8 43.5 
8 50.9 PA-2 3 1 
7 49.9 PA-2 3 1 

1 3  38.8 
8 43.0 
9 40.4 

1 4  82.4 
9 58.5 
8 33.9 

1 3  1 . 4  
1 0  12 .7  
11 40.2 
1 0  76.7 
1 0  57 .3  
1 7  7 .0  
1 7  20.5 
1 5  24.4 
31 50.6 1.29E+00 PA-231 
31 27.4 
11 9.2 
11 5 8 . 1  

9 49.1 
1 4  3.3 
1 4  15 .2  
13 43.7 
1 4  6.4 
1 4  24.6 
29 7.0 8.41E-01 
29 29 .5  
1 6  23.2 
1 3  12 .9  
1 6  14 .2  
23  36.0 1.42E+00 
23  39 .5  
13 31.3 

008248 
0 8 9  



Post-NID Peak Search Report (continued) Page : 3 
Sample ID : QC-123240-1 Acquisition date : 14-OCT-1996 10:56:36 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nucli&Q 1 Q 
1599.03 71 182 0.99 3275.70 3271 10 75.2 

291 189 1.63 3402.82 3397 15 23.6 941-._ ---138-.2--04-3543 -22- 3535---1,- --8 -7- _ -  - _ _  - - 
1661.05 

4244 138 2.25 3614.69 3606 19 3.4 0 1764.41 
1 1838.05 92 56 2.07 3765.66 3758 34 44.8 1.74E+00 
1 1847.30 579 76 2.08 3784.61 3758 34 10.4 

- ._ a ---l.72 ~ 5-4 - - _ -  

, 



Conf i 
A ~ l y  

8 0 1 9  
Gamma Spectroscopy Report generated 21-OCT-1996 12:52 

guration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP-QC1232401 GAMMA6 - PMP - 9220.CNF;S 
'ses by : PEAK V16-5 ENBACK V1-5 PEAKEFF V2.2 NID v3-1 

---- Sample Information ---- 
: G969901S 
: QC-123240-1 - -  Sample Quantity : 1.00400E+02 -G- -- - - - 

a l e  Title 
Sample ID 
Sample Type : SOIL Sample Geometry : TRMlS2 

Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detect or name : GAMMA6 Counting geometry: TRM1-S2 
Effic, cal, time : 19-SEP-1996 15:59 

Cali. Slope 
Cali, Quadratic : 
FWHM Slope 
Start channel 
Sens it ivi t y 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing Parameters ---- 
4.885113-01 Cali. Offset 
-9.439143-08 FWHM Offset 
2.627863-02 MDA Width (FWHM) 
1 End channel 
5.0 Gaussian Sens. 
2.0 Half life ratio 
75.0 WTM error limit 
PCI Act. Conversion 
5.0 Sigma Number 
Yes Systematic Error 

grference Report 

: -1.754003-01 
: 7.57862E-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

No interference correction performed 



Rejected Report 
Sample ID : QC-123240-1 

Page : 2 
Acquisition date : 14-OCT-1996 10:56:36 

Half-Life 2-Sigma 8 0  Nuclide Half-life Ratio Energy %Abund Activity %Error Rejected by 
RA-228 1.41E+10Y 0.00 209.28 4.40 --- Not Found --- Abun. 

270.23 3.60 7.6643-06 55.89 
327.64 3.20 --- Not Found --- 
463-00 4.40 --- Not Found --- 
794-70 4.60 --- Not Found --- 
911.07* 27.70 --- Not Found --- 
969.11 16.60 --- Not Found --- 

_ _  - _ _  - -  338.32 - 11.40 4-.8253-07 110.13 - ._ e 
964.60 5.20 4.1763-06 65.26 

% Abundances Found = 24.91 

Flag: n * n  = Keyline 



Nuclide L i n e  A c t i v i t y  Report Page : 3 
Sample I D  : QC-123243-1 - Acquis i t ion  date  : 14-OCT-1996 10:56:36 

8 0 1 9  
Nuclide Type: Natura l  _ _  

Energy Area 
- -  186.21 - - 6950 

PA-2 3 1 50.10 
100.00 
122.31 
144.24 
154.21 
205.00 
210.60 
234.90 
236.00 
256.20 
269.46 
271.23 
283.67 
286.10 
300.08 
304.40 
323.87 
330.00 
334.20 
338.28 
351.07 
401.81 
404.84 
427.08 
445.03 
569.67 
831.96 
897.83 
897.83 

0-235 143.76 
163.35 
185. 71 
205.31 

Uncorrected Decay Corr 
%Abn %Eff PCI/G PCI/G 
3.28* 7.3883+00 5.3623+01 5.394E+01 

31.70 6.5793+00 6.6733-01 6.675E-01 
1.11 8.2973+00 ------ Line  Not Found 
1.19 8.5663+00 ------ Line Not Found 
3.24 8.3823+00 4.010E+00 4.011E+00 
5.58 8.1953+00 2.6863+00 2.6863+00 
1.08 6.8563+00 ------ Line Not Found 
1.26 6.6983+00 ------ Line Not Found 
2.80 6.005E+00 7.053E+00 7.0553+00 

6.30 5.514E+OO 1.8833+00 1.883E+00 

1.60 4.8893+00 ------ Line  Not Found 
1.60 4.8393+00 ------ Line Not Found 
2.30 4.5723+00 3.8373+00 3.838E+00 
1.35 4.4873+00 ------ Line Not Found 
3.88 4.1523+00 3.340E+00 3.341E+OO 
1.30 4.0563+00 6.8053+00 6.8073+00 
1.15 3.9903+00 ------ Line Not Found 
2.73 3.9233+00 2.015E+00 2.015E+00 

12.94* 3.7343+00 1.391E+02 1.3923+02 
6.50 3.1483+00 2.328E+00 2.3293+00 
2.90 3.114E+00 4.8693+00 4.871E+00 
1.30 2.9153+00 ------ Line Not Found 
1.18 2.7693+00 ------ Line  Not Found 
0.54 2.0783+00 ------ Line  Not Found 
2.90 1.4983+00 7.3763+00 7.378E+00 
0.24 1.431E+00 ------ Line Not Found 
0.52 10431E+00 ------ Line Not Found 

4-70 7.9903+00 ------ Line Not Found 

4.70 6.8473+00 ------ Line Not Found 

11.50 6.0053+00 1.717E+00 1.718E+00 

13.60 5.191E+00 2.0293+00 2.0293+00 
10.60 5.151E+00 2.0183+00 2.0183+00 

10.50 8.3823+00 1.2373+00 1.237E+00 

54.00* 7.388E+00 3.2573+00 3.2573+00 

Flag:  n * n  = Keyline 

000252 
0 9 3  



$ 0 1 9  Gamma Spectroscopy Report generated 21-OCT-1996 12:52 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP QC1232401 GAMMA6 PMP 9220.CNF;S 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF 72.2 NID 73.1 MTNACF V2.5 

---- Sample Information ---- 
a e  Title 
Sample ID 
Sample Type : SOIL Sample Geometry : TRMlS2 

_ _  
: G969901S 

_. : QC-123240-1--- -- Sample Quantity -: 1.00400E+02- G - -  

---- Sample Decay/Count Information ---- 
Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detect or name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

---- Processing Parameters ---- 
Cali. Slope : 4.885113-01 Cali. Offset : -1.754003-01 
Cali. Quadratic : -9.439143-08 FWHM Offset : 7.578623-01 
FWKM Slope : 2.62786E-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio .: 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.00000E+06 

Errors propagated: Yes Systematic Error : 0.0% 

Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

*he’d Activity-MDA Report 

Identified Nuclides ---- --- 
Activity Act error 

Nuclide .(PCI/G) 

RA-22 6 5.3943+01 1.6623+01 
PA-2 3 1 1.3923+02 1.6873+01 
U-2 3 5 3.2573+00 1 . 009E+00 
--- Non-Identified Nuclides ---- 

Key-Line 
Activity H.L. Act error 

Nuclide (PCI/G) Ided 

MDA MDA error Act /MDA 
(PCI/G) 

1.9813+00 6.045E-01 27.223 
6.41113-01 7.8783-02 217.075 
1.205E-01 3.6803-02 27.027 

MDA MDA error Act /MDA 
(PCI/G) 

RA-228 2.7573-01 3 . 0683-01 5.2683-01 1.1713-01 0.523 



Gamma Spectroscopy Report generated 21-OCT-1996 12:52 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP QC1232401 GAMMA6 PMP 9220.CNF;S 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 MTNACT V2.5 

---- Sample Information ---- 
le Title : G969901S 

._ - : QC->.23240-1- - _ _  Sample Quantity : 1.00400E+02 G - 

Sample Type : SOIL Sample Geometry : TRMlS2 

---- Sample Decay/Count Information ---- 
Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detect or name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

---- Processing Parameters ---- 
Cali. Slope : 4.88511E-01 Cali. Offset : -1.754003-01 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Err ors propagated: 

-9.43914E-08 
2.627863-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

ined Activity-MDA Report W 
Identified Nuclides ---- ---- 

FWHM Offset : 7.57862E-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 2  

Act ivi t y Act error MDA MDA error 
Nuclide (PCI/G) (PCI/G) 

RA-22 6 5.3943+01 1.924E+01 1.981E+00 6.045E-01 
PA-231 1 . 392E+02 3.020E+01 6.411E-01 7.8783-02 
U-2 3 5 3.2573+00 1 . 167E+00 1.205E-01 3.6803-02 

-- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L.  Act error MDA MDA error 

Nuclide (PCI/G) Ided ( pc I/G 1 
BA-228 2.757E-01 3 . 108E-01 5.2683-01 1.171E-01 

Act /MDA 

27.223 
217.075 
27.027 

Act /MDA 

0.523 

000254 
0 9 5  
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Gamma Spectroscopy Report generated 11-OCT-1996 14:03 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304517 GAMMA6 PMP 918 
Analyses by : PEAK V16.5 PEAKEFF V2.2 - - - - 

---- Sample Information ---- 
: G969901S 
: 96304517 - - - Sample Quantity- : 1.00000E+OO- SAMPLE- 

a P l e  Title 
Sampl-e ID --- 

Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

- 

---- Sample Decay/Count Information ---- 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

1 0  10.21 
2 0  12 . 85 
3 0  16 . 08 
4 0  46.50 
5 0  53.60 
6 0  63.26 
7 0  77 . 42 
8 0  92.66 
9 0 112.54 

10 0 144.03 
11 0 185.64 
12 0 198.07 
13 0 259.03 
14 0 295.07 
15 0 351.98 
16 0 511.31 
17 0 609.32 
18 0 807.00 
19 0 1764.84 

---- Processing 
4.888023-01 
-1.240083-07 
3.320833-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Area Bkgnd 

400 
264 
439 
192 
126 
438 
131 
709 
75 
92 

383 
200 
56 

141 
163 
435 
201 
70 
46 

1823 
1409 
1258 
304 
263 
364 
387 
473 
219 
288 
305 
348 
109 
194 
184 
200 
201 
149 
12 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act . Conversion 
Sigma Number 
Systematic Error 

FWHM Channel 

1.07 21.30 
1.05 26.70 
1.20 33.30 
1.02 95.53 
1.34 110.06 
1.00 129.82 
0.68 158.81 
1.15 189.97 
1.51 230.65 
0.86 295.09 
1.23 380.23 
1.88 405.67 
1.55 530.42 
1.24 604.15 
1.06 720.62 
2.13 1046.73 
1.48 1247.36 
7.01 1652.07 
2.49 3614.26 

-1.987613-01 
6.370773-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.000003+06 
2 
0.0% 

%Eff Cts/Sec %Err Fit 

9.133-01 2.783-02 17.8 
1.523+00 1.843-02 23.4 
2.303+00 3.053-02 14.4 
6.843+00 1.343-02 16.8 
7.183+00 8.733-03 24.0 
7.433+00 3.043-02 8.9 
7.493+00 9.073-03 26.7 
7.343+00 4.923-02 7.1 
6.983+00 5.223-03 33.4 
6.333+00 6.373-03 35.1 
5.523+00 2.663-02 10.4 
5.313+00 1.393-02 20.6 
4.413+00 3.903-03 33.5 
4.003+00 9.813-03 21.5 
3.473+00 1.133-02 17.5 
2.52E+00 3 . 02E-02 8 . 7 
2.163+00 1.393-02 17.6 
1.693+00 4.833-03 50.3 
9.07E-01 3.223-03 21.1 

000256 
0 9 7  



8 0 1 9  Gamma Spectroscopy Report generated 11-OCT-1996 14:03 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMA6 - 9144.CNE';l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

---- Sample Information ---- 
__ ~- 

Sample- Quantity : l~~OOOOOE+0~O~G~ . : BCKGND-- 
e p l e  Title 
Sample ID - 

Sample Type Sample Geometry : 

---- Sample Decay/Count Information ---- 
Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:21: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:OO 0.0% 
Decay time 0 18:21 

Detector Parameters ---- ---- 
Energy cal. time : 30-SEP-1996 09:02 
Detector name : GAMMA6 Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 13:34 

---- Processing Parameters ---- 
Cali. Slope : 4.88539E-01 Cali. Offset : -1.232023-01 
Cali. Quadratic : -8.964823-08 FWHM Offset : 6 . 638643-01 
FWHM SloDe : 3.086943-02 MDA Width (FWHM) : 3.0 
Start chinnel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 4  
3 4  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 7 
17 7 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

Energy 

10.31 
13.10 
16.24 
19 . 50 
25.54 
46.59 
53.57 
63.33 
66.27 
74.71 
77.10 
84.07 
87.11 
92.68 
98 . 45 

110.09 
112.93 
139.98 
143 . 85 
163.53 
185 . 82 
197 . 88 
205.27 
238 . 51 

Area 

4650 
3782 
5522 
1635 
312 

2743 
608 

5851 
434 
387 
716 
939 
255 

8662 
403 
994 
511 
660 
766 
543 
3757 
1519 
364 
1425 

Bkgnd 

23581 
8752 

14567 
8409 
5600 
4367 
4119 
4242 
3647 
3737 
3235 
4528 
3002 
4490 
3128 
5123 
3026 
3279 
3282 
3010 
3802 
4349 
2837 
3059 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error  : 9.0% 
Sigma Number : 1  

FWHM Channel %Eff Cts/Sec %Err Fit 

0.99 21.37 1.073+05 2.583-02 5.4 
0.88 27.07 1.833+03 2.103-02 3.5 6.653-01 
1.15 33.50 1.523+02 3.073-02 4.1 
1.62 40.16 3.623+01 9.083-03 9.3 
0.86 52.53 1.023+01 1.733-03 38.6 
1.01 95.62 5.243+00 1.523-02 4.7 
1.10 109.90 5.523+00 3.383-03 18.7 
0.89 129.88 6.063+00 3.253-02 2.3 
1.07 135.89 6.233+00 2.413-03 23.6 
0.90 153.19 6.703+00 2.153-03 25.5 
0.91 158.08 6.823+00 3.983-03 13.2 
1.17 172.34 7.15E+00 5.223-03 13.3 
1.06 178.56 7.283+00 1.423-03 34.5 
1.15 189.96 7.483+00 4.813-02 1.8 
0.67 201.79 7.653+00 2.243-03 23.5 
1.93 225.60 7.873+00 5.523-03 14.9 2.353+00 
1.14 231.42 7.90E+00 2.843-03 18.5 
1.12 286.79 7.853+00 3.673-03 15.5 
0.98 294.73 7.80E+00 4.263-03 13.4 
1-01 335.01 7*47E+OO 3.013-03 18.1 
1.11 380.64 6*98E+OO 2,093-02 3.5 
2.03 405.32 6.693+00 8o44E-03 9.1 
1.41 420.45 6.51E+00 2.023-03 25.9 
1.17 488.51 5.743+00 7.923-03 7.4 



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It 

28 0 
2 9  0 
3 0  0 
31 0 
3 2  1 0  
33 1 0  
3 4  0 
35 0 
3 6  0 
37 0 
38 0 

Energy 

295.60 
351.85 
510.92 
569 .76  
583 . 2 1  
609.11  
669.74 
694.29 
701 .21  
802 .85  

1000.76  
1 0 6 3 . 8 1  
1460 .33  
1764 .08  

Area 

1 5 0  
396 

5903  
296 
4 3 1  
415 
1 5 7  
708 
457 
425 
326 
1 3 6  
407 
1 3 7  

Bkgnd 

1 9 6 5  
1610  

- 2795 
1426  
1 4 2 8  
1634  

876 
1889  
2536 

888 
643 
560 
435 
242 

Page : 2 
Acquisition date : 4-OCT-1996 18:21:18  

8 0  19 
FWHM Channel %Eff Cts/Sec %Err  Fit 

1 .35  605.39 4.613+00 8.343-04 51.9 
1 . 2 5  720.55 3.783+00 2.203-03 18.2 
2.42 1046.27 2.473+00 3.283-02 2.5 - 

1.68  1166.76 2.20E+00 1.653-03 25.4 
1 .46  1194.29 2.15E+00 2.393-03 17 .7  
1 .39  1247.34 2.063+00 2.313-03 18.9 
1.62 1371.50 1.883+00 8.743-04 34.9 
3.83 1421.77 1.83E+00 3.93E-03 15 .0  3.993+00 
3.84 1435.95 1.81E+00 2.543-03 29.9 
1.34 1644.13  1.63E+00 2.363-03 14 .4  
1 - 9 0  2049.50 1.42E+00 1.81E-03 1 6 . 1  
1 .77  2178.65 1.38E+00 7.533-04 33.9 
1 .84  2991.07 1.22E+00 2.263-03 12 .2  
1.92 3613.58 1.143+00 7.603-04 24.3 

000258 
0 9 9  



8 0 1 9  Gamma Spectroscopy Report generated ll-OCT-1996 14:03 

Configuration: DISK:[RADCHE2I.SCUSR.ARCHIVE]SMP 96304517 GAMMA6 PMP 9182.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 - - - - 

---- Sample Information ---- 
: G969901S 
: 96304517- 
: FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 

Sample Quantity-- : 1.000003+00 SAMPLE - _ _  ._ 
le Title 

S mple ID 
Sample Type 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

6. 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal, time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing Parameters ---- 
4.888023-01 Cali. Offset : -1.987613-01 
-1.240083-07 FWHM Offset : 6.370773-01 
3.320833-02 MDA Width (FWHM) : 3.0 
1 End channel : 4096 
5.0 Gaussian Sens. : 10.0 
2.0 Half life ratio : 8.0 
75.0 WTM error limit : 3.0 
PCI Act. Conversion : 1.000003+06 

Yes Systematic Error : 0.0% 
5.0 Sigma Number : 2  

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit axt Energy - 
1 0  10,21* 
2 0  53.60* 
3 0  77,42* 
4 0  92,66* 
5 0 112.54* 
6 0 144.03* 
7 0 185,64* 
8 0 198.07* 
9 0 259.03 

10 0 295.07* 
11 0 351.98* 
12 0 609.32* 
13 0 807.00 
14 0 1764.84* 

28 
77 
73 
16 
34 
30 
82 
78 
56 

129 
131 
167 
70 
35 

1823 1.07 21.30 
263 1.34 110.06 
387 0.68 158.81 
473 1.15 189.97 
219 1.51 230.65 
288 0.86 295.09 
305 1.23 380.23 
348 1.88 405.67 
109 1.55 530.42 
194 1.24 604.15 
184 1.06 720.62 
201 1.48 1247.36 
149 7.01 1652.07 
12 2.49 3614.26 

19 
107 
155 
186 
228 
291 
375 
399 
527 
598 
716 
1240 
1640 
3609 

6 1.963-03262.6 
8 5.353-03 40.9 
7 5.093-03 48.8 
11 1.103-03324.4 
6 2.383-03 76.4 
9 2.123-03109.2 
12 5.723-03 50.1 
13 5.423-03 54.5 
7 3.903-03 33.5 
12 8.983-03 23.9 
10 9.123-03 22.1 
17 1.163-02 21.5 
27 4.833-03 50.3 
11 2.463-03 28.7 

Flag: n * n  = Peak area was modified by background subtraction 

1 0 0  



Gamma Spectroscopy Report generated ll-OCT-1996 14:04 8 8 1 9 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04517 GAMMA6 - PMP - 9182.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF 72.2 NID-V3.1 

a l e  Title 
Sample I D  
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

---- Sample Information ---- 
: G969901S 

_ _  - : 96E04517 .. Sample Quanti-ty- : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888023-01 
-1.240083-07 
3.320833-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset : -1.987613-01 
FWHM Offset : 6.370773-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

e - N I D  Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 10.21* 28 1823 1.07 21.30 19 6525.2 
0 53.60* 77 263 1.34 110.06 107 8 81.8 
0 77.42* 73 387 0.68 158.81 155 7 97.5 
0 92.66* 16 473 1.15 189.97 186 11648.7 
0 112.54* 34 219 1.51 230.65 228 6152.7 
0 144.03* 30 288 0.86 295.09 291 9218.3 
0 185.64* 82 305 1.23 380.23 375 12100.2 

0 198.07* 78 348 1.88 405.67 399 13109.0 
0 259.03 56 109 1.55 530.42 527 7 67.1 
0 295.07* 129 194 1.24 604.15 598 12 47.9 
0 351.98* 131 184 1.06 720.62 716 10 44.2 
0 609.32* 167 201 1.48 1247.36 1240 17 42.9 
0 807.00 70 149 7.01 1652.07 1640 27100.5 
0 1764.84* 35 12 2.49 3614.26 3609 11 57.4 

U-235 
U-235 
RA-22 6 



Conf 
Ana 1 

igurat ion 
yses by 

Gamma Spectroscopy Report generated 15-OCT-1996 11:08 
8 0 1 9  .: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304517 GAMMA6 PMP 9182.CNF;2 

: PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 ZINAFT V2.5 

---- Sample Information ---- 
: G969901S 

- ._ : 9630.4517 -- - Sample QuantTty : 1.00000E+00 SAMPLE 
a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Det ec t or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing 
Cali, Slope : 4.88802E-01 
Cali, Quadratic : -1.240083-07 
FWHM Slope : 3.320833-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors  propagated: Yes 

Sensitivity : 5.0 

e i n e d  Activity-MDA Report 

Identified Nuclides ---- ---- 
Activity Act error 

Nuclide (PCI/SAMPLE) 

Parameters ---- 
Cali. Offset : -1.98761E-01 
FWHM Offset : 6.370773-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

RA-226 8.540E+01 8.621E+01 
U-2 3 5 8 600E+00 1.887E+01 

--- Non-Identified Nuclides ---- 

Key-Line 
Activity K.L. Act error 

Nuclide (PCI/SAMPLE)Ided 

RA-228 -1.9473+00 1.052E+01 
PA-2 3 1 5.4853+01 + 2 522E+01 

MDA MDA error Act /MDA 
(PCI/SAMPLE) 

6 . 926E+01 8.309E+00 1.233 
4 . 199E+00 5.2133-01 2.048 

MDA MDA error Act /MDA 
(PCI/SAMPLE) 

1.819E+01 2.4233+00 -0.107 
3.496E+Ol 4.401E+00 1.569 

. .  



Conf igura 
Analyses 

Gamma Spectroscopy Report generated 15-OCT-1996 11:08 

.tion: DISK:[RADC€IEM.SCUSR.ARCHIVE]SMP-96EO4517 GAMMA6 PMP 9182.C 
by : PEAK V16.5 ENBACK V1.5 PEAKEFF V2.2 NID-V3.1 EINAFT V2.5 

---- Sample Information ---- 
: G969901S 
: 96E04517 - Sample Quantity - :  1~.00000E+00 SAMPLE 

_ _ _  . -  
a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Err or s propagated: 

---- Processing Parameters ---- 
4.888023-01 Cali. Offset 
-1 . 2 4 0 08E-07 FWHM Offset 
3.320833-02 MDA Width (FWHM) 
1 End channel 
5.0 Gaussian Sens. 
2.0 Half life ratio 
75.0 WTM error limit 
PCI Act. Conversion 
5.0 Sigma Number 
Yes Systematic Error 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 9.0% 

@ked Activity-MDA Report 

Identified Nuclides ---- --- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

RA-226 8 . 54 OE+01 8.7573+01 6.9263+01 8.3093+00 1.233 
U-2 3 5 8 . 600E+00 1.8933+01 4.199E+00 5.2 13E-0 1 2.048 

Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) Ided (PCI/SAMPLE) 

RA-228 -1.9473+00 1.053E+01 1.819E+01 2.4233+00 -0.107 
PA-231 5.4853+01 + 2.709E+01 3 . 496E+01 4.401E+00 1.569 

008262 

10  
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Configuration 
Analyses by 

19' 
Gamma Spectroscopy Report generated 11-OCT-1996 14:05 

: DISK: [RADCHEM.SCUSR.ARCHIVE]SMP-96E04517MD - GAMMA6 - PMP - 919q.%F;2 
: PEAK V16.5 PEAKEFF V2.2 

---- Sample Information ---- 
: G969901S 

- -:- 96EO-4517MD - - - Sample Quantity : 1.00000E+00 SAMPLE - 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sens i t ivi t y 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

.It Energy 

1 0  10.49 
2 0  12 . 92 
3 0  16.16 
4 0  46.06 
5 0  63 . 11 
6 0  76.79 
7 0  84.11 
8 0  92.59 
9 0 143.81 

10 0 185.71 
11 0 197.96 
12 0 238.57 
13 0 295.17 
14 0 352.46 
15 0 511.02 
16 0 582.66 
17 0 1460.23 

---- Processing Parameters ---- 
4.888023-01 Cali. Offset : -1.987613-01 
-1.240083-07 FWHM Offset : 6.370773-01 
3.320833-02 MDA Width (FWHM) : 3.0 
1 End channel : 4096 
5.0 Gaussian Sens. : 10.0 
2.0 Half life ratio : 8.0 
75.0 WTM error limit : 3.0 
PCI Act. Conversion : 1.00000E+06 

Yes Systematic Error  : 0.0% 
5.0 Sigma Number : 2  

Area 

341 
332 
565 
294 
434 
83 
88 

665 
59 

306 
94 

134 
50 
55 

466 
63 
70 

Bkgnd 

2652 
2433 
2112 
583 
620 
285 
319 
467 
302 
258 
311 
203 
149 
162 
172 
94 
16 

FWHM Channel 

1.04 21.86 
1.12 26.83 
1.28 33.46 
1.01 94.65 
1.07 129.52 
1.17 157.51 
0.79 172.49 
1.00 189.85 
0.82 294.64 
1.07 380.36 
1.63 405.45 
1.18 488.54 
1.28 604.36 
0.71 721.62 
2.79 1046.14 
0.93 1192.77 
1.58 2990.04 

%Eff Cts/Sec %Err Fit 

9.723-01 2.373-02 23.5 
1.53E+00 2.313-02 24.3 
2.323+00 3.923-02 14.3 
6.81E+00 2.043-02 17.0 
7.433+00 3.023-02 12.1 
7.493+00 5.773-03 33.8 
7.443+00 6.103-03 35.4 
7.343+00 4.623-02 7.2 
6.343+00 4.133-03 54.5 
5.523+00 2.123-02 11.0 
5.31E+00 6.543-03 36.5 
4.683+00 9.273-03 21.1 
4.003+00 3.453-03 43.1 
3.473+00 3.813-03 47.0 
2.523+00 3.243-02 7.8 
2.253+00 4.383-03 33.1 
1.043+00 4.843-03 17.6 

1 0 5  



Gamma Spectroscopy Report generated ll-OCT-1996 14:05 
8 n l g  Configuration: DISK:[RADCHEM.SCUSR.ARCHIVEJBKG - BCKGND - GAMMA6 - 9144.CNF;l 

Analyses by : PEAK V16.5 PEAKEFF V2.2 

a l e  Title 
---- Sample Information ---- 

---- Sample Decay/Count Information ---- 
Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:21: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:OO 0.0% 
Decay time 0 18:21 

Detector Parameters ---- ---- 
Energy cal. time : 30-SEP-1996 09:02 
Detect or name : GAMMA6 Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 13:34 

Processing Parameters ---- ---- 
Cali. Slope : 4.885393-01 Cali. Offset : -1.232023-01 
Cali. Quadratic : -8.964823-08 FWHM Offset : 6.638643-01 
FWHM Slope : 3.086943-02 MDA Width (EWHMI :: 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 4  
3 4  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 7 
17 7 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

0 

Energy 

10.31 
13.10 
16.24 
19.50 
25 . 54 
46.59 
53 . 57 
63 . 33 
66.27 
74.71 
77.10 
84.07 
87 . 11 
92 . 68 
98.45 

110 . 09 
112 . 93 
139.98 
143.85 
163 . 53 
185 . 82 
197.88 
205.27 
238.51 

Area 

4650 
3782 
5522 
1635 
312 

2743 
608 

5851 
434 
387 
716 
939 
255 

8662 
403 
994 
511 
660 
766 
543 

3757 
1519 
364 

1425 

Bkgnd FWHM 

23581 0.99 
8752 0.88 

14567 1.15 
8409 1.62 
5600 0.86 
4367 1.01 
4119 1.10 
4242 0.89 
3647 1.07 
3737 0.90 
3235 0.91 
4528 1.17 
3002 1.06 
4490 1.15 
3128 0.67 
5123 1.93 
3026 1.14 
3279 1.12 
3282 0.98 
3010 1.01 
3802 1.11 
4349 2.03 
2837 1.41 
3059 1.17 

End channel ' r 4096 
: 10.0 Gaussian Sens. 

Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

Channel %Eff Cts/Sec %Err Fit 

21.37 1.073+05 2,583-02 5.4 
27.07 1.833+03 2.103-02 3.5 6.653-01 
33.50 1.523+02 3.073-02 4.1 
40.16 3.623+01 9.083-03 9.3 
52.53 1.023+01 1.733-03 38.6 
95 62 5.24E+00 1.523-02 4.7 

109.90 5.523+00 3.383-03 18.7 
129.88 6.06E+00 3.253-02 2.3 
135.89 6.233+00 2.413-03 23.6 
153.19 6.703+00 2.15E-03 25.5 
158.08 6.823+00 3.983-03 13.2 
172.34 7.15E+00 5.223-03 13.3 
178.56 7.283+00 1.423-03 34.5 
189.96 7.483+00 4.813-02 1.8 
201.79 7.653+00 2.243-03 23.5 
225.60 7.873+00 5.523-03 14.9 2.353+00 
231.42 7.903+00 2.843-03 18.5 
286.79 7.853+00 3.673-03 15.5 
294.73 7.80E+00 4.263-03 13.4 
335.01 7.473+00 3.013-03 18.1 
380.64 6.983+00 2.093-02 3.5 
405.32 6.693+00 8.443-03 9.1 
420.45 6.513+00 2.023-03 25.9 
488.51 5.743+00 7.923-03 7.4 

1 0 6  



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It *:  
- -27  ---0 

28  0 
2 9  0 
3 0  0 
31 0 
32 1 0  
33 1 0  
34  0 
3 5  0 
36  0 
37 0 
38 0 

Energy 

295.60 
351.85 
-510.92 - 

569.76 
583 .21  
609 .11  
669.74 
694.29 
701 .21  
802 .85  

1000  . 76 
1 0 6 3 . 8 1  
1460 .33  
1764.08  

Area 

1 5 0  
396  

5903- 
296  
4 3 1  
4 1 5  
157 
7 0 8  
457  
425  
326  
1 3 6  
407  
137 

Bkgnd 

1965  
1610 

-2795 
1426 
1428 
1634 

876 
1889 
2536 

888 
643 
560 
435 
242 

Page : 2 
Acquisition date : 4-OCT-1996 18 :21 :18  

FWHM Channel B E f f  Cts/Sec % E r r  Fit 

1 .35  
1 .25  

-2 .'42- 
1 .68  
1.46 
1 .39  
1 .62  
3.83 
3.84 
1 .34  
1 . 9 0  
1 .77  
1.84 
1 .92  

605.39 
720.55 

1046-;27 
1166.76 
1194.29 
1247.34 
1371.50 
1421.77 
1435  . 95 
1644.13  
2049.50 
2178 . 65 
2991.07 
3613.58 

4.61E+00 8.343-04 51 .9  
3.783+00 2.203-03 18 .2  
2.473+00 3-.28E-02 2.5 - -  

2.203+00 1.653-03 25.4 
2.153+00 2.393-03 17 .7  
2.06E+00 2.313-03 1 8 . 9  
1.88E+00 8.743-04 34.9 
1.833+00 3.933-03 1 5 . 0  3.993+00 
1.81E+00 2.543-03 29.9 
1.63E+00 2.363-03 14 .4  
1.42E+00 1.81E-03 1 6 . 1  
1.38E+00 7.533-04 33 .9  
1.223+00 2.263-03 12 .2  
1.143+00 7.603-04 24 .3  

- 



Configuration 
Analyses by 

8 0 1 9  Gamma Spectroscopy Report generated ll-OCT-1996 14:05 

: DISK:[RADCHEN.SCUSR.ARCHIVE]SMP-96EO4517MD - GAMMA6 - PMP - 9191.CNF;2 
: PEAK V16.5 ENBACK V1.5 

---- Sample Information ---- 
a l e  Title : G969901S 

- -Sampl-e -ID------ -:--9 6E045-1-7-MD 
Sample Type : FILTER Sample Geometry : PMP 

-------Samp-l e-Quant i-ty---:-l-.-O 00 OOE+O O-SAIWLE----- 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Proce ---- 
Cali. Slope : 4.888023-01 
Cali. Quadratic : -1.240083-07 
FWHM Slope : 3.320833-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sens i t ivi ty : 5.0 

a I t  Energy 
1 0  12.92* 
2 0  16 . 16* 
3 0  46 . 06* 
4 0  76.79* 
5 0  84.11* 
6 0 185.71* 
7 0 238.57* 

9 0 352.46" 
10 0 582.66* 
11 0 1460.23.* 

a o 295.17* 

Area Bkgnd 

30 2433 
123 2112 
74 583 
26 285 
13 319 
5 258 

19 203 
38 149 
23 162 
29 94 
37 16 

ssing Parameters ---- 
Cali. Offset : -1.987613-01 
FWHM Offset : 6.370773-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel 

1.12 26.83 
1.28 33.46 
1.01 94.65 
1.17 157.51 
0.79 172.49 
1.07 380.36 
1.18 488.54 
1.28 604.36 
0.71 721.62 
0.93 1192.77 
1.58 2990.04 

Left 

25 
30 
90 
156 
169 
376 
484 
601 
715 
1187 
2981 

Pw Cts/Sec %Err Fit 

6 2.073-03273.5 
7 8.543-03 67.1 
11 5.153-03 68.7 
6 1 . 803-03112 . 5 
7 8 . 803-04258.0 
9 3.763-04653.9 
9 1.353-03150.8 
7 2.623-03 59.2 
11 1.603-03114.3 
12 1.983-03 76.1 
16 2.57E-03 34.7 

Flag: U * t t  = Peak area was modified by background subtraction 

1 0 8  



80 3.9 Gamma Spectroscopy Report generated 11-OCT-1996 14:05 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04517MD GAMMA6 - PMP - 9191.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID VT.1 

---- Sample Information ---- 
@ple-Title - - - 

Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

: G969901S . -  

Sample--Quantity : 1.00000E+00 SAMPLE- : 96E04517Mb 
- 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance 1 imi t : 
Activity Units : 
NDA Confid Level : 
Errors propagated: 

---- Processing Parameters ---- 
4.888023-01 Cali. Offset 
-1.240083-07 FWHM Offset 
3.320833-02 MDA Width (FWHM) 
1 End channel 
5.0 Gaussian Sens. 
2.0 Half life ratio 
75.0 WTM error limit 
PCI Act. Conversion 
5.0 Sigma Number 
Yes Systematic Error 

. I ) - N I D  Peak Search Report 

It 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Energy 

12.92* 
16 . 16* 
46 . 06* 
76 79* 
84.11* 

185.71* 
238 . 57* 
295 . 17* 
582 . 66* 

1460.23* 

352.46* 

Area 

30 
123 
74 
26 
13 
5 

19 
38 
23 
29 
37 

Bkgnd 

2433 
2112 
583 
285 
319 
258 
203 
149 
162 
94 
16 

FWHM Channel 

1.12 26.83 
1.28 33.46 
1.01 94.65 
1.17 157.51 
0.79 172.49 
1.07 380.36 
1.18 488.54 
1.28 604.36 
0.71 721.62 
0.93 1192.77 
1.58 2990.04 

Left 

25 
30 
90 

156 
169 
376 
484 
601 
715 
1187 
2981 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.000003+06 
: 2  
: 0.0% 

Pw %Err Fit Nuclides 

6547.0 
7134.2 
11137 . 5 
6224.9 
7515 . 9 
g***** 
9301.6 
7118 5 
11228 . 6 
12152 . 3 
16 69.5 

RA-226 

000268 

1 0 9  



8 0 1 9  Gamma Spectroscopy Report generated ll-OCT-1996 14:05 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04517MD G m 6  - PMP - 9191.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID VT.1 

aple Title : G969901S 
Sample- -ID- : 96E04517MD 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
Sample Quantity : 1.00000E+OO-SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date ': 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali. Slope : 4.888023-01 Cali. Offset : -1.987613-01 
Cali. Quadratic : -1.240083-07 FWHM Offset : 6.370773-01 
FWHM Slope : 3.320833-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

: 10.0 Sensitivity : 5.0 Gaussian Sens . 
Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.00000E+06 

Errors propagated: Yes Systematic. Error : 0.0% 
MDA Confid Level : 5.0 Sigma Number : 2  

e r f e r e n c e  Report 

No interference correction performed 

000269 

1 1 0  



Rejected Report 
Sample I D  : 96E04517MD 

Page : 2 
Acquisi t ion d a t e  : 10-OCT-1996 13:23:48 

H a l f - L i f e  2-Sigma 
Nuclide H a l f - l i f e  Ra t io  Energy %Abund Ac t iv i ty  %Error Rejec te  

Not Found --- Abun. PA-231 3.28E+04Y 0.00 50.10 31.70 --- 
Not Found --- 100.00  1.11 --- 
Not Found --- 122.31 1.19 --- 

144.24 3.24 --- Not Found --- 
154.21 5.58 --- Not Found --- 

Not Found --- 205.00 1.08 --- 
210.60 1.26 --- Not Found --- 
234.90 2.80 --- Not Found --- 

Not Found --- 
Not Found --- 

269.46 13.60 --- Not Found --- 
271.23 10.60 --- Not Found --- 

Not Found --- 
Not Found --- 
Not Found --- 
Not Found --- 

323.87 3.88 --- Not Found --- 
Not Found --- 
Not Found --- 
Not Found --- 

401.81 6.50 --- Not Found --- 
Not Found --- 

427.08 1.30 --- Not Found --- 
445.03 1.18 --- Not Found --- 
569.67 0.54 --- Not Found --- 
831.96 2.90 --- Not Found --- 
897.83 0.24 --- Not Found --- 
897.83 0.52 --- Not Found --- 

e 
236.00 11.50 --- 
256.20 6.30 --- 

283.67 1.60 --- 
286.10 1.60 --- 
300.08 2.30 --- 
304.40 1.35 --- 

330.00 1.30 --- 
334.20 1.15 --- 
338.28 2.73 --- 
351.07* 12.94 9.6583-06 228.95 

404.84 2.90 --- 

% Abundances Found = 9.59 - 
U-235 7 . 04E+08Y 0.00 143.76 10.50 --- Not Found --- Abun. 

163.35 4.70 --- Not Found --- 
205.31 4.70 --- Not Found --- 
185.71* 54.00 3.4043-071307.78 

% Abundances Found = 73.07 



Nuclide Line Activity Report 
Sample ID : 96E04517MD 

Page : 3 
Acquisition date : 10-OCT-1996 13:23:48 

80 19 
Nuclide Type: Natural 

a i d e  
Uncorrected Decay Corr 2-Sigma 

Energy Area %Abn %Eff PCI/SAMF’LE PCI/SAMPLE %Err or 
5 3.28* - -  5: 522E+OO 5.605E+00 5.605E+00 - -  1307.77 -- RA-226 - 186.21 



Gamma Spectroscopy Report generated 11-OCT-1996 14:05 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04517MD GAMPlA6 PMP 9191.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF 'ii2.2 NID VT.1 MI'SACT-V2.5 

Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal, time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Err or s propagated: 

---- Processing 
4.888023-01 
-1.240083-07 
3.320833-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset : -1.987613-01 
FWHM Offset : 6.370773-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

e i n e d  Activity-MDA Report 

---- Identified Nuclides ---- 
Activity Act error 

Nuclide (PCI/SAMPLE) 

RA-226 5 . 605E+00 7.330E+01 

--- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error 

RA-228 -1.405E+00 1.002E+01 
PA-2 3 1 9.658E+00 + 2.211E+01 
U-235 3.4043-01 + 4.452E+OO 

Nuclide (PCI/SAMPLE)Ided 

MDA MDA error Act /MDA 
(PCI/SAME'LE) 

0.072 7.798E+01 9 , 3 5 4E+00 

MDA MDA error Act /MDA 
(PCI/SAMPLE) 

1.7443+01 .2.323E+OO -0.081 
0.378 2.553E+Ol 3 , 2 14E+00 

8.3353-01 0.051 6.714E+00 

000272 
1 1 3  



80 19 Gamma Spectroscopy Report generated 11-OCT-1996 14:06 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04517MD GAMMA6 PMP 9191.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID VT.1 MIwACT-V2.5 

---- Sample Information ---- 
_. 

: G969901S 
: 96E04517MD-- - -  Sample Quanti-ty : l r00000E+00 SAMPLE a l e  Title . _  Sample ID 

Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali. Slope : 4.88802E-01 Cali. Offset : -1.987613-01 
Cali. Quadratic : -1.240083-07 FWHM Offset : 6.370773-01 
FWHM Slope : 3 . 320833-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.00000E+06 

Errors propagated: Yes Systematic Error : 9.0% 

Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

m i n e d  Activity-MDA Report 

Identified Nuclides ---- ---- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

RA-226 5.6053+00 7.3303+01 7.7983+01 9.3543+00 0.072 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SmLE)Ided (PCI/SAMPLE) 

~ ~ - 2 2 8  -1.405E+00 . 1.002E+01 1.744E+01 2 . 323E+00 -0.081 
PA-2 3 1 9.6583+00 + 2.2183+01 2.5533+01 3 . 2 14E+00 0.378 

8.3353-01 0.051 U-2 3 5 3.4043-01 + 4 . 452E+00 6.714E+00 
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8019 Gamma Spectroscopy Report generated 11-OCT-1996 13:40 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - 96E04514 - GAMMA5 - PMP - 9186.CNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

S le-Title : G969901S 
Sample ID 
Sample Type 

---- Sample Information ---- 
: -96304514- Sample Quantity : I.OOOOOE+OO SAMPLE - 

: FILTER Sample Geometry : PMP 
- _ _  db 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset 
Cali. Quadratic : -8.491853-08 FWHM Offset 
FWHM Slope : 4.451503-02 MDA Width (FWHM) : 
Start channel : 1  End channel 
Sensitivity : 5.0 Gaussian Sens. 
Energy tolerance : 2.0 Half life ratio : 
Abundance limit : 75.0 WTM error limit : 
Activity Units : PCI Act. Conversion : 
MDA Confid Level : 5.0 Sigma Number 
Errors propagated: Yes Systematic Error : 

.It Energy 

1 0  7.86 
2 0  13.14 
3 0  16.28 
4 0  46.35 
5 0  63.29 
6 1  74.75 
7 1  77 . 16 
8 0  92 . 78 
9 0 185.76 

10 0 199.09 
11 4 238.47 
12 4 242.18 
13 0 295.12 
14 0 352.17 
15 0 511.60 
16 0 583.70 
17 0 609.47 
18 0 1120.46 
19 0 1764.83 

Area 

2074 
319 
481 
219 
301 
139 
208 
370 
216 
93 
97 

128 
144 
192 
445 
73 

190 
53 
31 

Bkgnd 

2952 
1071 
960 
203 
228 
166 
143 
340 
220 
469 
189 
181 
220 
172 
152 
93 

152 
37 
20 

-5.658413-01 
4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.000003+06 
2 
0.0% 

FWHM Channel %Eff Cts/Sec %Err Fit 

1.28 
0.90 
1.24 
1.01 
0.88 
0.88 
0.84 
1.02 
1.08 
1.75 
1.61 
1.62 
0.98 
1.04 
2.71 
0.87 
1.35 
1.03 
2.23 

17.25 8.983+00 1.443-01 4.9 
28.03 9.673+00 2.213-02 17.3 
34.46 9.783+00 3.343-02 11.7 
95.98 8.79E+00 1.523-02 13.2 

130.64 8.08E+00 2.093-02 10.1 
154.09 7.653+00 9.683-03 16.3 3.133+00 
159.02 7.57E+00 1.443-02 11.3 
190.96 7.06E+00 2.573-02 10.7 
381.19 5.03E+00 1.503-02 14.6 
408.47 4.833+00 6.473-03 54.2 
489.05 4.323+00 6.743-03 28.4 2.213+00 
496.63 4.283+00 8.87E-03 21.7 
604.95 3.753+00 1.00E-02 22.1 
721.70 3.313+00 1.343-02 15.4 
1047.95 2.473+00 3.093-02 9.0 
1195.51 2.21E+00 5.10E-03 30.4 
1248.25 2.13E+00 1.323-02 14.8 
2294.23 1.203+00 3.693-03 26.5 
3613.79 7.373-01 2.123-03 34.9 



Gamma Spectroscopy Report generated 11-OCT-1996 13:40 s o 1 9  
Configuration: DISK:[RADCHEH.SCUSR.ARCHIVE]BKG - BCKGND - GAMMAS - 9143.CNF;l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

a l e  Title 
Sample ID 
Sample Type Sample Geometry : 

---- Sample Information ---- 
_ _  _ _  

- : -BCKGND - -  - Sample Quanti-ty i 1.0-OOOOE+OO-G 

---- Sample Decay/Count Information ---- 
Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:20: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:Ol 0.0% 
Decay time 0 18:20 

Detector Parameters ---- ---- 
Energy cal. time : 30-SEP-1996 09:Ol 
Detect or name : GAMMA5 Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 11:45 

---- Processing Parameters ---- 
Cali. Slope : 4.887563-01 Cali. Offset : -5.37244E-01 
Cali. Quadratic : -7.071463-08 FWHM Offset : 5.946423-01 
FWHM Slope : 3.393103-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  
10 4 
11 4 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 4 

Energy 

7.76 
10.38 
13 . 03 
16.22 
19.25 
23.34 
26.04 
46.55 
53 . 64 
63.34 
66.28 
69.74 
74.19 
77 . 07 
84.43 
87.20 
92 . 67 
98.25 

109.75 
112 . 82 
139.81 
143.66 
185.85 
197.16 

Area 

24064 
4115 
4183 
6461 
1233 
285 
437 

1927 
405 

3752 
535 
385 
134 
495 
698 
283 

4997 
195 
354 
230 
682 
424 

2020 
456 

Bkgnd 

42790 
15170 
13266 
11688 
6158 
5186 
4406 
3150 
3070 
1877 
2846 
3435 
3061 
2625 
3059 
2253 
3152 
2385 
2985 
1804 
3118 
2282 
3123 
1487 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel %Eff Cts/Sec %Err Fit 

1.54 
0.84 
0.86 
1.08 
0.89 
1.44 
1.08 
0.94 
0.98 
0.81 
1.28 
1.87 
0.84 
0.94 
1.37 
0.85 
1.09 
0.93 
0.75 225.66 7.393+00 1.973-03 27.2 
0.95 231.93 7.40E+00 1.283-03 28.5 
1.12 287.16 7.223+00 3.793-03 15.8 
1.06 295.05 7.16E+00 2.353-03 19.3 
1.02 381.36 6.273+00 1.123-02 5.6 
0.89 404.51 6.00E+00 2.533-03 13.8 4.493-01 

16.98 
22.34 
27.77 
34.29 
40.48 
48.85 
54.38 
96.35 

110.85 
130.70 
136.72 
143 . 79 
152 . 90 
158.79 
173 . 85 
179.52 
190.71 
202 . 14 

6.55E+06 1.34E-01 1 . 5 
1.323+04 2.293-02 4.8 
5.133+02 2.323-02 4.7 
6.283+01 3.593-02 3.1 
2.09E+01 6.853-03 10.0 
9.40E+00 1,583-03 40.4 
7.03E+00 2.43E-03 24.7 
4.94E+00 1.07E-02 5 . 5 
5.293+00 2.253-03 24.2 
5.863+00 2.083-02 2.4 l.lOE+OO 
6.02E+00 2.973-03 18.1 
6.21E+00 2.143-03 26.7 
6.443+00 7.443-04 65.8 
6.573+00 2.753-03 17.0 
6.873+00 3.883-03 14.2 
6.973+00 1.573-03 27.2 
7.123+00 2.783-02 2.4 
7.253+00 1.09E-03 42.0 



Peak Search Report (continued) Page : 2 
Sample ID : BCKGND Acquisition date : 4-OCT-1996 18:20:18 

Pk It 

m40 
27- 0- 
28 0 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 4 
36 4 
37 4 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 

Energy 

198.38 
205.33 
238.76 - 

295.36 
352 . 05 
511.06 
569.99 
583.39 
609 . 48 
669.54 
693.56 
696.97 
702 . 45 
803 . 05 
962 . 14 

1120 . 02 
1331.87 
1460.47 
1764.72 

Area 

665 
188 

--9 0 8 
179 
298 

4724 
434 
294 
299 
124 
349 
189 
192 
377 
241 
105 
136 
320 
128 

Bkgnd 

1790 
1689 
--2089 
1472 
1202 
2215 
1409 
1218 
1186 
741 

1136 
993 

1226 
759 
859 
385 
353 
376 
183 

FWHM Channel 

1.04 407.00 
0.96 421.24 
1.08 489.64 
1.03 605.47 
1.06 721.47 
2.53 1046.88 
1.55 1167.50 
1.25 1194.92 
1.30 1248.33 
1.38 1371.25 
2.18 1420.41 
1.80 1427.39 
2.19 1438.62 
1.66 1644.53 
2.17 1970.22 
1.77 2293.42 
2.38 2727.21 
1.75 2990.52 
2.41 3613.62 

% E f f  Cts/Sec %Err 

5.983+00 3.693-03 11.2 
5.813+00 1.043-03 35.4 
5.073+00 5.053-03- 9; 3 
4.053+00 9,943-04 36.3 
3.313+00 1,653-03 20.2 
2.15E+00 2.623-02 2.7 
1.913+00 2.413-03 18.5 
1.873+00 1.643-03 23.7 
1.793+00 1.663-03 21.5 
1.643+00 6.91E-04 40.4 
1.58E+00 1.943-03 21.4 
1.58E+00 1.05E-03 34.4 
1.57E+00 1.07E-03 38.5 
1.41E+00 2.093-03 15.0 
1.253+00 1.343-03 28.6 
1.15E+00 5.833-04 35.1 
1.06E+00 7.543-04 28.1 
1.023+00 1.783-03 14.0 
9.273-01 7.11E-04 23.0 

73+00 



8019 Gamma Spectroscopy Report generated 11-OCT-1996 13:40 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - 96304514 - GAMMAS - PMP - 9186.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 

S q e  Title 
Sa ple ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S 
: 96304514 _ _  Sample Quantity -: 1.000003+00 -SAMPLE- 

Sample Date 
Elapsed live time: 
Decay time : 2  

---- Sample Decay/Count Information ---- 
19-SEP-1996 12: 00 Acquisition date : 10-OCT-1996 09:06 
0 04:OO Elapsed real time: 0 04:OO 0.0% 
0 21:06 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Err or s propagated: 

vt Energy 
i o  7.86* 
2 0  46 . 35* 
3 0  63.29* 
4 1  74.75* 
5 1  77.16* 
6 0 185.76* 
7 0 199.09* 
8 4 238.47* 
9 4 242.18 

10 0 295.12* 
11 0 352.17* 
12 0 511.60* 
13 0 583.70* 
14 0 609.47* 
15 0 1120.46* 
16 0 1764.83* 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset : -5.658413-01 
FWHM Offset : 4.153863-01 
MDA Width (EWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act..Conversion : 1.000003+06 

Systematic Error : 0.0% 
Sigma Number : 2  

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

149 
65 
1 

129 
168 
54 
40 
24 

128 
130 
168 
67 
50 

166 
45 
20 

2952 1.28 17.25 15 6 1.033-02 70.7 
203 1.01 95.98 92 8 4.503-03 46.4 
228 0.88 130.64 127 7 6.673-OS***** 
166 0.88 154.09 149 14 8.943-03 18.5 3.13E+00 
143 0.84 159.02 149 14 1.17E-02 14.5 
220 1.08 381.19 376 10 3.763-03 60.4 
469 1.75 408.47 401 17 2.773-03127.3 
189 1.61 489.05 483 21 1.703-03116.2 2.21E+00 
181 1.62 496.63 483 21 8.873-03 21.7 
220 0.98 604.95 599 12 9.033-03 24.9 
172 1.04 721.70 716 12 1,173-02 17.8 
152 2.71 1047.95 1040 23 4.653-03 61.5 
93 0.87 1195.51 1188 14 3.463-03 46.1 

152 1.35 1248.25 1244 12 1.15E-02 17.2 
37 1.03 2294.23 2289 12 3.11E-03 32.1 
20 2.23 3613.79 3605 13 1.413-03 53.8 

Flag: @I*@! = Peak area was modified by background subtraction 



Gamma Spectroscopy Report generated 11-OCT-1996 13:40 8 0 1 9 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304514 GAMMA5 PMP 9186.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 

- - 

---- Sample Information ---- 
: G969901S 
9-6E0~.5.i.~--~ 

- _-__-  - ~.. --  - -  
Sample Quantity : 1.00000E+00 SAMPLE 

Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

---- Sample Decay/Count Information ---- 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMp 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.491853-08 
4.45150E-02 
1 
5.0 
2.0 
75.0 
PCI 

Yes 
5.0 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number . 
Systematic Error 

: -5.658413-01 

: 3.0 
: 4096 
: 10.0 

: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

: 4.153863-01 

: 8.0 

P@-NID Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 
0 
0 
1 
1 
0 
0 
4 
4 
0 
0 
0 
0 
0 
0 
0 

7.86* 
46.35" 
63.29* 
74.75* 
77.16* 

185.76* 
199.09* 
238.47* 
242.18 
295.12* 
352.17* 
511.60* 
583.70* 
609.47* 

1120.46* 
1764.83* 

149 
65 
1 

129 
168 
54 
40 
24 
12 8 
130 
168 
67 
50 

166 
45 
20 

2952 
203 
228 
166 
143 
220 
469 
189 
181 
220 
172 
152 
93 

152 
37 
20 

1.28 17.25 15 
1.01 95.98 92 
0.88 130.64 127 
0.88 154.09 149 
0.84 159.02 149 
1.08 381.19 376 
1.75 408.47 401 
1.61 489.05 483 
1.62 496.63 483 
0.98 604.95 599 
1.04 721.70 716 
2.71 1047.95 1040 
0.87 1195.51 1188 
1.35 1248.25 1244 
1.03 2294.23 2289 
2.23 3613.79 3605 

6141 . 5 
8 92.8 
7***** 
14 37.0 3.13E+00 
14 29.0 
10120.9 RA-226 
17254 . 6 
21232.4 2.21E+00 
21 43.4 
12 49.8 
12 35.6 
23123.0 
14 92.2 
12 34.3 
12 64.3 
13107 . 6 



Gamma Spectroscopy Report generated 11-OCT-1996 13:40 8 0  19 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304514 GAMMAS - PMP - 9186.CNF;Z 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S 
-: 96304514 - --Sample Quantity : 1.00000E+OO-SAMPLE - 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset 
Cali. Quadratic : -8.491853-08 FWHM Offset 
FWHM Slope : 4.451503-02 MDA Width (FWHM) 
Start channel : 1  End channel 
Sensitivity : 5.0 Gaussian Sens. 
Energy tolerance : 2.0 Half life ratio 
Abundance limit : 75.0 WTM error limit 
Activity Units : PCI Act. Conversion 
NDA Confid Level : 5.0 Sigma Number 
Errors propagated: Yes Systematic Error 

w f e r e n c e  Report 

-5.658413-01 
4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

No interference correction performed 

000280 

1 2 1  



Rejected Report 
Sample I D  : 96304514 

Page : 2 
Acquis i t ion  d a t e  : 10-OCT-1996 09:06:11 

Nuclide 
H a l f - L i f e  2-Sigma 

Ha l f - l i f e  Ratio Energy %Abund Ac t iv i ty  %Error R e j e c t e d 8 0  19 
3.28E+04Y 0.00 50.10 31.70 --- Not Found --- Abun. 

100.00 1.11 --- Not Found --- 
-_ . _ _  122.31 1.19 --- Not Found --- 

- 144.Z4 3.24 ---- Not Found --- 
154.21 5.58 --- Not Found --- 
205.00 1.08 --- Not Found --- 
210.60 1.26 --- Not Found --- 
234.90 2.80 --- Not Found --- 
236.00 11.50 --- Not Found --- 
256.20 6.30 --- Not Found --- 
269.46 13.60 --- Not Found --- 
271.23 1 0 . 6 0  --- Not Found --- 
283.67 1.60 --- Not Found --- 
286.10 1.60 --- Not Found --- 
300.08 2.30 --- Not Found --- 
304.40 1.35 --- Not Found --- 
323.87 3.88 --- Not Found --- 
330.00 1.30 --- Not Found --- 
334.20 1.15 --- Not Found --- 
338.28 2.73 --- Not Found --- 
351.07* 12.94 7.382E-05 39.21 
401.81 6.50 --- Not Found --- 
404.84 2.90 --- Not Found --- 
427.08 1.30 --- Not Found --- 
445.03 1.18 --- Not Found --- 
569.67 0.54 --- Not Found --- 
831.96 2.90 --- Not Found --- 
897.83 0.24 --- Not Found --- 
897.83 0.52 --- Not Found --- 

- _ _  

% Abundances Found = 9.59 

U-2 3 5 7 . 04E+08Y 0.00 143.76 10.50 --- Not Found --- Abun. 
163.35 4.70 --- Not Found --- 
205.31 4.70 --- Not Found --- 
185.71* 54.00 3.7413-06 122.31 

% Abundances Found = 73.07 

Flag:  I1*l1 = Keyline 



Nuclide Line Activity Report 
Sample ID : 96304514 

Page : 3 
Acquisition date : 10-OCT-1996 09:06:11 

8 0 1 9  
Nuclide Type: Natural 

a i d e  
U-226 -- 

Uncorrected Decay Corr 2-Sigma 
%Ef f PCI/SAMPLE PCI/SAMPLE %Er r or Energy Area %Abn 

186-.21 -- 54- 3.28* 5.0273+00- 6.159E+01 --6.159E+01 --122.27 

000282 
1 2 3  



Gamma Spectroscopy Report generated 11-OCT-1996 13:40 $019 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304514 GAMMAS PMP 9186.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 EINAcT V2.5 

&e Title 
Sample-ID -- 

Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S 
: 96304514 - -Sample Quantity --: 1.00000E+00 SAMPLE- - - 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : -8.491853-08 FWHM Offset : 4.153863-01 
FWHM Slope : 4.451503-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.00000E+06 

Errors propagated: Yes Systematic Error : 0.0% 

'Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

m i n e d  Activity-MDA Report 

Identified Nuclides ---- ---- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

RA-226 6.159E+01 7.531E+01 7.112E+01 1.316E+01 0.866 

-- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

9.628E+OO 1.614E+01 3.316E+00 -0.211 RA-228 -3.410E+00 
PA-2 3 1 7.3823+01 + 2.895E+01 3.5743+01 5.872E+00 2 . 065 
U-2 3 5 3.7413+00 + 4.576E+00 6.210E+00 1.166E+00 0.602 



$019 Gamma Spectroscopy Report generated 11-OCT-1996 13:40 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04514 GAMMA5 PMP 9186.CNF;Z 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 KINACT V2.5 

---- Sample Information ---- 
: G969901S 

: FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 

: 96304514 _ _  Sample Quanti-ty : 1.00000E+00 SAMPLE _. 

le Title a 
-Sample ID 
Sample Type 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI. 
5.0 
Yes 

Parameters ---- 
Cali. Offset : -5.658413-01 
FWHM Offset : 4.153863-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 2  

a i n e d  Activity-MDA Report 

-7 Identified Nuclides ---- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

BA-226 6 . 159E+01 7.612E+01 7.112E+01 1.316E+01 0.866 

--- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) Ided (PCI/SAMPLE) 

RA-2 2 8 -3.410E+00 9.6473+00 1.614E+01 3.3163+00 -0.211 
PA-2 3 1 7.382E+01 + 3 . 185E+01 3.574E+01 5.872E+00 2.065 
U-2 3 5 3.7413+00 + 4.6253+00 6.-21OE+OO 1.166E+00 0.602 

000284. 

1 2 5  
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Gamma Spectroscopy Report generated 11-OCT-1996 14:25 8 0 1 9  
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - 96304515 - GAMMA6 - PMP - 9187.CNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

Sample ID _ _  - -  : 96304515 . -.Sample Quantity -: -1.00000E+00- SAMPLE - - 

a l e  Title 

Sample- Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S 

---- Sample Decay/Count Information ---- 
Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali. Slope : 4.888023-01 Cali. Offset : -1.987613-01 
Cali. Quadratic : -1.24008E-07 FWHM Offset : 6.370773-01 
FWHM Slope : 3.320833-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.000003+06 

Errors propagated: Yes Systematic Error : 0.0% 

Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

0 It Energy 

1 3  10 . 31 
2 3  13 . 03 
3 0  15 . 87 
4 0  46.56 
5 0  63 . 31 
6 0  92.80 
7 0 163.33 
8 0 185.65 
9 0 238.94 

10 0 352.53 
11 0 511.11 
12 0 608.94 
13 0 803.48 
14 0 1863.52 
15 0 1943.46 

Area 

367 
217 
304 
205 
500 
717 
68 

343 
134 
114 
499 
73 
36 
22 
17 

Bkgnd 

1910 
1250 
1416 
414 
338 
423 
184 
285 
269 
150 
145 
99 
39 
18 

6 

FWHM Channel %Eff Cts/Sec %Err Fit 

0.98 21.50 9.343-01 2.553-02 19.0 1.303+00 
0.76 27.07 1.563+00 1.50E-02 26.4 
0.99 32.87 2.253+00 2.113-02 22.5 
0.93 95.66 6.843+00 1.433-02 19.3 
0.99 129.93 7.433+00 3.473-02 7.8 
1.25 190.26 7.333+00 4.983-02 6.7 
0.92 334.58 5.943+00 4.733-03 35.4 
1.10 380.25 5.523+00 2.383-02 10.7 
0.95 489.31 4.683+00 9.273-03 24.7 
1.39 721.74 3.473+00 7.903-03 23.8 
2.84 1046.33 2.523+00 3.473-02 7.3 
1.09 1246.57 2.163+00 5.043-03 27.4 
1.38 1644.86 1.693+00 2.513-03 33.9 
4.58 3816.53 8.753-01 1.513-03 52.4 
1.40 3980.39 8.523-01 1.173-03 36.6 

080286 

1 2 7  



8019 Gamma Spectroscopy Report generated ll-OCT-1996 14:25 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMA6 - 9144.CNF;l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

a l e  Title 
---- Sample Information ---- 

- -  - 
Sample ID - - - -: BCKGND- - - - - - - Sample Quantity -:-1;000003+00-G~ - 
Sample Type Sample Geometry : 

Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:21: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:OO 0.0% 
Decay time 0 18:21 

---- Sample Decay/Count Information ---- 

---- Detector Parameters ---- 
Energy cal. time : 30-SEP-1996 09:02 
Detect or name : GAMMA6 Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 13:34 

---- Processing Parameters ---- 
Cali. Slope : 4.885393-01 Cali. Offset : -1.232023-01 
Cali. Quadratic : -8.964823-08 FWHM Offset : 6.638643-01 
FWHM Slope : 3.086943-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity . .  : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 4  
3 4  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 7 
17 7 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

Energy 

10.31 
13.10 
16.24 
19.50 
25.54 
46.59 
53 . 57 
63.33 
66.27 
74.71 
77 . 10 
84.07 
87.11 
92 . 68 
98 . 45 

110.09 
112.93 
139.98 
143 . 85 
163 . 53 
185 . 82 
197.88 
205.27 
238 . 51 

Area 

4650 
3782 
5522 
1635 
312 

2743 
608 

5851 
434 
387 
716 
939 
255 

8662 
403 
994 
511 
660 
766 
543 

3757 
1519 
364 

1425 

Bkgnd 

23581 
8752 
14567 
8409 
5600 
4367 
4119 
4242 
3647 
3737 
3235 
4528 
3002 
4490 
3128 
5123 
3026 
3279 
3282 
3010 
3802 
4349 
2837 
3059 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel %Eff Cts/Sec %Err Fit 

0.99 21.37 1.073+05 2.58E-02 5.4 
0.88 27.07 1.833+03 2.103-02 3.5 6.653-01 
1.15 33.50 1.523+02 3.073-02 4.1 
1.62 40.16 3.623+01 9.08E-03 9.3 
0.86 52.53 1.02E+01 1.733-03 38.6 
1.01 95.62 5.243+00 1.523-02 4.7 
1-10 109.90 5.523+00 3.383-03 18.7 
0.89 129.88 6.063+00 3.253-02 2.3 
1.07 135.89 6.233+00 2.413-03 23.6 
0.90 153.19 6.703+00 2.153-03 25.5 
0.91 158.08 6.823+00 3.983-03 13.2 
1.17 172.34 7.153+00 5.223-03 13.3 
1.06 178.56 7.283+00 1.423-03 34.5 
1.15 189.96 7.483+00 4.813-02 1.8 
0.67 201.79 7.653+00 2.243-03 23.5 
1.93 225.60 7.873+00 5.523-03 14.9 2.353+00 
1.14 231.42 7.903+00 2.843-03 18.5 
1.12 286.79 7.853+00 3.673-03 15.5 
0.98 294.73 7.803+00 4.263-03 13.4 
1.01 335.01 7.473+00 3.013-03 18.1 
1.11 380.64 6.983+00 2.093-02 3.5 
2.03 405.32 6.693+00 8.443-03 9.1 
1.41 420.45 6.513+00 2.023-03 25.9 
1.17 488.51 5.743+00 7.923-03 7.4 



Peak Search Report (continued) Page : 2 
Sample ID : BCKGND Acquisition date : 4-OCT-1996 18:21:18 

Pk It 

- 
27 0 
28 0- 
29 0 
30 0 
31 0 
32 10 
33 10 
34 0 
35 0 
36 0 
37 0 
38 0 

Energy 

295.60 
351.85 
510.92- 
569.76 
583.21 
609.11 
669.74 
694.29 
701.21 
802.85 
1000.76 
1063.81 
1460.33 
1764.08 

Area 

150 
396 

5903 
296 
431 
415 
157 
708 
457 
425 
326 
136 
407 
137 

Bkgnd 

1965 
1610 
2795 
142 6 
1428 
1634 
876 

1889 
2536 
888 
643 
560 
435 
242 

EWHM Channel 

1.35 605.39 
1.25 720.55 
2.42.1046.27 
1.68 1166.76 
1.46 1194.29 
1.39 1247.34 
1.62 1371.50 
3.83 1421.77 
3.84 1435.95 
1.34 1644.13 
1.90 2049.50 
1.77 2178.65 
1.84 2991.07 
1.92 3613.58 

%Eff Cts/Sec %Err 8&19 
4.61E+00 8.343-04 
3.783+00 2.203-03 
2.473+00 3.283-02 
2.20E+00 1.653-03 
2.15E+00 2.393-03 
2.06E+00 2.313-03 
1.88E+00 8.743-04 
1.833+00 3.933-03 
1.813+00 2.543-03 
1.63E+00 2.363-03 
1.42E+00 1.813-03 
1.38E+00 7.533-04 
1.22E+00 2.263-03 
1.14E+00 7.603-04 

51.9 
18.2 
-2.5 - - - - - 

25.4 
17.7 
18.9 
34.9 
15.0 3.993+00 
29.9 
14.4 
16.1 
33.9 
12.2 
24.3 

1 2 9  



Gamma Spectroscopy Report generated ll-OCT-1996 14:25 
Configuration: DISK: [RADCHEM.SCUSR.ARCHIVEJSMP 96304515 GAMMA6 PMP 9187.Ca;Q a 9  - - - - 
Analyses by : PEAK V16.5 ENBACK V1.5 

a l e  Title 
Sample ID- - - 

Sample Type : FILTER Sample Geometry : PMP 

Sample Information ---- ---- 
. .  : G969901S 

96E04515-- - -- - Sample Quantity :- 1.00000E+OO-SA~LE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing 
Cali. Slope : 4.888023-01 
Cali. Quadratic : -1.24008E-07 
FWHM Slope : 3,320833-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

@It Energy 

1 0  63.31* 
2 0  92.80* 
3 0 163.33* 
4 0 185.65* 
5 0 238.94* 
6 0 352.53* 
7 0 511.11* 
8 0 608.94* 
9 0 803.48* 

10 0 1863.52 
11 0 1943.46 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) : 
End channel 
Gaussian Sens. 
Half life ratio : 
WTM error limit : 
Act. Conversion : 
Sigma Number 
Systematic Error : 

-1.987613-01 
6.370773-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

32 
24 
25 
42 
20 
82 
27 
39 
2 

22 
17 

338 0.99 129.93 126 8 2.203-03127.8 1.303+00 
423 1.25 190.26 186 11 1.683-03205.2 
184 0.92 334.58 331 7 1.723-03102.5 
285 1.10 380.25 375 10 2.953-03 89.7 
269 0.95 489.31 485 10 1.353-03174.4 
150 1.39 721.74 716 12 5.703-03 33.7 
145 2.84 1046.33 1038 18 1.893-03140.6 
99 1.09 1246.57 1242 9 2.743-03 52.9 
39 1.38 1644.86 1641 8 1.543-04595.1 
18 4.58 3816.53 3805 19 1.51E-03 52.4 
6 1.40 3980.39 3977 9 1.17E-03 36.6 

Flag: I t * ( 1  = Peak area was modified by background subtraction 

000289 

1 3 0  



Gamma Spectroscopy Report generated ll-OCT-1996 14:25 
Configuration: DISK: [RADCHEM.SCUSR.ARCHIVE]SMP 96E04515 GAMMA6 PMP-9187.Cb’%? 1 9  - 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-lJ3.1 

Sample Information ---- ---- 
- -  

Sample Quantity :-1.0000~OE+00 SAMPLE - -  
ple Title : G969901S 

Sample -ID -- - - :- 96304515- - 
: FILTER Sample Geometry : PMP 

@ 
Sample Type 

---- Sample Decay/Count Information ---- 
Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance 
Abundance limit 
Activity Units 
MDA Confid Level 
Errors propagated: Yes 

I)t-NID Peak Search Report 

---- Processing Parameters ---- 
: 4.888023-01 Cali. Offset 
: -1.24008E-07 FWHM Offset 
: 3.320833-02 MDA Width (FWHM) 
: 1  End channel 
: 5.0 Gaussian Sens. 
: 2.0 Half life ratio 
: 75.0 WTM error limit 
: PCI Act. Conversion 
: 5.0 Sigma Number 

Systematic Error 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 63.31* 
0 92.80* 
0 163.33* 
0 185.65* 

0 238.94* 
0 352.53* 
0 511.11f 
0 608.94* 
0 803.48* 
0 1863.52 
0 1943.46 

32 
24 
25 
42 

20 
82 
27 
39 
2 

22 
17 

338 0.99 129.93 126 
423 1.25 190.26 186 
184 0.92 334.58 331 
285 1.10 380.25 375 

269 0.95 489.31 485 
150 1.39 721.74 716 
145 2.84 1046.33 1038 
99 1.09 1246.57 1242 
39 1.38 1644.86 1641 
18 4.58 3816.53 3805 
6 1.40 3980.39 3977 

8255.5 1.30E+00 
11410.5 
7205.1 U-235 
10179.4 U-2 3 5 

10348 . 7 
12 67.5 
18281.2 
9105 . 8 

19104.7 
9 73.2 

RA-2 2 6 

a***** 



i 

8 0 9  Gamma Spectroscopy Report generated 15-OCT-1996 11:11 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304515 GAMMA6 PMP 9187.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 ZINACT V2.5 

a p l e  Title 
Sample ID -- 
Sample Type : FILTER Sample Geometry : PMP 

Sample Information ---- ---- 
- 

: G969901S 
- :- 96304515 - _ _  - -Sample Quantity-- :--1.00000E+OO SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAM.MA6 
Effic. cal. time : 19-SEP-1996 15:ll 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance .: 
Abundance limit : 
Activity Units : 
HDA Confid Level : 
Errors propagated: 

---- Processing 
4.88802E-01 
-1.240083-07 
3.320833-02 
1 
5.0 
2 . 0  
75.0 
PCI 
5.0 
Yes 

e i n e d  Activity-MDA Report 

---- Identified Nuclides ---- 
Activity Act error 

Nuclide (PCI/SAMPLE) 

RA-226 4.3993+01 7 . 909E+01 
U-235 1.6643+01 3.4283+01 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error 

Nuclide (PCI/SAMPLE)Ided 

RA-228 5.423E+OO 9.6823+00 
PA-2 3 1 3.4313+01 + 2.3553+01 

Counting geometry: PMP 

Parameters ---- 
Cali. Offset : -1.987613-01 
FWHM Offset : 6.37077E-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

MDA MDA error 
(PCI/SAMPLE) 

7.7463+01 9.2933+00 
4.535E+OO 5.630E-01 

MDA MDA error 
(PCI/SAMPLE) 

Act/MDA 

0.568 
3.668 

Act /MDA 

0.304. 
1.178 



Gamma Spectroscopy Report generated 15-OCT-1996 11:12 8019 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304515 GAMMA6 PMP 9187.CNF;Z 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 ZINAFT V2.5 

---- Sample Information ---- 

: FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 

- -. . - mple Title : G969901S 
- :  -96304515 - -- - Sample Quantity : 1.00000E+00 SAMPLE 

@ 
- Sample ID- - - 

Sample Type 

Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : G-6 Counting geometry: PMp 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali. Slope : 4.888023-01 Cali. Offset : -1.987613-01 
Cali. Quadratic : -1.240083-07 FWHM Offset : 6.370773-01 
FWHM Slope : 3.320833-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

: 10.0 Sensitivity : 5.0 Gaussian Sens. 
Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activi.ty Units : PCI Act. Conversion : 1.00000E+06 

Errors  propagated: Yes Systematic Error : 9.0% 
MDA Confid Level : 5.0 Sigma Number : 2  

a b i n e d  Activity-MDA Report 

---- Identified Nuclides ---- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

RA-2 2 6 4.3993+01 7.9483+01 7.7463+01 9.2 93E+O 0 0.568 
U-235 1.6643+01 3.441E+01 4.5353+00 5.630E-01 3.668 

---e Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-22 8 5.423E+OO 9.7313+00 1.7863+01 2.379E+OO 0.304 
2.913E+01 3.667E+00 1.178 PA-2 3 1 3.431E+01 + 2 . 434E+01 
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$018 Gamma Spectroscopy Report generated ll-OCT-1996 13:41 

Configuration: DISK:[RADCHF,M.SCUSR.ARCHIVEJSMP - 96304516 - GAMMA5 - PMP - 9183.CNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

S le Title : G969901S 
Sample ID .. - - :. 96304516- - - - - -  Sample Quantity- : 1-.00000E+00- SAMPLE 
Sample Type 

Sample Information ---- ---- 
- -  

: FILTER Sample Geometry : PMP 

db 
Sample Date 
Elapsed live time: 
Decay time : 2  

---- Sample Decay/Count Information ---- 
19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
0 04:OO Elapsed real time: 0 04:OO 0.0% 
0 02:43 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

: -5.658413-01 
: 4.153863-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

.It Energy Area Bkgnd FWHM Channel %Eff Cts/Sec %Err Fit 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 2  
9 2  
10 0 
11 0 
12 0 
13 2 
14 2 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 

7.64 
13.04 
16 . 17 
18 . 87 
46.29 
53.10 
63 . 13 
74 . 73 
77 . 08 
87.23 
92 . 87 

185 . 92 
238 . 97 
242 . 16 
295.17 
352 . 05 
511.54 
609.53 
803 . 44 

1120.65 
1237.80 
1377 . 90 
1765.27 

1803 
308 
577 
131 
181 
104 
321 
200 
313 
66 

405 
178 
96 

152 
301 
451 
367 
387 
23 
80 
44 
37 
75 

3626 1.48 16.78 8.92E+00 1.253-01 6.3 
924 0.91 27.84 9.663+00 2.143-02 15.9 
910 1.12 34.24 9.78E+00 4.003-02 9.7 
722 1.25 39.76 9.793+00 9.093-03 37.0 
331 0.99 95.86 8.80E+00 1.253-02 20.3 
307 1.13 109.79 8.503+00 7.203-03 33.1 
289 0.93 130.31 8.093+00 2.233-02 10.7 
239 0.97 154.05 7.653+00 1.393-02 14.1 1.743+00 
222 0.95 158.85 7.573+00 2.183-02 9.5 
285 0.81 179.62 7.233+00 4.553-03 44.8 
325 1.07 191.15 7.053+00 2.813-02 9.9 
255 1.00 381.52 5.023+00 1.243-02 17.8 
180 1.34 490.06 4.323+00 6.673-03 26.1 1.80E+00 
180 1.23 496.59 4.283+00 1.063-02 17.2 
193 1.08 605.06 3.753+00 2.093-02 10.8 
156 1.15 721.45 3.31E+00 3.133-02 7.1 
211 2.17 1047.83 2.473+00 2.553-02 10.9 
136 1.17 1248.36 2.133+00 2.693-02 8.0 
66 2.18 1645.26 1.663+00 1.603-03 71.6 
55 1.51 2294.63 1.203+00 5.583-03 23.6 
26 4.13 2534.49 1.083+00 3.053-03 28.3 
17 3.20 2821.35 9.683-01 2.573-03 30.4 
11 2.64 3614.70 7.373-01 5,223-03 16.1 



Gamma Spectroscopy Report generated ll-OCT-1996 13:41 
8069 Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMA5 - 9143.CNF;l 

Analyses by : PEAK V16.5 PEAKEFF V2.2 

a l e  Title 
---- Sample Information ---- 

- -  Sample ID- - . -: BCKGND - - - - - -- Sample Quantity -: -1:OOOOOE+OO~ G- 
Sample Type Sample Geometry : 

---- Sample Decay/Count Information ---- 
Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:20: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:Ol 0.0% 
Decay time 0 18:20 

Detector Parameters ---- ---- 
Energy cal. time : 30-SEP-1996 09:Ol 
Detector name : GAMMA5 Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 11:45 

---- Processing Parameters ---- 
Cali. Slope : 4.887563-01 Cali. Offset : -5.372443-01 
Cali. Quadratic : -7.071463-08 FWHM Offset : 5.946423-01 
FWHM Slope : 3.393103-02 MDA Width (EWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 4 
11 4 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 4 

0 

Energy 

7.76 
10.38 
13 . 03 
16.22 
19.25 
23.34 
26.04 
46.55 
53 64 
63.34 
66.28 
69.74 
74 . 19 
77.07 
84.43 
87.20 
92 . 67 
98.25 

109.75 
112 . 82 
139.81 
143.66 
185 . 85 
197 16 

Area 

24064 
4115 
4183 
6461 
1233 
285 
437 

1927 
405 

3752 
535 
385 
134 
495 
698 
283 
4997 
195 
354 
230 
682 
424 

2020 
456 

Bkgnd 

42790 
15170 
13266 
11688 
6158 
5186 
4406 
3150 
3070 
1877 
2846 
3435 
3061 
2625 
3059 
2253 
3152 
2385 
2985 
1804 
3118 
2282 
3123 
1487 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel %Eff Cts/Sec %Err Fit 

1.54 16.98 6.553+06 1.34E-01 1.5 
0.84 22.34 1.323+04 2.293-02 4.8 
0.86 27.77 5.133+02 2.323-02 4.7 
1.08 34.29 6.283+01 3.593-02 3.1 
0.89 40.48 2.093+01 6.853-03 10.0 
1.44 48.85 9.403+00 1.583-03 40.4 
1.08 54.38 7.033+00 2.433-03 24.7 
0.94 96.35 4.943+00 1,073-02 5.5 
0.98 110.85 5.293+00 2.253-03 24.2 
0.81 130.70 5.863+00 2.083-02 2.4 l.lOE+OO 
1.28 136.72 6.023+00 2.973-03 18.1 
1.87 143.79 6.21E+00 2.143-03 26.7 
0.84 152.90 6.443+00 7.44E-04 65.8 
0.94 158.79 6.573+00 2.753-03 17.0 
1.37 173.85 6.873+00 3.883-03 14.2 
0.85 179.52 6.973+00 1.573-03 27.2 
1.09 190.71 7.123+00 2.783-02 2.4 
0.93 202.14 7.253+00 1.093-03 42.0 
0.75 225.66 7.393+00 1.973-03 27.2 
0.95 231.93 7.403+00 1.283-03 28.5 
1.12 287.16 7.223+00 3.793-03 15.8 
1.06 295.05 7.163+00 2.353-03 19.3 
1.02 381.36 6.273+00 1.123-02 5.6 
0.89 404.51 6.00E+00 2.533-03 13.8 4.493-01 



Page : 2 
Acquisition date : 4-OCT-1996 18:20:18 

Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It Energy 

4 198.38 
0 205.33 

-27- 0 -- 238.76- 
28 0 295.36 
29 0 352.05 
30 0 511.06 
31 0 569.99 
32 0 583.39 
33 0 609.48 
34 0 669.54 
35 4 693.56 
36 4 696.97 
37 4 702.45 
38 0 803.05 
39 0 962.14 
40 0 1120.02 
41 0 1331.87 
42 0 1460.47 
43 0 1764.72 

Area 

665 
188 

- -  908 
179 
298 

4724 
434 
294 
299 
124 
349 
189 
192 
377 
241 
105 
136 
320 
128 

Bkgnd 

1790 
1689 
2089 
1472 
1202 
2215 
1409 
1218 
1186 
741 

1136 
993 

1226 
759 
859 
385 
353 
376 
183 

FWHM Channel 

1.04 407.00 
0.96 421.24 
-1.08- 489; 64- 
1.03 605.47 
1.06 721.47 
2.53 1046.88 
1.55 1167.50 
1.25 1194.92 
1.30 1248.33 
1.38 1371.25 
2.18 1420.41 
1.80 1427.39 
2.19 1438.62 
1.66 1644.53 
2.17 1970.22 
1.77 2293.42 
2.38 2727.21 
1.75 2990.52 
2.41 3613.62 

%Eff Cts/Sec %Err 8Q 19 
5.983+00 3.693-03 11.2 
5.81E+00 1.04E-03 35.4 - - - - - 

5.073+00 5.053-03 9.3 
4.05E+00 9.943-04 36.3 
3.31E+00 1.653-03 20.2 
2.15E+00 2.623-02 2.7 
1.91E+00 2.413-03 18.5 
1.87E+00 1.643-03 23.7 
1.79E+00 1.66E-03 21.5 
1.64E+00 6.913-04 40.4 
1.583+00 1.943-03 21.4 3.273+00 
1.58E+00 1.05E-03 34.4 
1.57E+00 1.073-03 38.5 
1.413+00 2.093-03 15.0 
1.25E+00 1.343-03 28.6 
1.15E+00 5.833-04 35.1 
1.06E+00 7.543-04 28.1 
1.02E+00 1.783-03 14.0 
9.273-01 7.11E-04 23.0 

000296 
1 3 7  



8 8 1 9  Gamma Spectroscopy Report generated ll-OCT-1996 13:41 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - 96304516 - GAMMA5 - PMP - 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 

S @e Title 
Sample ID - 

Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 

Sample Information ---- ---- 
: G969901S 

- :-96304516 - --  Sample Quantity -: 1-.0000OE+OO-SAMPLE -- - 

---- Sample Decay/Count Information ---- 

Decay time : 20 02:43 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : -8.491853-08 FWHM Offset : 4.153863-01 
FWHM Slooe : 4.451503-02 MDA Width (FWHM) : 3.0 
Start chknel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
E r r o r s  propagated: Yes 

B)t Energy Area 

1 0  
2 0  
3 0  
4 0  
5 0  
6 2  
7 2  
8 0  
9 0  

10 0 
11 2 
12 2 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 

16 . 17* 
18 . 87" 
46.29* 
53.10* 
63.13* 
74.73* 
77.08* 
87.23* 
92 . 87" 

185.92* 
238.97* 
242 -16 
295.17* 
352 . 05* 
609.53* 

1120.65* 
1237.80 
1377 . 90 
1765.27* 

60 
32 
26 
71 
21 
189 
274 
43 
5 

17 
23 
152 
287 
427 
363 
72 
44 
37 
65 

Bkgnd 

910 
722 
331 
307 
289 
239 
222 
285 
325 
255 
180 
180 
193 
156 
136 
55 
26 
17 
11 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel Left Pw Cts/Sec %Err Fit 

1.12 34.24 
1.25 39.76 
0.99 95.86 
1-13 109.79 
0.93 130.31 
0.97 154.05 
0.95 158.85 
0.81 179.62 
1.07 191.15 
1.00 381.52 
1.34 490.06 
1.23 496.59 
1.08 605.06 
1.15 721.45 
1.17 1248.36 
1.51 2294.63 
4.13 2534.49 
3.20 2821.35 
2.64 3614.70 

31 
39 
92 

105 
127 
149 
149 
176 
187 
377 
484 
484 
600 
717 
1242 
2288 
2527 
2814 
3607 

7 4.153-03 97.6 
8 2.243-03152.9 
10 1.843-03142.0 
10 4.953-03 49.4 
8 1.483-03164.3 

19 1.313-02 15.4 1.74E+00 
19 1.903-02 11.2 
7 2.983-03 70.0 
10 3.533-04809.5 
9 1.163-03197.3 

17 1.633-03110.8 1.80E+00 
17 1.063-02 17.2 
12 1.993-02 11.5 
11 2,963-02 7.6 
13 2.523-02 8.7 
16 5.003-03 26.7 
13 3.053-03 28.3 
17 2.573-03 30.4 
18 4.513-03 19.0 

Flag: = Peak area was modified by background subtraction 



Gamma Spectroscopy Report generated ll-OCT-1996 13:41 80 19 
Configuration: DISK:[RADCHEX.SCUSR.ARCHIVE]SMP 96304516 GAMMA5 - PMP - 9183.CNF;Z 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 

S le Title : G969901S 
Sample-ID-- - - : 96304516 - - - 

Sample Type 

Sample Information ---- ---- 
Sample-Quantity- : 1.00000E+00 SAMPLE - - 

: FILTER Sample Geometry : PMP 

@ 
---- Sample Decay/Count Information ---- 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:43 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset 
Cali. Quadratic : -8.491853-08 FWHM Offset 
FWHM Slope : 4.45150E-02 MDA Width (FWHM) 
Start channel : 1  End channel 
Sensitivity : 5.0 Gaussian Sens. 
Energy tolerance : 2.0 Half life ratio 
Abundance limit : 75.0 WTM error limit 
Activity Units : PCI Act. Conversion 
MDA Confid Level : 5.0 Sigma Number 
Errors propagated: Yes Systematic Error 

-5.658413-01 
4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

€&ID Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 

16.17* 
18 . 87* 
46.29* 
53 . 10* 
63 . 13* 
74.73* 
77.08* 
87.23* 
92 . 87* 

185.92* 
238 . 97* 
242.16 
295.17* 
352 OS* 
609,53* 

1120.65* 
1237.80 
1377.90 
1765.27* 

60 
32 
26 
71 
21 
189 
274 
43 
5 

17 
23 
152 
287 
427 
363 
72 
44 
37 
65 

910 
722 
331 
307 
289 
239 
222 
285 
325 
255 
180 
180 
193 
156 
136 
55 
26 
17 
11 

1.12 34.24 
1.25 39.76 
0.99 95.86 
1.13 109.79 
0.93 130.31 
0.97 154.05 
0.95 158.85 
0.81 179.62 
1.07 191.15 
1.00 381.52 
1.34 490.06 
1.23 496.59 
1.08 605.06 
1.15 721.45 
1.17 1248.36 
1.51 2294.63 
4.13 2534.49 
3.20 2821.35 
2.64 3614.70 

31 
39 
92 

105 
127 
149 
149 
176 
187 
377 
484 
484 
600 
717 
1242 
2288 
2527 
2814 
3607 

7195 . 1 
8305 . 8 
10284.1 
10 98.8 
8328 . 6 
19 30.8 1.74E+00 
19 22.3 
7139.9 
IO***** 
9394 . 6 
17221.5 1.80E+00 
17 34.4 
12 23.0 
11 15.3 
13 17.4 
16 53.3 
13 56.6 
17 60.7 
18 38.0 

RA-2 2 6 



Gamma Spectroscopy Report generated 11-OCT-1996 13:41 8 0 1 9  
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304516 GAMMA5 PMP 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 - - 

Sample Information ---- ---- 
- _ .  - -  S le Title : G969901S - -  

- Sample Quantity : 1.00000E+00 SAMPLE 
: FILTER Sample Geometry : PMP 

amb 
Sample ID - - :-96304516 -- - 

Sample Type 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:43 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMp 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset 
Cali. Quadratic : -8.49185E-08 FWHM Offset 
FWHM Slope : 4.451503-02 MDA Width (FWHM) 
Start channel : 1  End channel 
Sensitivity : 5.0 Gaussian Sens. 
Energy tolerance : 2.0 Half life ratio 
Abundance limit : 75.0 WTM error limit 
Activity Units : PCI Act. Conversion 
MDA Confid Level : 5.0 Sigma Number 
Errors propagated: Yes Systematic Error 

~~ 

a r f e r e n c e  Report 

: -5.658413-01 
: 4.153863-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

No interference correction performed 



Rejected Report 
Sample I D  : 96304516 

Half-Life 
Nuclide H a l f - l i f e  R a t i o  

0.00 

% Abundances 

Page : 2 
Acquis i t ion d a t e  : 9-OCT-1996 14:43:50  

$ 0 1 9  2-Sigma 
Energy %Abund Ac t iv i ty  % E r r o r  Rejected by 

1 0 0 . 0 0  1.11 --- Not Found --- 
1 1 4 4 2 4  3.24 --- Not Found --- 
1 5 4 . 2 1  5.58 --- Not Found --- 
205.00 1 .08  --- Not Found --- 
210.60 1.26 --- Not Found --- 
234.90 2.80 --- Not Found --- 
236.00 11.50 --- Not Found --- 
256.20  6.30 --- Not Found --- 
269.46 13.60 --- Not Found --- 
271.23 10.60 --- Not Found --- 
283.67 1.60 --- Not Found --- 
286.10 1.60 --- Not Found --- 
300.08 2.30 --- Not Found --- 
304.40 1.35 --- Not Found --- 
323.87 3.88 --- Not Found --- 
330.00 1 .30  --- Not Found --- 
334.20 1 .15  --- Not Found --- 
338.28 2.73 --- Not Found --- 
401.81  6.50 --- Not Found --- 
404.84 2.90 --- Not Found --- 
427.08 1.30 --- Not Found --- 
445.03 1.18 --- Not Found --- 
569.67 0.54 --- Not Found --- 
831.96 2.90 --- Not Found --- 
897.83 0.24 --- Not Found --- 
897.83  0.52 --- Not Found --- 

50.10 31.70 --- Not Found --- Abun. 

1 2 2 . 3 1  _1.-19 --- Not Found --1 - - _ _  ~- - - 

351.07* 12.94 1.8703-04 22.40 

Found = 9.59 

U-2 3 5 7 . 04E+08Y 0.00 143.76  10 .50  --- Not Found --- Abun. 
163 .35  4.70 --- Not Found --- 
205.31  4.70 --- Not Found --- 
185.71* 54.00 1.1593-06 395.08 

% Abundances Found = 73.07 

Flag:  = Keyline 



Nuclide Line Activity Report 
Sample ID : 96304516 

Page : 3 
Acquisition date : 9-OCT-1996 14:43:50 

80 19 
Nuclide Type: Natural 

a i d e  
Uncorrected Decay Corr 2-Sigma 

Energy Area %Abn %Eff  PCI/SAMPLE PCI/SAMPLE %Err or 
186.21- -17.. -3.28*- 5.024E+00- 1.908E+01 - l-.909E+01-- 395;07- - w-226 - 

Flag:  It*11 = Keyline 



Gamma Spectroscopy Report generated ll-OCT-1996 13:41 8019 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304516 GAMMA5 PMP 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-lJ3.1 HINACT V2.5 

Sample Information ---- ---- 
: G969901S - -  

1 
yle Title 

Sample I-D - -: 96304516 - - - -- Sample Quantity : l ~ O O ~ O O O E + O O  SAMPLE 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:43 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 

Errors propagated: Yes 

Cl)ined Activity-MDA Report 

Parameters ---- 
Cali. Offset : -5.658413-01 
FWHM Offset : 4.153863-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

Identified Nuclides ---- ---- 
Act ivi t y Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

RA-226 1.909E+01 7.5403+01 7 . 552E+01 1.3 97E+01 0.253 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-228 5.2053+00 1.072E+01 1 . 920E+01 3.942E+OO 0.271 
PA-2 3 1 1.8703+02 + 4.1893+01 4.886E+01 8.0263+00 3.828 
U-235 1.159E+00 + 4.5803+00 6 . 361E+00 1.194E+00 0.182 



8 0 1 9  Gamma Spectroscopy Report generated 11-OCT-1996 13:42 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304516 GAMMA5 PMP 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 EINA-6T V2.5 

Sample Information ---- ---- 
- Sample Quantity-- : 1~.00000E+00 SAMPLE - 

S le Title : G969901S 
Sample ID - 

Sample Type 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 

-- . . 96304516- - 

: FILTER Sample Geometry : PIW 

---- Sample Decay/Count Information ---- 

db 

Decay time : 20 02:43 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMp 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset : -5.658413-01 
FWHM Offset : 4.153863-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 2  

Gained Activity-MDA Report 

Identified Nuclides ---- ---- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAME’LE) (PCI/SAMPLE) 

RA-226 1.909E+01 7 . 548E+01 7 . 552E+01 1.397E+01 0.253 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

0.271 RA-228 5.205E+OO 1.076E+01 1 . 920E+01 3 . 942E+OO 
PA-2 3 1 1.8703+02 + 5.3743+01 4.8863+01 8 . 026E+00 3.828 
U-235 1.159E+00 + 4.585E+OO 6 . 361E+00 1.194E+00 0.182 

1 4 4  



Section 2. Instrument Performance and Calibration Data 
y spectrometry 

Inventory Checklist 

Efficiency Calibration 
Calibration Spectral Plot 

Peak Search Report 

Calibration Reports 
Energy 

* F w H M  
Efficiency 

Calibration Plots 
Energy 

* F w H M  
Efficiency 

Energy Calibration 
Calibration Spectal Plot 

Peak Search Report 

Calibration Reports 
Energy 

* F w H M  

Calibration Plots 
Energy 

* F w H M  @ Background 
Background Spectral Plot 

Peak Source Report(s) 

I Daily Source Check 

Weekly Background 

Section 2. Instrument Performance and Calibration Data 
y Spectrometry 

Reviewer Checklist 

x 
A 
;h 

The Instrument Performance and Calibration Data Inventory Checklist above is complete. 

S p e e d  analyticai protocols are followed for particular contract requirements. 

Conditions of instrument setup are noted. 
NCNs) noted, and affected instruments not used. 
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VMS Peak Search Report V1.9 Generated ll-OCT-1996 11:52:01 8019 
Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL - GAMMA5 - PMP - 8947.CNF;l 

-&:DbY 

: PEAK V16.5,PEAKEFF V2.2 
le date : 1-MAY-1995 12:OO:OO Acquisition date : 19-SEP-1996 13:46:10 

: PMP Sample quantity : 1.0000 L 
Detector name : GAMMA5 Detector geometry: PMP - - - -- 

Elapsed live-time: 0- 00~20:OO.OO - Elapsed real time: 0 00:21:43.34 7.9% 
Start energy -0.01 keV End energy : 1999.52 keV 
Sens it ivi t y 5.00 Gauss i an 10.00 
Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel %Eff Cts/Sec %Err Fit 

1 0  5.29 2273 
2 10 11.13 38098 
3 10 12 . 14 84036 
4 0  14 . 82 12412 
5 7  21.14 205382 
6 7  22.06 1354357 
7 7  24.86 404702 
8 0  31.97 38944 
9 0  36.46 9244 

10 0 42 . 98 3097 
11 0 49.56 947 
12 0 59.51 35789 
13 10 67.16 2522 
14 10 70.97 1437 
15 0 88 . 02 96976 
16 1 120.24 409 
17 1 122.05 38585 

136 . 45 4542 
7621 
354 

6 158.99 
20 0 254.85 
21 0 391.70 9598 
22 0 514.17 1382 
23 0 661.66 173017 
24 0 898.01 12394 
25 0 1173.15 109576 
26 0 1332.40 98724 
27 0 1836.07 7295 

7754 1.50 11.84 
32452 1.24 23.79 
32416 0.77 25.88 
31483 0.85 31.36 
91270 1.29 44.29 
72775 0.92 46.17 
51039 1.33 51.91 
28359 1.03 66.47 
19820 1.09 75.67 
24654 2.11 89.00 
13643 1.15 102.49 
18234 0.82 122.85 
22915 2.10 138.51 
25393 2.14 146.31 
23270 0.89 181.22 
5340 1.02 247.19 
7775 0.90 250.89 
12499 1.01 280.36 
10440 1.05 326.51 
6858 0.77 522.78 
9555 1.23 802.97 
6881 1.28 1053.74 
8620 1.45 1355.74 
7919 1.65 1839.75 
5372 1.87 2403.25 
2152 1.98 2729.40 
623 2.30 3761.14 

8.11E+00 1.89E+00 6.4 
9.51E+00 3.17E+01 1.2 2.673+02 
9.60E+00 7.00E+01 0.5 
9.753+00 1.03E+01 2.4 
9.773+00 1.71E+02 0.6 1.05E+04 
9.75E+00 1.13E+03 0.1 
9.68E+00 3.373+02 0.2 
9.423+00 3.253+01 0.9 
9.23E+00 7.70E+00 3.0 
8.943+00 2.583+00 10.3 
8.653+00 7.893-01 20.7 
8.243+00 2.98E+01 0.9 
7.933+00 2.10E+00 12.9 1.28E+01 
7.793+00 1.20E+00 22.7 
7.21E+00 8.08E+01 0.4 

6.263+00 3.223+01 0.6 
5.933+00 3.783+00 4.8 
5.483+00 6.353+00 2.7 
4.14E+00 2.953-01 37.4 
3.06E+00 8.00E+00 2 . 2  
2.463+00 1.15E+00 11.6 
1.99E+00 1 . 44E+02 0 . 3 
1.50E+00 1.03E+01 1.8 
1.15E+00 9.13E+01 0 . 3 
1.00E+00 8.233+01 0.3 
7.05E-01 6.08E+00 1.5 

6.30E+00 3.41E-01 25.5 8.373-01 



VMS Calibration Report V1.5 Generated 11-OCT-1996 11:52:03 8069 
Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMAS - PMP - 8947.CNF;l 
Analyses by : SCRCAL V1.1,PEAK V16.5,PEAKEFF v2.2 

ec t o r Name : GAMMA5 Energy Calib Time: 19-SEP-1996 14:21:40 
ciency type : Empirical Effncy Calib Time: 19-SEP-1996 14:21:40 

ector Geometry: PMP Shelf - _ _ -  - - .  - BP - - - -  

Energy Calibration Report 

Energy = -0.4971 + 0.4885*Channel + -4.4514E-O8*(Channel**2) 

Centroid True Computed 
Nbr Channel Energy Energy Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

122 . 85 
181.22 
250.89 
280.36 
326.51 
802.97 

1053.74 
1355.74 
1839.75 
2403.25 
2729.40 
3761.14 

59.54 
88.03 

122.06 
136.48 
159.00 
391.69 
513.99 
661.65 
898.02 

1173.22 
1332 . 49 
1836.01 

59.51 
88.02 

122.05 
136.45 
158.99 
391.70 
514.17 
661.66 
898.01 

1173 . 15 
1332.40 
1836.07 

0.028 
0.012 
0.013 
0.030 
0.014 

-0.012 
-0.181 
-0.006 
0.008 
0.062 
0.091 

-0.060 

FWHM Calibration Report 

FWHM = 0.4790 + 4.0482E-O2*(Energy**1/2) 

True Computed 
Nbr Energy FWHM FWHM Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

59.54 
88.03 

122 . 06 
136.48 
159.00 
391.69 
513 . 99 
661.65 
898.02 

1173.22 
1332.49 
1836.01 

0.82 
0.89 
0.90 
1.01 
1.05 
1.23 
1.28 
1.45 
1.65 
1.87 
1.98 
2.31 

0.79 
0.86 
0.93 
0.95 
0.99 
1.28 
1.40 
1.52 
1.69 
1.87 
1.96 
2.21 

0.026 
0.035 

-0.024 
0.061 
0.065 

-0.055 ' 

-0.119 
-0 . 072 
-0.039 
0.006 
0.024 
0.092 

Efficiency Calibration Report 

Eff = exp(a2 + a3*x + a4*x**2 + a5*x**3 + a6*x**4 + a7*x**5), x=ln(al/energy) 

a1 a2 a3 a4 a5 a6 a7 
947.8 -4.255 0.9772 -0.1236 O.OOOOE+OO 0.0000E+00 0.0000E+00 

Average Deviation = 6.53 % Reduced Chi-square = 1.96 

Nbr (keV) Efficiency Error Efficiency /Error % Diff 
Energy Measured Efficiency Computed Dif f / 

1 59.54. 7.333-02 

1 4 8  Ma07 3 . 723-03 8 -233-02 -2 . 43 



Efficiency Calibration Report (continued) Page : 2 
Sample ID : PMP Acquisition date : 19-SEP-199’6 13:46:10 

Computed Diff/ 8 0 1 9  Energy Measured Efficiency 
Nbr (keV) Efficiency Error Efficiency /Error % Diff 

--4 - 
.. 

5 
6 
7 
8 
9 

10 
11 
12 

88.03 7.593-02 
122.06 6.71E-02 
136.48 6.383-02- 
159.00 5.853-02 
391.69 2.91E-02 
513.99 2.173-02 
661.65 1.933-02 
898 . 02 1.373-02 

1173.22 1.13E-02 
1332.49 1.02E-02 
1836.01 7.573-03 

3 . 8113-03 
4.-&43-03 
3.323-03 
1.60E-03 
2.733-03 
9.6 6E-04 
7.263-04 
5.693-04 
5.1213-04 
3.953-04 

3.393-03 - 

Approved by: 

7.213-02 
6.263-02-- _ _  
5,93Ez02 
5.483-02 
3.0613-02 
2.4713-02 
1.993-02 
1 . 5013-02 
1 . 15E-02 
1.00E-02 
7.05E-03 

1.01 
1.33 _. 

1.00 
1.10 

-0.95 
-1.09 
-0.58 
-1.74 
-0.20 
0.37 
1.33 

5.07 

6.98 
6.26 

-5.24 
-13.77 
-2.89 
-9.25 
-0.99 
1.88 
6.93 

..6 . 72.- - - ._ 

Approval Date: - 1 -  1 -  
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VMS Peak Search Report V1.9 Generated 11-OCT-1996 11:52:23 

Analyses by : PEAK V16.5,PEAKEFF V2.2 
Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL - GAMMA5 - 9156.CNF;l 8019 

le date : 4-OCT-1996 0O:OO:OO Acquisition date : 8-OCT-1996 12:27:57 
le ID : BCKGND Sample quantity : 1.0000 G 

Elapsed live time:- 0 00:-10-:OO;OO - Elapsed real time- 0-00-:10:05.08 0.8% 
Start energy -0.08 keV End energy : 2000.23 keV 
Sensitivity 
Critical level : No 

ector name : GAMMA5 Detector geometry: TRMl-S3 _ _ _  - - 

5.00 Gaussian 10.00 

8 

Pk It Energy Area Bkgnd EWHM Channel %Eff Cts/Sec %Err Fit 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 3  
10 3 
11 3 
12 0 
13 3 
14 3 
15 3 
16 5 
17 5 

ibi 
21 0 
22 0 
23 0 
24 2 
25 2 
26 1 
27 1 
28 0 
29 0 
30 0 
31 0 
32 0 
33 2 
34 2 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 

12.85 
15.55 
27.17 
46.47 
50.05 
53.27 
63.21 
67.58 
74.77 
77.05 
79.27 
81.32 
83.77 
87.19 
89.79 
92 . 55 
94.59 
97.81 

143 . 92 
154.22 
186.22 
236 . 18 
242 . 04 
256.32 
259.10 
269.62 
271.27 
274.58 
295.27 
333.74 
351.97 
388.19 
402 . 11 
404.93 
455.31 
480.54 
487 . 32 
580.33 
609.41 
665 . 35 
703.14 
768.36 
785 . 96 
806 . 39 

318 
470 
163 

2711 
307 
708 
617 
401 

4811 
8300 
514 
284 
1270 
2807 
1067 
874 
455 
178 
313 
256 

2895 
273 

3703 
157 
256 
313 
238 
210 
8149 

83 
13102 
202 
145 
163 
104 
82 

103 
90 

9179 
284 
74 

821 
206 
242 

817 
1371 
860 
1515 
1130 
1591 
2181 
2553 
1597 
1619 
1308 
1576 
1070 
1506 
1512 
1098 
1010 
1089 
1479 
1450 
1730 
977 
904 
481 
616 
574 
423 
577 
599 
403 
786 
680 
436 
421 
326 
289 
314 
233 
252 
220 
193 
305 
176 
196 

0.90 27.45 
1.11 32.96 
0.74 56.75 
0.89 96.22 
1.22 103.56 
0.83 110.14 
0.96 130.47 
1.01 139.41 
0.87 154.13 
0.86 158.80 
0.68 163.32 
0.60 167.52 
0.89 172.54 
1.11 179.53 
1.11 184.85 
0.95 190.50 
1.25 194.67 
0.98 201.26 
1.19 295.59 
1.02 316.67 
1.01 382.14 
0.94 484.36 
1.02 496.35 
1.03 525.56 
1.37 531.25 
1.26 552.77 
1.05 556.15 
1.07 562.92 
1.11 605.27 
1.70 683.98 
1.17 721.28 
2.79 795.40 
1.58 823.89 
1.59 829.66 
1.28 932.74 
1.30 984.37 
1.24 998.25 
1.14 1188.60 
1.37 1248.11 
1.51 1362.61 
1.30 1439.96 
1.53 1573.45 
1.32 1609.48 
1.49 1651.29 

6.05E+02 
8.83E+01 
6.45E+00 
4.93E+00 
5.10E+00 
5.273+00 
5.853+00 
6.10E+00 
6.47E+00 
6.57E+00 
6.67E+00 
6.75E+00 
6.853+00 
6.97E+00 
7.05E+00 
7.12E+00 
7.17E+00 
7.24E+00 
7.16E+00 
6.97E+00 
6.2 6E+00 
5.13E+00 
5.01E+00 
4.72E+00 
4.67E+00 
4.48E+00 
4.453+00 
4.393+00 
4.05E+00 
3 . 52E+00 
3.31E+00 
2.95E+00 
2.83E+00 
2.80E+00 
2.44E+00 
2.30E+00 
2.263+00 
1.88E+00 
1.79E+00 
1.64E+00 
1.57E+00 
1.46E+00 
1.43E+00 
1.40E+00 

5.30E-01 
7.8413-01 
2.72E-01 
4.52E+00 
5.12E-01 
1.18E+00 
1.03E+00 
6.68E-01 
8.02E+00 
1.38E+01 
8.57E-01 
4.74E-01 
2.12E+00 
4.68E+00 
1.78E+00 
1.46E+00 
7.58E-01 
2 . 97E-01 
5.21E-01 
4.263-01 
4.83E+00 
4.54E-01 
6.17E+00 
2.62E-01 
4.273-01 
5.22E-01 
3.97E-01 
3. SOE-01 
1.36E+01 
1 . 38E-01 
2 . 18E+01 
3.37E-01 
2.41E-01 
2 . 72E-01 
1 . 73E-01 
1 . 36E-01 
1 . 72E-01 
1 . 5013-01 
1 . 53E+01 
4.73E-01 
1.23E-01 
1.37E+00 
3.43E-01 
4.04E-01 

13.9 
13.9 
29.7 
3.1 
18.2 
10.5 
13.2 
22.4 
1.9 5.953+00 
1.3 

10.9 
21.6 
4.8 3.75E+00 
3.0 
7.0 
6.9 3.223+00 

12.4 
31.5 
22.9 
26.6 
3.4 

22.3 
2.3 
23.5 2.13E+00 
18.0 
14.9 3.763+00 
16.0 
20.9 
1.2 

41.8 
1.0 

26.6 
28 . 5 1 . 58E+00 
25.7 
34.1 
39.3 
34.8 
33.3 
1.1 
12.6 
38.4 
5.9 

14.3 
13.9 



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It 

--47 o-- 
48  0 
49  0 
5 0  0 
51  0 
52  0 
53 1 
5 4  1 
55 0 
5 6  4 
5 7  4 
58 0 
5 9  0 
6 0  0 
6 1  0 
62  0 

Energy 

839.50 
934 .21  

1120.31  - 
1155.39 
1 2 3 8  . 1 6  
1280.87 
1377.53 
1385 . 4 1  
1401.55 
1407.81 
1508.94 
1537.68 
1 5 4 3  . 5 1  
1583.83  
1661.16 
1729 .61  
1764.47 
1847 . 57 

Area 

94 
419  

1885 
249  
687 
1 6 3  
499 
1 2 1  
200  
2 3 3  
2 3 9  

55 
7 0  
7 3  

1 1 2  
335 

1 4 1 3  
218  

Bkgnd 

212 
247 

--- 142  
162  
116  
1 2 0  
1 2 9  
1 0 7  

8 7  
87  

106  
133 

57 
1 0 0  

38 
49 
5 2  
32 

Page : 2 
Acquisition date : 8-OCT-1996 12:27:57 

80 19 
ET4'H.M Channel % E f f  Cts/Sec % E r r  Fit 

1 .67  1719.05 
1 . 4 3  1912.94 

-1.85 2293.93 
2.15 2365.75 
1.92 2535.21 
2.16 2622.67 
2.22 2820.59 
2.09 2836.73 
2.29 2869.79 
2.12 2882.60 
2 .53  3089.71 
3.16 3148.55 
1 . 7 1  3160.49 
0.82 3243.08 
1 . 6 5  3401.45 
2.40 3541.66 
2 .31  3613.05 
2.46 3783.28 

1.36E+00 1.56E-01 33.6 
1.27E+00 6.983-01 9.2 
1.-15E+OO 3.14E+00 --2.7 
1.13E+00 4.14E-01 13.8 
1.09E+00 1.14E+00 5.2 
1.08E+00 2.723-01 16.6 
1.04E+00 8.323-01 7.0 
1.04E+00 2.02E-01 21.5 
1.04E+00 3.333-01 1 2 . 1  1.66E+00 
1.03E+00 3.883-01 10.4 
1.00E+00 3.983-01 11.8 
9.943-01 9.123-02 51.6 1.69E+00 
9.923-01 1.16E-01 23.2 
9.80E-01 1.22E-01 35 .5  
9.583-01 1.86E-01 1 5 . 1  
9.37E-01 5.58E-01 7.6 
9.273-01 2.363+00 2.9 
9.02E-01 3.633-01 9.3 

- 

1 5 5  



8019 VMS Calibration Report V1.5 Generated ll-OCT-1996 11:52:25 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA5 9156.CNF;l 
Analyses by : CALIBRATE V1.7,PEAK V16.5,PEAKEFF V2.2- 
D ector Name Energy Calib Time: 8-OCT-1996 12:40:10 

ciency type : Empirical Effncy Calib Time: 19-SEP-1996 11:45:10 
ctor Geometry: TRMl-S3 Shelf 

_-_ - - _ _  . - - _. - __ - -. & - - __ 

Energy Calibration Report 

Energy = -0.5658 + 0.4888*Channel + -8.4919E-O8*(Channel**2) 

Centroid True Computed 
Nbr Channel Energy Energy Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

20 
21 

96.22 
154 . 13 
158.80 
382 . 14 
605.27 
721.28 

1248 . 11 
1362.61 
1573.45 
1912.94 
2293.87 
2365.75 
2535.21 
2622 . 67 
2820.59 
2882 . 60 
3089.71 
3401.45 
3541.66 
3613.05 
3783.28 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155.19 
1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

46.47 
74.77 
77.05 
186.22 
295.27 
351.97 
609.41 
665.35 
768.36 
934.21 

1120.28 
1155.39 
1238.16 
1280.87 
1377.53 
1407.81 
1508.94 
1661.16 
1729.61 
1764.47 
1847.57 

0.034 
0.041 
0.053 

-0.009 
-0.059 
-0.049 
-0.094 
0.100 

-0.004 
-0.151 
0.002 

-0.204 
-0.045 
0.088 
0.142 
0.171 
0.286 

-0.160 
-0.016 
0.026 

-0.153 

FWHM Calibration Report 

FWHM = 0.4154 + 4.4515E-O2*(Energy**1/2) 

Nbr Energy 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609 . 31 
665.45 
768.36 
934.06 

1120.29 
1155.19 

True Computed 
FWHM FWHM Difference 

0.89 
0.87 
0.86 
1.01 
1.11 
1.17 
1.37 
1.51 
1.53 
1.43 
1.85 
2.15 

0.72 
0.80 
0.81 
1.02 
1.18 
1.25 
1.51 
1.56 
1.65 
1.78 
1.91 
1.93 

0.167 
0.068 
0.052 

-0.00.8 
-0.073 
-0.079 
-0 . 148 
-0.057 
-0.121 
-0.343 
-0.056 
0.220 



FWHM Calibration Report (continued) Page : 2 
Sample ID : BCKGND Acquisition date : 8-OCT-1996 12:27:57 

Nbr Energy 

-15 
16 
17 
18 
19 
20 
21 

1238.11 
1280.96 
1377.67.- 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

_._. 

8 0 1 9  True Computed 
FWHM FWHM Difference 

1.92 
2.16 
-3.22 -- 

2.12 
2.53 
1.65 
2.40 
2-31 
2.46 

.. _ _  

1.98 
2.01 
2 :07 - 

2.09 
2.14 
2.23 
2.27 
2.29 
2.33 

_ _  

-0.057 
0.147 
0.14.8 
0.035 
0.389 

-0.580 
0.135 
0.025 
0.134 

_ _ _ ~  ~- 

Approved by: Approval Date: _. 1 -  1 -  
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8019 
VMS Peak Search Report V1.9 Generated 11-OCT-1996 11:53:08 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMAS-9143.CNF;l 
Analyses by : PEAK V16.5,PEAKEFF V2.2 

aF ector name : GAMMA5 Detector geometry: TRMl-S3 
Elapsed live time: 2 02:OO:OO.O0---------Ela~sed real time: 2 02:01:07.08 -O;-O% 

le date : 4-OCT-1996 0O:OO:OO Acquisition date : 4-OCT-1996 18:20:18 
le ID : BCKGND Sample quantity : 1.0000 G 

s t a? t energy 
Sensitivity 
Critical level 

Pk It 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 4 
11 4 
12 0 
13 0 
14 0 
15 0 
16 0 4; 
21 0 
22 0 
23 0 
24 4 
25 4 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 4 
36 4 
37 4 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 

Energy 

7.76 
10.38 
13 . 03 
16.22 
19.25 
23.34 
26.04 
46.55 
53.64 
63.34 
66.28 
69.74 
74.19 
77.07 
84.43 
87.20 
92 . 67 
98.25 

109.75 
112 . 82 
139.81 
143.66 
185.85 
197.16 
198.38 
205.33 
238.76 
295.36 
352 . 05 
511.06 
569.99 
583 . 39 
609.48 
669.54 
693 . 56 
696 . 97 
702 . 45 
803 . 05 
962 . 14 
1120.02 
1331.87 
1460.47 
1764.72 

. . .  

-0.05 keV End- energy : 2000.22 keV 
5.00 Gaussian 10.00 

: No 

Area 

24064 
4115 
4183 
6461 
1233 
285 
437 

1927 
405 

3752 
535 
385 
134 
495 
698 
283 

4997 
195 
354 
230 
682 
424 

2020 
456 
665 
188 
908 
179 
298 
4724 
434 
294 
299 
124 
349 
189 
192 
377 
241 
105 
136 
320 
128 

Bkgnd 

42790 
15170 
13266 
11688 
6158 
5186 
4406 
3150 
3070 
1877 
2846 
3435 
3061 
2625 
3059 
2253 
3152 
2385 
2985 
1804 
3118 
2282 
3123 
1487 
1790 
1689 
2089 
1472 
1202 
2215 
1409 
1218 
1186 
741 

1136 
993 

1226 
759 
859 
385 
353 
376 
183 

FWHM Channel %Eff Cts/Sec %Err Fit 

1.54 16.98 6.553+06 1.343-01 1.5 
0.84 22.34 1.323+04 2.293-02 4.8 
0.86 27.77 5.133+02 2.323-02 4.7 
1.08 34.29 6.283+01 3.593-02 3.1 
0.89 40.48 2.093+01 6.853-03 10.0 
1.44 48.85 9.403+00 1.583-03 40.4 
1.08 54.38 7.033+00 2.433-03 24.7 
0.94 96.35 4.943+00 1.073-02 5.5 
0.98 110.85 5.293+00 2.253-03 24.2 
0.81 130.70 5.863+00 2.083-02 2.4 l.lOE+OO 
1.28 136.72 6.023+00 2.973-03 18.1 
1.87 143.79 6.213+00 2.143-03 26.7 
0.84 152.90 6.443+00 7.443-04 65.8 
0.94 158.79 6.573+00 2.753-03 17.0 
1.37 173.85 6.873+00 3.883-03 14.2 
0.85 179.52 6.973+00 1.573-03 27.2 
1.09 190.71 7.123+00 2.783-02 2.4 
0.93 202.14 7.253+00 1.093-03 42.0 
0.75 225.66 7.393+00 1.973-03 27.2 
0.95 231.93 7.403+00 1.283-03 28.5 
1.12 287.16 7.223+00 3.793-03 15.8 
1.06 295.05 7.163+00 2.353-03 19.3 
1-02 381.36 6.273+00 1.123-02 5.6 
0.89 404.51 6.003+00 2.533-03 13.8 4.493-01 
1.04 407.00 5.983+00 3.693-03 11.2 
0.96 421.24 5.813+00 1.043-03 35.4 
1.08 489.64 5.073+00 5.053-03 9.3 
1.03 605.47 4.053+00 9.943-04 36.3 
1.06 721.47 3.313+00 1.653-03 20.2 
2.53 1046.88 2.153+00 2.623-02 2.7 
1.55 1167.50 1.913+00 2.413-03 18.5 
1.25 1194.92 1.873+00 1.643-03 23.7 
1.30 1248.33 1.793+00 1.663-03 21.5 
1.38 1371.25 1.643+00 6.913-04 40.4 
2.18 1420.41 1.583+00 1.943-03 21.4 3.273+00 
1.80 1427.39 1.583+00 1.053-03 34.4 
2.19 1438.62 1.573+00 1.073-03 38.5 
1.66 1644.53 1.413+00 2.093-03 15.0 
2.17 1970.22 1.253+00 1.343-03 28.6 
1.77 2293.42 1.153+00 5.833-04 35.1 
2.38 2727.21 1.063+00 7.543-04 28.1 
1.75 2990.52 1.023+00 1.783-03 14.0 
2.41 3613.62 9.273-01 7.113-04 23.0 
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Library Title 
Library file name : DISK:[RADCHEM.SCUSR.LIB]HAYDEN.NLB;l 
Date printed : ll-OCT-1996 11:56:07.71 
Number of nuclides : 4 
Number of lines 43 

8069 

Nuclide Nuclide Key 
Line 

RA-22.6 16-0-0 . OOY- Natural ___ 
RA-228 1.41E+10Y Natural 

* Name Half-Life Type 

* 

PA-231 3.28E+04Y Natural 

* 

U-235 7.04E+08Y Natural 

* 

.- 

Energy 
186.21. keV - 
209.28 keV 
270.23 keV 
327.64 keV 
338.32 keV 
463.00 keV 
794.70 keV 
911.07 keV 
964.60 keV 
969.11 keV 
50.10 keV 

100.00 keV 
122.31 keV 
144.24 keV 
154.21 keV 
205.00 keV 
210.60 keV 
234.90 keV 
236.00 keV 
256.20 keV 
2 6 9.46 keV 
271.23 keV 
283.67 keV 
286.10 keV 
300.08 keV 
304.40 keV 
323.87 keV 
330.00 keV 
334.20 keV 
338.28 keV 
351.07 keV 
401.81 keV 
404.84 keV 
427.08 keV 
445.03 keV 
5 6 9 . 67 keV 
831.96 keV 
897.83 keV 
897.83 keV 
143.76 keV 
163 . 35 keV 
18 5 . 71 keV 
205.31 keV 

Abundance 
3.28-% ~ - - -  . _ _  

4.40 % 
3.60 % 
3.20 % 

11.40 % 
4.40 % 
4.60 % 

27.70 % 
5.20 % 

16.60 % 
31.70 % 
1.11 % 
1.19 % 
3.24 % 
5.58 % 
1.08 % 
1.26 % 
2.80 % 
11.50 % 
6.30 % 

13.60 % 
10.60 % 
1.60 % 
1.60 % 
2.30 % 
1.35 % 
3.88 % 
1.30 % 
1.15 % 
2.73 % 
12.94 % 
6.50 % 
2.90 % 
1.30 % 
1.18 % 
0.54 % 
2.90 % 
0.24 % 
0.52 % 

10.50 % 
4.70 % 

54.00 % 
4.70 % 

1 7 4  
000333 



: ll-OCT-1996 11:56:09.18 
80 19 

Print Time 
Library file name : DISK:[RADCHEM.SCUSR.LIB]HAYDEN.NLB;l 
Library title 

Record Interfering nuclide Interfered nuclide 
U-235 Ra-226 
RA-228 Pa-2 3 1 

- _ _  _ _  _ _  ~- _._ - __ _ _  _ _  

Iq ct-lqb 

-- . 
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VMS Peak Search Report V1.9 Generated 11-OCT-1996 13:57:12 

Analyses by : PEAK V16.5,PEAKEFF V2.2 
Sample date : 1-MAY-1995 12:OO:OO Acquisition date : 19-SEP-1996 14:37:15 

: PMP Sample quantity : 1.0000 L 
s;Eo:”.ame : GAMMA6 Detector geometry: PMP 

sed live time: 0 00:20:00.00 Elapsed real time: 0 00:21:38.69 7.6% 
.Start energy __ : .__ -0.34 keV ~ End energy -. . : -1999.92 keV 

: DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 PMP 8957.CNF;l 8 0 1 9  Configuration - - - 

Sensitivity 
Critical level 

Pk It 

1 9  
2 9  
3 9  
4 3  
5 3  
6 0  
7 0  
8 4  
9 4  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 4; 
22 0 
23 0 
24 0 
25 0 

Energy 

11.10 
12.14 
14.61 
21.96 
24.83 
31.91 
36.47 
42.20 
43.73 
49.59 
59.49 
88 . 01 

122 . 06 
136 . 48 
158 . 99 
255 . 11 
391.73 
514.03 
661.72 
683.49 
821.03 
898.04 

1173 . 15 
1332 . 38 
1836.07 

5.00 Gaussian 10.00 
: No 

Area 

45673 
89072 
30574 

1390494 
329332 
39636 
9085 
958 

2172 
926 

35590 
95561 
38513 
4850 
7823 
523 

10236 
1431 

185292 
324 
335 

13617 
121168 
109703 

8326 

Bkgnd 

28937 
22647 
37010 
71498 
47780 
33637 
17730 
16197 
15632 
13152 
19446 
16659 
14923 
11985 
11544 
6860 
9525 
6468 
9266 
4350 
4373 
8350 
5467 
2365 
544 

FWHM Channel 

1.59 23.02 
0.91 25.16 
1.79 30.21 
1.05 45.24 
1.07 51.12 
1.05 65.62 
1.13 74.95 
1.24 86.67 
1.25 89.81 
1.36 101.81 
0.92 122.05 
1.03 180.43 
0.95 250.11 
1.09 279.63 
1.05 325.70 
0.92 522.42 
1.18 802.09 
1.35 1052.46 
1.44 1354.82 
1.41 1399.39 
0.96 1681.02 
1.62 1838.71 
1.77 2402.12 
1.90 2728.29 
2.10 3760.23 

% E f f  Cts/Sec %Err Fit 

l.llE+OO 3.81E+01 1.0 1.93E+02 
1.35E+00 7.423+01 0.5 
1.94E+00 2.553+01 1.4 
3.663+00 1.16E+03 0.1 1.06E+04 
4.253+00 2.743+02 0.2 
5.423+00 3.30E+01 1.0 
5.993+00 7.573+00 2.8 
6.543+00 7.993-01 23.5 5.15E+00 
6.653+00 1.813+00 10.4 
7.01E+00 7.71E-01 20.8 
7.363+00 2.973+01 0.9 
7.40E+00 7.9631+01 0.4 
6.793+00 3.21E+01 0.8 
6.493+00 4.04E+00 4.5 
6.03E+00 6.523+00 2.8 
4.46E+00 4.363-01 25.4 
3.18E+00 8.533+00 2.0 
2.51E+00 1,19E+00 10.5 
2.01E+00 1.543+02 0.3 
1.95E+00 2.70E-01 35.9 
1.66E+00 2.793-01 36.0 
1.54E+00 1.133+01 1.7 
1.23E+00 1.01E+02 0.3 
l.llE+OO 9 . 14E+01 0.3 
8.843-01 6.943+00 1.3 



VMS Calibration Report V1.5 Generated ll-OCT-1996 13:57:14 

Analyses by : SCRCAL V1.1,PEAK V16.5,PEAKEFF v2.2 
Detector Name : GAMMA6 Enerav Calib Time: 19-SEP-1996 15:11:19 

: DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 PMP 8957.CNF;l 8019 
Configuration - - 

Efficiency type : Empirical 
a c t o r  Geometry: PMP 

Effncy Calib Time: 19-SEP-1996 15:11:19 
Shelf 

Energy-Calibration Report - -- - - -  

Energy = -0.1518 + 0.4886*Channel + -8.5208E-O8*(Channel**2) 

Centroid True 
Nbr Channel Energy 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

122.05 
180.43 
250.11 
279.63 
325.70 
802.09 

1052.46 
1354.82 
1838.71 
2402.12 
2728.29 
3760.23 

FWHM Calibration Report 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

59.54 
88.03 
122.06 
136.48 
159.00 
391.69 
513.99 
661.65 
898.02 

1173.22 
1332.49 
1836.01 

FWHM = 0.6350 + 

Energy 

59.54 
88.03 

122 . 06 
136.48 
159.00 
391.69 
513 . 99 
661.65 
898 . 02 

1173.22 
1332.49 
1836 . 01 

True 
FWHM 

0.92 
1.03 
0.95 
1.09 
1.05 
1.18 
1.35 
1.44 
1.62 
1.77 
1.90 
2.10 

Computed 
Energy Difference 

59.49 
88.01 

122.06 
136.48 
158.99 
391.73 
514.03 
661.72 
898.04 
1173.15 
1332.38 
1836.07 

0.049 
0.022 
0.003 

-0.007 
0.009 

-0.046 
-0.045 
-0.072 
-0.022 
0.068 
0.102 

-0.061 

Computed 
FWHM Difference 

0.89 
0.95 
1.00 
1.02 
1.05 
1.29 
1.39 
1.49 
1.63 
1.77 
1.85 
2.06 

0.025 
0.087 

-0.052 
0.065 

-0.004 
-0.114 
-0.036 
-0.052 
-0.007 
0.002 
0.048 
0.038 

Efficiency Calibration Report 

Eff = exp(a2 + a3*X + a4*x**2 + a5*x**3 + a6*x**4 + a7*x**5), x=ln(al/energy) 

a1 a2 a3 a4 a5 a6 a7 
947.8 -4.221 0.8506 8.20253-02 -6.46593-02 0.0000E+00 0.0000E+00 

Average Deviation = 2.84 % Reduced Chi-square = 0.349 

Energy Measured Efficiency Computed Dif f / 
(keV) Efficiency Error Efficiency /Error % Diff 

1 59.54 7.293-02 3 . 71E-03 7 . 363-02 -0.19 -0.98 

7 8 000337 



Erriciency uaiiDrarion Keporr: (conrinueaj rage : L 
Sample ID : PMP Acquisition date : 19-SEP-1996 14:37:15 

Energy Measured Efficiency 
Nbr (keV) Efficiency Error 

5 
6 
7 
8 
9 
10 
11 
12 

__ 

88 . 03 7 . 483-02 
122.06 6.70E-02 
136.48 6.813-02 

.- 159,OO ~- 6.00E702 
391.69 3.10E-02 
513.99 2.253-02 
661.65 2.07E-02 
898.02 1.51E-02 

1173.22 1.263-02 
1332.49 1.14E-02 
1836.01 8.6531-03 

3.75E-03 
3.40E-03 
4 57E-03 
3 . 4 5-E-0-3 
1 . 69E-03 
2 . 61E-03 
1 . 03E-03 
7.93E-04 
6.29E-04 
5 . 693-04 
4.473-04 

Approved by: 

8'0 19 Computed Diff/ 
Efficiency /Error % Diff 

7.40E-02 
6.793-02 
6.493-02 
6 .-03E-02 _ _  
3.18E-02 
2.51E-02 
2 01E-02 
1 543-02 
1.23E-02 
1 . llE-02 
8 . 843-03 

0.22 
-0.26 
0.70 

~ 0 . 0 7  -- 

-0.45 
-1.02 
0.56 

-0 . 42 
0.39 
0.42 

-0.43 

1.08 
-1.31 
4.69 

-0.43. ._ -- 

-2.47 
-11.86 

2.78 
-2.19 
1.97 
2.09 

-2.21 

Approval Date: - / -  1-  
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VMS Peak Search Report V1.9 Generated 15-OCT-1996 11:34:11 

Configuration 
Analyses by : PEAK V16.5,PEAKEFF V2.2 
Sample date : 19-SEP-1996 12:OO:OO Acquisition date : 19-SEP-1996 15:27:38 
Sample ID : TRMl-S2 Sample quantity : 1.0000 L 
D ector name : GAMMA6 Detector geometry: TRM1-S2 

sed live time: 0 00:30:00.00 Elapsed real time: 0 00:30:15.47 0.9% 

Sensitivity 

: DISK:[RADCHEM.SCUSR.ARCHIVE]CAL - GAMMA6 - TRMlS2 - 8965.CNF; b0a9 

0.27 keV End enezgy -:~199.9-.-7-4-keSL 
5.00 Gaussian 10.00 

-~-t--e!e-r-gY---:- * 
Critical level 

Pk It 

1 6  
2 6  
3 6  
4 6  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 4 
13 4 
14 3 
15 3 
16 3 
17 3 
18 3 & 
23 0 
24 0 
25 1 
26 1 
27 1 
28 1 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 4 
37 4 
38 4 
39 4 
40 0 
41 0 
42 0 
43 0 
44 0 

Energy 

10.76 
12 . 88 
15.37 
17.25 
27.26 
31.98 
46.46 
49.91 
53.14 
63.25 
67.55 
74.78 
77.05 
83.78 
87.18 
89.81 
92.53 
94.64 
97 . 69 

144.09 
154 . 15 
186.16 
236.01 
242.05 
256.24 
258 . 91 
269.45 
271.13 
285.86 
295.27 
300.10 
324.06 
329.89 
338 . 53 
352 . 00 
386.88 
388.91 
401 . 90 
405.54 
454.49 
461 . 83 
469 . 48 
480.45 
487 . 02 

: No 

Area 

526 
1616 
1534 
367 
319 
313 

8103 
866 

2188 
1983 
1165 
14606 
24775 
4004 
9197 
3642 
2824 
1374 
477 
809 
761 

9014 
866 

11573 
532 
849 

1073 
848 
172 

25843 
234 
319 
288 
236 

43599 
281 
344 
456 
457 
294 
307 
152 
296 
309 

Bkgnd FWKM Channel %Eff Cts/Sec %Err Fit 

2632 
4255 
4851 
4883 
3860 
3724 
5641 
4285 
5155 
9151 
8245 
6929 
7101 
4203 
4491 
4075 
3848 
3651 
3648 
5036 
4634 
5382 
2323 
3131 

2027 
1790 
1814 
1458 
2718 
1345 
1751 
1781 
1490 
2394 
1268 
1476 
1323 
2005 
1365 
1191 
933 
900 

1095 

1842 

0.86 22.45 3.063+07 2.923-01 15.3 2.573+00 
1.26 26.80 2.723+05 8.983-01 7.5 
1.40 31.89 8.30E+03 8.5231-01 8.7 
1.42 35.73 1.41E+03 2.04E-01 36.0 
0.86 56.23 2.343+01 1.77E-01 34.2 
1.37 65.87 1.23E+01 1.74E-01 34.2 
1.01 95.50 6.733+00 4.50E+00 2.0 
0.85 102.55 6.583+00 4.81E-01 13.0 
0.93 109.17 6.553+00 1.22E+00 6.1 
0.91 129.85 6.81E+00 l.lOE+OO 9.0 
1.01 138.65 7.00E+00 6.47E-01 13.8 
0.95 153.45 7.343+00 8.11E+00 1.2 1.85E+01 
0.93 158.09 7.453+00 1.38E+01 0.8 
0.97 171.86 7.753+00 2.223+00 2.9 3.40E+00 
1.21 178.82 7.893+00 5.113+00 1.6 
1.18 184.20 7.98E+00 2.02E+00 3.4 
1.08 189.77 8.08E+00 1.57E+00 4.3 
1.09 194.08 8.15E+00 7.633-01 8.4 
1.62 200.32 8.243+00 2.653-01 21.5 
1.04 295.28 8.38E+00 4.493-01 16.2 
0.86 315.86 8.20E+00 4.233-01 15.9 
1.13 381.36 7.393+00 5.01E+00 1.9 
1.03 483.36 6.01E+00 4.813-01 9.8 
1.11 495.73 5.853+00 6.433+00 1.3 
1.18 524.78 5.50E+00 2.953-01 14.1 1.60E+00 
1.25 530.24 5.443+00 4.723-01 9.9 
1.31 551.79 5.19E+00 5.963-01 7.8 1.89E+01 
1-31. 555.24 5.16E+00 4.71E-01 10.1 
1.18 585.39 4.843+00 9.573-02 35.9 
1.15 604.65 4.663+00 1.44E+01 0.7 
0.96 614.53 4.573+00 1.30E-01 25.6 
1.12 663.57 4.15E+00 1.77E-01 24.3 
1.60 675.49 4.06E+00 1.60E-01 27.0 
1.20 693.19 3.92E+00 1.31E-01 29.2 
1.19 720.74 3.733+00 2.423+01 0.5 
1.15 792.15 3.31E+00 1.56E-01 22.1 4.323-01 
1.36 796.29 3.283+00 1.913-01 20.4 
1.26 822.88 3.15E+00 2.533-01 14.6 1.46E+00 
1.91 830.33 3.11E+00 2.543-01 20.4 
1.68 930.53 2.70E+00 1.63E-01 25.8 
1.65 945.55 2.653+00 1.71E-01 22.5 
1.73 961.21 2.593+00 8.42E-02 37.2 
1.37 983.67 2.523+00 1.64E-01 19.2 
1.20 997.11 2.483+00 1.71E-01 21.5 

1 8 4  
000343 



Pk I t  E n e r g y  

45 0 533.85 
0 580.47 
0 609.43 

- %% 0.. __  665 . 58.  
49 0 703.42 
50  0 720.37 
5 1  0 768.31 
52 0 785.95 
5 3  0 806.34 
5 4  0 832.06 
5 5  0 839.10 
56 0 934.16 
57  0 964.49 
58  0 1052.13  
59  0 1069.65  
60 0 1120.24  
6 1  0 1155.15  
62 0 1207.82 
63  0 1238.05  
64 0 1280.85  
65  0 1377.64 
66 0 1385.28  
67 0 1401.32  
68 0 1407.92 
69  0 1509.04 
70  0 1543.07  
7 1  0 1583.38  
72  0 1661.27  

0 1729.62 
0 1764 .41  II 0 1838.48  

76 0 1847.50  
77  0 1873.47  

Area 

222 
2 0 3  

30467 
. 8 4 5  . 

234  
352 

2 8 5 1  
653  
628 
1 5 7  
385 

1 5 5 8  
248  

70  
2 0 5  

6182 
760  
1 2 2  

2 2 5 1  
566 

1 5 8 9  
317 
517 
8 3 4  
814  
1 5 6  
242 
3 6 3  

1283 
5123  

1 0 2  
718 

90 

Bkgnd 

845 
1037 

927 
--_6 6 3 

682 
764 
899 
753 
617 
533 
647 
676 
558 
445 
586 
505 
5 0 1  
435 
454 
338 
509 
411  
405 
310 
392 
348 
300 
1 7 5  
130  
113 

86  
1 4 5  

88  

rage : L 
A c q u i s i t i o n  date  : 19-SEP-1996 15:27:38  

8019 
FWHM Channel %Eff Cts /Sec  %Er r  F i t  

1 .18  1092.97 2.233+00 1.23E-01 25.4 
1 . 4 7  1188 .41  2.04E+00 1.13E-01 33.4 
1.38 1247.69 1.94E+00 1.69E+01 0.6 

1 .32  1440.12 1.70E+00 1.30E-01 22.6 
1 .44  1474.83 1.66E+00 1.95E-01 18 .4  
1 .50  1572.98 1.58E+00 1.58E+00 3 . 1  
1 . 5 3  1609.10 1.56E+00 3.633-01 9.7 
1 .56  1650.85 1.53E+00 3.493-01 8 .9  
1 .65  1703.52 1.50E+00 8.713-02 28.7 
1 .72  1717.95 1.49E+00 2.14E-01 14 .2  
1 .54  1912.60 1.40E+00 8.663-01 4 .3  
1.95 1974.71  1.38E+00 1.38E-01 20.7 
1 .10  2154.20 1.32E+00 3.913-02 57 .3  
1 .42  2190.10 1.31E+00 1.14E-01 27 .3  
1.72 2293.72 1.29E+00 3.433+00 1 . 5  
1 .77  2365.22 1.28E+00 4.223-01 7.2 
1.51 2473.11  1.26E+00 6.783-02 36 .7  
1 .75  2535.03 1.24E+00 1.25E+00 3.0 
1 .96  2622.72 1.23E+00 3.14E-01 7.9 
1.82 2821.02 1.20E+00 8.833-01 4.2 
1 .45  2836.67 1.20E+00 1.76E-01 15 .0  
2.02 2869.52 1.19E+00 2.873-01 9.6 
1.74 2883.05 1.19E+00 4.633-01 5 .6  
1 . 8 5  3090.25 1.16E+00 4.523-01 6 .6  
1.88 3159.98 1.15E+00 8.683-02 25.5 
1 . 8 4  3242.58 1.14E+00 1.34E-01 16 .5  
1.92 3402.20 l . l lE+OO 2.01E-01 9.7 
2.08 3542.29 1.08E+00 7.13E-01 3.5 
2.17 3613.59 1.07E+00 2.853+00 1 . 5  
1 .34  3765.43 1.04E+00 5.6733-02 20.3 
1 .96  3783.92 1.04E+00 3.993-01 5 .5  
2.62 3837.15 1.03E+00 4.983-02 24.0 

-1.52 1362.66 -.1.78E+00 4.70E-01 6-.-8-- _-  



VMS Calibration Report V1.5 Generated 15-OCT-1996 11:34:13 8089 
Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 - TRMlS2 - 8965.CNF;l 
Ana 1 yses by : SCRCAL V1.1,PEAK V16.5,PEAKEFF v2.2 
Detect or Name : GAMMA6 Energy Calib Time: 19-SEP-1996 15:59:51 
Efficiency type : Empirical Effncy Calib Time: 19-SEP-1996 15:59:51 

Shelf 
- 

ector Geometry: Tal-SZ m Energy Calibra-tion Repoft -- - - 

Energy = -0.2174 + 0.4888*Channel + -1.2230E-O7*(Channel**2) 

Centroid True 
Nbr Channel Energy 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Y 21 

95.50 
153 . 45 
158 . 09 
381.36 
604.65 
720.74 

1247.69 
1362.66 
1572 . 98 
1912 . 60 
2293.72 
2365.22 
2535.03 
2622.72 
2821.02 
2883.05 
3090.25 
3402.20 
3542.29 
3613.59 
3783.92 

FWHM Calibration Report 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155.19 
1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

FWHM = 0.6692 + 

Nbr Energy 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934 . 06 

1120.29 
1155.19 

True 
FWHM 

1.01 
0.95 
0.93 
1.13 
1.15 
1.19 
1.38 
1.52 
1.50 
1.54 
1.72 
1.77 

Computed 
Energy Difference 

46.46 
74.78 
77.05 

186.16 
295.27 
352.00 
609.43 
665.58 
768.31 
934.16 

112 0.24 
1155.15 
1238.05 
1280.85 
1377.64 
1407.92 
1509.04 
1661.27 
1729.62 
1764.41 
1847.50 

0.045 
0.031 
0.060 
0.050 

-0.061 
-0.075 
-0.117 
-0.132 
0.050 

-0.098 
0.043 
0.041 
0.064 
0.107 
0.025 
0.061 
0.189 

-0.266 
-0.024 
0.088 

-0.082 

Computed 
FWHM Difference 

0.88 
0.94 
0.95 
1.10 
1.21 
1.26 
1.45 
1.48 
1.54 
1.63 
1.73 
1.74 

0.125 
0.012 

-0.020 
0.032 

-0.057 
-0.069 
-0.067 
0.035 

-0.039 
-0.098 
-0.008 
0.027 

186 
0.00345 



L I W ~ A - ~  L a A A u L a L A u i i  A C ~ U L  I. \ L u i i L A i i u e u j  raye : L 
Sample ID : TRMl-S2 Acquisition date : 19-SEP-1996 15:27:38 

Nbr Energy 

13 

17 
18 
19 
20 
21 

1238.11 
1280.96 
1377.67 
1407.98 -- 

1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

- - 

8 0 6 9  True Computed 
FWHM FWHM Difference 

1.75 
1.96 
1.82 
-1.74- .- __ 

1.85 
1.92 
2.08 
2.17 
1.96 

1.78 
1.80 
1.84 -'.as-. - _ _  - 

1.89 
1.96 
1.98 
1.99 
2.03 

-0.032 
0.163 

-0.025 
-0.116- - 

-0.043 
-0.033 
0.099 
0.178 

-0.065 

_ _  _. 

Efficiency Calibration Report 

Eff = exp(a2 + a3*x + a4*x**2 + a5*x**3 + a6*x**4 + a7*x**5), x=ln(al/energy) 

a1 a2 a3 a4 a5 a6 a7 
947.0 -4.276 0.5137 0.4804 0.2874 -0.3457 6.5634E-02 

Average Deviation = 6.56 % Reduced Chi-square = 2.46 

Energy Measured Efficiency Computed Diff/ 
Nbr (keV) Efficiency Error Efficiency /Error % Diff 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

46.50 6.8113-02 
74.81 7.263-02 
77 . 11 7 . 27E-02 

186.21 8.423-02 
295.21 4.15E-02 
351.92 3.613-02 
609.31 2.033-02 
665.45 1.633-02 
768.36 1.763-02 
934.06 1.503-02 

1120.29 1.263-02 
1155.19 1.383-02 
1238.11 1.18E-02 
12 8 0 . 96 1 . 16E-02 
1377.67 1.19E-02 
1407.98 1.03E-02 
1509.23 1.14E-02 
1661.00 1.02E-02 
1729.59 1.323-02 
1764.49 9.993-03 
1847.42 1.05E-02 

3.673-03 
3.743-03 
3.693-03 
4.50E-03 
2 JOE-03 
1.823-03 
1.02E-03 
1.383-03 
1.033-03 
9.873-04 
6.583-04 
1.21E-03 
6.853-04 
1.09E-03 
7.823-04 
7.723-04 
9.423-04 
1.llE-03 
8 . 07E-04 
5 . 2 1E-04 
7.823-04 

6.733-02 
7.343-02 
7.45E-02 
7.393-02 
4.663-02 
3.733-02 
1.943-02 
1.783-02 
1.583-02 
1.40E-02 
1.29E-02 
1.283-02 
1.243-02 
1.2 3E-02 
1.2 OE-02 
1 . 19E-02 
1 . 16E-02 
1.llE-02 
1 . 08E-02 
1.07E-02 
1.04E-02 

0.21 
-0.21 
-0.49 
2.29 

-2.44 
-0.68 
0.88 

-1.12 
1.69 
1.02 

-0.44 
0.84 

-1.01 
-0.62 
-0.06 
-2.10 
-0.19 
-0.84 
2.90 

-1.38 
0.20 

1.12 
-1.09 
-2.48 
12.25 

-12.32 
-3.40 
4.41 

-9.44 
9.87 
6.69 

-2.27 
7.40 

-5.86 
-5.76 
-0.41 

-15.74 
-1.60 
-9.16 
17.75 
-7.17 
1.48 

Approved by: Approval Date: - 1 -  1 -  

1 8 7  
000346 
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VMS Peak Search Report V1.9 Generated 11-OCT-1996 13:57:32 

Configuration 
Analyses by : PEAK V16.5,PEAKEFF V2.2 
Sample date : 4-OCT-1996 0O:OO:OO Acquisition date : 8-OCT-1996 12:27:57 
Sample ID : BCKGND Sample quantity : 1.0000 G 

: DISK: [RADCHEM.SCUSR.ARCHIVE]CAL - GAMMA6 - 9157.CNF;l $ 0 1 

ctor name : GAMMA6 Detector geometry: TRMl-S3 
sed live time: 0 00:10:00.00 Elapsed real time: 0 00:10:05.24 0.9% 

Sens it ivi t +- 
Critical level 

Pk It 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8. 0 
9 3  

10 3 
11 4 
12 4 
13 4 
14 4 
15 4 
16 0 
17 0 
18 0 

F 23 2 0 

24 2 
25 0 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 

Energy 

12.89 
15.48 
26.64 
46.45 
49.96 
53.19 
63.29 
67.25 
74.75 
77.04 
83.76 
87.17 
89.81 
92.57 
94.70 

144.04 
154.20 
186 . 15 
235.89 
242 . 03 
256.26 
259.12 
269.50 
271.31 
274.51 
295.27 
351.98 
404.69 
455.10 
480.68 
487.62 
579.79 
609.43 
665 . 73 
702 . 92 
719.49 
768.44 
785.82 
806 . 67 
839 . 11 
934 . 08 

1120.26 
1154.97 
1237 . 96 

: No 

Area 

313 
468 
73 

2618 
294 
694 
628 
217 

4955 
8389 
1375 
3119 
1258 
981 
428 
199 
459 

3217 
316 

3882 
100 
180 
379 
266 
199 

8815 
14802 

179 
99 

129 
141 
101 

10399 
332 
98 
61 

893 
275 
269 
101 
527 

2208 
279 
781 

Bkgnd 

1081 
1144 
1155 
1773 
1471 
1778 
3113 
3378 
2324 
2598 
1316 
1638 
1358 
1295 
1075 
1553 
1862 
1773 
886 
1130 
677 
678 
647 
508 
706 
908 
920 

1055 
265 
302 
328 
239 
346 
225 
243 
187 
305 
235 
270 
220 
192 
221 
111 
120 

FWHM Channel 

1.06 26.78 
1.12 32.08 
0.81 54.91 
1.02 95.45 
1.11 102.63 
1.03 109.22 
0.86 129.88 
0.91 137.99 
0.97 153.34 
0.92 158.02 
1.01 171.77 
1.23 178.75 
1.21 184.16 
1.08 189.79 
1.03 194.15 
1.01 295.11 
0.97 315.90 
1.11 381.28 
1.40 483.06 
1.07 495.62 
0.96 524.73 
1.02 530.60 
1.29 551.82 
0.96 555.54 
1.00 562.09 
1.19 604.57 
1.19 720.63 
4.47 828.51 
1.23 931.69 
1.26 984.04 
1.73 998.25 
1.65 1186.91 
1.41 1247.58 
1.39 1362.84 
1.05 1438.97 
1.28 1472.91 
1.62 1573.13 
1.67 1608.71 
1.66 1651.40 
1.40 1717.82 
1.40 1912.29 
1.67 2293.58 
1.71 2364.69 
1.80 2534.68 

%Eff Cts/Sec %Err Fit 

2.30E+03 5.223-01 16.8 
2.443+02 7.793-01 12.4 
9.03E+00 1.21E-01 78.3 
5.243+00 4.363+00 3.4 
5.353+00 4.90E-01 22.4 
5.50E+00 1.16E+00 11.2 
6.06E+00 1.05E+00 16.5 
6.293+00 3.61E-01 48.8 
6.70E+00 8.263+00 2.1 1.21E+01 
6.823+00 1.40E+01 1.5 
7.14E+00 2.293+00 4.9 1.75E+00 
7.283+00 5.20E+00 2.9 
7.383+00 2.10E+00 6.0 
7.473+00 1.633+00 7.1 
7.543+00 7.14E-01 13.8 
7.80E+00 3.31E-01 35.1 
7.65E+00 7.663-01 18.2 
6.973+00 5.363+00 3.1 
5.793+00 5.273-01 17.2 
5.663+00 6.473+00 2.3 
5.353+00 1.67E-01 44.4 
5.29E+OO 3.00E-01 26.1 
5.09E+00 6.323-01 13.1 1.09E+00 
5.05E+00 4.433-01 15.0 
4.993+00 3.323-01 24.1 
4.61E+00 1.47E+01 1.3 
3.783+00 2.473+01 0.9 
3.21E+00 2.983-01 42.4 
2.81E+00 1.65E-01 30.5 
2.643+00 2.15E-01 26.7 
2.603+00 2.353-01 26.5 
2.16E+00 1.68E-01 30.2 
2.06E+00 1.73E+01 1.1 
1.89E+00 5.533-01 10.7 
1.81E+00 1.63E-01 33.5 
1.77E+00 1.01E-01 43.8 
1.68E+00 1.49E+00 5 .5  
1.65E+00 4.593-01 13.2 
1.62E+00 4.493-01 15.0 
1.58E+00 1.68E-01 30.1 
1.48E+00 8.783-01 7.1 
1.35E+00 3.683+00 2.6 
1.33E+00 4.643-01 9.7 
1.30E+00 1.30E+00 4.6 

-.-- 0.2 9- keV End: energy-- :- - 1999,85--keV ~- -_ 
5.00 Gaussian 10.00 



, --------_-, r u y =  . L. - --.- ---- -u *.-c-- - 
Sample ID : BCKGND Acquisition date : 8-OCT-1996 12:27:57 

Pk It 

45 0 

49 0 
50 0 
51 0 
52 0 
53 0 
54 0 
55 0 
56 0 

Energy 

1280.97 
1377.49 
1385.68 
1401.23 
1407.87 
1509.30 
1542.20 
1583.14 
1661.23 
1729.49 
1764.42 
1847.60 

Area 

209 
638 
119 
173 - 
337 
317 
117 
108 
106 
430 

1772 
275 

Bkgnd 

110 
113 
121 

127 
203 
44 
90 
41 
14 
19 

FWHM Channel 

1.35 2622.78 
1.96 2820.52 
1.55 2837.30 
- 2.01__2869,16 
2.11 2882.77 
2.38 3090.58 
5.73 3158.00 
2.60 3241.90 
2.11 3401.91 
2.02 3541.80 
2.22 3613.39 
1.82 3783.89 

8019 
%Eff Cts/Sec %Err Fit 

1.28E+00 
1.25E+00 
1.25E+00 
L.24E+00 
1.2 4ES-0 0 
1.2 1E+00 
1.2 OE+OO 
1.19E+00 
1.17E+00 
1.15E+00 
1 . 14E+O 0 
1 . 12E+00 

3.49E-01 
1.06E+00 
1.98E-01 
2.8 8E-0-1 
5.61E-01 
5 . 2 9E-01 
1.96E-01 
1 . 8 OE-01 
1 . 77E-01 
7.16E-01 
2 . 95E+00 
4.58E-01 

12.9 
5.4 

21.8 

8.6 
9.9 

31.8 
15.7 
23.4 
6.1 
2.4 
7.2 

14-P _ _  _ _  



VMS Calibration Report V1.5 Generated 11-OCT-1996 13:57:33 

Configuration : DISK: [RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 9157.CNF;l 8 0 1 9 
Analyses by : CALIBRATE V1.7,PEAK V16.5,PEAKEFF V2.2- 
Detect or Name Energy Calib Time: 8-OCT-1996 12:40:20 
Efficiency type : Empirical Effncy Calib Time: 19-SEP-1996 13:34:28 
D ector Geometry: TRhl-S3 

I@ rgy-Cal-ibration-Repor-t - -  - -- 

Shelf- 

-~ - .- -. _ -  . 

Energy = -0.1988 + 0.4888"Channel + -1,240lE-O7*(Channel**2) 

Nbr Channel Energy Energy Difference 
Centroid True Computed 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

95.45 
153.34 
158.02 
381.28 
604.57 
720.63 

1247.58 
1362.84 
1573.13 
1912 . 29 
2293.58 
2364.69 
2534.68 
2622.78 
2820.52 
2882.77 
3090.58 
3401.91 
3541.80 
3613.39 
3783.89 

46.50 
74.81 
77.11 
186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 
1120.29 
1155.19 
1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847 . 42 

46.45 
74.75 
77.04 
186.15 
295.27 
351.98 
609.43 
665.73 
768.44 
934.08 
1120.26 
1154.97 
1237.96 
1280.97 
1377.49 
1407.87 
1509.30 
1661.23 
1729.49 
1764.42 
1847.60 

0.049 
0.066 
0.067 
0.059 

-0.059 
-0.062 
-0.114 
-0.277 
-0.085 
-0.017 
0.031 
0.216 
0.149 

-0.011 
0.177 
0.107 

-0.072 
-0.228 
0.108 
0.077 

-0.180 

FWHM Calibration Report 

FWHM = 0.6371 + 3.3208E-O2*(Energy**1/2) 

Nbr 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 

a 

Energy 

46.50 
74.81 
77 . 11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155 . 19 

True 
m 
1.02 
0.97 
0.92 
1.11 
1.19 
1.19 
1.41 
1.39 
1.62 
1.40 
1.67 
1.71 

Computed 
FWHM 

0.86 
0.92 
0.93 
1.09 
1.21 
1.26 
1.46 
1.49 
1.56 
1.65 
1.75 
1.77 

Difference 

0.159 
0.042 

-0.006 
0.024 

-0.017 
-0.067 
-0.051 
-0.108 
0.062 

-0.249 
-0.082 
-0.056 



r w n m  vaiiDrarion Heporr: (continues) Page : 2 
Sample ID : BCKGND Acquisition date : 8-OCT-1996 1 2 : 2 7 : 5 7  

True Computed 88 19 Nbr Energy FWHM FWHM Difference 

13 

1 7  
1 8  
1 9  
2 0  
2 1  

1 2 3 8 . 1 1  
1 2 8 0 . 9 6  
1 3 7 7 . 6 7  
140-7-. 98 _ _ _  

1 5 0 9 . 2 3  
1 6 6 1 . 0 0  
1 7 2 9 . 5 9  
1 7 6 4 . 4 9  
1 8 4 7 . 4 2  

1 . 8 0  
1 . 3 4  
1 . 9 6  
2 . 11- --- .- _ _  

2 . 3 8  
2 . 1 1  
2 . 0 2  
2 . 2 2  
1 . 8 2  

1 . 8 1  -0.006 
1 . 8 3  -0 .481  
1 . 8 7  0 . 0 9 0  

0 c2-2 6 
1 . 9 3  0 . 4 5 5  
1 . 9 9  0 . 1 1 6  
2 . 0 2  0 . 0 0 5  
2 . 0 3  0 . 1 8 8  
2 . 0 6  -0.245 

. -. 1 - 8 8  ___._ - 

Approval Date: - 1 -  1 -  Approved by: 

1 9 5  
000354 
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VMS Peak Search Report V1.9 Generated 14-OCT-1996 16:11:19 

Configuration 
Analyses by 
Sample date 
Sam le ID 
D&or name 
E sed live time: - -  

Start ene3 gy 
Sensitivity 
Critical level : 

DISK:[RADCHEM.SCUSR.ARCHIVE]CAL - GAMMA6 - 9219.CNF;l 8019 
PEAK V16.5,PEAKEFF V2.2 
1-JAN-1900 0O:OO:OO Acquisition date : 14-OCT-1996 09:16:58 
96304566 Sample quantity : 1.0000 L 
GAMMA6 Detector geometry: IPL-1L 
0 00:10:00.00 Elapsed real time: 0 00:10:05.27 0.9% 

No 

- 0.31-keV - - - -End-energy- - - : -1999~8- keV . - .. - - - 

5.00 Gaussian 10.00 

Pk It Energy Area Bkgnd FWHM Channel %Eff  Cts/Sec %Err Fit 

1 0  13.06 
2 0  15.51 
3 0  46.50 
4 4  50.07 
5 4  53.17 
6 0  63.18 
7 0  67.45 
8 3  74.79 
9 3  77.07 

10 0 81.09 
11 0 83.78 
12 0 87.10 
13 0 89.86 
14 0 92.39 
15 0 94.78 
16 0 97.83 
17 0 144.19 
18 0 154.35 

0 186.14 
0 235.91 59 0 242.05 

22 1 256.15 
23 1 259.08 
24 2 269.53 
25 2 271.35 
26 0 295.27 
27 0 299.95 
28 0 330..06 
29 0 351.96 
30 0 401.81 
31 0 454.74 
32 0 480.75 
33 0 486.82 
34 0 510.61 
35 0 580.38 
36 0 609.38 
37 0 665.52 
38 0 703.40 
39 0 719.72 
40 0 768.38 
41 0 786.21 
42 0 805.93 
43 0 839.12 
44 0 934.11 

231 
396 

2788 
404 
689 
778 
458 

4903 
8363 
228 

1212 
2454 
845 
511 
347 
229 
372 
243 

3128 
290 

4009 
208 
241 
325 
234 

8787 
145 
81 

14977 
122 
72 

113 
135 
64 
97 

10348 
337 
150 
60 

960 
235 
201 
187 
530 

1337 
1234 
1832 
1193 
1062 
3343 
2707 
2335 
2510 
2628 
1558 
2169 
1572 
1449 
1072 
1206 
1579 
1554 
1762 
989 

1238 
716 
612 
625 
704 

1018 
404 
536 
92 6 
359 
321 
267 
299 
279 
230 
355 
233 
232 
201 
276 
236 
214 
173 
234 

0.79 27.10 
1.54 32.10 
1.02 95.54 
1.38 102.85 
0.90 109.20 
0.89 129.69 
0.70 138.43 
0.95 153.46 
0.92 158.12 
2.62 166.36 
0.89 171.86 
1.13 178.67 
0.99 184.32 
1.00 189.50 
1.13 194.38 
1.43 200.63 
1.19 295.55 
0.83 316.34 
1.13 381.42 
1.07 483.32 
1.16 495.90 
1.22 524.76 
1.19 530.76 
1.08 552.15 
1.26 555.88 
1.15 604.86 
1.20 614.44 
0.53 676.10 
1.26 720.94 
0.89 823.01 
1.26 931.40 
1.02 984.65 
1.26 997.08 
1.44 1045.82 
1.21 1188.69 
1.39 1248.09 
1.34 1363.07 
1.78 1440.65 
2.68 1474.06 
1.53 1573.74 
1.50 1610.27 
1.49 1650.65 
1.34 1718.64 
1.72 1913.22 

5.233+00 3.853-01 26.0 
5.45E+00 6.61E-01 14.9 
5.87E+00 4.65E+00 3.4 
5.83E+00 6.743-01 14.6 8.223-01 
5.793+00 1.15E+00 8.0 
5.65E+00 1.30E+00 14.4 
5.593+00 7.633-01 20.2 
5.483+00 8.17E+00 2.1 6.993+00 
5.443+00 1.39E+01 1.5 
5.383+00 3.80E-01 39.3 
5.343+00 2.02E+00 5.9 
5.293+00 4.09E+00 3.7 
5.253+00 1.41E+00 8.2 
5.21E+00 8.51E-01 11.7 
5.18E+00 5.783-01 15.5 
5.13E+00 3.81E-01 26.1 
4.51E+00 6.19E-01 20.0 
4.393+00 4.05E-01 28.8 
4.053+00 5.21E+00 3.2 
3.61E+00 4.833-01 20.5 
3.573+00 6.683+00 2.4 
3.463+00 3.473-01 23.1 1.74E+00 
3.443+00 4.023-01 18.2 
3.373+00 5.423-01 14.1 5 .45E- to0  
3.353+00 3.90E-01 21.8 
3.20E+00 1.46E+01 1.3 
3.17E+00 2.423-01 23.4 
2.993+00 1.34E-01 51.1 
2.883+00 2.50E+01 0.9 
2.64E+00 2.04E-01 26.1 
2.433+00 1.20E-01 44.6 
2.34E+00 1.88E-01 26.8 
2.323+00 2.243-01 25.6 
2.24E+00 1.06E-01 48.9 
2.04E+00 1.62E-01 30.0 
1.96E+00 1.72E+01 1.1 
1.83E+00- 5.61E-01 11.1 
1.75E+00 2.50E-01 22.5 
1.72E+00 1.01E-01 45.6 
1.63E+00 1.60E+00 5.1 
1.60E+00 3.923-01 15.3 
1.57E+00 3.353-01 16.6 
1.51E+00 3.12E-01 15.9 
1.38E+00 8.833-01 7.5 



r e a n  aeaLL;rr A C ~ U L  L \ ~ u ~ ~ ~ r u u e u l  z a y ~  L. 

Sample I D  : 96304566 Acqu i s i t i on  da te  : 14-OCT-1996 09:16:58  

8019 
Pk It E n e r g y  Area Bkgnd FwHpll C h a n n e l  %Ef f  Cts/Sec % E r r  F i t  

45  0 

4 9  0 
5 0  0 
51  0 
52  0 
53 0 
5 4  2 
55 2 
5 6  0 
5 7  0 
58 0 
5 9  0 
6 0  0 
6 1  0 

1 1 2 0 . 2 0  
1133.34 
1 1 5 5 . 2 1  
1-2 08  .-09 - 
1224 .85  
1238 .16  
1 2 8 0 . 9 7  
1 3 7 7  . 54 
1385.31 
1401 .42  
1407 .86  
1508 .90  
1661 .38  
1 7 2  9 . 75  
1 7 6 4 . 4 5  
1847 .30  
1874.82  

2 1 9 9  
6 5  

2 4 7  
--92- - 

31 
831 
2 1 4  
555 
1 1 4  
1 7 2  
2 8 3  
2 7 0  
113 
3 7 7  

1 7 0 1  
2 6 5  

7 4  

1 8 5  1 . 8 0  2294.47 1.17E+00 3.463+00 2.5 
95  1 . 7 6  2321.39 1.15E+00 1.08E-01 30 .7  

1 3 8  1 . 7 1  2366.19 1 .133+00  4.11E-01 11.3 
1 1 4  - 1 . 3 9  24.74.5.4 -1.09E+00 l,S3E:01_-26.& - - ~ - 

54 0.72 2508.89 1 .073+00 5.213-02 42.6 
1 8 0  1 . 7 8  2536.17 1 .063+00  1.39E+00 5.3 
1 2 1  1.31 2623.88 1 .033+00 3.573-01 1 2 . 6  
1 4 7  1.83 2821.77 9.573-01 9.25E-01 6 .3  
1 1 6  1 . 6 5  2837.69 9.513-01 1.91E-01 2 1 . 1  
111 2 . 1 1  2870.71  9.41E-01 2.873-01 1 4 . 5  9.823-01 

99 2 . 1 1  2883.91  9.363-01 4.723-01 9.6 
1 4 7  1 . 4 1  3090.97 8.733-01 4.50E-01 1 1 . 6  

49  1 . 7 6  3403.51  7.913-01 1.88E-01 1 6 . 2  
5 7  1 . 6 6  3543.64 7.583-01 6,283-01 6 .9  
56  2 .19  3614.77 7.4333-01 2.833+00 2.7 
1 7  1 . 8 0  3784.60  7.07E-01 4.423-01 7 . 1  

7 6 .76  3841.03 6.963-01 1.243-01 1 4 . 8  



VMS Calibration Report V1.5 Generated 14-OCT-1996 16:11:20 

Analyses by : CALIBRATE V1.7,PEAK V16.5,PEAKEFF V2.2- 
Detector Name : GAMMA6 Enerav Calib Time: 14-OCT-1996 09:29:23 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 9219.CNE';l 8019 
Efficiency type : Empirical Deter Geometry: IPL-1L Effni? Calib Time: 19-SEP-1996 11:47:06 

Shelf 

- -  -Energy Calibration-Report - - -  - - - -- - - -~ _ _  - - 

Energy = -0.1754 + 0.4885*Channel + -9.4391E-O8*(Channel**2) 

Nbr Channel Energy Energy Difference 
Centroid True Computed 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

21 

95.54 
153.47 
158.12 
381.42 
604.86 
720.94 

1248.09 
1363.07 
1573.74 
1913.22 
2294.47 
2366.19 
2536.17 
2623.88 
2821.77 
2883.91 
3090.97 
3403.51 
3543.70 
3614.78 
3784.64 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934 . 06 

1120.29 
1155.19 
1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

46.50 
74.79 
77.07 

186.14 
295.27 
351.96 
609.38 
665.52 
768.38 
934.11 

1120.20 
1155.21 
1238.16 
1280.97 
1377.54 
1407.86 
1508.90 
1661.38 
1729.78 
1764.45 
1847.31 

0.007 
0.022 
0.041 
0.073 

-0.059 
-0.042 
-0.070 
-0.071 
-0.023 
-0.048 
0.084 

-0.016 
-0.054 
-0.011 
0.131 
0.119 
0.333 

-0.383 
-0.184 
0.043 
0.108 

FWHM Calibration Report 

FWHM = 0.7579 + 2.6279E-O2*(Energy**1/2) 

Nbr 

~1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

True Computed 
Energy FWHM FWHM Difference 

46.50 
74.81 
77.11 

186.21 
295.21 
351 . 92 
609.31 
665.45 
768 . 36 
934.06 

1120.29 
1155.19 

1.02 
0.95 
0.92 
1.13 
1.15 
1.27 
1.39 
1.34 
1.53 
1.72 
1.80 
1.71 

0.94 
0.99 
0.99 
1.12 
1.21 
1.25 
1.41 
1.44 
1.49 
1.56 
1.64 
1.65 

0.083 
-0 . 037 
-0.068 
0.016 

-0.060 
0.014 

-0.019 
-0 . 098 
0.040 
0 . 157 
0.163 
0.061 



- =- - *-C.*A.L* "U**Y&U"*V** *.Yy'v'" \ - - r r r r * r r V ~ " ,  -- 
Sample ID : 963104566 Acquisition date : 14-OCT-1996 09:16:58 

Nbr Energy 

13 

17 
18 
19 
20 
21 

1238 . 11 
1280.96 
1377 . 67 
140-7 -98- - - - - 

1509.23 
1661.00 
1729.59 
1764.49 
I847 . 42 

8019 True Computed 
FWHM FWHM Difference 

1.78 
1.31 
1.83 
2.. 07 - - -. - - - 

1.41 
1.76 
1.66 
2.19 
1.80 

1.68 
1.70 
1.73 

1.83 
1.85 
1.86 
1.89 

0 . 097 
-0.391 
0.097 
0.328 

-0,372 
-0.064 
-0.187 
0.327 

-0.088 

- -- - _ _  - . .  

Approved by: Approval Date: - 1 -  1 -  

2 0 2  
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VMS Peak Search Report V1.9 Generated 11-OCT-1996 13:58:11 

Configuration 
Analyses by : PEAK V16.5,PEAKEFF V2.2 
Sample date : 4-OCT-1996 0O:OO:OO Acquisition date : 4-OCT-1996 18:21:18 
Sample ID : BCKGND Sample quantity : 1.0000 G 

: DISK: [RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMA6 - 9144.CN$O 1 9 

ect or name : GAMMA6 Detector geometry: TRMl-S3 
sed live time: 2 02:OO:OO.OO Elapsed real time: 2 02:00:29.45 0.0% 
energy -- -.- - 0.3.7- keV - - - End energy - - ._ 1.99,43 keV -~ - -~ - 

5.00 Gaussian 10 . 00-- __ 

Sensitivity 
Critical level : No 

Pk It 

1 0  
2 4  
3 4  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 7 
17 7 
18 0 4;  
23 0 
24 0 
2s 0 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 10 
33 10 
34 0 
35 0 
36 0 
37 0 
38 0 

Energy 

10.31 
13 . 10 
16.24 
19.50 
25.54 
46.59 
53.57 
63.33 
66.27 
74.71 
77.10 
84.07 
87.11 
92 . 68 
98.45 

110.09 
112 . 93 
139.98 
143 . 85 
163 . 53 
185 . 82 
197 . 88 
205.27 
238 . 51 
295.60 
351.85 
510.92 
569.76 
583.21 
609 . 11 
669.74 
694.29 
701.21 
802 . 85 

1000.76 
1063.81 
1460.33 
1764.08 

Area 

4650 
3782 
5522 
1635 
312 

2743 
608 

5851 
434 
387 
716 
939 
255 

8662 
403 
994 
511 
660 
766 
543 

3757 
1519 
364 

1425 
150 
396 

5903 
296 
431 
415 
157 
708 
457 
425 
326 
136 
407 
137 

Bkgnd 

23581 
8752 

14567 
8409 
5600 
4367 
4119 
4242 
3647 
3737 
3235 
4528 
3002 
4490 
3128 
5123 
3026 
3279 
3282 
3010 
3802 
4349 
2837 
3059 
1965 
1610 
2795 
1426 
1428 
1634 
876 

1889 
2536 
888 
643 
560 
435 
242 

FWHM Channel % E f f  Cts/Sec %Err Fit 

0.99 21.37 1.07E+05 2.583-02 5.4 
0.88 27.07 1.833+03 2,103-02 3.5 6.653-01 
1.15 33.50 1.523+02 3.073-02 4.1 
1.62 40.16 3.623+01 9.083-03 9.3 
0.86 52.53 1.023+01 1.733-03 38.6 
1-01 95.62 5.243+00 1.523-02 4.7 
1.10 109.90 5.523+00 3.383-03 18.7 
0.89 129.88 6.063+00 3.253-02 2.3 
1.07 135.89 6.233+00 2.413-03 23.6 
0.90 153.19 6.703+00 2.153-03 25.5 
0.91 158.08 6.823+00 3.983-03 13.2 
1.17 172.34 7.153+00 5.223-03 13.3 
1.06 178.56 7.283+00 1.423-03 34.5 
1.15 189.96 7.483+00 4.813-02 1.8 
0.67 201.79 7.653+00 2.243-03 23.5 
1.93 225.60 7.873+00 5.523-03 14.9 2.353+00 
1.14 231.42 7.903+00 2.843-03 18.5 
1.12 286.79 7.853+00 3.673-03 15.5 
0.98 294.73 7.803+00 4.263-03 13.4 
1.01 335.01 7.473+00 3.013-03 18.1 
1.11 380.64 6.983+00 2.093-02 3.5 
2.03 405.32 6.693+00 8.443-03 9.1 
1.41 420.45 6.513+00 2.023-03 25.9 
1.17 488.51 5.743+00 7.923-03 7.4 
1.35 605.39 4.613+00 8.343-04 51.9 
1.25 720.55 3.783+00 2.203-03 18.2 
2.42 1046.27 2.473+00 3.283-02 2.5 
1.68 1166.76 2.203+00 1.653-03 25.4 
1.46 1194.29 2.153+00 2.393-03 17.7 
1.39 1247.34 2.06E+00 2.313-03 18.9 
1.62 1371.50 1.88E+00 8.743-04 34.9 
3.83 1421.77 1.83E+00 3.933-03 15.0 3.993+00 
3.84 1435.95 1.81E+00 2.543-03 29.9 
1.34 1644.13 1.63E+00 2.363-03 14.4 
1.90 2049.50 1.423+00 1.81E-03 16.1 
1.77 2178.65 1.383+00 7.533-04 33.9 
1.84 2991.07 1.22E+00 2.263-03 12.2 
1.92 3613.58 1.14E+00 7.603-04 24.3 
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VMS Peak Search Report V1.9 Generated 14-OCT-1996 16:12:09 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCHGND - GAMMA6-9207.C 
Analyses by : PEAK V16.5,PEAKEFF V2.2 
Sample date : 1-JAN-1900 0O:OO:OO Acquisition date : ll-OCT-1996 22:02:41 
Sample ID : BCHGND Sample quantity : 1.0000 L 
De ector name : GAMMA6 Detector geometry: IPL-1L 

ed live time: 0 16:40:00.00 Elapsed real time: 0 16:40:09.77 0.0% 

S ens i t iTi t y ~- __ 
End energy : 1999.85 keV ~- 

: --10.00-- - 
_. - 

0.29 keV 
5.00 Gauss-ian - -- 

_ _ _  t energy __ * 
Critical level 

Pk It 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 

iv 23 0 0 

24 0 
25 0 

Energy 

10.30 
13.11 
16 . 16 
19.32 
46.47 
53 . 49 
63.24 
66.38 
74 . 61 
77 . 06 
83 . 91 
92.78 

110 . 06 
139 . 64 
143 . 65 
163 . 35 
185 . 87 
198.28 
238.78 
352 . 10 
511.22 
583 . 67 
803 . 54 
1002 . 71 
1461.46 

: No 

Area 

1435 
1598 
1877 
489 

1092 
318 

1969 
251 
125 
243 
246 

2705 
123 
327 
214 
219 

1288 
600 
423 
159 

1963 
178 
130 
19 
98 

Bkgnd 

8131 
5408 
4550 
2825 
1757 
1255 
1712 
976 

1302 
1345 
1375 
1751 
1181 
1326 
1132 
1122 
1399 
1223 
1033 
596 
898 
385 
310 
311 
143 

FWHM Channel %Eff Cts/Sec %Err Fit 

0.94 
1.08 
1.14 
1.12 
1.00 
0.95 
0.88 
1.39 
0.63 
0.84 
0.77 
1.03 
0.96 
1.16 
1.14 
0.98 
1.06 
1.98 
1.02 
0.93 
2.64 
1.64 
1.08 
1.88 
1.20 

21.49 4.883+00 
27.23 5.243+00 
33.48 5.503+00 
39.93 5.683+00 
95.48 5.873+00 

109.84 5.793+00 
129.79 5.653+00 
136.22 5.613+00 
153.05 5.483+00 
158.06 5.443+00 
172.09 5.343+00 
190.24 5.21E+00 
225.57 4.963+00 
286.11 4.573+00 
294.31 4.523+00 
334.62 4.293+00 
380.70 4.063+00 
406.10 3.943+00 
488.98 3.593+00 
720.86 2.883+00 

1046.54 2.243+00 
1194.85 2.033+00 
1644.99 1.573+00 
2052.83 1.293+00 
2992.55 9.023-01 

2.393-02 10.3 
2.663-02 7.8 
3.133-02 6.5 
8.163-03 17.9 
1.823-02 8.1 
5.303-03 20.1 
3.283-02 4.4 
4.193-03 20.7 
2.083-03 46.4 
4.063-03 25.9 
4.103-03 26.9 
4.513-02 3.5 
2.053-03 47.1 
5.453-03 21.6 
3.563-03 28.1 
3.643-03 28.4 
2.153-02 6.3 
1.003-02 12.0 
7.043-03 14.5 
2.663-03 28.8 
3.273-02 4.1 
2.973-03 22.1 
2.173-03 26.8 
3.213-04184.6 
1.633-03 27.1 

2 0 8  
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Library Title 
Library file name : DISK:[RADCHEM.SCUSR.LIB]HAYDEN.NT,B;l 
Date printed : 14-OCT-1996 16:14:30.70 
Number of nuclides : 4 
Number of lines 43  

80 19 

@ Nuclide 
--- ._ Name Half-Life 

RA'226- 1-600:0OY-- 
RA-228 1.41E+10Y 

PA-231 3.28E+04Y 

U-235 7.04E+08Y 

Nuclide Key 
Line Energy Abundance - *  - 18-6.21 k-ev - -  3 ~ 2 8  % - - 

Type 
Natural - 
Natural 

* 

Natural 

* 

Natural 

* 

2 09.28 keV 
270.23 keV 
327.64 keV 
338.32 keV 
463.00 keV 
794.70 keV 
911.07 keV 
964.60 keV 
9 6 9 .11 keV 

50.10 keV 
100.00 keV 
122.31  keV 
144.24 keV 
154 .21  keV 
205.00 keV 
210.60 keV 
234.90 keV 
236.00 keV 
256.20 keV 
2 6 9.46 keV 
271.23 keV 
283.67 keV 
2 8 6.10 keV 
300.08 keV 
304.40 keV 
323.87 keV 
330.00 keV 
334.2 0 keV 
338.28 keV 
351.07 keV 
401.81 keV 
404.84 keV 
427.08 keV 
445.03 keV 
5 6 9 . 67 keV 
831.96 keV 
897.83 keV 
897.83 keV 
143.76 keV 
163.35 keV 
185 .71  keV 
205.31  keV 

4.40 % 
3.60 % 
3.20 % 
11.40 % 

4.40 % 
4.60 % 

27.70 % 
5.20 % 

16.60 % 
31.70 % 
1.11 % 
1.19 % 
3.24 % 
5.58 % 
1.08 % 
1.26 % 
2.80 % 

11.50 % 
6.30 % 

13.60 % 
10.60 % 

1.60 % 
1.60  % 
2.30 % 
1.35 % 
3.88 % 
1.30 % 
1.15 % 
2.73 % 

12.94  % 
6.50 % 
2.90 % 
1.30 % 
1.18 % 
0.54 % 
2.90 % 
0.24 % 
0.52 % 

10.50 % 
4.70 % 

54,OO % 
4.70 % 



Print Time : 14-OCT-1996 16:14:32.48 
Library file name : DISK:[RADCHEM.SCUSR.LIB]HAYDEN.NLB;l 
Library title 

Record Interfering nuclide Interfered nuclide 
1 U-235 Ra-226 

8019 
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Analysis: Alpha - Spectrometry 
Preparation SOP #: WR-DC-200 

Lot/Release/SDG #: None 
Analysis SOP#: WR-DC-341 

DCL Set ID: 96E-0640-02.03 

- CHEM- ~~~ 

L A B  O R  A I o n i c s  
A 8onEnsom COMPANY 

Case Narrative 

Client: Hayden Environmental 
Account: 3025 
Matrix: Filter 

General Set Information: These sets consisted of 4 field samples. They were received 
in the radiochemistry laboratory in good condition on September 30,1996. 

Method Summary: The actinides were separated using ion-exchange chromatography 
as prescribed in the above listed procedure (WR-DC-341). No exceptions were noted. 

Sample Preparation: The filters were dissolved in concentrated HF and evaporated to 
dryness. After drying, a perchlorichimc acid ashing was performed. The residue was 
dissolved in concentrated HNO, and transferred to a tared vessel. The acetone wash was 
digested, residue dissolved and combined to filter digestate. The samples were then 
diluted to 100 g. Aliquots were taken and were prepared as prescribed in the above 
procedure. No other exceptions were noted. 

Holding Times: Not applicable. 

Dilutions: 50% wt-wt dilution were performed on the'field samples as per client. 

Quality Control Data 

Laboratory Control Sample: One LCS was run with each preparation group in which 
these sets were contained. The recoveries were within QC performance limits. 

Blank: One blank was run with each preparation group in which these sets were 
contained. The blanks were within QC performance limits. 

Matrix Spike: An MS was not required. 
ThiSreportiSZy(4 
totalpages Matrix Duplicate: An MD was not required 

-\ \\wl\kl  i g m a ~  m: \pmk\haydenacf .nac 



8 0 1 9  
Tracers/Surrogates: All the tracer recoveries were within QC limits 

~- 

Primary Calibration: Annually, NIST traceable alpha sources were used to calibrate the 
spectrometers used for this analysis to determine average efficiencies. 

Secondary Calibration: A weekly energy calibration was performed using sources 
developed with NIST traceable materials. 

Pukser Check: A daily or prior-to-counting check was performed on the detectors using 
an electronic pulsing system . 

NCKAR: No NC/CARs were required for this lot. 

Miscellaneous Comments: None. 

\\owl\kl l m a ~  m: \Eon);\haydaqacf . n u  
: '2. 



80119 
- - - 

Form RLIMS63M-V1.3 - COVER FORM (TYPE I)  
SINGLE METHOD ANALYSES 11049616095527 DATA= Page 1 

SUMMARY INFORMATION 
- G968S026 - _ _  _- - -~ _- 0 _ _  -A-Sorenson CHEM L A B O R A T O R I  Company E S  __ _-  - 

Date Reported.....: 

Date Printed......: 04-NOV-96 16:09 
DCL Report Group..: 968-0610-02 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 

Client 
Sample Bame 
BL-123238-1 
QC-123238-1 
9131r39r40 
9135r41.42 
9136r43r44 
9137~45.46 

Laboratory 
Sample Bare 

BL-123238-1 
QC-123238-1 
96E04514 
96E04515 
96E04516 
96EO4 517 

Laboratory 
Sample ID 
S9 6 9 70CC 
596 970CD 
S968S06B 
S968SO6C 
S968S06D 
S968S06F 

Labor at or y 
Group Bame 
963-0640-02 
963-0640-02 
963-0640-02 
963-0640-02 
96E-0640-02 
96E-0640-02 

Client Ref Number.rNot Provided 
Release  number....^ Not Provided 

Analysis Method(e):WR-DC-341 

Laboratory 
Group ID 
G9 6 8SO 2 6 
09688026 
09685026 
09 6 85026 
G96 €15026 
G96 85026 

960 West LeVoy Drive / Salt Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 0 8 3 
000384 FAX (801) 268-9992 



- - - - - FORM H (TYPE I) Form RLIMS63H-VI. 3 
SINGLE M E T H O D  ANALYSES 11049616095527 

SAMPLE GROUP COMMENTS 
DATA- Page 2 

~ ~ - - L A B O R A T O R I  E S  G968S026 -~ _ _  A -Sor enson-Company-_ ___  - ___ _ _  - __ 
CHEM 

Client Name...:Hayden Environmental 

Date Printed......: 04-NOV-96 16r09 
DCL Report Group..: 969-0610-02 

Release Number....a Not Provided 

General Information 

The DCL QC Database maintains all numerical figures which are input from the pertinent data 
source. These data have not been rounded to significant figures nor have they been moisture corrected. 
Reports generated from the system, however, list data which have been rounded to the number of 
significant figures requested by the client or deemed appropriate for the method. This may create 
minor discrepancies between data which appear on the QC Summary Forms (Forms B-G) and those that would 
be calculated from rounded analytical results. Additionally, if a moisture correction is performed, 
differences will be observed between the QC data and the surrogate data reported on Form A (or other - 
indicate the .Report Basis. as well as the moisture value used for making the correction. 
Report generation options: E2X 

- report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form A will 

Result Symbol Definitions 

ND - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
** - No result could be reported, see sample comments for details. 

Qualifier Symbol Definitions 

U - Not Detected above the HDL or IDL (LLD or XDC for radiochemistry). 
For radiochemistry the nuclide was not identified by the Canberra Nuclear NID program, 
activity values repoited are calculated using the Canberra Nuclear MINACT program. 

For inorganic analysis the qualifier signifies the value is between the IDL and PQL. 

used for indicating an estimated value for tentatively identified compounds in mass 
spectrometry where a 1:l response is assumed. 

- FOX organic analysis the qualifier indicates that this analyte was found in the method blank. a= 
J - The qualifier indicates that the value 1s between the XDL and the PQL. It 1s also 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 26e-77000 0 4 
-&NI385 FAX (801) 268-9992 



S O P 9  

Uranium-232 I 9.8EO 

- - - - - Form RLIMS63A-V1.3 - FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 11049616095527 DATA- Page 3 

@ CHEM SAMPLE ANALYSIS DATA SHEET 
- -~ - __ ._ _ _  _ _  - ~- 

L A B O R A T O R I  E S  
A Sorenson Company 

11. I 8 8 .  

Client Name..........: Bayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Applicable 
Release Number.......: Not Provided 

Date Received........: Not Applicable 
DCL Report Group.....: 96B-0640-02 

DCL Preparation GrouprG969703P 
Date Prepared........:18-OCT-96 0O:OO 
Preparation Xethod...:WR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume:l.00B+00 

Date Printed......: 04-NOV-96 16:09 
Client Sample Name: BL-123238-1 
DCL Sample Name...:BL-123238-1 

Matrix............: AIR 
Date Sampled.... ..:Not Applicable 
Reporting Units...: pCi/sample 

DCL Analysis GrouprG969703P 
Analysis Xethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type ....... :Not Applicable 

Analytical Results 

Surrogate Recoveries 
I I I Spiked I Percent I 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 26r-7700 9 8 5  
FAX (801) 268-9992 6330386 



-80 19 

Analyte 
Uranium-232 

- 
DATA- 

> 
Spiked Percent 

Result Amount Recovery 
1.1El 11. 97. 

a CHEM L A B O R A T O R I  E S  

_ _  _ _  A Sorpnson Co_mpany - 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

SAMPLE ANALYSIS DATA SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Applicable 
Release Number.......: Not Provided 

Date Received........: Not Applicable 
DCL Report Group.....: 96E-0640-02 

DCL Preparation QrouprG9697033 
Date Prepared........:18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 
Aliquot Weight/Volume: l.OOE+OO 
Net Weight/Volume....: Not Required 

Form RLIMS63A-Vl. 3 

Page 4 
11049616095527 

Date Printed......: 04-NOV-96 16:09 
Client Sample Name:--123238-1 
DCL Sample Name...:QC-123238-1 

Matrix............: AIR 
Date Sampled......:Not Applicable 
Reporting Units...: pCi/Sample 

DCL Analysis Group:G969703P 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Tyge.......:Not Applicable 

Analytical Results 

. 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-9700 086 
FAX (801) 268-9992 000387 



DATA 

L 

Spiked Percent 
Analpte Result Amount Recovery 
Uranium-232 I 9. 8EO 11. 8 8 .  

Client Name..........: 
Client Ref Number....: 
Sampling Site........: 
Release Number.......: 

Date Received........: 
DCL Report Group.....: 

DCL Preparation Group: 
Date Prepared........: 
Preparation Method...: 
Aliquot Weight/Volume: 
Net Weight/Volume....: 

F O R M  A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

SAMPLE ANALYSIS D A T A  SHEET 
- - - _ _  _ _  _ _  _ _  

Bayden Environmental 
Not Provided 
Not Provided 
Not Provided 

25-SEP-96 0O:OO 
968-0640-02 

096 97033 
18-OCT-96 0O:OO 
WR-DC-2 00 
1.00E+00 
Not Required 

8819 
Form RLIMS63A-V1.3 
Page 5 

110496 16095527 

.. S968S06B.. .- 

Date Printed......: 04-NOV-96 16:09 
Client Sample Name: 9131,39,4OIEORTE 
DCL Sample Name...: 96B04514 

Matrix............: AIR 
Date Sampled.. .... :19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis......:aAs Received ODried 

DCL Analysis GrouprG969703P 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.. ..... :Not Applicable 

Analytical Results 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 0 0 7 FAX (801) 268-9992 . .  



- _  ._ - A -Sotenson- Company. .- 

Analy te 
Uranium-232 

FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

Spiked Percent 
Result Amount Recovery 
1. OEl 11. 91. 

SAMPLE ANALYSIS DATA SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 00100 
DCL Report Group.....: 96E-0640-02 

DCL Prepatation Group: C969703P 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume: l.OOE+OO 

8069 
Form RLIMS63A-Vl. 3 
Page 6 

1104961609552 7 

S968SO6C 
~ - _  - 

Date Printed......: 04-NOV-96 16:09 
Client Sample Name: 9135,41,42~80Ul'R 
DCL Sample Name...:96B04515 

Matrix............: AIR 
Date Sampled.... ..: 19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis ...... : m A s  Received C]Dried 

DCL Analysis Group:G969703P 
Analysis Method...: WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

Analytical Results 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266'7700 0 8 8  
(608389 FAX (801) 268-9992 



A - - - - - FORM A (TYPE I )  
SINGLE METHOD ANALYSES DATA- * CHEM SAMPLE ANALYSIS D A T A  SHEET 

L A B O R A T O R I  E S  
- - - __ ___ -- _ _  - A Sorenson Company- - - __ 

Analyte 
Uranium-232 

Client Name..........: Bayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Provided 
Release Number.......:Not Provided 

Spiked Percent 
Result Amount Recovery 
9. BE0 11. 8 8 .  

Date Received........: 25-SXP-96 0O:OO 
DCL Report Group.....: 96E-0640-02 

DCL Preparation QrouprG969703P 
Date Prepared........: 18-OCT-96 0 O : O O  
Preparation Method...:WFt-DC-200 

Net Weight/Volume....:Nof Required 
- Aliquot Weight/Volume: l.OOE+OO 

80119 
Form RLIMS63A-V1.3 

Page 7 
1104961609552 7 

Date Printed......: 04-NOV-96 16109 
Client Sample Name: 9136.43.44IB~~~~ 
DCL Sample Name...: 96B04516 

 matrix............:^^^ 
Date Sampled ...... :19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis......:mAs Received O D r i e d  

DCL Analysis Group:G969703P 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type...:...:Not Applicable 

Analytical Results 

-. 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266=7u&$&Q 
FAX (801)  268-9992 - .  



A - - - 
I@ Sa-h9 - FORM A ( T Y P E  I) Form RLI 6 

SINGLE M E T H O D  ANALYSES 11049616095527 DATA- Page 8 
1) CHEM SAMPLE ANALYSIS DATA SHEET 

L A B O R A T O R I  E S  
- - -  - - -  - - -  - - _ _  - - - -  

A Sorenson Company - - - - - 

Ana 1 y t e 
Uranium-232 

Client Name..........: Hayden Environmental 
Client Ref Number....r Not Provided 
Sampling Site........: Not Provided 
Release Number.......:Not Provided 

Spiked Percent 
Result Amount Recovery 
9.9EO 11. 89. 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 96E-0640-02 

DCL Preparation GrouprG969703P 
Date Prepared........:l8-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume: 1.00E+00 

Date Printed......: 04-NOV-96 16:09 
Client Sample Name: 9137.45.461BESP 
DCL Sample Name...: 96B04517 

Matrix............: AIR 
Date Sampled......:19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis......:mAs Received ODried 

DCL Analysis GrouprG969703P 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type.......:Not Applicable 

Analytical Results 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 2 6 6 ~ 7 7 0 0  0 1  0 
00033t FAX (801) 268-9992 



80 19 
- - FORM B (TYPE I) - - SINGLE METHOD ANALYSES Form RLIMS63B-Vl. 3 

11049616095527 
Page 9 

QUALITY CONTROL DATA SHEET 

S96 970CD 
- -- _ _ ~  A Sorenson -Company- - 

- - _  

Analyte 

Client Name..........: 
Release Number.......: 

Date Percent QC QC 
Ana 1 y z ed Target Result Recovery Limits Flag 

Matrix...............: 
Reporting Units......: 

Uranium-238 24-OCT-96 09:46 6.4EO 

Bayden Environmental 
Not Provided 

6.3EO I 98.9 1 75.0/125. 

FILTKR 
pCi/Sample 

DCL Preparation QrOUgZ G969703P 
Date Prepared........; 18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 

Date Printed......: 04-NOV-96 16:09 
DCL Sample Name...: QC-113238-1 

DCL Analysis GrouprG969703P 
Analysis Method...rWR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type.......:Not Applicable 

QC Limit Type.....:Method 

960 West LeVoy Drive / S a l t  Lake City,  Utah 84123-2547 / (801) 266-7700 0 1 1  
0'0 8 3 92 FAX (801) 268-9992 



FORM C (TYPE I) 80 19 A - - - 
7 SINGLE METHOD ANALYSES Form RLIMS63C-V1.3 

1104961609S527 DATA9 Page 10 

m E M  QUALITY CONTROL D A T A  SHEET 
L A B O R A T O R I  E S  BLANK SAMPLE 

S9697OCC A Sorenson Company- - - - - - -_ - - - - - - - - - - - - -  - .  
- - -  

Date 
Analyte Analyzed Result CRDL 
Uranium-234 24-OCT-96 09:4d 0.0053 1.0 
.Uranium-235/236 24-OCT-96 09:4d -0.0033 1.0 
,Uranium-238 24-OCT-96 09:4d -0.011 1.0 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 2 6 6 ~ 7 7 0 0  8 1 2  
0003193 

FAX (801) 268-9992 . .  



- - FORM G (TYPE I) - - SINGLE METHOD ANALYSES DATA9 
QUALITY CONTROL DATA SHEET 

L A B O R A T O R I  E S  SURROGATE SUMMARY 
- -  - 

- -  - -- - - _ _  - -  - 

0 CHEM 
A Sorenson Company- - - -- - - - - 

8019 
Form RLIMS63G-Vl. 3 

Page 11 
11049616095527 

Client Name..........: Hayden Environmental 
Release Number.......: Not Provided 

Matrix...............: FILTER 
Reporting Units......: pCi 

Date Printed......: 04-NOV-96 16x09 

DCL Analysis GrouprG969703P 
Analysis Method...: WR-DC-341 

DCL Prep Group....: 09697033 
Preparation Method: WR-DC-200 

QC Limit Type.....: Method 
Surrogate Recoveries 

96BO4S17 , 9.93E0 , 
BL-123238-1 I 9.83~0 I 11.2 187.8 I I I I 
QC-123238-1 I 1.09El I 11.2 197.0 I I 

-- 
960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 3 1 3  

FAX (801) 268-9992 

0 0 0 3 9 ~  



8 0 1 9  - - - - - 
DATA- 0 - - L A B O R A T O R - I  CHEM E-S - - 

A Sorenson Company 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 

- Client 
Sammle Hame 

EL-123239-1 
QC-123239-1 
9131r39r40 
9135r41r42 
9136 r43r 44 . 
9137r45r46 

Laboratory 
Samsle Hame 
BL-123239-1 
QC-123239-1 
96E04514 
96304515 
96304516 
96304517 

COVER FORM (TYPE I )  
SINGLE M E T H O D  ANALYSES 

SUMMARY INFORMATION 
- - .-- - - - 

Laboratory 
Sample ID 
S9 6 9 7 OCP 
S96970CO 
8968S06O 
S968S06H 
S968SO6J 
8968S06K 

Laboratory 
Group Bame 
963-0640-03 
963-0640-03 
963-0640-03 
963-0640-03 
963-0640-03 
96s-0640-03 

Form RLIMS63M-V1.3 

Page 1 
11049616100383 

- - 09688028 -- -- 

Date Reported...... 'NOV 0 5  I%% 
Date Printed......: 04-NOV-96 16:lO 
DCL Report Group..: 968-0640-03 

Client Ref Nurnber.:Not Provided 
Release Number....:Not Provided 

Analysis Method(s):WR-DC-341 

Laboratory 
Group ID 
696 8S028 
0968S028 
09688028 
09688028 
6968S028 
69688028 

-_  
6' 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 d 1  4 
0043395 FAX (801) 268-9992 



- 
FORM H (TYPE I) 

SINGLE METHOD ANALYSES 

- - - 
DATAe 

SAMPLE GROUP COMMENTS 
- -- - -- - - - - - - .. 

- 0 - __ CHEM L A 6-0  R A-T 0 fi E S 

A Sorenson Company - 

8 0 1 9  
Form RLIMS63H-V1.3 

Page 2 
11049616100383 

- - 09688028 - -- 

Client Name...:Hayden Environmental 

Date Printed......: 04-NOV-96 l6:lO 
DCL Report Group..: 963-0640-03 

Release Number....: Not Provided 

General Inforution 

The DCL QC Database maintains a11 numerical figures which are input from the pertinent data 
source. These data have not been rounded to significant figures nor have they been moisture corrected. 
Reports generated from the system, however, list data which have been rounded to the number of 
significant figures requested by the client or deemed appropriate for the method. This may create 
minor discrepancies between data which appear on the QC Summary Forms (Forms B-G) and those that would 
be calculated from rounded analytical results. Additionally, if a moisture correction is performed, 
differences w i l l  be observed between the QC data and the nurrogate data reported on Form A (or other 

indicate the *Report Basis' as well as the moisture value used for making the correction. 
Report generation options: E2X 

- report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form A will 

Result Symbol Definitions 

ND - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
** - No result could be reported, see sample comments for details. 

Qualifier 8-1 Definitions 

U - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
For radiochemistry the nuclide was not identified by the Canberra Nuclear NID program, 
activity values reported are calculated using the Canberra Nuclear MINACT program. 

For inorganic analysis the qualifier signifies the value is between the IDL and PQL. 

used for indicating an estimated value for tentatively identified compounds in mass 
spectrometry where a ltl response is assumed. 

B - For organic analysis the qualifier indicates that this analyte was found in the method blank. 
J - The qualifier indicates that the value is between the MDL and the PQL. It is also 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 000938 



8019 

Date Detection 
Ana 1 y t e Analyzed Limit 
Thorium-228 25-OCT-96 12~3.9 4.733-02 

Thorium-230 25-OCT-96 12:19 3.04E-02 

25-OCT-96 12:19 2.62E-02 

25-OCT-96 12:l.g 

- - - - 
DATA= 

CHEM L A B O R - A T O R I  E S -  - 

A Sorenson Company 

ResultiError 
fTPU Error Qual. Dilution CRDL 

3.12E-O2f2.99E-02 1.00E+00 1.0 

7.05E-02f3.08E-02 l.OOE+OO 1.0 

2.82E-03f1.23E-02 1.00E+00 1.0 

TBA NR 

f3.02E-02 

f3 -19E-02 

f1.23E-02 

FORM A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

Spiked Percent 
Analyte Result Amount Recovery 
Thorium-229 9.2EO 11. 86. - 

SAMPLE ANALYSIS D A T A  SHEET 
- - - - - - - - - 

Client Name..........: Rayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Applicable 
Release Numbor.......: Not Provided 

Date Received........: Not Applicable 
DCL Report Group.....: 96E-0640-03 

DCL Preparation GrouprG969703Q 
Date Prepared........r18-OCT-96 0O:OO 
Preparation Uethod...: WR-DC-200 
Aliquot Weight/Volumet 1.00E+00 
Net Weight/Volume....: Not Required 

Form RLIMS63A-Vl. 3 
110496 16 100383 

Page 3 

-S9697OCP - - . -  

Date Printed......: 04-NOV-96 16:lO 
Client Sample Name: BL-123239-1 
DCL Sample Name...: BL-123239-1 

Matrix............: AIR 
Date Sampled ...... :Not Applicable 
Reporting Units...: pCi/sample 

DCL Analysis Group:G969703Q 
Analysis Method...:wR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type.......:Not Applicable 

Analytical Results 

... 

960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266- 
FAX (801) 268-9992 i3v03g% 



A - - - - - 
DATA- 

- -  @ - - CHEM 1 A-B 0 R A 1-0 R I. E 5- - 

A Sorenson Company 

Analyte 

FORM A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

Date Detection ResultfError 
Analyzed Limit fTPU Error ' Qual. Dilution CRDL 

SAMPLE ANALYSIS D A T A  SHEET 
- - - - -  - - - - - -. - 

Thorium-228 125-OCT-96 12:19 

Client Name..........:€?ayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Applicable 
Release Number.......:Not Provided 

4.573-02 1.0l.E-O2f2.52E-02 1 l.OOE+OO 1.0 

Date Received........: Not Applicable 
DCL Report Group.....: 96B-0640-03 

orium-232 

DCL Preparation GrouprG9697030 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 
Aliquot Weight/Volume: l.OOE+OO 
Net Weight/Volume....: Not Required 

25-OCT-96 12:19 2.693-02 2.50E-03f1.30E-02 l.OOE+OO 1.0 
fl. 30E-02 

$019 

orium-229 125-OCT-96 12:19 

Form RLIMS63A-Vl. 3 
Page 4 

11049616100383 

TEA NR 

- - S9697OCG- -- ~- . 

Analyte 
Thorium-229 

Date Printed......: 04-NOV-96 16:lO 
Client Sample Name:=-123239-1 
DCL Sample Name...:QC-123239-1 

Spiked 

9. 8EO 11. 92. 

P e? c e n t 
Result Amount Recovery 

Matrix............: AIR 
Date Sampled......:Not Applicable 
Reporting Units...: pCi/Sample 

DCL Analysis Group:G9697034 
Analysis Hethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type.......:Not Applicable 

IThorium-230 125-OCT-96 12:19~3.76E-02~4.85E+OOf2.17E-01 I 11.00E+001 1.0 I 

Surrogate Recoveries 

.. 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 
FAX (801) 268-9992 



8019 

Analyte 
Thorium-228 

Thorium-230 

A - - - - 
DATA- 

- - _  0 - L A B O R A T O R - I  CHEM E S  

Date Detection ResultkError 
Analyzed Limit fTPU Error Qual. Dilution . CRDL 

25-OCT-96 12219 7.793-02 1.843-01k7.4SE-02 5.01E-01 1.0 

25-OCT-96 12:19 8.04E-02 4.73E-01fl.09E-01 5.01E-01 1.0 

25-OCT-96 12:19 6.83s-02 3.98E-02f4.32E-02 5.OlE-01 1.0 

25-OCT-96 12:19 TEA NR 

f7.753-02 

. fl.22E-01 

f4.343-02 

~- 
A- sorenson Company 

Analyte 
Thorium-229 

FORM A ( T Y P E  I )  
SINGLE M E T H O D  ANALYSES 

Spiked Percent 
Result Amount Recovery 
1.9El 22. 86. 

SAMPLE ANALYSIS D A T A  SHEET 
-~ - - - - 

Client Name..........: Eayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 963-0640-03 

DCL Preparation GrouptG969703Q 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...:WR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume: 1.00E+00 

Form RLIMS63A-V1.3 

Page 5 
11049616100383 

-- -- S968SO6G- .- -_ _ _  

Date Printed......: 04-NOV-96 16:lO 
Client Sample Name: 9131.39.4O~lilORTEI 
DCL Sample Name...: 96804514 

 matrix............:^^^ 
Date Sampled. ..... r19-SEP-96 O8t30 
Reporting Units...: pCi/Sample 
Report Basis......:mAs Received ODried 

DCL Analysis GrouprG9697034 
Analysis Method...: WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

Analytical Results 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 0 1 8  
000399 FAX (801) 268-9992 



. 0 - - - CHEM L A B O R A T O R I - E S -  
A Sorenson Company - 

Analy t e 
Thorium-226 

Thorium-230 

F O R M  A (TYPE I) 
SINGLE METHOD ANALYSES 

Date Detection ResultfError 
Ana 1 y zed Limit fTPU Error Qual. Dilution CRDL 

25-OCT-96 12219 9.233-02 9.3I.E-O2f6.45E-02 4.71E-01 1.0 

25-OCT-96 12:19 7.32E-02 3.46E-01f9.28E-02 4.71E-01 1.0 

25-OCT-96 12:19 5.173-02 2.79E-02f3.26E-02 4.7lE-01 1.0 

25-OCT-96 12:19 TBA NR 

i6.54E-02 

fl. 01B-01 

f3.29E-02 

8019 
Form RLIMS63A-V1.3 

Page 6 
11049616100383 

Spiked Percent . 
Analyte Result Amount Recovery 
Thorium-229 9.9EO 11. 92. 

SAMPLE ANALYSIS D A T A  S H E E T  
-- - - - - - - - - -  

Client Name..........: Bayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 96E-0640-03 

DCL Preparation GrouprG969703Q 
Date Prepared........r16-OCT-96 0O:OO 
Preparation Method...rWR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume: 1.00E+00 

Date Printed......: 04-NOV-96 16:lO 
Client Sample Name: 9135.41.42~SO~ 
DCL Sample Name...: 96E04515 

Matrix............: AIR 
Date Sampled......: 19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis.. .... : H A S  Received ODried 

DCL Analysis GrouprG969703Q 
Analysis Method...: WR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type.......:Not Applicable 

- _  
960 West LeVoy Drive / Salt Lake City,  Utah 84123-2547 / (801) 2 

FAX (801) 268-9992 



- - 8 0 1 9  - - - FORM A (TYPE I) Form RLIMS63A-V1.3 
SINGLE METHOD ANALYSES 11049616100383 DATA= Page 7 0 CHEM SAMPLE ANALYSIS DATA SHEET 

-59685065 - - - - - - - -  - - _ _  - - -  L A B O R A T O R L E L  - - - - - - - - - 
A Sorenron Company 

Analyte 
Thorium-229 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Provided 
Release Number.......:Not Provided 

Spiked Percent 
Result Amount Recovery 
8.7EO 11. 81. 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 963-0640-03 

DCL Preparation Oroug:G969703Q 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...r WR-DC-200 
Aliquot Weight/Volume: l.OOE+OO 
Net Weight/Volume....: Not Required 

Date Printed......: 04-NOV-96 16:lO 
Client Sample Name: 9136.43.44IBLLLW 
DCL Sample Name...: 96804516 

Matrix............: AIR 
Date Sampled......:l9-SEP-96 08130 
Reporting Units...: pCi/Sample 
Report Basis ...... : M A S  Received U D r i e d  

DCL Analysis Group:G969703Q 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 

Instrument ID.....:GARO 
Column Type.......:Not Applicable 

Analytical Results 

960 West LeVoy Drive / Salt Lake City,  Utah 84123-2547 / (801) 266- 
FAX (801) 268-9992 dd@4b&O 



-e - XHEM - L A B O R A T O R I _ E S  - .- 

A Sorenson Company 

Analyte 
Thorium-229 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

Spiked Percent 
Result Amount Recovery 
9.4EO 11. 8 8 .  

8 0 1 9  
Form RLIMS63A-V1.3 

Page 8 
11049616100383 

SAMPLE ANALYSIS DATA SHEET 
- _ _  - 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0 O : O O  
DCL Report Group.....: 96E-0640-03 

DCL Preparation GrouprG9697034 
Date Prepared........:18-OCT-96 0 O : O O  
Preparation nethod...rWR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume: 1.00E+00 

Date printed......: 04-NOV-96 16:lO 
Client Sample Name: 9137,45,461BgSP 
DCL Sample Name...: 96B04517 

Matrix............: AIR 
Date Sampled......: 19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis......:mAs Received ODried 

DCL Analysis Group:G9697034 
Analysis Hethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

Analytical Results 

0 2 1  960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 
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FORM B (TYPE I )  
SINGLE METHOD ANALYSES 

a - - - - - 
DATA- 

Analyte 
Thorium-230 

QUALITY CONTROL DATA SHEET 
- 0- -- CHEM L A B O R A T - O R 1  E S  - LABORATORY -CONTROL- SAMPLE (LCS) - 

A Sorenson Company 

Date Percent QC QC 
Ana 1 y zed Target Result Recovery Limits Flag 

25-OCT-96 12:19 5.OEO 4.9EO 97.4 I 7 5 . 0 / 1 2  5. 

8 0  19 
Form RLIMS63B-V1.3 

Page 9 
11049616100383 

S9697OCG - - -- - -- - 

Client Name..........: Hayden Environmental 
Release Number.......:Not Provided 

Matrix...............: FILTER 
Reporting Units......: pCi/Sample 

DCL Preparation OrouprG969703Q 
Date Prepared........: 18-OCT-96 0 O : O O  
Preparation Hethod...:WR-DC-200 

Date Printed......: 04-NOV-96 16x10 
DCL Sample Name...: QC-123239-1 

DCL Analysis Croup:G969703Q 
Analysis Hethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type.......:Not Applicable 

QC Limit Type.....:Hethod 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 26-6.-77004~ 2 9 
FAX (801) 268-9992 nl 

O c ) 0 $ 0 3  



- - FORM C (TYPE I) 80 19 - - - SINGLE METHOD ANALYSES Form RLIMS63C-V1.3 
11049616100383 

Page 10 
QUALITY CONTROL D A T A  SHEET 

DATA- 
- - - -  - -  -S96970CB- - - 

- e- - 1 A B O R A - T O R I E S -  CHEM - - -  - - BLANK SAMPLE - -  
A Sorenson Company 

Analpte 
Thorium-228 
Thorium-230 
Thorium-232 

Date 
Analyzed Result CRDL 

25-OCT-96 12:19( 0.031 1.0 
25-OCT-96 12:ld 0.071 1.0 
25-OCT-96 12:14 0 .  0028 1.0 

- .  

8 2 3  960 West LeVoy Drive / S a l t  Lake City, Utah 84123-2547 / (801) 266-7700 -_ FAX (801) 268-9992 

Qoo=-s~  



* - 1 A B O R A T O R I  CHEM E S  

A Sorenson Company- - 

FORM G (TYPE I) 
SINGLE METHOD ANALYSES 

QUALITY CONTROL DATA SHEET 
SURROGATE SUMMARY 

- -  - _ _ -  - - - _ - -  - - 

Client Name..........: Bayden Environmental 
Release Number.......: Not Provided 

Matrix...............: FILTER 
Reporting Vnits......:pCi 

Form RLIMS63G-V1.3 

Page 11 
11049616100383 

Date Printed......: 04-NOV-96 16:lO 

DCL Analysis GrouprG969703Q 
Analysis Method...: WR-DC-341 

DCL Prep Group .... : 09697034 
Preparation Hethod:WR-DC-200 

QC Limit Type.....: Method 
Surrogate Recoveries 

-. . 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 2 6 6 ~ 7 7 0 0  0 2  4 
FAX (801) 268-9992 
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CHEM Datapackage Table of Cedents $0 P $ 
L A 8  0 I A T O  8 l I 8  

A W l l w I  C O W U V  

hformatlon pataLnlng to this datapackage is W e d  into the four categorle~ llsted below (set colored dMdm 
sheets for an inventory Ilst of each category). If an itcm on the invtntory is not applicable. an "NA- is placed in the 

A Case N-tlw immedlatefy p d -  this Table of Contents and contains pertinent 
informationaboutthlsd&-C - - - -- 

-corr_espo_ndiqg &-e& bax 
- - - - -  - - - _ _  -~ - - 

Analytical Forms ...................... Yellow 
Sample Tracking Documentation ........... Pink 
Analytical Documentation ................. Blue 
RawData.. .......................... Green 
+ + + + + + + + + + 

Analytical Forms 
Inventory Checklist 

CaseNanative 

Analytical or Environmental Report Form 

Set Comments 

Applicable QC Sheets 

~atr ix spike/Matrix spike Duplicate Sample ( ~ o r m  FI 

Surrogate Summary (Form GI 
P CoverForm 

Sample Group Comments (Form H) 

Sample Analysis Data Sheet (Form A) 

Laboratory Control Sample (Form B) 

Blank Sample (Form C) 

Matrix Spike Sample (Form D) 

Matrix Duplicate Sample (Form E) 

tial Calibration Form 

tial Calibration Veriacation QCW Form 

onUnulng Calibration Form 

Dilution Form 

drln Breakdown or BFB/DFTPP GC/MS Tuning Form 

I 
Analytical Forms 
Reviewer Checklist 

The Analyttcal Forms Inventory Checklist above Is complete. 
The Case Nanat3ve was completed in accordance wlth procedures in DCL SOP XX-DC-020. 
"Datapackage Preparation and Valldation." 
Only the c o m t  report forms are used (IRDMIS or Commercial Forms or FUIMS Forms). x 

- % 
,& 

AU fields on the report forms are complete with the correct information. including s-tures. 

~ e s u ~ t s  for a~ samples are reported per dent request. 
Units, methods, and dates are correct 

ents are complete. 

/k+d R&& 
Dab 

8 2 5  
000406 



Sample Tracking Documentation 
Inventory Checklist 

- - - - - - - - _ _  - - - - - - _ _ _  - - 

WUMS Grouping Reports 

DataChem Laboratories (DCL) Chatn-of-Custody Record 

DCL Sample Work Order 

Copy of numbered Nonconformance/Corrective Action Report (NC/CAR) 

w o p y  of Client-Related Problem Report (CPR) 

Sample Tracking Documentation 
Reviewer Checklist 

x 
- /\1 

ld 

The Sample Tracking Documentation Inventory Checkllst above is complete. 

DCL Chatn-of-Custody Record provides signatures for the sample portton reported in this data 
package. 
DCL Chain-of-Custody Record was completed in accordance with procedures in DCL SOP XX- 

Methods s p e c i h i  on the Sample Work Order were performed or an explanation for deviations is 
provided. 

Special instructions on the Sample Work Order were followed. 

Project Management instructions on the Project Protocol Worksheet were followed. 

Client's requests were met or an explanation is provided in the Case Narrative. 

NC/CAR and/or CPR were completed in accordance with procedures in DCL SOP QC-DC-006 
"NonconfoImance/Corctlve Action Report (NC/CARJ Procedures." 

~ 

DC-006 "Chaln-of-CuStOdy and Laboratory Tracking." 

- 
A 
d$- 

Assembled 



DataChem Laboratories 
LIMS - Sample Master System 

Preparation Group Report 

$019 

te: 8-OCT-1996 16:42 
ser: PETERSON- - - - - - - -. .- _ _  - - - _ _ -  - - - ._ - .- 

Page: 1 
RLIMS15-V.1.2 - - . _. - 

Preparation Run Name: G969703P 

Samples: 6 

Group ID: G969703P 

Pos 

1 
2 
3 
4 
5 
6 

--- 

----- 

Laboratory F ie ld  Sample 
Sample Name Name 1 

BL-123238-1 BL-123238-1 
QC-123238-1 QC-123238-1 
96E04514 9131,39,40 
96E04515 9135,4 1,42 
96E045 16 9136,43,44 
96E045 17 . 9137,45,46 

END OF LISTING A ----- 

Field Sample Laboratory 
Name 2 Sample ID ------------ ---------- 

S9697OCC 
S96970CD 

NORTH S968SO6B 
SOUTH S968SO6C 
BLANK S968SO6D 
RESP S968SO6F 

Laboratory 
Group Name ------------ 
96E-0640-02 
96E-0640-02 
96E-0640-02 
96E-0640-02 
96E-0640-02 
96E-0640-02 

Accnt . 
Number 

03025 
0302 5 
0302 5 
03025 
03025 
03025 

------ 

. .  



8 0 1 9  

-(b-te; 8-OCT- 1996 -- 16 -~ : 42 - - - _. -~ 

User : PETERSON- 

DataChem Laboratories 
LIMS - Sample Master System 
Preparation Group Report 

.- - - - - -  - - 

Preparation Run Name: G969703Q 

Samples: 6 

Pos 

1 
2 
3 
4 
5 
6 

--- 
Laboratory Field Sample 
Sample Name Name 1 ------------ ------------ 
BL-123239-1 BL-123239-1 
QC- 123239- 1 QC-123239- 1 
96E045 14 9131,39,40 
96E04515 9135,41,42 
96E04516 9136,43,44 
96E045 17 * 9137,45,46. 

Field Sample Laboratory 
Name 2 Sample ID ------------ ---------- 

S96970CF 
S96970CG 

NORTH S968S06G 
SOUTH S968SO6H 
BLANK S968SO6J 
RESP Sg68SO6K 

Page: 1 
-RL-IMSlS-V1.2- - - - - 

- _ _  - 

Group ID: G969703Q 

Laboratory 
Group Name ------------ 
96E-0640-03 
96E-0640-03 
96E-0640-03 
96E-0640-03 ' 

96E-0640-03 
96E-0640-03 

----- END OF LISTING ----- 

Accnt . 
Number 

03025 
0302 5 
0302 5 
0302 5 
03025 
03025 

------ 

000409 
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Sample Work Order 

Rep. 
Grour - 

J 01 - 
I 02 

.J. 03 
- 
- 

04 

7 

J 05 

$ 0  19 

I 

QC Clearance: - 
Project Manager: Robert P. Di Rienzo 
Client: Hayden Environmental 

DCL Root Set IO: 963-0640* 
DCL Lab. Name: 96E04514-96E04517 
Total # Samples: 4 
Sample Entry: Karyn L. Boyack 

Earliest Sampling Date: 19-Sep-1996.- - 

ccount: 03025 
roject/Task: COMM-ENV Section: WA 

- - - -  .~ - - _  
Date Received= 2cSep1996- 

Radiochemistry 
Analytes Requested 

Method 5 Particulate 
Isotopic Uranium 

ISOTOPIC THORIUM 
Radium 2261228 by gamma spec 

Total Uranium by kPA 

Date for Mailing Report: 25-Oct-1896 Preparation Type: 

Latest 
Prep. Date 

1-0ct-1996' 

1-0ct-1996c 

Latat  
Anal. Date 

18-Mar-199P 

l&Mar-1997' 

18-Mar-1997' 

lgMar -199F  

18-Mar-1997' 

N ~ .  of Storage Analytis/Prep. 
Samp. Location Method Inst. Matrix 

4 Method 5 GRAV AIR 
4 WR-DC-341 AS AIR 

4 WR-DC341 AS AIR 
4 WR-EP-325 GS AIR 

WR-DC-200 

WR-DC-200 
4 WR-DC-342 kPA AIR 

Special Instructions: 

~ ~ ~~ ~ ~~ ~~ 

Section Manager: Charlie C. Walker 

Other Sections Receiving Sample Portions: None 
DataChem Laboratories/ 980 West LeVoy Drive / Salt Lake City, Utah 84123 

a 
Fotm: WO1.M-SWVZ.12 PRINTED 9/25/1996 14:49 

- .  



96 L- &&I 9 SAMPLE LOG-IN SHEET 
Group Name: 

LabName I Page 1 of ! 

Remark: 

6. AirbillNo. 





mu No. 

6 
1 
a 

~ . 

'OLOC) 
w * n D  

FILTERED - 

D 

).Nm -is 

t x 
4 
i 
A 

i L 
m 
5 

! 
js 

n 

J 
t 

d U  

Q 



TALLY SHEET 

RELEASE #: 
PO #: NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED:. 234EP-96 
MATERIAL: . NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER 

NORTH FILTER 
\IORTH FRONT 11 
NORTH BACK 112 
SOUTH FILTER 

SOUTH FRONT 11 
SOUTH BACK 112 
FILTER BLANK 

DI BLANK 
ACETONE BLANK 

RESP. FILTER 
RESP. FRONT 1L 
RESP. BACK 1R 

e 

Lot Number 

1050-730-PO474417 
1050-730-PO474417 
1050-730-PO47-0417 
1050-730-PO47441 7 
/05O-730-PO47-O417 
1050-730-PO474417 
1050-730-P047-041 7 
1050-730-PO47441 7 
1050-730-PO47-04 17 
1050-730-PO47-0417 
1050-730-PO47-0417 
1050-730-PO47441 7 

Sample-- 
Container 

Size 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 L PLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

-AnaLisl- 
FACTS 
Number 

200259131 
2002591 39 
200259140 
2002591 35 
2002591 41 
200259142 
2002591 36 
2002591 43 
200259144 
200259137 
2002591 45 
200259146 

- 

7 

3 0 %  - 
Veight 
Ibs. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.755 

Tare - 
Veight 
I&. 

0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 

- 

- 
2.141 
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- 
-Net- 
Veight 
Ibs. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

- 
1.601 
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. Project: , Femald Emission Testing Date: 09/20/96 
,. 5 Hayden Environmental 

3025 
Bob Di Riehzo -- 

Revision: 1 .O 

- -- -_ - - - 
- - -  - -  ccount: 

Proj. Mngr: 

Client Contacts: 

Schedule: 

TAT: 

Sample Receipt: 

Amqyses: 

QA~QC: 

W S D  or MD: 

Deliverable: 

PenaltieS: 

Questions: 

Reports: Invoices: 

Bruce Sarven Same with COC 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (5 13) 438-3020 

Starts 09/20/96 

30 Calendar Days 

Particulates and Radiochemistry 

Overall QNQC requirements will be based on the DCL Procedures. 

None. 

As per method 

RLIMS63 Report, Raw Data, and COC 
Paginate entire package 

None 

If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 33 1, or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed first. 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

. -  

PageNumber: 1 
Fde Name: HAYDENSPW 
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PRICE CODES AND A N A L Y E  GROUPS: 80119 

Air 4 Method5 WA NA 3025AOlNMET5 I 3025AlMET5 

Air 4 AS WA NA 3 0 2 5 A O l h S O  -- I 3025A16SO 
I 

Is0 Th Air 4 AS WA NA 3025AOlNTISO 3025AlTISO 

Radium 226/228 Air 4 GS WA NA 3025AOlNGS 3025A1 GS 

Total Uranium Air 4 kPA WA NA 3025AOlNTOTU 3025AlTOTU 
r 

Page Number: 2 
File Name: HAYDEN.PPW 
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DATACEEM LABORATORIES CLIENT-RELATED INFORMATION REPORT (C @A+ 9 
CRIR NO. .c 

Date/rime of Receipt: 

Condition of Coolers: Temperature Control: 

Number of Coolers Received: 

custody seals: 

Are all temperatures within project specific 

TampcrEvidcnr guidelines? -0 

Are all applicable pHs within specific 

guidelines? Y e a m  
ye 
F r o z e f i e l t d !  

Ice &sent 

cooler Cooler Cooler 
le Temp. Received ler No. TemD. k x i v e d  DCLCool er No. TemD. 

r a L L C L L =  " C 7 -  T 
2 M C 9 6 J  s MC96OC 8 MC96 T 

3 MC96 

0 Other: 
0 Missing Paperwork 0 Incorrect Bottle Type 0 Head Space in Bottles 
0 MissingAncorrect Bottle 0 Cooler Temperatures Out 0 Insufficient Sample 

Of Range Volume I BRIEnY DESCRIBE THE PROBLEM AND THE ACTION TAKEN: '. 

Faxed lo Client? Yes 0 No 0 (If yes, attach Fax Cover Sheet) 

e:* Response Required Within 24 Hours $0 

r . . .  . . . .  . . . . .  . . . .  . -  \...:.:: . . . . . . .  . . .  . 

PROJECT MANAGER COMMENTS: 

. . .  . . . . . .  . . . .  . . .  . . . .  . .  1 . .  

. .  'PROJECT' M A N ~ ' C E ~ ~ ~ ~  ... I. ..: : : ~ ~ - : ~ . ~ ~ ~ ~ - . . ~ - . : ~ . ~ ~ ~  -<j,:,; ..... . . . . .  . .  : .::- . . -  . .  
.... : . .I:. . .?-'.... :..; 1 

Aojen Manager: Returned to Sample Receipt by: Date: 
Printed Name Signature 



8 0  Analytical Scheme 
Hayden Environmental - Fernault Emission Testing 

- - -  - -  - - -- - - _ -  - 

' Particulates by Method 5 
Rinsate 
Filter 

Impinger 

1 9  

Split Sample for Alpha Spec 

Analyze for Is0 Uranium 
. -  

I 

0 4 3  
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August 6,1996 
Refer to: BD0021 

Bruce Sarven 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
* FAX: (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Sarven: 

DataChem Laboratories, Inc.(DCL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
filters and sample bottles will be provided for these determinations. The 
acetone rinse and glass fiber filter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 235/236, Cranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed by alpha 
spectromeq(AS). Radium 226 and Radium 228 will be analyzed by 
gamma spectrometry(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 1 14 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not required. Combined particulate from the acetone rinse and filter will be 
analyzed according to DCL standard operating proCtdures(S0P). 

- - The standard turnaround time for these analysis is 30 calendar days. 
The requested turnaround time of 10 working days can be accdmplished 
for an additional 25%. The requested detection limits for isotopic analysis . 
can not be met. Minimun Detectable Activity (MDA) is listed on the 
attached table. 



Page2. . ;  

8 0 1 9  

- 

Attached is a Pricing Quotation for - -  these analyses. If you have any question concerning 
- - -. . - -.- - -- _ _  - - - -. .- - 

the attached quotation please c d  m e  

Sincerely, 

Robert P. Di Rienzo 
Project Manager 
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Revised Pricing Quotation 

Project Reference Number: BD-0021 
, 

1 .  

-Method - MDA- - -Method Fractions - hiceper - - - - __ -_ Par-meter - -- 

Analysis pCi/Sample Sample 

-e _ _  - 

Particulate Method 5 GraV Acetone $100.00 
.Rinse 

Fdter 
Jmpinger 

Uranium 234 DCLSOP 1 As Particulate* $3 12.50 
Uranium 235/236 1 
Uranium 238 1 

Thorium 228 DCLSOP 1 As Particulate* $3 12.50 
Thorium 230 1 
Thorium 232 1 

Radium 226 DCLSOP 95 GS Particulate* $250.00 
Radium 228 20 

'a ~otaluranium DCLSOP 0.8ugl KPA Particulate* $1 87.50 
Sample 

* = Particulate samples are combined acetone rinse and glass fiber filter. 
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EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 
TEST METHOD 

Method 5 - Determination of Particulate Emissions from Stationary Sources 
-- _ _  - - - -  - - - _  

0- - - 

1. PRlNClPLE AND APPLlCABlLrrY 

11 Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber fitter maintained at a temperature in the range of I20 f 14°C (248 2 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
U.S. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that condenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2. APPARATUS 

21 Sampling Train, A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography): commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Citation 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTD-0576 and adopt the operating and maintenance procedures outlined in it, unless 
otherwise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be s30=, and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless othewise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of n o d e  sizes suitable for isokinetic sampling should be available, e.g., 0.32 to 1.27 cm (118 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 cm (VI6 in.). Each nozzle shall be calibrated according to the procedures outlined 

- in Section 5. 
. -  

Prepared by Emission Measurement Branch 
Technical Support Division, OAQPS, EPA 

EMTIC TM-005 
September 25,1989 
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, 

- -  - -  - ---  - - - ___ - _ _  - 

directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probe nozzle, probe fitting, probe liner, and front half of the filter 
holder by washing these components with acetone and placing the wash in a glass 
container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 

; 

acetone rinse as follows: 

Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container.. Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action- 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the brush 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. a 
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@ - Rinse-the brushwith acetone, and 
quantitatively colled-these washings inthe sample container. After t& brushing, make - 
a final acetone rinse of the probe as described above. 

- - 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings 2nd particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

; Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

lmpinaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three impingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

If a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

. -  . -  

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 
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a - -4.3 -Analysis. Record the-data required on a sheet such as-the-one shown in Figure 5-3.- - - 
Handle each sample container as follows: 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. For purposes of this Section, 4.3, the term "constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless otherwise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

.', Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to 21 ml or gravimetrically to 20.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

0 
Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

NOTE: At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be evaporated at temperatures higher than ambient. If evaporation 
is done at an elevated temperature, the temperature must be below the boiling point of: 
the solvent; also, to prevent "bumping," the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point. 

- 

4.4 Quality Control Procedures. The following quality control procedures are a 
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~ 

@- ___suggested to check thevol_ume m&erjng_system-cal~bration-values _at the field.test.site 
prior to sample collection. These procedures are optional for the tester. 

4.4.1 Meter Orifice Check Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H,O that correlates to 0.75 cfm of 
air at 528"R and 29.92 in. Hg. The 
AH, is calculated as follows: 

T, e 2  

P, r v: AH* = 0.031 9 AH 

where: 

AH = Average pressure differential across the orifice meter, in. H20. 

T, = Absolute average DGM temperature, "R. 

P, = Barometric pressure, in. Hg. 

8 = Total sampling time, min. 

Y = DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hg/"R)(0.75 cfm)2 

Before beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (Le., pump, volume meter, and orifice) at the AH@ pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Yo as follows: 

where: 

I 

Y, = DGM calibration check value. dimensionless. 
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Group Analytes Rquested Prep. Date Anal. Date Samp. Location Method 

01 Method 5 Particulate 18-Mar-199p 4 Method 5 GRAV AIR 
Inst. Matrix 

QC Clearance: - 
Project Manager: Robert P. Di Rienzo 
Client: Hayden Environmental 

Project/Task: COMM-ENV - - -  - -- -- -- -- - -- - - - Section: WA _ _  _-_ - - - __ 

Date Received: 25-Sep-1996 

Date for Mailing Report: 25-Oct-1896 

DCL Root Set ID: 96E-0640* 
DCL Lab. Name: 96304514-96304517 
Total # Samples: 4 

Sample Entry: Karyn L. Boyack 

Earliest Sampling Date: 19-Sep1996 
Preparation Type: 
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0. 
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02 
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1 04 v 
J 05 
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Isotopic Uranium 1-Oct-1996' 18-Mar-1997' 4 WR-DC-34 1 AS AIR 

ISOTOPIC THORIUM 1-Oct-1996' 18-Mar-1997C 4 WR-DG341 AS AIR 
Radium 2261228 by gamma spec 18-Mar-199p 4 WR-EP-325 GS AIR 

Total Uranium by LPA 18-Mar-199p 4 I WR-DC-342 LPA AIR 

------ --. 

I WR-DC-200 

Section Manager: Charlie C. Walker 

Other Sections Receiving Sample Portions: None 
DataChem Laboratories/ 96O'West LeVoy Drive / Salt Lake City, Utah 84125 
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TALLY SHEET 

RELEASE #: 
PO #: NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED: . 23-SEP-96 
MATERIAL: . NESHAP STACK SAMPLING- AIR FILTERS, ACETONE, AND WATER 

ANALYSIS: PARTICULATE AND RAD 
- 

Composite 
Sample 
Number 

NORTH FILTER 
ORTH FRONT 11 
rlORTH BACK 112 
SOUTH FILTER 
OUTH FRONT 1L 
SOUTH BACK 1/2 
FILTER BLANK 

DI BLANK 
CETONE BLANK 
RESP. FILTER 

ZESP. FRONT 112 
RESP. BACK 1/2 

Lot Number 

VO5O-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO47-0417 
VO50-730-PO47-0417 
VO50-730-PO47-0417 
VO50-730-PO47-0417 
VO50-730-PO47-0417 

Sample 
Container 

Sue 

AIR FILTER 
1 LPLS 
1 L PLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 L PLS 
1 LPLS 

AIR FILTER 
1 L PLS 
1 LPLS 

AiaLid - 
FACTS 
Number 

200259131 
2002591 39 
200259140 
200259135 
200259141 
200259142 
2002591 36 
200259143 
200259144 
200259137 
200259145 
200259146 

- 

- 
Gross 
Yeight 
IbS. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.75: 

- 
Tare 
Veight 
Ibs. 

0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 

- 

- 
2.148 

8019 Page 1 of 1 

- 
-Net - 

Yeight 
Ibs. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

- 
1.607 
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PROJECT PROTOCOL WORKSHEET $ 0  19 
Project: 
Client: 

roj. Mngr: 

Client Contacts: 

Schedule: 

TAT: 

Sample Receipt: 

Analyses: 

QdQC: 

EDL 

*s/MSD or MD: 

Deliverables: 

Penalties: 

Questions: 

Femald Emission Testing Date: 09/20/96 
, .  .; Hayden Environmental 
’ 3025 

Revision: 1 .O 

Bob Di Rienzo 

Reports: Invoices: 
- - -- - ~- .- .- _. - _. -- -- .- _ - - __ 

Bruce Sawen 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Same with COC 

Starts 09/20/96 

30 Calendar Days 

Particulates and Radiochemistry 

Overall QNQC requirements will be based on the DCL Procedures. 

None. 

As per method 

RLIMS63 Report, Raw Data, and COC 
Paginate entire package 

None 

If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 33 1, or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed first. 
Rinsate and Filter Particulate are used for radiochemistry procedures. - 

0 
PageNumbex 1 
File Name: HAYDENSPW 

- .  000448 
. .  0 6 7  
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Radium 2261228 Air 4 GS WA NA 3025AOlNGS 3025AlGS 

Total Uranium Air 4 kPA WA NA 3025A01NTOTU 3025AlTOTU 

I 

I 

PNCE CODES AND A N A L Y E  GROUPS: 8019 

articulate 4 (Method5 ( W A  13025AOINMET5 13025AlMET5 

Is0 u l A i r  4 I AS WA I NA 13025AOlNUISO 13025AlUISO 
~ - 

Page Number: 2 
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DATACHEM LABORATORIES CLIENT-RELATED INFORMATION REPORT (C 
e CRIR NO. 

Datdliime of Receipt: 

Condition of Coolers: Temperature Control: 

Number of Coolers Received: 

custody SeaIS: 

Are all temperatures within project specific 

Tampcr Evident guidelines? m o  
Are all applicable pHs within specific 

guidelines? ye..= 

Ice Resent: 

Cooler Cooler Cooler 
Temp. Received . TemD. Received w o o l  erh'o, TemD. 

,":6"3:; )? "c: 4 ~ ~ 6 C o o ' e r N o  y 7  MC96OC 
2 MC96 "c 5 MC96 T L M C 9 6  =C 

Coola Conditions 

BRIEFLY DESCRIBE THE PROBLE 

6 Response Required Within 24 Hours 9 

Project Manager. Returned to Sample Receipt by: Date: 
Signature Printed Name 

-008450. 
I Q 6 9  
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Analytical Scheme 8 0 1 9  
Hayden Environmental - Fernault Emission Testing 

3 Samples and Field Blank 

1 Digest Filter and Rinsate Particulate 1 

Split Sample for Alpha Spec 

. .  
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August 6,1996 
Refer to: BD0021 

Bruce Samen 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Sarven: 

DataChem Laboratories, Inc.@CL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
fdters and sample bottles will be provided for these deteminations. The 
acetone rinse and glass fiber fdter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 233236, Cranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed bx alpha 
spectrometry(AS). Radium 226 and Radium 228 will be analyzed by 
gamma spectrmetxy(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to merhod 114 these radionuclides will 
be part of the particulate loadiig and analysis on tbe impinger solutions is 
not required. Combined particulate from the acetone rinse and fdter will be 
analyzed according to DCL standard operating procedures(S0P). 

The standard turnaround time for these analysis is 30 calendar days. 
The requested turnaround time of 10 working days can be accomplished 
for an additional 25%. The requested detection limits for isotopic analysis 
can not be met. Minimun Detectable Acthity (MDA) is listed on the 
attached table. 



- . . . . . . 

. 
8 0 1 9  

Page2. b 

Attached is a pricing Quotation for these analyses. If you have any question concerning 
- - -  -- - - _ - _  -- - - -- __ - -- - 

the a&chTd qu%ition please cill me. 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 



Revised Pricing Quotation 
Project Reference Number: BD-0021 1 .  8019 a Parameter Method MDA Method Fractions Price per 

-- -Sample- - - - __ - 
- - - -  - -  

Analysis - pCBample - 

Particulate Method 5 GraV Acetone $100.00 
-Rinse 

Fdkr 
Impinger 

Uranium 234 DCLSOP 1 As Particulate* $3 12.50 
Uranium BY236 1 
Uranium 238 1 

Thorium 228 . DCLSOP 1 As Particulate* $312.50 
Thorium 230 1 
Thorium 232 1 

Radium 226 DCLSOP 95 GS Particulate* $250.00 
Radium 228 20 

Totaluranium DCLSOP 0.8ugl KPA Particulate* $187.50 
Sample 

* = Particulate samples are combined acetone rinse and glass fiber filter. 0 



$019 
EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 

TEST METHOD 
- -  - 

- -  . _  - - 

Method 5 - Determination of Particulate Emissions from Stationary Sources 

1. PRINCIPLE AND APPUCABILITY 

1.1 Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber filter maintained at a temperature in the range of EO f 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
US. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that condenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2. APPARATUS 

'e 21 Sampling Train A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography): commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Citation 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTD.0576 and adopt the operating and maintenance procedures outlined in it, unless 
otherwise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be ~30'. and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless otherwise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of nozzle sues suitable for isokinetic sampling should be available, e.g., 0.32 to 1.27 cm (118 
to U2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 cm (v16 in.). Each node shall be calibrated according to the procedures outlined 
in Section5 - - _  

. -  

Prepared by Ernisslon Measurement Branch 
Technical Support Division, OAQPS, EPA . 

EMTIC TM-005 
September 25,1989 
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_ _  - _. - - __ _ _  _ _ -  -e--- ._ - 

directly from the wash bottle being used, and place it in a glass sample container labeled 
"aceto ne blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probe nozzle, probe fitting, probe liner, and front half of the filter 
holder by washing these components with acetone and placing the wash in a glass 
container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 
acetone rinse as follows: 

, 

. 

Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container. , Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action- 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the brush 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. 

- 
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- -  _.  -~ Rinse-the brush with acetone, and -- .- - 

quantitatively collect these washings in the sample container.- Aft&- the brushing, make 
a final acetone rinse of the probe as described above. 

- 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings and particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

. 

: Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

tmdnaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three impingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

If a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

- 

. -  

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 
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453 Analysis. -Remidthe data required on-a sheet such as the-one shown in Figure 5-3,- 
Handle each sample container as follows: 

~ 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. For purposes of this Section, 4.3, the term "constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless othennrise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

", Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to +I ml or gravimetrically to 50.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

0 
Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

-. NOTE: At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be evaporated at temperatures higher than ambient. If evaporation 
is done at an elevated temperature, the temperature must be below the boiling point of: 
the solvent; also, to prevent "bumping," the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point. 

4.4 Quality Control Procedures. The following quality control procedures are 0 
008464 - 8 8 3  
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suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

4.4.1 Meter Orlfice Check. Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H,O that correlates to 0.75 cfm of 
air at 528"R and 29.92 in. Hg. The 
AH@ is calculated as follows: 

T, e* 
p,, Y2 vm2 

AH, = 0.031 9 AH 

where: 

AH = Average pressure differential across the orifice meter, in. H,O. 

T, E. Absolute average DGM temperature, O R .  

P, = Barometric pressure, in. Hg. 
- 

8 Total sampling time, min. 

Y E: DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hg/"R)(0.75 cfm)2 

Before beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (Le., pump, volume meter, and orifice) at the AH@ pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Yc, as follows: 

~ - - - 

10" fd0.0319fT, 1 ' , 
[yb= ,--JUI '31 

v m  bar 

where: 

Yc = DGM calibration check value, dimensionless. 



Ell& Is a "dummy datapackage". Data for inventory checklist found with set 

Copy of TCLP Preparation Logbook Pages 

opy of Sample Preparation Notebook/Logbook Pages 

py of Analyst's Notebook/Method Logbook Pages 

Copy of Instrument Injection Logbook/Instrument Logbook/Run Log Pages 

Copy of Reagent Logbook Pages 

Copy of Working Standard Preparation Logbook Pages 

Copy of Secondary or Intermediate Standard'Preparation Logbook Pages 

Copy of Prlmary Standard or Concentrated Stock Standard Preparation Logbook Pages . 

CerWcates of Analysis for Standards 

solutions and/or calibration standards) 
Copy of Pxeparation Logbooks for solutions prepared by QC 

&Copy of Standard V d c a t i o n  Logbook Pages (including documentation for spiking 8 
d wlth thb set (descrlbe) 

. .  
Analytical Documentation 

Reviewer Checklist 

The Analytical Documentation Invent& Checklist above is complete. 
Basic documentation procedures were followed in accordance with DCL SOP XX-DC-004 
"Analytical Data Record Keeplng." 
All notebook and logbook pages contaln page number, book number, Utle. and available space for 
pagination (if required). 
All notebook - and logbook pages were slgned and dated by the analyst and revfewer before 
copying. 
All copies are legible. 
Standard prepaxation is documented in accordance with DCL SOP XX-DC-019 "Standards Purity. 
Preparation. TlaceaMllty and VeIiflcatlon" or by WR-DC-001 "Ihe AcqufsiUon, Preparation. and 
use of Radioactive Standard Reference Materials." 

Documentation is provided to verlfy that standard caltbration solutions and spudng solutions are 
traceable to a vendor certificate. 
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Book No. 

I 

II 1 I I 

Standard Control ID Conc. (pCi/g or ml) Aliquot (g or ml) Activity (pCi) 

USL 3/23 ( ~ 2 3 8 )  L0,Lit p c ;  /9 0.l d = 49735, s .m 36 

Tracer ID Conc. (pCi/g or ml) Aliquot (g or ml) Activity (pCi) 

L\1SL %.S ( ~ 2 3 2 )  O t / d  = .09764 J f / .  9z?8 

I' 1 I I 

I I I 

I 15' I I 
\ 

- 

19 

20 
\ 

22 

23 

24 
'N/A =Not Apl 



Book No. 4 0 3 5 Page No. 147 

Detenninafh of Selected Acrinides by Ion Erchanxe 

Client dA A d  NO. 3025 Set NO. 96€- OdYO-03 ~ a t r i x  ktr (fictcr) 

LCSID: Qc - I23 239- I Pipet ID: &e f0 

Requested Analysis: Am- Cf- Cm- Np- Pu- Th'+ U-. - 8019 
I ' - - - ._- - - _._ - 

Prep Group ID: G-969-703 6: - -- Balm& ID /O 2695 

Standard Control ID 

72: 230-003 #S 

Conc. (pCi/g or ml) Aliquot (g or ml) Activity (pCi) 

50. t/ pC,' /& 0 . ld  = .OP76Y& Y . P W  
I 

Tracer ID Conc. (pCi/g or ml) Aliquot (g or ml) I Activity (pCi) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
comments: 

0 8 8  
/ 

Recorded by: Reviewed by: Date;/Z &Ai 
/ u ' - '  I 

000469 
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CERTIFICATE OF CALBRATION 
% ALPHA STANDARD SOLUTION .. 

DATACHEM LABOR ATOM^ - ._ 
Radjonuclide 33-230 Customer. - 

._ Half Life: - (7.54.f 0.03) x 10X years - - P.0.No.: - - - 8837 - 

. Catalog NO.: 7230 Refereace Date: 
- 

April 15 1992 .. 12:oo m. 
0..1013- CcCi . source No.: 400-55 Contained Radioactivity: 

w Contained Radioactivity: 3.75 
.: Description of Solution 

a. Mass of soIution: 
b. Chemical f o m  
c. Carrier content: 
d. Density: 1.0016 'z 

5.01 14 
Th(NO3)f in 0. IN HN03 - .  
NIA .- 

Radioimpurities 

Radioactive Daughters 

Th-228 0.1 I % as of September 1 1992 

- None detected 

Radionuclide Concentration 
0.0202 

grams. 

glam/ml@ 20°C. 

pCi/gram. 

Method of Calibration 

Weighed aliquots of the solution were assayed using a liquid scintillation counter. 

Uncertainty of Measurement 
. a. Systematic ukmtahty in instrument calibration: - +2.O% 

b. Random uncertaipsy in assay: 
c. Random uncertainty in weighing(s1: 

It 1.0% 
- +O.O% 
- +3.0% d. Total uncertainty at the 99% confidehe level: 

NIST Traceability 
This calibration is implicitly traceable to the National Institute of Standards and Technology. 

Notes . .  
1: Nuclear data were taken from "Table ofI&to&5", Seventh Edition. editd by Virginia St .Shirley. 
2. IPL participates in an NIST measurement assurance program to establish ah maintain implitit 

traceability for a number of nuclides, based on the blind assay(and later NIST certification) of 
Standard Reference Materials. (As in NRC Regulatory Guide 4.15) 

QUALITY CONTROL 

ISOTOPE PRODUCTS LABORATORIES 
1800 No. Keystone Street.. 
Burbank. California 91504 
(818) 843 - 7000 

------------------ -_.__ - .. _.__ 
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RADIOCHEMISTRY LABORATORY 

RADKlACTlVE MATERIAL INVENTORY 
INTERMEDIATE STANDARD LOG .. 

w9 



RADIOCHEMISTRY LABORATORY 

1 I 
Usage: 



$ 0  
U.S. Environmental Protection Agency 

Environmental Monitoring. Syatemdbboratow Las Vegaa 
Nuclear Radiation Assessment Division 

1843-2 Nominal d u m c  I 
. 

Measurement Activity of principal radionuclide .. 
'- ... 

*Accomparu 'ed by 
0.11 nanahries 
of Uranium-235 per 
gram of solution. 

d t h  4auahW nudd [Th-234, Pa-234, U-234 1 aSSming secular equilibrium. 
e 

Total mass of this rolytion 
..- 

gramr Fpproximateiy 5.0 

Method of measurement .. r 

The solution was prepared gravimtrically by dissolv&g a weighed 
quantity of the National Bureau of Standards' SRM 950b (99.97k0.02 

hown weight. 
percent U-238 and 0.711 percentU 35 by weight with specific 

The solution was campared to  an earlier preparation (1843-l) , 
which was traced to the National Institute of Standards and Technology 
(NIST) , using liquid scintillation counting. 

percent Uranium Oxide (U308)) in ni,tric acid and diluting to a 
Natural uranium was assured to consist of 99.28 

activities of 3 . 3 6 ~ 1 0 ~  and 2.16xlO -3 nanccUries per gram respectively. 

. 
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Purity The manufacturer states that activities 0the.r. than that of the principal nuclide 

and of its daughter nuclides, if any. were estimated/known to be: 

(1) Radium226 

(2) 2 ’ .  equal to 

[ less than 1-1 of the principal activity 

‘ I less than [ y l  of the- principal activity 

-_ - . a . - -  

I equal less than to [yi of the”principai activity ’ 
.- . ~ P I  

. .  
f i e  activity of impurity (1) is not (2) is not (3) is not 
included in the quoted figures of the principal activity. 

- .  . - . .  Random Errors 

The precision of this standard was such that the certified value of the radioactive 

concentration of the principal activity had a Standard error (sm) not greater than +, [Ti 
m e  99.7% confidence limits are given by t(sm) where t is obtained from the student t factor 
for the degree of freedom (n-1)). 

The maximum uncertainty due to the assessable systematic errors,(dilution, counting. and 
known uncertainty of the standard] is obtained by the separate arithmetic summation of the 
positive and negative systematic error ( + 6 - 6 ‘ ). These have been estimated nor to.exceed 

1-2.51 ,* 

the overall uncertainty (often called accuracy) is an estimate of the possible divergence of 
the quoted result from the true value. It is  a Eombination of random error [t(smq at the 99.7% 
confidence limits and the worst case estimate of the systematic errors) + a ,  -6  ’ ) 
The overall uncertainty is therefore calculated o n  the basis of + [t(sm) +a]. E [t(sm) +a3 
and is 1 x 1 .  l z l o f  the quoted radioactive concentration. ’ 
This standardization is based on the following assumptions of the principle nuclide. its 
daughter nuclides and impurities (no allowance for error in these assumptions or the 
assumption of quoted half-life have been included in the statement of accuracy above). 

- *- 

Decay Schemes 

r 
Uranium-238 decays by alpha emission to Thorium-234’which .decays 
by tm successive beta emissions to Uranium-234. Uranium-234 is 
assumed to be in s@ar eqUilihr\ium With Uraniun-238. . 

*.. 

Chemical 
Composition . 
of Solution 

Carrier content per gram of solution: . Other components: 

0SM nitric acid 

_~ ~ .. 
Re m a r ks -. 

The uranium concentration of the solution is 7.12 mi1ligramsLgra.n. 

Date Certificate Prepared wt”,b”,’ 27 lgg3 1 

Approval Signature ye23 74& 
ncviscd 1/84 - _  

060478 
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'Use Julian date and military t ime 
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8019 
RADIOCHEMlsTRY LABORATORY 

RADIOACTIVE MATERIAL INVENTORY 
WORKING STANDARD LOG 

4 _ _  I WoadngStandardID: WSL 3/23 K 2 3 8  Intermediate Standard ID: I J C  2/39 7 
1 

Reference DatdTimd: (.7d f993 o S 00 RMI Source Log Ref. BooWage: 2/1 e 

I 

i DCL Balance ID No.: 
*Use Julian date and military time 

Solvent Activity (pCi)t Final Volume Conc. (pCi/g)t Witness 

7.r. fL- 244mj bOb(.s /oo.oa82 U.bI5 ? C ; L  E.L. I 

activities are referenced to the source datdtime. corrections are to be made on the following page. 

To Page: 
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- Standard Reference Material 4328A- _. _-. - 
- 

- L ThOrium-229-RadioactivitfS t andard - . .- _. e - 

This Standard Reference Material (SRM) consists of radioactive thorium-229 nitrate and nitric acid dissolved 
in 5 mL of distilled water. The solution is con1ained.h a flame-sealed NIST borosilicate-glass ampoule. me 
SRM is intended for the calibration of alpha-particle counting instruments and for the monitoring of 
radiochemical procedures. 

Radiological Hazard 

'Ihe SRM ampoule contains thorium-229 with a total activity of approximately 170 Bq. Thorium-229 decays 
'by alpha-particle cmiGon. Thc progcny of thorium-229 have a total activity of approximately 1200 Bq and 
decay by alpha- and bcta-particlc cmission. None of the alpha or beta particles escape from the SRM 
ampoulc. During t h e  dccay proccss X-rays and gamma rays with energies from 10 kcV to 2 MeV are also 
cmitted. Most of these photons cscape from the SRM ampoule but their intensilies are so small that they do  
not rcpresent a radiation ha2nrd. Approximate unshielded dose rates at scveral distances (as of the referepce 
time) are givcn in note [a]*. The SRM should be used only by pcrsons qualified to handlc radioactive 
matcrial. 

Clieiiiical Hazard 

The SRM ampoulc contains nitric acid (14N03) with a concentration of 1 mole per liter of water. The solution 
is corrosive and represents a hcalthhazard if it:'comcs in contact with eyes or skin. If the ampoule is to be 
opened to  transfer the solution, thc rccommcndcd proccdurc is given on page 2. The ampoule should be 
opcncd only by pcrsons qualificd to handlc both radioactive matcrial and strong acid solution. 

Stonige and Handling 

'Ihc SRM should bc storcd and used at  a kmpcr:iturc hetwcen 5 and 65 "C. Thc solution in an unopened 
ampoule Should rcmain stnblc and homogcncous until ai lcast January 2004. 

The ampoule (or any subsequcnt containcr) should always be clearly marked as w'ntaininpradioactive 
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with 
the applicable national, international, and ciirrier regulations. The solution in the ampoule is a dangerous 
good (hazardous matcrial) both bccause of the radioaciivity and bccause, of the strong acid. .. 

Preparation 

This Standard Refcrence Material w; prepared in the Physics Laboratory, Ionizing Radiation Division, 
Radioactivity Group, J.M.R. I-Iutchinson. Group Leader. Thc overall technical direction and physical 
measuremcnts lcading to certifiixtion wcrc providcd by LL. Lums of the Radioactivity Group. 

The support aspccts involved in the preparation, certification, and issuance of this SRM were coordinated 
lhrough the Standard Refcrcncc Matcriils Program by N.M:,Trahcy. 

Gaithersburg. Maryland 20899 
February 1995 

Thomas E. Gills, Chief 
Standard Reference Materials Program 

SRM 4328A. pap 1 of 6 a *Notes and refcrcnccr are on pages 5 and 6. 
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NOTES 

[a] The Sievert is the SI unit for dose equivalent. See reference [l]. One pSv is equal to 0.1 mem. 
Distance from Ampoule (cm): 1 30 100 
.Approximate Dose Rate cusv/h): ~ 0 . 1  - 
The stated uncertainty is two times the standard uncertainty. 

. ~ 

[b] 
- __ 

[c] . Massic activity is the preferred name for the quantity activity per unit mass. See reference [I]. 

[d] The reported value, y;of massic activity (activity per unit mass) at the reference iime was not 
measured directly but was derived from measurements and calculations of other quantities. This a n  . 
be expressed asy = f(xl,x&, . . x,,), wherefis a mathematical function derived from the assumed 
model of the measurement process. 

The value, xi, used for each input quantity i has a standard uncertainty, u(xi), that generates a 
corresponding uncertainty in y, uih) f Idy/&i I * ~ ( x i ) ,  called a component of combined standard 
uncertainty oly. 

The conibiiied standard uncertainty ofy, u,@), is the posilive square root of the sum of the squares 
of the components of combined standard uncertainty. 

The combined standard unccrlainty is multiplied by a coverage factor of k = 2 to obtain U, the 
expanded uncertainty ofy. 

' Since it can be assumed that thc possible estimated values of the massic activity are approximately 
normally 'distributed with approximate standard deviation u&), the unknown value of the massic 
activity is believed to lie in the intervaly 2 U with a level of confidence of approximately 95 percent. - 
For further information on the expression of uncertainties, see references [Z] and [3). 

Estimated limits of detcction for alpha-particle-emilting impurities arc: 
0.03 a*s-'*g-' for energies less than 3 5  MeV, 
0 3  cr=s-'*g-' for energies between 3 5  and 45  MeV,and 
0.03 a*s-'*g-' for energies greater than 5.1 MeV. 

[e] 

Thorium-228 was detected in measurements made on the thorium-229 master solution in 1975 and . 
1979. As of the reference time, the massic activity of thorium-228 is well below. the detection limits 
and is dculated to be approximately 0.001 Bq-g". 

The thorium-229 master solution was chemically purified on 7 May 1984. 

[fJ Estimated limits of dctection for photon-emitting impurities are: 
0.003 y*s-'.g-' for energies between 90 and 506 keV and 
0.0003 y-s''.g-l for energi& between 516 and 1900 keV, 
provided that the photons are separated in energy by 4 keV or more from photons emitted in the 

- _- ~ _ _  _ _  
_ _  ~ - - - decay of thorium229 and progeny. 

[g] Evaluated Nuclear Structure Data File (ENSDF), January 1995. 'Ihe stated uncertainty is the 
standard uncertainty. 8 

[h) Rclativc standard uncertainty of the input quantityxi. 

1 0 2  
000483 
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Solution density 

Solution mass 

PROPERTIES OF SRM 4328A 
(Certified values are shown in bold type) 

Source identification number NIST SRh4 4328A 
- - - .  Physibl Properties: _ -  

Source description Liquid in flamesealed NIST borosilicate-glass ampoule 
I 

Lead-oxide content Less than 0.02% 
Trace quantities Other heavy elements 

(1.032 2 0.002) g0mL-l at 22.6 "C (b]* 

Approximately 5 g 

Ampoule specifications 

Solution composition 

Body outside diameter 
Wall Thickness 
Barium content 

~~~ ~~~~ 

Chemical 
Formula 

HiO 

-wNO,)J 
HNO, 

(165 -t 05) mm 

Less than 25% . *. 

(0.60 2 0.04) mm 

Radionuclide 

Reference tinie 

hlassic activity of the solution [c] 

Relative expanded uncertainty (k=2)  

Alpha-particle-emitting impurities 

Photon-emitting impurities 

Half livcs used 

Measuring instruments 

Thorium-229 

1260 EST, 28 January 1994 

32.83 Bq-g" 

0.72% [d] 

None detected [e] 

None detected [q 
Thorium-229: (7340 2 160) a [g] 4 

NIST "0.8r"a defined-solid-angle counter with scintillation 
detector plus silicon surface-barrier alpha-spectrometer 
system and two 47r(a+B) liquid-scintillation counting systems 

Chemical Properties: 

Mass Fraction 
(g-g'') 

9 x 10-9 

0.94 
0.06 

*No~ct and rclcrcnw arc on pgcs 5 and 6. 

1 0 3  
008484 



8019 
RADIOCHEMISTRY LABORATORY 

RADIOACTIVE MATERIAL INVENTORY 
STANDARD SOURCE LOG 

Am7- VendoF Vendor Source ID: Y.7 , -,~~ Date Received: 3 29 Received By: U/k/ 

IJ.S. Dopirtmont of Commcrco 
?InUond lnstltuto of Standards 

and Tochnology 
CRhl4328A 

'lllollunl-T93 
e00 Oq in 6% nilir acid - 

CAUTION b.4 
. F:*DIOACTP?E 4) 

Place source Label Above 

1 /vOt Source Reference DateJTimeo: dJb'//'?qY 1259 0 Efiolvent: f M H 1 - 
I: 

CONC. (pCiig) ISOTOPE(S) CONC. (pCi/g) ISOTOPEQ 

m 30 

'Use Julian date and miIitay time 
Usage: 

000485 1 0 4  



RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVENTORY 

INTERMEDIATE STANDARD LOG 

Book No. o1 Page 73 

8 0  

Usage: 

d i V i f i S  are referenced to the source datdtime. Decay corrections are to be made on the following page. 

To Page: 
- .  

19 

.- 
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1: 

Inits. I 

working Standard ID: WSL 31b3 (Th 229)  Intermediate Standard ID: 

0 2 / 3 0  Reference DatdTimd: 0 28, 1994 //q*'oa Hsr RMI Source Log Ref. Boomage: 
.I 

Aliquot I Activity (pCi)t I Balance (pCi)t I Destination 11 

1 

t All adivities are referenced to the source datdtime. Decay corrections are to be made on the following page. 1' To Page: 

I 

Date Inits. Solvent Activity (pCi)t Final Volume Conc. (pCi/g)t Witness 

%P 6- ,4l2pL Q.M.K. Z M  # * O 3  4,095: 381 qs. 3 J PK- 3 0.3  2 r.P. -f- 



ALPHA. STAN3ARD SOLUTION s o 1 9  
lcldionuclide U-23k atstornut DATA CHEM W O R A T O ~  
HatfIife: 68.9 f l.OLears' -:. P.0.No.:. 
COtalogNo.: . 7232 Refermce Date: 15 1991 12-a 

8072 

. 
S L .  *.- ' __- 0.1036 _ _  

. ContainedRxdidvity: 
- 

sourw No:: 393-77 
-Daeaiptiaa OfSohrtioa - -  ._ 

_ -  - - -  _. 

a. Mass of solution: 5.1639 
b. Chemical form 

d. D a w  

Rdioimpmitics 

U02Cl2 in 2N HCl gramr. 

- c.Carriaconteat None add& -. 
1.0330 

gramld d 20.C.. 

None detected (other than daughters) 

n-228 0.2% as of November 24 I991 (daughtecs segaraled on November 22 1991) 
pdiosctivc llq$l&m 

p C i g  grr m . 
Method of cltibrotioa 

a 

Uwxtably ofMasrnearnt 
a. Systematic uncertainty in instnumat calibration: 
b. Random uncertaiOry in assay: 

- + 1.3% 
- +2.3% 
- +0.2% 
- +3.8% 

c. Random uncertainty in weighing(s): 
d. TOM uncertainty at thc 99% confidence level: 

NIsTTrrcabitity 

NOtS \ 

This calibration is iqlicitly traceable IO thc National Institute of Standards and T=biilo&. 

1. Nuclear data were taken from 'Table of Isotopes', Scveoth'Edition, edited by Virginia S. Shirley. 
2. IPL participates in an NIST ~~t ~ s s u t ~ n ~ e  program to establish and maintain impkcit 

tractabity for a numkr of nuclides. based on the blind assay(and later NIST certification) of Standard 
Referam Malerids. (As in NRC Regulatqxy Guide 4.15) - - -  

(816) 843 -7ooO 
- .. . ... . . .  . .  I -.-_-... . . ..-- -. .--I-- .. . . ._.. . , 



RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVENTORY 

STANDARD SOURCE LOG 

ISOTOPE(S) CONC. @ C i g )  

u-232 2L?oG2.3& / 

88 19 

ISOTOPE(S) CONC. (pCi/g) 

'Use Julian date and military rime 
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Date Inits. Solvent Activity (pCi)t Final Weight Conc. (pCi /eL W i G e s s  
d L 

Usage: 

2-H&#4 @An>>;; I /m-L 

11. 

l2. 

l3. 

14, 

15. 

16:- 

17. 

18. 

1 

' 

c 

4922 

a All adivities am referenced to the Source dntdtime. Decay corrections are to be made on the following page-. 

To Page: 
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U.S. DEPARTMENT OF COMMERCE 
National Institute of  Standards & Technology 

Gaithersburg, MD 20899 

for 

. Florida State University 
TalIahassie, Florida 

8019 

’ RadionucIide zl”F’o, 234U, tfsU, u8U, and 241Am 

Source identification FSU 

27r alpha-particle counting rate 3.369 sel (’)* 

Overall uncertainty 1.8 percent @) 

ReIa t ive activity 
**OPO 0.005 (k 26 percent) . 

=‘u 0.949 (f 1.6 percent) . 
23sU 0.037 (f 4i6 percent) 

0.954 (k 1,6 percent) 
0.961 .(& 1.6 percent) . ? P U  

2 i 1 h  . 1.000 percerii’ ~9 

Reference, time March 3, 1993 

Measuring instruments NIST 27m profidonaI counter and Si 
su rface-ba rrier detector 

Gaithersburg, MD 20899 
March, 199-3 Radioactivity Group 

’ J.MR. Hutchinson, Acting Group Leader 

Physics Laboratory 

+Notes on back 
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NOTES 

('1 ?he total number of ~1pha  Farticlcs counted per second emitted into (1 2.rr-steradian 
gcomctry (including those scattered), 

(2) The overall uncmainq is LWO timcs rhc valuc found from combining quadratically thc 
standard deviations of thc mean, or approxirnttrion thcrcof, of thc following: 

a) one standard deviation of the 
mean of five mcasurements 0.18 perccnt 

b), pulsc-height extrapolation I 0.70 p c r a n t  
c) system live time 0.05 percent 
d) backscattering mrrcction 0.50 pkrccnt a - -  0) Thc unccrtninties in the rclativc activity arc computed from two times the estimated 

standard deviation of the mean plus thc unccrtaiky from subtraction of thc estimated tail 
of the upper pcak. 8 

(41 Assriming the sourcc matc.rial is thin and is deposited on stninlcs stccl thc unccrtificd 
values in Bq for the activities arc as follows: 

*?F'o 0.008 
u'U 1.623 
="U 0.063 
"'U . 1.631 

nvPu 1.643 
'"Am 1.710 

?or fmhcr  information, conma Dr. J.M.R Hutcllinson nf (301) 975-5543, or Pamela Hodge,or 
. .  (301) 975-5544. 

. .  . ... 
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8019 U.S. DEPARTMENT OF COMMERCE 
National Institute of Standards & Technology 

Gaithersburg, M D  20899 

. REPORT OF TEST 
for 

Florida State University 
TaIIahassie, FIorida 

. Radionuclide ''?Po, ='U, ='U, ='U, "%I and 241h 

FSU 

3.369 s-' (*I* 

Source identification 

27r alpha-particle counting rate 

Overall uncertainty 1.8 percent (2) 

Reiative activity 
210P0 
=(u 
n5u 
=YJ 
: ff'pu 
2 4 1 b  

0.005 (k 26. percent) 
0.949 (& 1.6 percent) . 

0.037 (& 4:6 percent) 
0.954 ( 2  1,6 percent) 
0.961 .(& 1.6 percent) 

' 1.000 percent 

Reference time March 3, 1993 

Measuring instruments MST 27ra propodonal counter and Si 
surface-bamer detector 

For the Director. 

J M R .  Hutchinson, Acting Group Leader 
Radioactivity Group 
Physics Laboratory 

*Notes on back 

1 1.8 
000499 
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WOTES 

The total number o f n l p h ~  pafiiclcs counted per s a n d  emitted into (I 2~r-sterndian 
gcornctry (including those scattered). 

The overall uncertainty is two timcs thc valuc found from mmbining quadratically thc 
standard deviations of thc mean, or approximctrion thcrcof, of thc following: 

- 

a) one stmdard deviation of thc 
mean of five rncasurements 0.18 percent 

b) pulsc-height extrapolation 0.70 p c r u n t  
c) system live timc (1.05 pcrcent 

d) backscattering correction 0.50 pcrccnt 

Thc. unccrtninties in thc rclativc activity arc computed from two times the estimnted 
standard dcvistion of the mean plus thc unccrtainty from subtraction of the cstimatcd tail 
of the upper pcak. I 

Assuming the. sourcc. marc.rial is thin nnd is deposited on stninlcss stccl thc unccrtificd 
values in Bq for the activities arc as follows: 

"@Po 0.008 
'"U 1.623 

0.063 
zlsU . 1.631 

=OPU 1.643 
2".Arn 1.710 . 

For fiinhcr information, contact Dr. J.M.R. Hutchinson nt (301) 975-5543. or Pnrueln Hodge t l L  . .  
(301) 975-5544. 

a -  
- 
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NOTES 

The total number o,f Alpha Farticks counted per s a n d  emitted into a 2r-sterodinn 
gcomctty (including those scattered}. 

The overall unccrtainty is two timcs rhc valuc found from combining quadratically thc 
standard deviations of thc mean. or approximarion thcrcof, of thc following: 

a) one standard deviation of the 
mean of five mcasurements 0.18 perccnt 

b) pulsc-height extrapolation 0.70 pcrcxnt 
c) system live timc (J.05 percent 

d) backscattering mrrw t ion 0.50 pcrccnt 

Thc unccrtninties in thc rclativc activity arc computed from hvo times thc estimated 
standard deviation of the mean plus thc unccrtainty from subtraction of the estimated tail 
of the upper pcak. I 

Assuming the sourcc- matc.nal is thin nnd is deposited on stninlcss stccl chc unccrtificd 
values in Bq for the activities arc as follows: 

"90 0.008 
'"U 1.623 
>'U 0.063 
zJ8U . 1.631 

'"Am J .7 10 
u9Pu 1.6443 

For fiinhcr information, conma Dr. J.M.R. Hutdinson at (301) 975-5543, or Pamela Hodge at 
(301) 9754544. 

. .  
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8019 US. DEPARTMENT OF COMMERCE 
Natlonal lnstltute of Standards & Technology 

Gaithersburg, MD 20899 

a 
.. - - -  

for 

FIorida State University 
Taliahassic, FIorida 

’ Radionuclide 21”Po, =‘U, =’U, 238U, 2 3 ~ u  and *“Am 

Source identification 

2 v  alpha-particle counting rate 

FSU 

3.369 s-l (I)* 

Overall uncertainty 1.8 percent (’1 

Relative activity 
*‘OpO 

=‘u 
=sU 
YJ 
: =pPu 

. z i i h  

0.005 ( 2  26 percent) 
0.949 (k 1.6 percent) . 
0.037 (& 4:6 percent) 
0.954 (& 1,6 percent) 
0.961 .(-e 1.6 percent) 

. . 

1.000 k r a i t  ( 3 ~ 4 )  
a -  

Reference time March 3, 1993 

Measuring instruments ‘NIST 2va pro$t ional  counter and Si 
surface-barrier detector 

- -  
- -- - -  

Gaithersburg, MD 20899 
March, 1923 

J.hLR. Hutchinson, Acting Group Leader 

Physics Laboratory 
Radioactivity Group ., 

+Notes on back 
. . . : 



8019 

('1 The total number of,nlpha partidcs counted per sccond emitted into n 2~-steradinn 
gcomctry (including those scattered). 

(2) The overall unwrtainty is two tirncs rhc valuc found from 'mmbining quadratically thc 
standard deviations of thc mean. or approximnrion thcrcof, of thc  following: 

~ 

a) one stmdard deviation of the 
mean of five mcasurernents 0.18 perccnt 

b) pulsc-height extrapolation 

c) system live timc 

d) back.- t tering mrrcct ion 

0.70 pcrccnt 

[).OS percent 

0.50 percent 

0) The. uncertainties in thc rchtivc activity arc computed from two times the estimated 
standard deviation of the mean plus rhc unccrtainty from subtraction of the estimated tail 
of the upper pcak. I 

Assuming the sourcc. matc.nal is thin nnd is deposited on srninlcss stccl thc unccrtificd 
values in Bq for the activities arc as follows: 

?or fiinhcr information. contact Dr. J.M.R. Hutcllinson PI (301) 975-5543, or Patuela Hodge ai 
(301) 975-SS44. 

. .  . 
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U.S. DEPARTMENT OF COMMERCE 
National Institute o f  Standards & Technology 

Gaithersburg, MD 20899 

80 19 

- REPORTZ_O.F TEST - 

for 

Florida State University 
TaIIahassie, Florida 

Radionuclide 

Source identification 
. .  

27 alpha-particle counting rate 

Ove ra 1 I uncertainty 

Relative activity 
z'OPO 

wU 
=TJ 

=PPu 
z i i h  

Reference time 

Measuring instruments 

FSU 

3.369 s-* (I)* 

1.8 percent Q . 

0.005 (+ 26 percent) 
0.949 (+ 1.6 percent) . 

0.037 (k 4:6 percent) 
0.954 ( 2  1..6 percent) 
0.961 (2 1.6 percent) 
1.000 percent CJT(') 

. . 

March 3, 1993 

'NIST 27ra profirlional counter and Si 
surface-barrier detector 

For the Director, 

@ p @ L h t L  
Y ~- 

- -  

Gaithersburg, m- 20899 
March, 1593 Radioactivity Group 

J.M.R. Hutchinson, Acting Group Leader 

Physics Laboratory 

*Notes on back - 

008.5076 2'6 



PIPETTE CALIBRATION CHECK $ 0 1 9  

a i p m e n t  Number: . gppE-13 

(P / I  3 / 9 6  Date Last Calibrated: } 2 j S I T  . Date: - 
Calibration Period: I 2 / 9 6  

Pipet te  Volume Water 

Water 

Temperature zz *c 
0.99823 Density 

Balance Used 
Measured Weights (9) 

1 02 6 8  .% 

Performed By: 



PlPEl7E CALIBRATION CHECK 

Number: . &PPE/D 

- 
( J I q  I - Date: 4.L Date Last Calibrated: d q f  . 

Calibration Period: Iz] 96 

i d 0  44t 4 d 4 9  
20s 4 

Pipette Volume 7s) 4iL Water Temperature m 23°C 

Water ‘Density e 0.Y9707 
Balance Used /OZ 683 
Measured Weights (9) 

a 

Performed By: 



8019 

Raw Data 
Radiochemistry/Mixed-Waste . Department 

a Spectrometry 
Inventory Checklist 

. 

Section 1. Sample and QC Data 

Section 2. Instrument Performance and Calibration Data v 

The following signatures verlfy that the raw data and all invmto~y and reviewer checklists in each raw data 



8019 
Section 1. Sample and QC Data 

a Spectrometry 
. - a Inventory _. -. Checklist - _  

hboratoxy Control Sample (LCS) prlnt-out 

0 LCS ROI Peak Search Report 

0 LcSActlvityReport 
0 MDAReport 

@ Reagent Blank with Traceds) 
Reagent Blank Spectral Plot 

0 Reagent Blank ROI Peak Search Report 

0 Reagent Blank Actlvlly Report 

MDAReport 
Accuracy Sample (MS) 

MS ROI Peak Search Report 

MS Relatlve Actlvity Report 

MDAReport 
M precision SamDle (MD/MSD) 

MD/MSDSpecMPlot 
0 MD/MSD ROI Peak Search Report 

MD/MSD Relative Actlvlty Report 

MDAReport 
Field Sample Instrument Prlnt-outs ' 

Sample Spectral Plot 
Sample ROI Peak Search Report 

Sample A c t i v l ~  Report 

I ' o ~ p ~ ~ ~ ~ $ ~ ~ u l a t t o n  Sheets summarizing all calculatlonal inputs and results 

Section 1. Sample and QC Data 
a Spectrometry 
Reviewer Checklist 

The Sample and QC Data Inventory Checklist above is complete. 

All appropriate QC for the project was perfomed. 
All appropriate QC data met acceptance crlterla. Unacceptable QC data were documented, and 
JustUlcatlons were provided for data used. 
Prlnt-outs are inltialed and dated. 
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a 
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VMS Peak Search Report V1.9 Generated 4-NOV-1996 15:22:20 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 

le title : 963-0640-03 
le date : 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 

ple -ID - -  _ _  : QC-123239-1 _. -_ Sample quantity. : 1.0000 S - 

Sample type : TH Sample geometry : 
Elapsed live time: 0 16:38:34.00 Elapsed real time: 0 16:38:37.99 

- @  
Start energy 
Grosspet areas : 
Num avg bkg chans: 

Pk It Energy 

1 0 3894.09 
2 0 4661.83 
3 0 4887.22 
4 0 5338.29 
5 0 6058.63 

3442.27 keV End- energy : 6515.04 keV 
Gross Background type : 

2 Critical level : No 

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err 

4 0230.72 143.25 98 96 6.683-05 50.0 
1944 0 92.71 390.92 306 107 3.243-02 2.3 
1927 0 76.66 465.14 412 128 3.223-02 2.3 

15 0 56.88 615.87 539 119 2.503-04 25.8 
1 0 3.20 863.00 792 97 1.673-05100.0 

.- . 

0.0% 

Fit 
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VMS Peak Search Report V1.9 Generated 4-NOV-1996 15:22:45 

Configuration 

-Sample ID - _ _  

Sample type 
Elapsed live time: 
Star t ener gy 
Grosspet areas : 
Num avg bkg chans: 

DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 011 - NONE.CNF;383 
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:02 Acquisition date : 18-OCT-1996 14:52:25 
011 ._ . --  Sample--quantity : 1.0000 SAMPLE 
NONE Sample geometry : 
0 16:38:39.99 Elapsed real time: 0 16:38:30.00 0.0% 
3447.77 keV End energy : 6526.39 keV 

Gross Background type : 
2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3903.96 3 0232.26 145.50 98 96 5.01E-05 57.7 
2 0 4565.14 7 0283.17 359.00 306 107 1.17E-04 37.8 
3 0 4919.47 2 0 5.97 475.50 412 128 3.343-05 70.7 
4 0 5287.12 11 0 3.18 598.00 539 119 1.843-04 30.2 
5 0 5998.60 1 0 3.18 840.00 792 97 1.673-05100.0 



VNS Nuclide Identification Report V2.9 Generated 4-NOV-1996 15:23:27 8 0 1 9  
Configuration 
Analyses by 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAHEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
963-0640-03 
24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
QC-123239-1 Sample quantity _ _ _ -  : 1.0000 - - _-  - _  S - - _ - .__ -- 

Sample type Sample- ceomet r y : 
Elapsed live time: 0 16:38:34.00 Elapsed real time: 0 16:38:37.99 0.0% 
Energy tolerance : 100.00 keV Half life ratio : 8.00 
Errors propagated: Yes Systematic Error : 0.00 % 
Efficiency type : Average value Efficiencies at : Peak Energy 
Abundance limit : 75 . 00 

- - . - - _ ._ - - - - . ___ - - 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi) (PCi) 2-Sigma Error %Error Flags 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

4.47513-07 . . . . . . . . . . . . . . . . . . . . .  TH-227 18 . 72D 1.05 4.2563-07 - - - - - - - - - --------- 
Total Activity : 4.2563-07 4.475E-07 

Nuclide Type : ALPHA 
Wtd Mean 
Uncorrected 

Hlife Decay (PCi) 
1.91Y 1.00 9.1593-03 

7340.00Y 1.00 4.4253+00 
TH-230 7.70E+04Y 1.00 4.439E+00 
TH-232 1.41E+10Y 1.00 2.2883-03 --------- 

Total Activity : 8.8763+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

9.1713-03 23.38E-03 254.89 
4 . 42 5E+OO 0.2483+00 5.60 
4 . 439E+OO 0.2483+00 5.60 
2.288E-03 12.11E-03 528.98 

8.876E+OO 

(PCi) 2-Sigma Error %Error Flags 

--------- 

Grand Total Activity : 8.8763+00 8 . 876E+OO 
Flags: "K" = Keyline not found I1M1I = Manually accepted 

"E" = Manually edited I1A1I = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

LE TITLE: 963-0640-03 * SAMPLE I D :  QC-123239-1 
LE DATE: 24-OCT-1996 12:00:00  * 
SED LIVE TIME: - 59914. ._ - * .- DETECTOR #: 0 1 1  . ._ - _ _ -  - 

SAMPLE QUANT: 1 . 0 0 0 0  s 
AVERAGE %EFFICIENCY: 19.7179 * YIELD: 91.5614 
TRACER DPM: 10.7293 * 
E 

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-227 6006. 0.000 1 .000  53.80 4.8883-07 1,3813-02 3.5533-02 

TH-228 5400. 4 .001  10.999 99.94 1.0023-02 2.5543-02 4.6063-02 

!l'H229 4872. 1925.000 2 . 000 99.52 4.8333+00 2.7053-01 2.4043-02 

TH-2 3 0 4672. 1937 .001  6.999 99.82 4.8493+00 3.8373-01 3.8303-02 

TH-232 3997. 1 .000  3.000 100 .00  2.4993-03 1.3223-02 2.7623-02 

******************************************************************************** 

IlEVIEWED BY: DATE : 

1 3 6  000519 
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VMS Peak Search Report V1.9 Generated 4-NOV-1996 15:20:40 

Configuration 
Ana lyses by 

le title 
le date 
le ID 

Sample type 
Elapsed live time: 
Start energy 
Grosspet areas : 
Num avg bkg chans: 

- -. a! -. - _ -. - - .- - - - . .- 

8019 
MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2 
963-0640-03 
24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
BL-123239-1 Sample quantity : 1.0000 S 
TH Sample geometry : 
0 16:38:27.00 Elapsed real time: 0 16:38:37.99 0.0% 

Gross Background type : 

_ _  - _ _  - - - _ _ _  _. _ _  _ _  . - - 

3467.76 keV End energy : 6571.00 keV 

2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3902.21 3 0243.33 137.67 90 96 5.01E-05 57.7 
2 0 4662.44 28 0 49.63 381.61 297 106 4,673-04 18.9 
3 0 4901.57 1713 0107.88 459.66 402 127 2.863-02 2.4 
4 0 5369.12 20 0 40.02 614.20 528 118 3.343-04 22.4 
5 0 5953.18 2 0 0.00 811.00 778 94 3.343-05 70.7 



8 0 1 9  VMS Peak Search Report V1.9 Generated 4-NOV-1996 15:21:01 

Configuration 
Analyses by . 

le title 
le date 

Sample ple .fype---..-- ID - . 

Elapsed live time: 
Start energy 
GrossfNet areas : 
Num avg bkg chans: 

#IF 
DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 012 - NONE.CNE';385 
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:03 Acquisition date : 18-OCT-1996 14:52:25 
012 Sample quantity : 1.0000 SAMPLE 
NONE Sample geometry : 
0 16:38:29.00 Elapsed real time: 0 16:38:30.99 0.0% 
3451.12 keV End energy : 6552.80 keV 

Gross Background type : 

- - _. _- - 

2 Critical level : N o  

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3894.68 2 0 9.85 137.50 90 96 3.343-05 70.7 
2 0 4565.44 3 0206.86 349.50. 297 106 5.01E-05 57.7 
3 0 4921.60 5 0341.49 465.00 402 127 8.353-05 44.7 
4 0 5289.19 9 0334.92 586.50 528 118 1.50E-04 33.3 
5 0 5988.25 1 0 3.28 824.50 778 94 1.673-05100.0 

-. . 



VMS Nuclide Identification Report V2.9 Generated 4-NOV-1996 15:21:27 8 0 19' 
Configuration 
Analyses by 

le title 
le date 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance 1 imi t : 

w S ple ID- ._ . 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF 
963-0640-03 
24-OCT-1996 12:OO:OO 

TH 
0 16:38:27.00 
100.00 keV 

Yes 
Average value 

BL--12 3 2 39-1 - ..- .. 

75.00 

V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

Acquisition date : 25-OCT-1996 12:19:50 

Sample geometry : 
Elapsed real time: 0 16:38:37.99 0.0% 
Half life ratio : 8.00 

Efficiencies at : Peak Energy 

- Sample quantity : . -  1.0000 S .. ._ 

Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi 1 (PCi) 2-Sigma Error %Error Flags 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

TH-227 18.72D 1.05 4.5253-09 4.7583-09 16.483-09 346.41 --------- --------- 
Total Activity : 4.5253-09 4.7583-09 

Nuclide Type : ALPHA 
Wtd Mean Wtd Mean 

Uncorrected Decay Corr Decay Corr 2-Sigma 
Hlife Decay (PCi) (PCi 1 2-Sigma Error %Error Flags 
1.91Y 1.00 2.6793-08 2.6833-08 2.6283-08 97.96 

7340.00Y 1.00 4.1783-06 4.1783-06 0.2453-06 5.87 
TH-230 7.70E+04Y 1.00 6.0963-08 6.0963-08 2 . 7233-08 44.66 
TH-232 1,41E+lOY 1 . 00 2.4343-09 2.4343-09 10.893-09 447.19 

g;:= 
--------- --------- 

Total Activity : 4.2683-06 4.2 683-06 

Grand Total Activity : 4.2723-06 4.2733-06 

Flags: "Xn = Keyline not found IIMtl = Manually accepted 
"En = Manually edited IIAII = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 80119 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

LE TITLE: 963-0640-03 * SAMPLE I D :  BL-123239-1 

SED LIVE TIME: 
LE DATE: 24-OCT-1996 12:00:00  * SAMPLE QUANT: 1 .0000 s 

- - __ - - 59907.  * DETECTOR ~ -_ - # :  012 - . - __ __ - - __ . - __ - - -. - - - - - __  
18.5340 * 8 6  .-439 5-- 

- _ _  4iiI . - - - - - -. - __ - - _ - -. 
AVERAGE %EFFICIENCY-: 
TRACER DPM: 10.7293 * 

* 
******************************************************************************** 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-227 6006. 1 .000 1 .000  53.80 5.5053-09 1.9073-08 4.0043-08 

TH-2 2 8 5400. 11 .000  9.000 99.94 3.104E-08 3.0463-08 4.7763-08 

TH22 9 4872. 1708.000 5.000 99.52 4.8333-06 2.8373-07 3.7913-08 

TH-2 3 0 4672. 25.000 3.000 99.82 7.0533-08 3.1773-08 3.1183-08 

TH-2 3 2 3997. 1 .000  2.000 100.00 2.8163-09 1.2603-08 2.6973-08 

******************************************************************************** 

REVIEWED BY: DATE: 
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VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:31:06 8019 
Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 
S ple title : 96E-0640-03 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
Sample quantity : 0.50060 S 

Elapsed real time: 0 16:38:37.99 0.0% 
---Sample -geometry-- : --- - -- - - - 

: 96304514 :--TH- --- - - _ _ _ -  ple ID 
Sample type 
Elapsed live time: 0 16:38:34.99 
Start energy : 3434.22 keV End energy : 6524.56 keV 
Gross/Net areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

-- $IR - - -- - - .. - - - - - . - - 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3947.32 11 0 0.00 161.36 99 96 1.84E-04 30.2 
2 0 4663.21 89 0 48.33 390.90 306 106 1.49E-03 10.6 
3 0 4881.90 3407 0107.44 462.45 411 128 5.693-02 1.7 
4 0 5294.61 36 0 0.00 599.42 538 118 6.01E-04 16.7 
5 0 6034.87 13 0 4.75 851.85 790 96 2.17E-04 27.7 

6 4 3  



VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:31:18 8 0 1 9  
Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 013 - NONE.CNE';372 
Analyses by : ROIPEAK V1.2 

le title : 96M-0304-10 
le date : 18-OCT-1996 14:52:04 Acquisition date : 18-OCT-1996 14:52:25 
le ID : 013 

Elapsed live time: 0 16:38:41.00 Elapsed real time: 0 16:38:30.99 0.0% 
Start energy 
Gross/Net areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

Sample quantity : 1.0000 SAMPLE 
Samp 1 e. -g eOme t - .-: _- - - - - - - - - - - - - . -- 

: 3434.81 keV End energy : 6525.40 keV 

-samp.le- a type- - - _ _  -:-NONE . 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3900.97 4 0265.23 146.50 99 96 6,683-05 50.0 
2 0 4564.40 6 0190.84 358.50 306 106 1.00E-04 40.8 
3 0 4919.48 8 0359.04 474.50 411 128 1.343-04 35.4 
4 0 5286.89 5 0164.96 596.50 538 118 8.343-05 44.7 
5 0 5994.45 2 0 90.57 837.50 790 96 3.343-05 70.7 



VplIs Nuclide Identification Report V2.9 Generated 28-OCT-1996 11:31:34 8 0 1 9 
Configuration : MCAO : [ALPHA] ALPHAOS1 
Analyses by : ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

le title : 963-0640-03 
le date : 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
le-ID _. - : 96E04514 -. Sample quantity : 0.50060 S 

Sample type : TH Sample geometry- : 
Elapsed live time: 0 16:38:34.99 Elapsed real time: 0 16:38:37.99 0.0% 
Energy tolerance : 100.00 keV 

Efficiency type : Average value Efficiencies at : Peak Energy 
Abundance limit : 75.00 

__  - - 

Half life ratio : 8.00 

a 
Errors propagated: Yes Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi) (PCi 1 2-Sigma Error %Error Flags 
TH-227 18.720 1.05 9.9963-02 1.051E-01 0.741E-01 70.49 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

--------- --------- 
Total Activity : 9.9963-02 1.051E-01 

Nuclide Type : ALPHA 
Wtd Mean 
Uncorrected 

lide Hlife Decay (PCi) 
1.91Y 1.00 1.516E-01 

1.00 1.670E+01 
1.00 4.065E-01 

!!hi8 7340.00Y 
TH-230 7,70E+04Y 
TH-232 1041E+10Y 1.00 3.4223-02 --------- 

Total Activity : 1.7293+01 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

1.518E-01 0.6293-01 41.44 
1.670E+01 0.079E+01 4.75 
4.065E-01 0.9643-01 23.71 
3 . 4223-02 3.788E-02 110.70 

1.7293+01 

(PCi) 2-Sigma Error %Error Flags 

--------- 

Grand Total Activity : 1.7393+01 1.7393+01 

Flags: "K" = Keyline not found "Mtt = Manually accepted 
"E" = Manually edited tlAtl = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8 0 1 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

LE TITLE: 963-0640-03 * SAMPLE I D :  96304514 
LE DATE: 24-OCT-1996 12:00:00  * SAMPLE QUANT: 0.5006 S 

YIELD: 172.9465 AVERAGE %EFFICIENCY: 18 . 4321 * 
TRACER DPM: 10.7293 * 

* 

SED LIVE _ T I M E ~ . _ 5 9 9 1 5 , - . -  - _ _  ---*. _ _ _  - _ _  -_-DETECTOR #:__013-- -_ _ _  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NTJCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-227 6006. 11 .000  2.000 53.80 6.0783-02 4.2943-02 5.0313-02 

TH-228 5400. 31 .001  4.999 99.94 8.7803-02 3.6623-02 3.7893-02 

TH229 4872. 3399.001 7.999 99.52 9.6543+00 4.5883-01 4.5883-02 

TH-23 0 4672. 83 .001  5.999 99.82 2.35033-01 5.6853-02 4.0753-02 

TH-232 3997. 7 .000  4.000 100 .00  1.9793-02 2.1923-02 3.4773-02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REVIEWED BY: DATE : 
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8 0 1 9  VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:31:58 

Configuration 

Sample ID 
Sample type 
Elapsed live time: 
Start energy 
Grosspet areas : 
N u  avg bkg chans: 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2 
963-0640-03 
24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
96304515 Sample quantity : 0.47060 S 
TH Sample geometry : 
0 16:38:30.00 Elapsed real time: 0 16:38:37.99 0.0% 

Gross Background type : 
3419.06 keV End energy : 6512.81 keV 

2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3917.39 7 0 3.24 156.57 104 96 1.17E-04 37.8 
2 0 4657.71 67 0 99.33 393.69 310 107 1.12E-03 12.2 
3 0 4886.67 1838 0 74.99 468.56 416 127 3.073-02 2.3 
4 0 5380.98 24 0 97.00 632.88 542 118 4.01E-04 20.4 
5 0 6022.14 4 0190.50 851.75 794 96 6.683-05 50.0 

rr, 000a,n~9 4 4 8  



8 0 1 9  VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:32:07 

Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B~Ol4~NONE.CNI?;371 
Analyses by : ROIPEAK V1.2 

le title : 96M-0304-10 
le date : 18-OCT-1996 14:52:05 Acquisition date : 18-OCT-1996 14:52:25 

Sample type : NONE Sample geometry : 
Elapsed live time: 0 16:38:42.00 Elapsed real time: 0 16:38:30.99 0.0% 
Start energy : 3427.61 keV End energy : 6511.12 keV 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

. :_014 - Sample quantity : 1.0000 SAMPL-E - 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3908.12 2 0199.89 151.50 104 96 3.343-05 70.7 
2 0 4567.72 5 0 0.00 363.00 310 107 8.34E-05 44.7 
3 0 4921.71 3 0 0.00 479.00 416 127 5.01E-05 57.7 
4 0 5286.58 8 0 3.22 600.50 542 118 1.343-04 35.4 
5 0 5992.43 3 0199.89 841.50 794 96 5.01E-05 57.7 



VMS Nuclide Identification Report V2.9 Generated 28-OCT-1996 11:32:23 8819 
Configuration 

. .  
Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF 
963-0640-03 
24-OCT-1996 12:OO:OO 
96304515 
TH 
0 16:38:30.00 
100.00 keV 

Yes 
Average value 

75.00 

V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

Acquisition date : 25-OCT-1996 12:19:50 
Sample quantity. : 0.47060 S-. . .. ..- 

Sample geometry : 
Elapsed real time: 0 16:38:37.99 0.0% 
Half life ratio : 8.00 

Efficiencies at : Peak Energy 
Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by N I D  5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi) (PCi) 2-Sigma Error %Error Flags 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

TH-2 2 7 18 . 72D 1.05 9.5523-03 1.005E-02 5.3123-02 528.80 
e - - - - - e - - --------- 

Total Activity .: 9.5523-03 1.005E-02 * 

Nuclide Type : ALPHA 
Wtd Mean 

Uncorrected 
Hlife Decay (PCi 1 
1.91Y 1.00 8.2233-02 

7340.00Y 1.00 9.4703+00 TH229 
TH-230 7.703+04Y 1.00 3.1903-01 
TH-232 1.413+10Y 1.00 2.5683-02 

mite 
--------- 

Total Activity : 9.8973+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

8.2343-02 5 . 8283-02 70.78 
9.4703+00 0.540E+00 5.70 
3.1903-01 0.8793-01 27.57 
2.5683-02 3.082E-02 120.03 

9.897E+00 

(PCi 1 2-Sigma Error %Error Flags 

--------- 

Grand Total Activity : 9.9063+00 9.907E+00 

Flags: "KN = Keyline not found 
"E1' = Manually edited 

llM1t = Manually accepted 
IIAII = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

LE TITLE: 963-0640-03 * SAMPLE I D :  96304515 
LE DATE: 24-OCT-1996 12:OO:oO * SAMPLE QUANT: 0.4706 S 

59910. * DETECTOR #: 014 
YIELD : 92.2076 AVERAGE %EFFICIENCY: 18 .6656  * 

TRACER DPM: 1 0 . 7 2 9 3  * 
* 

E w PSED LIVE TIME: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-2 2 7 6006.  1 . 0 0 1  2 .999  53 .80  1.0893-02 5.7613-02 1 .144E-01 

TH-2 2 8 5400 .  16 .002  7 .998  99.94 8.9303-02 6.3413-02 9.001E-02 

TH229 4872.  1 8 3 5 . 0 0 1  2 .999  99.52 1.027E+01 5.858E-01 6.186E-02 

TH-2 3 0 4672.  6 2 . 0 0 1  4 .999  99.82 3.4603-01 9.7383-02 7.475E-02 

TH-2 32 3997 .  5 .000  2 .000  100 .00  2.7853-02 3.347E-02 5.3336-02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REVIEWED BY: DATE : 
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8019 VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:32:47 

Configuration : MCAO:[ALPHA]ALPHAO$l 
: ROIPEAK V1.2 
: 963-0640-03 
: 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 

Sample ID : 96304516 Sample quantity : 0.49980 S 
Sample type : TH Sample geometry : 
Elapsed live time: 0 16:38:52.99 Elapsed real time: 0 16:38:37.99 0.0% 
Start energy : 3450.70 keV End energy : 6509.34 keV 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3913.60 7 . 0 3.22 146.14 95 95 1.17E-04 37.8 
2 0 4657.34 61 0113.81 385.92 302 107 1.02E-03 12.8 
3 0 4888.88 1672 0 80.87 462.33 408 129 2.7933-02 2.4 
4 0 5293.42 16 0 0.00 598.00 536 120 2.673-04 25.0 
5 0 6040.37 8 0180.47 856.25 791 98 1.333-04 35.4 

1153 
000534 



8019 VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:32:57 

Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.BIB_015_NONE.CNE';371 
A lyses by : ROIPEAK V1.2 

le title : 96M-0304-10 
le date : 18-OCT-1996 14:52:06 Acquisition date : 18-OCT-1996 14:52:25 

Sample ID : 015 Sample quantity : 1.0000 SAMPLE 
: NONE Sample geometry : Sample type 

Elapsed live time: 0 16:38:34.99 Elapsed real time: 0 16:38:30.99 0.0% 
Start energy : 3462.14 keV End energy : 6537.73 keV 
Gross/Net areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

dk 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3905.77 4 0268.97 142.00 95 95 6.683-05 50.0 
2 0 4563.97 3 0 38.03 355.00 302 107 5.01E-05 57.7 
3 0 4919.40 3 0320.07 472.00 408 129 5.01E-05 57.7 
4 0 5289.87 3 0218.66 595.50 536 120 5.01E-05 57.7 
5 0 6007.57 0 0 0.00 839.50 791 98 O.OOE+OO 0.0 



VMS Nuclide Identification Report V2.9 Generated 28-OCT-1996 11:33:11 
P 8 0  119 

Configuration 
Analyses by 

le title 
le date * Sa ple ID 

Sample type 
Elapsed live time: 
Energy tolerance : 
Err or s propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF 
963-0640-03 
24-OCT-1996 12:OO:OO 
96304516 
TH 
0 16:38:52.99 

100 . 00 keV 
Yes 
Average value 

75.00 

V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

Acquisition date : 25-OCT-1996 12:19:50 
Sample quantity : 0.49980 S 
Sample geometry : 
Elapsed real time: 0 16:38:37.99 0.0% 
Half life ratio : 8.00 

Efficiencies at : Peak Energy 
Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi 1 (PCi) 2-Sigma Error %Error Flags 
TH-2 2 7 18.72D 1.05 6.9503-02 7.30933-02 5.1733-02 70.79 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

--------- --------- 
Total Activity : ' 6.9503-02 7.3093-02 

Nuclide Type : ALPHA 
Wtd Mean 

Uncorrected 
Hlife Decay (PCi) 
1 . 91Y 1.00 6.0793-02 

TH2 2 9 7340 . OOY 1.00 7.8383+00 
TH-230 7.703+04Y 1 . 00 2.7163-01 
TH-232 1.413+10Y 1.00 1.4023-02 --------- 

Total Activity : 8.1843+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

6.0873-02 4.0873-02 67.15 
7.8383+00 0.461E+00 5.89 

27.78 2.7163-01 0.7543-01 
1 . 4023-02 3.1013-02 221.25 

8.1843+00 

(PCi) 2-Sigma Error %Error Flags 

--------- 

Grand Total Activity : 8.2543+00 8.2573+00 

Flags: llK1l = Keyline not found 
llEfl = Manually edited 

l1M1l = Manually accepted 
I1A1l = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

I 8 0 1 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

SAMPLE TITLE: 963-0640-03 * SAMPLE I D :  96E04516 
LE DATE: 24-OCT-1996 12:oo:oo * SAMPLE QUANT: 0 .4998  S 
SED LIVE TIME: 59933 .  * DETECTOR # :  015  

AVERAGE %EFFICIENCY: 1 9 . 3 0 5 5  * YIELD: 81 .0549  
TRACER DPM: 1 0 . 7 2 9 3  * 
a 

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NTJCL I DE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-2 2 7 6006 .  8 . 0 0 0  0 .000  5 3 . 8 0  9.0173-02 6,4053-02 3.2153-02 

TH-22 8 5400 .  1 2 . 9 9 9  3 . 0 0 1  99 .94  7.510E-02 5.0623-02 6.378E-02 

TH229 4872.  1 6 6 8 . 9 9 9  3 . 0 0 1  99 .52  9.6703+00 5 .6943-01  6.4053-02 

TH-2 3 0 4672.  5 7 . 9 9 9  3 . 0 0 1  99 .82  3.3503-01 9.5133-02 6.386E-02 

TH-232 .I 3997 .  2 . 9 9 9  4 . 0 0 1  100 .00  1.7293-02 3,8273-02 7 .0933-02  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REVIEWED BY: DATE : 
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8069 VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:33:41 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 

le title : 96E-0640-03 
: 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
: 96304517 Sample quantity : 0.49950 S 

;;te 
S 
Sample type : TH Sample geometry : 
Elawed live time: 0 16:38:27.99 Elapsed real time: 0 16:38:37.99 
Stait energy : 3439.99 keV End- energy : 6530.16 keV 
Gross/Net areas : Gross Background type : 
N u  avg bkg chans: 2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err 

0.0% 

Fit 

1 0 3885.19 1 0 3.18 142.00 99 97 1.67E-05100.0 
2 0 4641.09 57 0 0.00 386.02 308 106 9.513-04 13.2 
3 0 4884.62 1795 0 80.52 465.93 413 128 3.00E-02 2.4 
4 0 5304.36 14 0 3.18 605.21 540 118 2.343-04 26.7 
5 0 6023.08 4 0209.85 848.50 791 95 6.683-05 50.0 

I 

1 5 :  
000539 



80 1 9  
VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:33:51 

Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 016 - NONE.CNF;370 
Analyses by : ROIPEAK V1.2 

le title : 96M-0304-10 
le date : 18-OCT-1996 14:52:07 Acquisition date : 18-OCT-1996 14:52:25 
le ID : 016 Sample quantity : 1.0000 SAMPLE 

Sample type : NONE Sample geometry : 
Elapsed live time: 0 16:38:39.99 Elapsed real time: 0 16:38:32.00 0.0% 
Start energy 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

: 3428.45 keV End energy : 6521.52 keV 

a 
Pk It Energy Area Bkgnd FwHlvl Channel Left Pw Cts/Sec %Err Fit 

1 0 3895.02 1 0 3.22 147.00 99 97 1.673-05100.0 
2 0 4562.22 1 0 3.22 360.50 308 106 1.673-05100.0 
3 0 4917.23 2 0 90.29 476.50 413 128 3.343-05 70.7 
4 0 5284.90 2 0222.50 598.50 540 118 3.343-05 70.7 
5 0 5989.69 1 0 3.22 838.00 791 95 1.673-05100.0 

1 5 9  
000540 



8 0 1 9  VMS Nuclide Identification Report V2.9 Generated 28-OCT-1996 11:34:06 

Configuration 
Analyses by 

le title 
le date 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

a le ID . . . 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF 
963-0640-03 
24-OCT-1996 12:OO:OO 
96304517 
TH 
0 16:38:27.99 

Yes 
Average value 

100 . 00 keV 
75.00 

V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1-8 

Acquisition date : 25-OCT-1996 12:19:50 
Sample quantity : 0.49950 S 
Sample geometry : 
Elapsed real time: 0 16:38:37.99 0.0% 
Half life ratio : 8.00 

Efficiencies at : Peak Energy 

. . .  . 

Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi 1 (PCi 1 2-Sigma Error %Error Flags 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

18.72D .1.05 2.6413-02 2.777E-02 4.1413-02 149.09 --------- --------- TH-227 

Total Activity : 2.6413-02 2.7773-02 

Nuclide Type : ALPHA 
Wtd Mean 

Uncorrected 
Hlife Decay (PCi1 
1.91Y 1.00 5.6863-02 

7340. OOY 1.00 8.5323+00 
TH-230 7.703+04Y 1.00 2.6573-01 
TH-232 1.41E+10Y 1.00 9.4843-07 

Bite 
--------- 

Total Activity : 8.8553+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

5.6943-02 3 8003-02 66.74 
8.5323+00 0.4913+00 5.75 

27.40 2.6573-01 0.7283-01 

(PCi 1 2-Sigma Error %Error Flags 

9.4843-07 . . . . . . . . . . . . . . . . . . . . .  
--------- 
8.8553+00 

Grand Total Activity : 8.8813+00 8.8823+00 

Flags: nKtt = Keyline not found IIMII = Manually accepted 
ttE1t = Manually edited ltA1t = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8 0  19 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

LE TITLE: 963-0640-03 * SAMPLE I D :  96304517 
LE DATE: 24-OCT-1996 1 2 : 0 0 : 0 0  * SAMPLE QUANT: 0 .4995 S 
SED LIVE TIME: 59908 .  * DETECTOR #: 016 

* YIELD: 88 .1799  AVERAGE %EFFICIENCY: 1 9 . 0 7 2 0  
TRACER DPM: 10 .7293  * 
irk 

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BHG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-2 2 7 6006.  3 . 0 0 0  1 .000  53 .80  3.15031-02 4.6993-02 7.6363-02 

TH-228 5400.  1 2 . 0 0 0  2 .000  9 9 - 9 4  6.457E-02 4.3263-02 5.1463-02 

TH229 4872. 1 7 9 3 . 0 0 0  2 . 0 0 0  99.52 9.6763+00 5.5673-01 5.167E-02 

TE-230 4672. 56 .000  1 . 0 0 0  99.82 3.013E-01 8.43431-02 4.116E-02 

TH-2 3 2 3997.  0.000 1 .000  100.00  1.07631-06 1.5193-02 4.108E-02 

******************************************************************************** 

REVIEWED BY: DATE: 

0 5 1996 
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VNS Peak Search Report V1.9 Generated 25-OCT-1996 09:21:39 

Configuration 
Analyses by 

le title 
le date 
le ID . 

Sample type 
Elapsed live time: 
Start energy 
Grossmet areas : 
Num avg bkg chans: 

a 
MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2 

8019 
96E-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
QC-123238-1 .-_ . .. Sample quantity : 1.0000 L 
W Sample geometry : 
0 16:38:30.99 Elapsed real time: 0 16:38:42.99 0.0% 

Gross Background type : 
3430.48 keV End energy : 6506.15 keV 

2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4175.50 2542 0 99.96 234.73 141 120 4.24E-02 2.0 
2 0 4397.19 108 0 55.08 305.83 260 96 1.80E-03 9.6 
3 0 4756.90 2478 0 92.62 422.83 355 182 4.143-02 2.0 
4 0 5293.62 2036 0 93.57 601.34 536 89 3.403-02 2.2 

.. 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:21:47 

Configuration 
Analyses by 
Sample title 

le date a le ID 
Sample type 
Elapsed live time: 
Start energy 
Grosspet areas : 
Num avg bkg chans: 

DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 009-NONE.CNF;377 8019 
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:00 Acquisition date : 18-OCT-1996 14:52:25 
009 Sample quantity : 1.0000 SAMPLE 
NONE Sample geometry : 
0 16:38:37.99 Elapsed real time: 0 16:38:29.00 0.0% 
3442.87 keV End energy : 6518.62 keV 

Gross Background type : 
2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4072.61 5 0293.79 200.50 141 120 8.343-05 44.7 
2 0 4404.40 2 0182.02 307.50 260 96 3.343-05 70.7 
3 0 4826.15 4 0 0.00 445.50 355 182 6.683-05 50.0 
4 0 5230.52 7 0 3.19 580.00 536 89 1.17E-04 37.8 

I 

1 6 5  
000546 



VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:21:59 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by 

le title 
le date a le ID 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance 1 imi t : 

ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
QC-123238-1 . -  Sample quantity : 1.0000 L 
uu Sample geometry : 
0 16:38:30.99 Elapsed real time: 0 16:38:42.99 0.0% 

100.00 keV Half life ratio : 8.00 

Average value Efficiencies at : Peak Energy 
Yes Systematic Error : 0.00 % 

75 00 

Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide . Hlife Decay pCi/L 
U-232 72 OOY 1.00 4.8953+00 
U-234 2,45E+05Y 1.00 5.9693+00 
U-235 7.04E+08Y 1.00 3.161E-01 

1.00 6.1333+00 U-238 4.47E+09Y 

Total Activity : 1.731E+01 

Wtd Mean 
Uncorrected 

__------- 

.rand Tota l  Activity : 1.731E+01 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

4.895E+OO 0.270E+00 5.53 
5.969E+OO 0.310E+00 5.19 
3.161E-01 0.634E-01 20.06 
6.133E+00 0.316E+00 5.15 

1.731E+01 

.pCi/L 2-Sigma Error %Error Flags 

--------- 

1.731E+01 

Flags: "K" = Keyline not found I1Mt1 = Manually accepted 
nE" = Manually edited I1Att = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8019 

******************************************************************************** 
* 

LE TITLE: 963-0640-02 * SAMPLE ID: QC-123238-1 
LE DATE: 24-OCT-1996 12:OO:OO * SAMPLE QUANT: 1.0000 L 
SED LIVE TIME: 59911. * DETECTOR # :  009 

AVERAGE %EFFICIENCY: 18.6982 - -* YIELD: 97.0706 
TRACER DPM: 11.1955 * 

* 

a 
******************************************************************************** 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/L 2-SIGMA pCi/L 

U232 5306. 2029.001 6.999 100.00 5.0433+00 2.786E-01 3.803E-02 

U-234 4762. 2474.000 4.000 100.00 6.149E+00 4.6603-01 3.057E-02 

U-2 3 5 4386. 106.000 2.000 80.90 3.2573-01 6.7753-02 2.9423-02 

U-238 4185. 2537.000 4.999 99.80 6.3183+00 4.7723-01 3..336E-02 

******************************************************************************** 

DATE : 
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VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:20:55 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 

le title : 963-0640-02 

e ID : BL-123238-1 
e date : 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 

Sample quantity : 1.0000 L 
Sample geometry : 

Elapsed live time: 0 16:38:37.99 Elapsed real time: 0 16:38:39.99 0.0% 
Start energy : 3432.54 keV End energy : 6533.74 keV 
Grossflet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

S :a& 

Sample type : w  

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4045.00 6 0295.50 192.00 140 120 1.00E-04 40.8 
2 0 4306.37 2 0 42.21 275.00 259 95 3.34E-05 70.7 
3 0 4800.26 14 0532.55 434.43 353 181 2.343-04 26.7 
4 0 5288.48 1893 0 91.50 595.54 533 87 3.163-02 2.3 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:21:04 

Configuration 
Analyses by 

le title 
le date 
le ID 

Sample type 
Elapsed live time: 
Start energy 
Grossmet areas : 
Num avg bkg chans: 

a 
DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 008 - NONE.CNF;374 
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:00 Acquisition date : 18-OCT-1996 14:52:25 
008 Sample quantity : 1.0000 G 
NONE - Sample geometry : 
0 16:38:34.00 Elapsed real time: 0 16:38:30.99 0.0% 

Gross Background type : 
3435.32 keV End energy : 6532.03 keV 

2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4071.10 10 0275.88 199.50 140 120 1.673-04 31.6 
2 0 4405.28 3 0 74.65 306.00 259 95 5.01E-05 57.7 
3 0 4828.05 12 0509.57 443.00 353 181 2.00E-04 28.9 
4 0 5230.83 4 0100.62 576.00 533 87 6.683-05 50.0 



8 0 1 9  VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:21:16 

Configuration 
Analyses by 

le title 
e date 

S E@ le ID 
Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

- 
MCAO:[ALPHA]ALPHAO$l 

963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
BL-123238-1 Sample quantity : 1.0000 L 
W Sample- geometry : 
0 16:38:37.99 Elapsed real time: 0 16:38:39.99 0.0% 

100.00 keV Half life ratio : 8.00 
Yes Systematic Error : 0.00 % 
Average value Efficiencies at : Peak Energy 

ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

75.00 

Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide . Hlife Decay pCi/L 
U-232 72. OOY 1.00 4.4303+00 
U-234 2.45E+05Y 1.00 4.6883-03 
U-235 7.04E+08Y 1.00 -2.8993-03 
U-238 4.47E+09Y 1.00 -9.4003-03 

Wtd Mean 
Uncorrected 

--------- 
Total Activity : 4.4223+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

4.4303+00 0.250E+00 5.65 
4.6883-03 23.923-03 510.13 

-2.8993-03 12.963-03 -447.15 
-9.4003-03 18.803-03 -200.00 

PCi/L 2-Sigma Error %Error Flags 

--------- 
4.4223+00 

@and Total Activity : 4.4223+00 4 . 422E+OO 
Flags: "K" = Keyline not found I1Ml1 = Manually accepted 

"En = Manually edited "A" = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8 0 1 9  

******************************************************************************** 
* 

LE TITLE: 963-0640-02 * SAMPLE I D :  BL-123238-1. 
LE DATE: 24-OCT-1996 12:OO:OO SAMPLE QUANT: 1.0000 L * 

DETECTOR #: 008 59918.  * 
11.1955 * 

SED LIVE TIME: 
AVERAGE %EFFICIENCY:  19 .2353 * YIELD: 87 ,8391  
TRACER DPM: 

******************************************************************************** 
* 

a 
NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN A C T I V I T Y  ERROR MDA 
AREA PCi/L 2-SIGMA p C i / L  

U232 5306. 1889.000 4 ,000  100.00 5.0433+00 2.8513-01 3.2843-02 

U-2 3 4 4762. 1 . 9 9 9  12 .001  100.00 5.3373-03 2.723E-02 5.101E-02 

U-235 4386. 1 .000  3 , 000 80.90 -3.3013-03 1.4763-02 3.6483-02 

U-2 3 8 4185 . 4 .001  1 0 , 0 0 1  99.80 -1.070E-02 2.1413-02 4,7363-02 

******************************************************************************** 

DATE : 
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B O i Y  VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:22:38 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analvses bv : ROIPEAK V1.2 

le titie : 963-0640-02 
: 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
: 96304514 Sample quantity : 0.20000 L 

~ . .  Sample type : u u  Sample geometry : 
Elapsed live time: 0 16:38:30.99 Elapsed real time: 0 16:38:42.99 0.0% 
Start energy : 3429.64 keV End energy : 6508.37 keV 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4146.14 37 0308.14 226.84 142 121 6.183-04 16.4 
2 0 4425.33 9 0209.25 316.67 262 96 1.50E-04 33.3 
3 0 4811.43 70 0304.18 442.69 357 182 1.17E-03 12.0 
4 0 5289.09 1813 0 97.89 601.61 538 89 3.033-02 2.3 



P 80 1 9  VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:22:47 

Configuration 
Analyses by 

le title 
le date 

S le ID 
Sample type 
Elapsed live time: 
Start energy 
Grossmet areas : 
Num avg bkg chans: 

* DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 010-NONE.CNF;377 
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:01 Acquisition date : 18-OCT-1996 14:52:25 
010 Sample quantity : 1.0000 SAMPLE 
NONE - Sample geometry : 
0 16:38:37.00 Elapsed real time: 0 16:38:30.00 0.0% 
3427.76 keV End energy : 6511.45 keV 

Gross Background type : 
2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4068.85 6 0235.99 202.00 142 121 1.00E-04 40.8 
2 0 4404.65 3 0 29.09 309.50 262 96 5.01E-05 57.7 
3 0 4828.52 3 0232.76 447.50 357 182 5.01E-05 57.7 
4 0 5233.82 4 0113.15 582.00 538 89 6.683-05 50.0 



8019 VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:23:01 

Configuration 
Analyses by 

le titie 
le date a- le ID 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF 
963-0640-02 
24-OCT-1996 12:OO:OO 
96304514 
uu 
0 16:38:30.99 
100.00 keV 

Yes 
Average value 

75.00 

V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

Acquisition date : 24-OCT-1996 09:45:25 
Sample quantity : 0.20000 L 
Sample geometry : 
Elapsed real time: 0 16:38:42.99 0.0% 
Half life ratio : 

Efficiencies at : Peak Energy 

8.00 
Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72. OOY 1.00 2.2123+01 
U-234 2 . 45E+05Y 1.00 8.1943-01 
U-235 7.04E+08Y 1.00 9.0703-02 
U-238 4.473+09Y 1.00 3.7993-01 

Total Activity : 2.3413+01 

Wtd Mean 
Uncorrected 

- - - - - - - - - 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

0.127E+01 5.74 2.2123+01 
8.194E-01 2.107E-01 25.71 
9.0703-02 10.483-02 115.51 
3.7993-01 1.6123-01 42.43 

2.341E+01 

2-Sigma Error %Error Flags PCifi 

--------- 

e r a n d  Total Activity : 2.3413+01 2.3413+01 

Flags: "K" = Keyline not found 11 M 11 = Manually accepted 
*lECc = Manually edited llA1l = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8019 

******************************************************************************** 
* 

LE TITLE: 963-0640-02 * SAMPLE I D :  96304514 

SED LIVE TIME: 59911.  * DETECTOR # :  010 
LE DATE: 24-OCT-1996 12:OO:OO * SAMPLE QUANT: 0 .2000 L 

AVERAGE %EFFICIENCY: 18 .4442  * YIELD: 87 .7371  
TRACER DPM: 11 .1955  * 

* 

a 
******************************************************************************** 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA PCi /L  2-SIGMA pCi/L 

U232 5306.  1 8 0 9 . 0 0 0  4.000 1 0 0 . 0 0  2 .5223+01 1.4473+00 1 .714E-01 

U-2 3 4 4762. 67 .000  3.000 100 .00  9.3393-01 2.461E-01 1 .541E-01 

U-2 3 5 4386. 6 .000  3 .000  80 .90  1.034E-01 1.196E-01 1 .904E-01 

u-2 3 a 4185. 3 1 . 0 0 1  5 .999  99 .80  4.330E-01 1.8543-01 2.010E-01 

******************************************************************************** 

DATE : 
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8 0 1 9  VNS Peak Search Report V1.9 Generated 25-OCT-1996 09:23:22 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
S le ID : 96304515 Sample quantity : 0.20000 L 
Sample type : w  Sample geometry : 
Elapsed live time: 0 16:38:47.00 Elapsed real time: 0 16:38:42.99 0.0% 
Start energy 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

le title : 963-0640-02 

: 3442.27 keV End energy : 6515.04 keV 

@ 

Pk It Energy Area Bkgnd EWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4181.72 22 0 4.27 235.14 139 121 3.673-04 21.3 
2 0 4386.38 6 0237.13 301.17 259 96 1.00E-04 40.8 
3 0 4877.90 33 0358.90 462.06 354 183 5.513-04 17.4 
4 0 5291.92 2019 0 83.78 600.23 536 88 3.373-02 2.2 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:23:31 

Configuration 
Analyses by 

l e  t i t l e  
le date a le ID 

Sample type - : 
Elapsed live time: 
Start energy 
Grosspet areas : 
Num avg bkg cham: 

DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 011 - NONE.CNF;377 8019 
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:02 Acquisition date : 18-OCT-1996 14:52:25 
011 Sample quantity : 1.0000 SAMPLE 
NONE Sample geometry : 
0 16:38:39.99 Elapsed real time: 0 16:38:30.00 0.0% 
3447.77 keV End energy : 6526.39 keV 

Gross Background type : 
2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4071.08 3 0127.27 199.00 139 121 5.01E-05 57.7 
2 0 4403.98 3 0108.18 306.50 259 96 5.01E-05 57.7 
3 0 4827.14 6 0340.44 445.00 354 183 1.00E-04 40.8 
4 0 5231.92 7 0209.99 579.50 536 88 1.17E-04 37.8 



8019 VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:23:42 

Configuration 
Analyses by 
Sam le title 

le date 
S dl le ID 
Sample type 
Elapsed live time: 
Energy tolerance : 
Err or s propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
96304515 
W 
0 16:38:47.00 Elapsed real time: 0 16:38:42.99 0.0% 
100.00 keV Half life ratio : 8.00 

Average value Efficiencies at : Peak Energy 

Sample quantity : 0.20000 L 
- Sample geometry : 

Yes Systematic Error : 0.00 % 

75.00 

Summary of Nuclide Activity 
Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72. OOY 1.00 2.301E+01 
U-234 2.45E+05Y 1.00 3.0883-01 
U-235 7.04E+08Y 1.00 4.2403-02 
U-238 4.47E+09Y 1.00 2.1773-01 

Wtd Mean 
Uncorrected 

--------- 
Total Activity : 2.358E+01 

*and Total Activity : 2.3583+01 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

2.301E+01 0.127E+01 5.53 
3.088E-01 1.4323-01 46.37 
4.2403-02 8,4833-02 200.06 
2.177E-01 1.148E-01 52.73 

2.358E+01 

pCi/L 2-Sigma Error %Error Flags 

--------- 

2.3583+01 

Flags: “ICw = Keyline not found I1MVV = Manually accepted 
“E” = Manually edited VVA1l = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT $019 ******************************************************************************** 

* 
LE TITLE: 963-0640-02 * SAMPLE ID: 96304515 
LE DATE: 24-OCT-1996 12:00:00 * SAMPLE QUANT: 0.2000 L 

E SED LIVE TIME: 59927. * DETECTOR # :  011 

TRACER DPM: 

******************************************************************************** 

* - - - - -  - --YIELD 91-.z549. .. - -- - . A~A-G-E- % - ~ I C I E N C Y ~ -  ---fg--7179- - -  - - - - -  

11.1955 * 
* 

_ _  w 
NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/L 2-SIGMA pCi/L 

U232 5306. 2011.999 7.001 100.00 2.52231+01 1.3933+00 1.918E-01 

U-2 3 4 4762. 26.999 6.001 100.00 3.384E-01 1.580E-01 1.803E-01 

U-2 3 5 4386. 3 . 000 3.000 80.90 4.6473-02 9.3003-02 1.712E-01 

U-2 3 8 4185. 19.000 3.000 99.80 2.3863-01 1.2653-01 1,3883-01 

******************************************************************************** 

DATE : 

1 8 2  
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VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:24:04 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analvses bv : ROIPEAK V1.2 

8 0 1 9  
: 963-0640-02 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
: 96304516 Sample quantity : 0.20000 L 

Samble type : u u  

Num avg bkg chans: 2 

Elapsed live time: 0 16:38:44.99 
Start energy : 3467.76 keV 
Grossmet areas : Gross 

Pk It Energy Area Bkgnd FWHM 

1 0 4168.28 15 0 4.70 
2 0 4460.67 4 0156.88 
3 0 4809.65 31 0 30.32 
4 0 5299.23 1826 0100.83 

Sample geometry : 
Elapsed real time: 0 16:38:42.99 0.0% 
End energy : 6571.00 keV 
Background type : 
Critical level : No 

Channel Left Pw Cts/Sec %Err Fit 

222.33 131 120 2.503-04 25.8 
316.25 250 96 6.683-05 50.0 
429.58 345 181 5,173-04 18.0 
590.94 525 87 3.053-02 2.3 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:24:12 

Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 012 - NONE.CNE';379 
Analyses by : ROIPEAK V1.2 

$ 0 1 9  
Sample title : 96M-0303-10 

: 18-OCT-1996 14:52:03 Acquisition date : 18-OCT-1996 14:52:25 
: 012 Sample quantity : 1.0000 SAMPLE 

Elapsed real time: 0 16:38:30.99 0.0% 
Sample type - : NONE Sample geometry : 
Elapsed live time: 0 16:38:29.00 
Start energy : 3451.12 keV End energy : 6552.80 keV 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

zte 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4064.44 5 0226.56 190.50 131 120 8.35E-05 44.7 
2 0 4402.96 2 0 9.85 297.50 250 96 3.343-05 70.7 
3 0 4829.72 6 0420.29 435.00 345 181 1.00E-04 40.8 
4 0 5233.69 4 0180.59 568.00 525 87 6.683-05 50.0 

a -  

I 8 5  



8 0 1 9  
VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:24:24 

Configuration 
Analyses by 

e title 
e date 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance 1 imit : 

Sa w ple ID . .  

-, MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
96.~045 16 Sample quantity : 0.20000 L 
W Sample geometry : 
0 16:38:44.99 Elapsed real time: 0 16:38:42.99 0.0% 

100.00 keV Half life ratio : 8.00 
Yes Systematic Error : 0.00 % 
Average value Efficiencies at : Peak Energy 

75.00 

Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72 . OOY 1.00 2.2173+01 
U-234 2.45E+05Y 1.00 3.0423-01 
U-235 7.04E+08Y 1.00 3.0073-02 
U-238 4,47E+09Y 1.00 1.219E-01 

Wtd Mean 
Uncorrected 

-----__-- 
Total Activity : 2.2623+01 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

2-Sigma Error %Error Flags 
0.127E+01 5.74 2.2173+01 

3.042E-01 1,4843-01 48.78 
3.007E-02 7.3693-02 245.06 
1.219E-01 1.091E-01 89.52 

2.2623+01 

PCi/L 

--------- 

.rand Total Activity : 2.2623+01 2.2623+01 

Flags: TW = Keyline not found "MI1 = Manually accepted 
"E" = Manually edited qlAtl = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

******************************************************************************* 
* 

LE TITLE: 963-0640-02 * SAMPLE I D :  96304516 

SED LIVE TIME: 59925. * DETECTOR #:  012 
LE DATE: 24-OCT-1996 12:OO:OO * SAMPLE QUANT: 0.2000 L 

AVEXAGE %EFFICIENCY: 18 .5340 * YIELD : 87.9191 
TRACER DPM: . 11.1955 * 

* 
* f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA PCi/L 2-SIGMA pCi/L 

U232 5306.  1821.999 4.001 100.00 2.5223+01 1.447E+00 1.702E-01 

U-2 3 4 4762. 24 .998  6.002 100 .00  3.46OE-01 1.6993-01 1.992E-01 

U-235 4386. 1 .999  2 .001  80.90 3.4203-02 8.3843-02 1.6383-01 

U-238 4185 . 9.999 5 .001  99.80 1.3863-01 1.2443-01 1.858E-01 

******************************************************************************** 

DATE : 
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8 0 1 9  VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:24:45 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 
Sam le title : 96E-0640-02 

: 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
: 96E04517 Sample quantity : 0.20000 L 

S@e date 
S le ID 
Sample type : w  Sample geometry : 
Elapsed live time: 0 16:38:39.99 Elapsed real time: 0 16:38:42.99 0.0% 
Start energy : 3434.22 keV End energy : 6524.56 keV 
Grosspet areas : Gross Background type : 
N u  avg bkg chans: 2 Critical level : No 

Pk It Energy Area Bkgnd EWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4144.61 27 0 77.60 223.93 140 120 4.513-04 19.2 
2 0 4417.42 10 0252.20 311.30 259 96 1.673-04 31.6 
3 0 4856.18 53 0419.49 454.00 354 182 8.853-04 13.7 
4 0 5290.89 1830 0 78.38 598.17 535 87 3.053-02 2.3 



8 0 1 9  VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:24:55 

Configuration 

Sample type 
Elapsed live time: 
Start energy 
Gr oss/Net areas : 
Num avg bkg chans: 

DKAO:[ALPHA.ALUSR.ARCHIVE.B]B-Ol3-NONE.CNF;372 
ROIPEAK V1.2 
96M-0304-10 
18-OCT-1996 14:52:04 Acquisition date : 18-OCT-1996 14:52:25 
013 Sample quantity : 1.0000 SAMPLE 
NONE Sample geometry : 
0 16:38:41.00 Elapsed real time: 0 16:38:30.99 0.0% 
3434.81 keV End energy : 6525.40 keV 

Gross Background type : 
2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4068.58 5 0281.41 199.50 140 120 8.343-05 44.7 
2 0 4403.40 1 0 3.23 306.50 259 96 1.673-05100.0 
3 0 4828.19 13 0517.53 444.50 354 182 2.173-04 27.7 
4 0 5231.58 2 0 51.75 578.00 535 87 3.34E-05 70.7 



8 n l ~  VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:25:07 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

S le ID : 96E04517 Sample quantity :-0.20000 L 
Sample type :uu Sample geometry : 
Elapsed live time: 0 16:38:39.99 
Energy tolerance : 100.00 keV Half life ratio : 8.00 

Efficiency type : Average value Efficiencies at : Peak Energy 
Abundance 1 imi t : 75.00 

le title : 963-0640-02 
le date : 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 

Elapsed real time: 0 16:38:42.99 0.0% 

w 
Errors propagated: Yes Systematic Error : 0-00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72 OOY 1.00 2.237E+Ol 
U-234 2.45E+05Y 1-00 4.8943-01 
U-235 7,04E+08Y 1-00 1.361E-01 
U-238 4.47E+09Y 1-00 2.6973-01 

Wtd Mean 
Uncorrected 

--------- 
Total Activity : 2.3263+01 

@rand Total Activity : 2.3263+01 

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

100.00% 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

2-Sigma Error  %Error Flags 
0.128E+01 5.72 2.2373+01 

4.894E-01 1.994E-01 40.75 
1 . 3 6 1E-01 1 004E-01 73.78 
2.69713-01 1.390E-01 51.53 

2-3263+01 

PCi/L 

--------- 

2.3263+01 

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

000572 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8 0 1 9  

******************************************************************************** 
* 

LE TITLE: 963-0640-02 * SAMPLE I D :  96304517 

SED LIVE TIME: 5 9 9 2 0 .  
LE DATE: 24-OCT-1996 12:OO:OO * SAMPLE QUANT: 0.2000 L 

DETECTOR # :  013 * 
* 
* 
* 

AVERAGE %EFFICIENCY: 18  . 4 3 2 1  YIELD : 88.7035 
TRACEZ DPM: 11 .1955  

******************************************************************************** 

a 
NUCLIDE A C T I V I T Y  SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/L 2-SIGMA pCi/L 

U232 5306.  1 8 2 8 . 0 0 0  2 .000  100 .00  2.5223+01 1.442E+00 1 .321E-01 

U-2 3 4 4762. 40.000 1 3 . 0 0 0  100.00 5.5173-01 2.2713-01 2 .7263-01  

U-235 4386. 9 . 0 0 0  1 .000  80 .90  1 .5353-01  1.135E-01 1.304E-01 

U-2 3 8 4185. 2 2 , 0 0 0  5 .000  99 .80  3.041E-01 1.5763-01 1.852E-01 

******************************************************************************** 

DATE : 

1 9 2  
000573 
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Section 2. Instrument Performance and Calibration Data 

a Spectrometry 
Inventory Checklist 

Alpha Spectrometry System, Batch QC Charts 

Prhmy Calibration 

0 ECOFFSET (Energy Calibration Offset) 

0 FWHMCONSTANT (Constant FWHMI 

0 AVRGEFF (Avenge Efficiency) 

0 PSENERGY-PU239 (Peak Energy Pu-239) 

0 PSFWHM-PU239 (Peak FWHM Pu-239) 
0 NLACTVW-PU239 (Decay Corrected Activity Pu-239) 
Secondary Calibration 

0 ECSLQPE (Energy Calibration Slope) 

0 ECOFFSET (Energy Calibration Offset) 

FWHMCONSTANT (Constant FWHM) 

0 PSENERGY-PU239 (Peak Energy Pu-239) 

' 0 ECSLQPE (Energy Calibration Slope) 

P 

PSFWHM-PU239 (Pealc FWHM Pu-239) 
0 NLACTV'IY-PU239 (Decay Corrected Activity Pu-239) 
Daily Pulsar Calibration 
0 PSENERGY-5000 (Peak Energy 5000 kev) 

0 PSCENTRD-5000 (Peak Centroid 5000 kev) 

0 PSFWHM-5000 (Peak FWHM 5000 keVl 

PSCTSS-5000 (Counts/Second 5000 kev) 

BACKRA" (Background Rate) 

F 
Background of Chamber 

Section 2. Instrument Pedormance and Calibration Data 
----- ------ --a-Spe&ometq __ - - -~ _ _  ~- 

Reviewer Checklist 

The Instrument Performance and Calibration Data Inventory CheckUst above is complete. 

Specifled analytical protocols are followed for particular contract requirements. 

Conditions of instrument setup axz noted. 

A 
- d 
& NCR(s) noted, and affected instruments not used. e 

Ikp. 9/05 2 2 4  0004;0$ 
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Executive Summary 

8 0  1 9  

Hayden Environmental Group, Inc. was retained by Fernald Environmental Management Corporation 
(FERMCO) to determine the particulate; uranium - 233/234,2351236, and 238; thorium - 228, 230, 
and 232; radium - 226 and 228; and total uranium emissions fiom the Respirator Washing Facility 
@PA Source # EP-284-01) at their F d d ,  Ohio project site. The evaluation was performed to 
demonstrate periodic conformity measurements as required by NESHAP Subpart H regulations 
Emission samples were collected and analyzed using USEPA Reference Methods for stationary source 
sampling. The tests were conducted on September 20, 1996, The results of the tests are Summarized 
below: 

Summary of Emission Rates 

I TotalParticulate BPQL NA lbhr I 
uranium-2331234 93.7 36.5 pci/hr 

Uranium-23 51236 26.1 18.8 P W  
Uranium-23 8 51.8 26.0 P a  

Thoh-228 25.4 16.6 P* 

ThoriUm-230 113.8 30.3 pci/ht 

Thoh-232 BPQL BPQL pci/hr 

Radium-226 32,125 32,503 pci/hr 

Radium-228 ND ND P W  

Total Uranium BPQL BPQL lbhr 

NA: not applicable 
BPQL: value was measured at a level below the practical quant3cation limits (However the measured 

ND: activity was not detected 
Iwhr: poundsperhour 
pc ik  picocurieperhour 

value is recorded in the emission tables located in appendix A) 

~ ~ ___- ~ __ -- ~ 
- 
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1.0 Introduction 

. .  

Hayden Environmental Group, Inc. (Hayden) was retained by Fernald Environmental Management 
Corporation (FERMCO) to perform a particulate; uranium - 2331234, 2351236, and 238; thorium - 
228, 230, and 232; radium - 226 and 228; and total uranium emissions to demonstrate periodic 
conformity measurements as required by NESHAP Subpart H regulations on the Respirator Wash 
Facility at their Femald, Ohio project. The evaluation was performed on September 20, 1996. A 
single test run was conducted using USEPA Reference Methods 1,2,3,4,5, and 114. Mi. Tim Miller 
of FERMCO. coordinated the test schedules with plant operations. Ms. Dawn Wiburs of Hamilton 
County Department of Environmental Services (HCDES) was on-site to venfjl process operating 
conditions and witness testing procedures. The emission tests were performed by the Hayden test team 
of Mr. Bruce Sarven and Mr. GeofEey Schoenberger. The emission samples were analyzed by Data 
Chem Laboratories, Inc. located in Salt Lake City, Utah. 

2.0 Process Description 

Respirators donned during the Fernald Environmental Management Project are cleaned within t le 
respirator wash facility (EPA Source #EP-P284-01). The respirators are scrubbed and sanitized using 
a soap cleaner and a chlorine bleach solution Ventilation hoods or pick up points are located over the 
sink and automatic washer and dryer table areas. The hoods are vented to a 2,000 cubic feet per 
minute (din) high efficiency particulate air (HEPA) filtration unit before venting to the atmosphere. 

The respirator washing facility can clean a maximum of 125 respirators per hour. The Wty can 
typically clean an average of 83 respirators per hour. 

The process data is included in Appendix B. 

3.0 Sampling Site Description 
The emissions fiom EP-€284-01 HEPA filter are vented through a 12 inch diameter stack.. The 
sampling ports are located 48 inches or 4.0 diameters downstream fiom the last flow disturbance 
(elbow) and 24 inches or 2.0 diameters upstream fiom the next flow distuhnce (top of stack). A 
drawing of the sampling site is provided in Figure 3.1. 

008632 
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Figure 3.1 Respirator Wash Facility Sample Site Detail 
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4.0 Sampling and Analytical Procedures 

The sampling and analytical procedures confomed to the most recent revisions of USEPA Reference 
Methods for Stationary sources. Spe&cally, USEPA Reference Methods 14 2C, 3,4, SC, and 114 
were used. A brief description of each procedure is included below: 

4.1 

4.2 

4 3  

4.4. 

_ . ~  

Measurement Sites (USEPA Method 1A) 
The location of measurement sites and the number of traverse points were determined using 
USEPA Reference Method 14 "Sample and Velocity Traverses for Stationary Sources with 
Small Stacks or Ducts. 

Velocities and Volumetric Flow Rates (USEPA Method 2C) 
The stack gas velocity and volumetric flow rates were determined using USEPA Reference 
Method 2C, "Determination of Stack Gas Velocity and Volumetric Flow Rate in Small Stacks 
or Ducts." The stack gas velocity were measured before and after each test run with an 
inclined oil filled manometer using a standard pitot tube. The stack gas temperature were 
measured with a calibrated type "K" thermocouple and Omega digital temperature readout. A 
schematic of the velocity measurement apparatus is included in Figure 4.1. 

Dw Molecular Weight (USEPA Method 31 
The stack gas dry molecular weight was determined using USEPA Reference Method 3, "Gas 
Analysis for Carbon Dioxide, Oxygen, Excess Air, and Dry Molecular Weight." Several grab 
samples were collected and analyzed during each test with Fyrite combustion gas analyzers 
which directly measure concentrations of 9 and C a .  

Moisture (USEPA Method 4) 
The stack gas moisture content was determined using USEPA Reference Method 4, 
"Determhation of Moisture Content in Stack Gases". Moisture samples were collected in a 
series of chilled impingers. The moisture collected within the impiiers was analyzed by 
gravimeticanalysls. 

3 
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4.5 Particulate Matter WSEPA Method 5C) 
The total particutate emissionS were determined using USEPA Reference Method 5C, 
"Determination of Particulate Emissions fiom Stationary Sources with Small Stacks or Ducts." 
The stack gas samples were collected fiom a single representative point isokinetically through a 
heated glass lined probe, a heated (248"+/-25") tared glass fiber filter, and a series of cooled 
impingers (to condense the moisture). The node, probe, and glassware prior to the filter was 
rinsed with acetone into a beaker that had been tareweighed. The impiiga-s and glassware 
after the filter was rinsed with DI water into a separate beaker that had been tareweighed. The 
acetone and DI water were evaporated at temperatures below their boiling points. The acetone 
particulate residue within the tareweighed beaker and the filter were analyzed by pvimetric 
analysis to determine the filterable particulate mass collected. The DI water particulate residue 
within the tareweighed beaker was analyzed by gravimetric adysis to determine the 
condensiile particulate mass collected. The filterable and condensrile particulate mass were 
added together to determine the total particulate mass collected. A schematic of the particulate 
sampling train is provided in Figure 4.2 

4.6 Radiological Analvses CEPA Method 114 + Laser Phosohonmetrv (U only)) 
The particulate sample residues (filter and probe rinse residue) were recovered, cornposited for 
each sample run, and analyzed for uranium - 234,235,236, and 238; thorium - 228,230, and 
232; and radium - 226 and 228 by the procemueS established in USEPA Method 114. 
Additionally, the samples were analyzed for total uranium by laser phosphoximetry. 

5 
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-5.0 Discussion and Interpretation 

A negative weight gain was detected on the sample filter after the test run. A weight loss is common 
on a filter with very lite grain loading. The filter has a tendency to adhere to the gasket material on the 
filter bell during sample recovery. The filter material is than recovered into the acetone rinse. If this 
situation OCCUTS a negative weight gain may be observed on the filter. However a net positive weight 
gain should be observed on the filter and acetone rinse combined. The negative filter weight gain 
observed on during the test run can be explained by adherence to the gasket material. 

The total uranium mass collected was measured below the practical quantification limit. The measured 
mass was used to estimate the stack gas concentrations and emission rates. 

Radium-228 was not detected. 
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- '11-06-1996 13:01 513+648+5263 Env. Compliance D i v !  

EMISSION TEST AT THE RESPIRATORY WASH FACILITY 
SEPT. 20, 1996 - - - - .  _ _ _  _ - .  - . _  -. - - -  . .. 

The rated capacity for the Respirator Wash Faclllty equipment, according to  the 
August 1996 Ohiu EPA PTI No. 3431110128 P284 i s :  

average: 83/hr max: l25/hr 
per 6 hr - 498 per 6 hr  = 750 

also llsted as: 

rated caDac1tK 
2000 per 24 hr day; 498 per 6 hr day; 304 per 8 hr day; 

caPaci tv ;  
3000 per 24 hr d a y ;  750 per 6 hr day; 1000 per 8 hr day; 

Number of  respirators washed for the 6 hr emisslon test on Friday 9/20/96, from 
8:45 am t i l l  2:45 pm was 198 or 40% of the rated ave. capacity. 

Operators stated that actual daily operatlons were "6 loads" which conslst o f  36 
respirators per load or 216 resp. per 8 hr shift. Thls would y l e l d  92%. Daily 
log records are available from the Resp. Wash Facility Supervisor t o  confirm 
actual daily process rate. 
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.. . -OD 1 TRA-WSE POINT LoCATION-FOR CIRCULAR DUCTS 

INSIDE OF FAR WALL TO OUTSIDE OF NPPLE: 

INSIDE OF h i  WALL TO OUTSIDE OF NIPPLE: 
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NEAREST DOWNSTREAM DISTURBANCE: 67. 6 - a/ 
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#1 

SAMPLE RECOVERY DATA 

#2 f 3  

~~ 

Filter No: Glassware Set No: ’&ample BOX #: 

R DATA 

Gravimetric: Volumetric: 

RECOVERED SAMPLE 

Description of Particulate on Filter: 

Color of Silica Gel: 

0 Cp 6; rd 1 e ,& 
3/, S A  

1 

$XAJk4A - Recovered By: 

000651 

. . . .  . . . . . . .  . . . .  ... . . . .  . . . . . . . . . . . .  _- . . . . . . . . . . . . . . . . . . . . . . .  . . .  .: . . . . .  : ’  
- .  _ _  ~ - . -  - - . .  
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NOMENCLATURE 

& = k e a  of sampling nozzle, rt2 

& = Cross-sectional area of stack at sampling site, f12 

= Proportion water vapor in stack gas by volume 

CO = Percent carbon monoxide in stack gas by volume,dry basis, % 

C G  = Percent carbon dioxide in stack gas by volume, dry basis, % 

cQ = Pitot tube coefficient 

CI = Concentration of particulate in stack gas, grahddscf 

CZ = Concentration of particulate in stack gas, Ib/dscf 

C~b226 = Concentration of Radium-226 in stack gas, p d d s c f  

C-PS = Concentration of Radium-228 in stack gas, pci/dscf 

CSPS = Concatration of Thorium-228 in stack gas, pci/dscf 

C S ~  = Concentration of Thorium-230 in stack gas, pci/dscf 

C S ~  = ConCentration of Thorium-232 in stack gas, pci/dscf 

&U = Concentration of total uranium in stack gas, pg/dscm 

Cu?3- = collcemm 'on of d m 2 3 3 / 2 3 4  in stack gas, pci/dscf 

CUDS = Concentdon of d w - 2 3 5  in stack gas, pci/dscf 

ER = particulate emission rate, I b h  

ERiLpa =Radium-226 emission rate, pci/hr 

%PS = Radium-228 emission rate, pci/hr 

EJ2-m = Thorium-228 emission rate, pci/hr 



w . 
8019 

ER-m = Thorium-230 emission rate, pci/hr 

ERsz2 = Tho&-232 emission rate, pci/hr 

E R T d u  = total uranium emission rate, l b h  

wz3/~34 = UraniUm-233/234 emission rate, pci/hr 

ERu-235 = Uranium-235 emission rate, pci/hr 

m Z 8  = Uranium-238 emission rate, pci/hr 

AH = Average pressure drop across orifice 

%I = Percent isokinetic sampling rate, % 

=Molecular weight of stack gas, dry conditions, lbbmole 

N = Molecular weight of stack gas, stack conditions, 1bAb-mole 

02 =Percent oxygen in stack gas by volume, dry basis, % 

Ap = Average velocity head of stack gas, inches HzO 
O(POG5S - 



dAp = Average square root of velocity head pressure, inches HzO 

Pb = Barometric pressure, inches Hg 

P, = Static pressure of stack gas, inches H20 

P, = Absolute stack gas pressure, inches Hg 

Q. = Volumetric stack gas flow rate, stack conditions, ach 

Qstd = Volumetric stack gas flow rate, dry standard conditions, dscfm 

0 = Elapsed time of test, minutes 

T m  = Average dry gas meter temperature, 9; 

T, = Average stack gas temperature, T 

Vk = Mass of water collected, g 

Vm = Volume of gas measured by dry gas meter, fi3 

V, = Volume ofdry gas meter comected for leak rate, iP 

V d  = Volume of dry gas meter corrected to standard conditions, fi3 

V d  = Volume ofwater collected, standard conditions, @ 

Vs = Stack gas velocity, ti>s 

y = dry gas metef caliiration mor, dimensionless 

Note: Standard conditions = 68OF and 29.92 inches Hg. 

8 0 1 9  
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EXAMPLE CALCULATION 

RESPIRATOR WASH FACILITY EXHAUST STACK 
TESTRUN#2 

1. Volume Metered, Standard Conditions (68OF, 29.92 In Hg) 

(AH.) 

(T, + 460) 
(pb)+ (13.6) 

V ,  = (I 7 . 6 4 7 ) ~ ( V J ~ ( y ) ~  

(2.000) 
(29.3 5 )  + 

V ,  = (I 7.647)~(293.479)~(0.9898)~ (13.6) = 274.873 
(90.1 + 460) 

2. Volume Water Vapor Collected, Standard Conditions 

Vwtd = (0.04707)~(Vk) 
vYstd = (0.04707)~(79.1) = 3.723 

3. Proportion Water Vapor, By Volume 

(Vvstd) 
( Y d  + V d )  

B ,  = 

B ,  = = 0.013 (3.723) 
(3.723 + 274.873) 

4. Molecular Weight of Stack Gas, Dry Conditions 

Md = (O.44X cO2) i- ( 0 . m  02) + (O.28X(Nz + eo)) 
Md = (0.44~0.0) + (0.321~2 1.0) + (0.28X79.0) = 28.84 

. _  - 5. Molecular Weight of Stack Gas, Stack Conditions- - .. ~- - - 
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EXAMPIX CALCULATION 
MIXED WASTE CEIEMXCAL TREATMENT PROJECT NORTH EXHAUST STACK 

TEST RUN # 1 (Cont) 

6. Static inches H20 

Ps=(Pb)+-  e& 
(I 3.6) 

- 29.34 
(4.1 4 )  
(I 3.6) 

PS = (29.35) + - - 

7. Stack Gas Velocity, fps 

= 76.8 (76.0 + 460) 
(29.34)x(28.70) 

v, = (85.49)~(0.99)~(1.1379)~ 

8. Stack Gas Flow Rate, acfm 

Q, = (6O)x(V,)x(5.454E - 03)x(Dia f 
Q, = (60)~(76.8)~(5.454E - 03)x(8.5)' = 1,8 16.7 

9. Stack Gas Flow Rate, dscf 

( P J  
(TJ + 460) 

Qd = (I7.647)x(Qa)x(I - B& 

= 1,73 1.4 
(29.34) 

(76.0 + 460) 
Qd = (17.647)~(1,816.7)~(1- 0.013)~ 

10. Isonkinetic Variation, 'YO 

(TI + 4 6 O ) x v d )  %I =(O.O944)x 

%I = (0.0944)x 

~ ? . k ( v , ) x ( h ) x ( @ ) x ( 1 -  BWS) 

= 95.1 (76.0 + 460)x(274.873) 
(2934)~(76.8)~(1.83E - 0 4 ) ~ ( 3 6 0 ) ~ ( 1 -  0.013) 
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EXAMPLE CALCULATLON 

MMED WASTE CHEMICAL TREATMENT PROJECT NORTH EXHAUST STACK 
TEST RUN # 1 (Cont) 

11. Particulate Concentration, gddscf 

(O.O154)x(Un) 
c1= 

( V d )  
(0.0154)x(-0.2) 

= (-1.12E - 05) 
= (274.873) 

12. Particulate Concentration, Ib,dscf 

c2 = (1.429E - 04)X(c1) 
c2 = (1.429E - 04)~(-1.12E - 05) = (-1.60E - 09) 

13. Particulate Emission Rate, lbhr 

14. Total Uranium Concentration, @&cm 

= 3.60E - 02 (028)x(35.341) 
(274.873) CTOrcJU = 

15. Total Uranium Standard Deviation Concentration, pg/dscm 



EXAMPLE CALCULATION 
MIXED WASTE CHEMICAL TREATMENT PROJECT NORTH EXHAUST STACK 

TEST RUN # 1 (Cont) 

16. Total Uranium Concentration, pgldscf 

- (MilTom 1 
( V d )  

CTotal U '1 - 

1.02E - 03 - (0.28) 
(274.873) CTotalUa - 

17. Total Uranium Standard Deviation Concentration, pgldscf 

= 1.02E - 04 (0.028) 
(274.873) 

CTolrJUaSrdv = 

18. Total Uranium Emission Rate, lbhr 

19. Total Uranium Standard Deviation Emission Rate, lbhr 

- (MtU-233I234) 
( Vd) cu-233/234 - 

cu-233/234 = = 9.02E - 04 (0248) 
(274.873) 
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EXAMPLE CALCULATION 

MIXED WASTE CHEMICAL TREATMENT PROJECT NORTH EXHAUST STACK 
TEST RUN # 1 (Cont) 

21. Radionuclide (Uranium-233/234) Standard Deviation Concentration, pddscf 

= 3.59E - 04 
(0.0988) 

(274.873) cU-2331234stdy = 

22. Radionuclide Emission Rate, pcimr 

~?&-2331234 = (Cu - 233 I ~ > x ( Q ~ > x ( ~ O >  
ERu - 233 I 234 = (9.02E - 04)~(1,73 1.4)~(60) = 93.7 

23. Radionuclide (Uranium-233/234) Standard Deviation Emission Rate, pcimr 

E&-233/234stm, = (CU - 233 I 234stm,)~(Q~ld)~(60) 
ERu - 233 I 2 3 4 e  = (3.59E - 04)~(1,73 1.4)~(60) = 37.3 



Respirator Wash Facility 8019 
CLIENTPROJECT I: 
SAMPLE LOCATION: 
DATEmME: 
RUN 1: 

FERMCO. PN. A96043 
Respkabr Wahing Facility HEPA Exhaust 

9naQ6 08451445 
RW-1 

STATIC PRESSURE (‘H20): 
BAROMETRIC (‘Hg): 

Cp PITOT 
METER BOX Y: 

NOZZLE DIAMETER (inches): 
LENGTH OF TEST (min): 

VOLUME METERED (CF): 
SQUARE ROOT DELTA P (‘H20): 

DELTA H (‘ H20): 
STACK TEMPERATURE (F): 
METER TEMPERATURE (F) 
STACK DIAMETER (Inches): 

STACK GAS 02 CONCENTRATION (%): 
STACK GAS C02 CONCENTRATION (%): 

VOLUME LIQUID COLLECTED(m1): 

4.14 
29.35 
0.99 

0.9898 
0.183 
360.0 

293.479 
1.1379 
2000 
76.0 
90.1 
8.5 
21 .o 
0.0 
79.1 

PARTICULATE MASS LOADING 
PARTICULATE MASS ON FILTER (mg): 

PARTICULATE MASS IN ACETONE RINSE (mg): 
3.5 
-3.7 

ANALYTE #l Tobl Uranium 
0.28 
0.028 

(ug): 
Mass Std. Dev.(ug): 

BPQL 

ANALYTE it2 

ANALYTE #3 

Uranium-2331234 
0.248 
0.0988 

Activity (pci): 
Activity Std. Deviation (pci): 

Uraniurn-235/236 
0.0690 
0.0498 

Activity (pci): 
Activity std. Deviation (pci): 

ANALYTE #4 Uranium238 
0.137 
0.0689 

.- ~- . 

Radium= 
85 
86 

ANALMES Radium-228 
-1.9 
11.0 

ND Activity (pci): 
Activity std. Deviation (pi: 

ANALYTE #7 
Activity (pal: 

Thorium228 
0.0673 

1 11/20/96 



ANALYTE #8 

ANALYTE #Q 

Respirator Wash Facility 

Activity SM. Deviation (pci): 0.0440 

Thorium230 
Activity (pci): 0.301 

Activity Std. Deviation (pci): 0.0803 

mum-232 
Activity (pci): O.oo00 BPQL 

Activity SM. Deviation (pci): 0.0149 

CALCULATIONSp 
VOLUME METERED STD. CONDITIONS (dsd): 

OLUME H20 VAPOR COLLECTED STD. CONDITIONS (dsd): 
STACK GAS MOISTURE (%): 

STACK GAS MOLECULAR WEIGHT, DRY CONDITIONS: 
STACK GAS MOLECULAR WEIGHT, STACK CONDITIONS: 

STACK GAS STATIC PRESSURE (‘H20) 
STACK GAS VELOCITY (fps): 

STACK GAS AIR FLOW, STACK CONDITIONS (adm): 
STACK GAS AIR FLOW, STD. CONDITIONS (dsdm): 

STACK GAS TEMPERATURE (F): 
STACK GAS MOISTURE (%): 

STACK GAS 0 2  CONCENTRATION (%): 
STACK GAS C02 CONCENTRATION(%): 

ISOKlNETlC VARIATION (%): 

PARTICULATE RESULTS 
CONCENTRATION (gr/dsd): 
CONCENTRATION (Ibldsd): 

EMISSION RATE (lbhr): 

ANALYTE #l RESULTS 
CONCENTRATION (ugldsd): 

CONCENTRATION STANDARD DEVIATION (ugldsd): 

. EMISSION RATE (Ibhr): 
EMISSION RATE STANDARD DEVIATION (Ibh): 

ANALYTE #2 RESULTS 
CONCENTRATION (pcildsd): 

- CONCENTRATION STANDARD DEVIATION (pcildsd): -- - 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pcilhr): 

ANALYTE #3 RESULTS 
CONCENTRATION @cildsd): 

CONCENTRATION STANDARD DEVIATION 0: 

EMISSION RATE (pci/hr): 
EMISSION RATE STANDARD DEVIATION (pcilhr): 

274.873 
3.723 

1.3 
28.84 
28.70 
29.34 
76.8 

1816.7 
1731.4 
76.0 
1.3 

21 .o 
0.0 
95.1 

-1.12E45 
-1.60E49 

0.000 

Total Uranium 
1.02E-03 
1 .ME44 

80 19 

233E47 
233E-08 

Uranium-2331234 
9.ME44 
3.59E44 - - - 

Uranium-2351236 
251 E44 
1.81 E44 

261 EM1 
1.88EM1 

2 



Respirator Wash Facility 

ANALYTE #4 RESULTS 
CONCENTRATION (pcildscf): 

CONCENTRATION STANDARD DEVIATION (pdldscf): 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pcilhr): 

ANALYTE #6 RESULTS 
CONCENTRATION (pcildsd): 

CONCENTRATION STANDARD DEVIATION (pcildsd): 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pcilhr): 

ANALYTE #8 RESULTS 
CONCENTRATION (pcildscf): 

CONCENTRATION STANDARD DEVIATION (pcildscf): 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pcilhr): 

ANALYTE #7 RESULTS 
CONCENTRATION (pdldsd): 

CONCENTRATION STANDARD DEVIATION (pcildsd): 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pcilhr): 

ANALYTE #8 RESULTS 
CONCENTRATION (pcildscf): 

CONCENTRATION STANDARD DEVIATION (pdldsd): 

A IP 

EMISSION RATE (pcilhr): 
EMISSION RATE STANDARD DEVIATION (pdRu): 

.YTE #9 RESULTS 
CONCENTRATION (pdldscf): 

CONCENTRATION STANDARD DEVIATION (Pcildsd): 

- - - - EMISSION RATE (pdlhr): 
EMISSION RATE STANDARD DEVIATION (pcilhr): 

COMMENTS: 

3 

Uranium-238 
4.98E44 
251 E44 

5.18EMl 
260EMl 

Radlum-228 
3.09E-01 
3.1 3E-01 

3.21 E+04 
3.25E+04 

Radlum-228 
-6.91 E43 
4.00E-02 

Thorium-228 
245E-04 
1.60E-04 

254EM1 
1.66EM1 

Thorium-230 
1.10EW 
292E44 

1.14E- 
3.03E91 

Thorlum-232 
0.00E90 
5.42Ea 

b .  

p 8019 

1 1120196 - 
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APPENDIXF 

QUALITY ASSURANCE PROCEDURES AND RESULTS 



n n  
P ow 1 

QUALTTYASSURANCE PROCEDURESAND RESULTS 

The sampling equipment used in this test series has been caliirated in accordance with procedures 
outlined in the USEPA Reference Methods for stationary sou~ce sampling and also in the Quality 
Assurance Handbook for Air Pollution Measurement Systems. All pertinent caliiration data for the 
equipment used in this test series are included in this appendix The following caliiration procedures are 
employed. 

a. 

b. 

C. 

d. 

e. 

-. . 

f 

Probe-tiDs (Nozzles) 
Probe-tips are inspected before use to detect damage or irregularities. Ethe nozzle shows signs 
of damage, it is repaired and measured before use. The nozzle diameter is determined in the 
field by measuring three diameters with a precision micrometer. The average of the three 
measurements is the nozzle diameter. 

Pitot Tubes 
The S-type pitot tubes are built to the design specifications cited in Refeaence Method 2 and are 
calibrated annually in a wind tunnel. Standard pitot tubes are supplied fiom the manufhcturer 
with a coefficient of 0.99. The pitot tubes, connecting lines, and manometers are leakshecked 
in the field before and &er each test run. 

ThermocouDles 
Thermocouples are caliirated upon receipt and annually thereafter. The thermocouples are 
caliirated at 32"F, ambient temperatme, 212'27, and approximately 450°F. 

W t e  Anahrzers 
The ijmte analyzers are leak-checked on-site and the reagents are replenished as needed. 

Method 5 Control Consoles 
The dry gas meter and the orifice in the Method 5 control consoles are caliirated at six (6) 
points fbm 0 to 4 inches of mercury. The dry gas meter cdl icient &-fixtor) and the orifice 
constant (Delta H) are established fiom this caliiration The dry gas meter is caliirated after 
each test series to conf3-m the y-fixtors is used in all sample volume calculations. Hayden 
Environmental participates in the USEPA Method 5 Dry Gas Meter Inter-Laboratory 
Performance Audit. 

- - - _ _  _ _  _ -  

Barometers 
The aneroid field barometers are calibrated with a stationary mercury c o h  barometer prior to 
each use. The reference barometex is permanently mounted in the Hayden Environmental 
LaboratOXy. 

9 

A 
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DGhUORIFICE CALIBRATION 

CALIBRATOR - 
~ 

ORIFlCE 
SETIlNG 
in. H,O 

0.5 

1.0 

2.0 

- - _. 

3.0 

~ 

4.0 

VACUUhf 

5. 

5 

4 

5 
.. . ~. s 
5 

.. . 
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THERMOCOUPLE CALISWTION 

Source 

Keference 
Thermometer 
Temperature 

"F 

Test 
Thermocouple Temperature Thermocouple 
Temperature Differencz Simulator 

"F "F Dirplny Sening 

; .:.:: 
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e ~ O C O U P L E  CALXBMTION 

THERLMOCOLPLE I.D.: OJ-> LENGTH: L ' '  
CALIBEWED BY: 

Reference Test 
Thermometer Thermocouple Temperature Thermocouple 

source Temperature Temperature Difference S irnulatcr 
OF O F  "F Display Sening 

!.:a : .... ...: : . 

. 



THERMOCOUPLE CALIBRATION 

THERMOCOUPLE LD.: 2 LENGTH: 6 "  DATE: ?44,/9& 

Source 

Reference 
Thermometer 
Temperature 

"F 

Test 
Thermocouple Temperature Thermocouple 
Temperature Differencc Simulator 

"F "F Display Seaing 

.i:f.. ..: ...::::. ...... . . 



11/19/96 18:36 FAI 801 268 4748 DCL/CLIENT SVCS @l002/002 

November 19,1996 

8019 

CHEM 
Mr. Bruce Smen 
Hayden Environmeutal 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Re.: Isotopic Uranium Analysis 

Dear Mr. Sarven: 

As per your conversation with Mr. Keith Nicholson in this office on Tuesday, November 
19,1996 the following addresses your issue. As I undersbnd it you would like to have a written 
response concerning your request for Uranium 235 and the DCL report which has Uranium 
235/236 as a result. 

As I mentioned when we spoke about this work in JuIy, Table 2 in the bidding 
information requested U-234, U-235, Th-236, U-238 and this was incorrect. Table 2 should have 
read U-234, U-239236, U-238. Uranium-235/236 cannot be separated by exisring analytical 
methods. Uranium-233236 use the same spectral region of interest by alpha spectromehy and 
since chemical separation cannot separate these two radionuclides it is impossible to give 
individual measurements. It is standard to report isotopic uranium as U-234, U-235/236, and U- 
238 by alpha spectrometry. . 

If you have any further questions please contact me directly at 1-801-266-7700 x331. 

Project Manager 
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DATAF Page 1 of 1 
Part 1 of 1 
10039611311638 @ CHEM L A B O R A T O R 1  E S  

Date 4. 
Laboratory Group Name %E-0640 - 01 

Account No. 9 3 n 7 5  

A sorenson Company 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 FAX @I?! 548-31120 

Telephone (513! 438-1C)ll) 

Sampling Collection and Shipment 
Sampling Site !-WMJ FA]\Jlmu &I!& . Date of Collection %ptmher 19, 1996 - 
Date Samples Received at Laboratory- 25, 1996 

Hethod of Analysis nethod 5 /?h?V/llLATi k k ~ f i f l  

Date(s) of Analysis 

Analysis 

Analytical Results - 

Sample 
Type 

- 
A I R  

I I I Laboratory 
Number 

Field 
Sample 
Number 

ME04 5 14 

19135.41.42 16304515  A I R  2 . 8  1 - 1 9 . 8  I 0 . 0  1 - 1 7 . 0  I I I I 
2 . 0  I - 0 . 7  I 0 . 0  I 1 . 3  I I I I 16304516 

16E04517 

A I R  

A I R  
- 

Limit of Detection 

- Limit of Quantitation EE€€ 
ND Parameter not detected above LOD. 
RR Parameter not requested. 

( ) Parameter between LOD and LOQ. 

- .  

960 West LeVoy Drive / Salt Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 

1 
:7 
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I)ATACHEM LABORATORIES Fi l ter  Weight Book No. FWT 06  Page N ~ .  01 9 
Filter Lot #: -7 T e m p . :  7 $  R.H.: 5 9 ~ .  8 0  i !  

Flller: G F G C 2 5  (-1 
TamAnelyst 6 Date 
Total WeigM m g  

/ ' 
~ 

Total Weight m g  

m9 

Tare Weight 

Avg. Tare Weight W7-S- mg 
SAMPLE No. SAMPLEWT. mg 
Total Wt. Anal. Date 
Check Analyst Date 

Filter: / 
TareAnalyst zr Date 
Total Weight m g  
Total Weight . m g  

* 

Avg. Total Weight 
Tare Weight FD:t m g  
Tare Weight m9  

Awg. Tare Weight 5 9 .  I mg 
- 
SAMPLEWT. mg SAMPLE No. 

Total Wt. Anal. Date 
Check Analyst Date 

Filter: F-GA 7 7  
Tare Analyst //5 bate 
Total Weight " a .5  m g  
Total Weight 4a.5 m g  

.. 
c c 

Avg.TotalWe ht yaq.5 mg 
Tare Weight z$2 m g  
Tare Weight m9  

SAMPLE N O . % € o U ~  
Avg. Tare Weight 

Filter: (Z--y< -7 G <7c3; 
Tare ~nalyst  / A  Date 9 / / 4  /SL 
Total Weight m g  
Total Weight m9  

Avg. Total We' ht mg 
Tare Weight $%&% m g  
Tare Weight mg  

Avg. fare Weight $ 9 - K  mg 
SAMPLE No. SAMPLEWT. mg 
Total Wt. Anal. Date 
Check Analyst Date 

Filter: 
Tare Analysl Date 
Total Weight m g  
Total WeigM m g  

Tare Weight m g  
Tare Weight m g  

- _ _  - 

Avg. Total Weight mg  

Avg. Tare Weight mg 
SAMPLE No. SAMPLEWT. mg 

Date Total Wt. Anal. 
Check Analyst Date 
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Sample Work Order 8 0 1 9  
QC Clearance: DCL Root Set ID: 96E0640* 

Latest 
Prep. Date 

1-Oct-1996' 

1-Oct-1996' 

Project Manager: Robert P. Di Rienzo 

Latest N ~ .  of Storage Analysis/Prep. 
Anal. Date Samp. Location Method 

18-Mar-1997' 4 Method 5 
18-Mar-1997' 4 WR-DC-34 1 

W R-DC-20 0 
18-Mar-1997' 4 WR-DC-341 

Gent: Hayden Environmental 

18-Mar-1997' 

18-Mar-1997' 

Project/Task: COMM-ENV 
Date Received: 25-Sep1996 

4 WR-EP-325 
W R- DC-200 

4 W R- D C-3 4 2 kPA 

DCL lab. Name: 96304514-96304517 
Total # Samples: 4 
Sample Entry: Karyn L. Boyack 
Section: WA 
Earliest Sampling Date: 19-Sep-1996 

Date for Mailing Report: 25-Oct-1996 Preparation Type: 

Radiochemistry 

.,/ 03 ISOTOPIC THORIUM 

J 
04 Radium 226/228 by gamma spec 

05 I Total Uranium by kPA 

Inst. 
GRAV 

AS 

AS 
GS 

Matrix 
AIR I 
AIR I 

AIR 1 

Section Manager: Charlie C. Walker 

@QQGrn Other Sections Receiving Sample Portions: None 

DataChem Laboratories/ 960 West LeVoy Drive / Salt Lake City, Utah 84123 
Form: WO1 .oI-SWV2. 12 PRINTED 9/23/1996 14:49 



SAMPLE LOG-IN SHEET 
Group Name: 

DataChem Laboratories I Page I of 

SAMPLE LOG-IN SHEET 9 

Remarks: 

SAS Number 
NA 
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TALLY SHEET 

RELEASE #k 
PO #k NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED: 23-SEP-96 
MATERIAL NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER 

ANALYSIS: PARTICULATE AND RAD 

Composite 
Sample 
Number 

NORTH FILTER 
ORTH FRONT 1C 
JORTH BACK 112 
SOUTH FILTER 
OUTH FRONT 1L 
SOUTH BACK 1/2 
FILTER BLANK 

DI BLANK 
CETONE BLANK 
RESP. FILTER 

IESP. FRONT 1/2 
ESP. BACK 1/2 

. _  - 

Lot Number 

4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 
4050-730-PO47-0417 

Sample 
Container 

Size 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

. .  - 

AnaLisl 
FACTS 
Number 

200259131 
2002591 39 
200259140 
200259135 
200259141 
200259142 
200259136 
2002591 43 
200259144 
2002591 37 
2002591 45 
2002591 46 

.~ - - 

Gross 
Weight 
Ibs. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.755 

Tare 
Neight 

Ibs. 

0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 

Page 1 ob1 8019 

Net 
Neight 
Ibs. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

-- 
2.148 1.607 
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SURVEY FOR RWP? 
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BLDG/GRID# FLR 
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FEMP 
RADIOLOGICAL SURVEY REPORT 

SURVEY NUMBER: 96- $1 -1 1- 5’ 



rFEMP RADIOLOGICAL SURVEY REPORT pgfofz 1 



’ Signature by Material Release.Evaluator indicates the material may be released for restricted use in the uncontrolled area of the FEMP site only. 
This material is not being released for unrestricted use. 

* S i g n m e  by  the Material OwnerlSurvey Requestor indicates acceptance of responsibility for the material white in the unconnolled area and the 
material wiU be returned to the controlled area following use. 

Additional approval by the Manager of Radiological Compliance is required prior to allowing the material to exit beyond the FEMP propercy 

i7E?ORT P ’ J i c i Z  

Qn.?--p.f-- boundary. This allowance may be annotated in the additional comments section of the form. 

,=pp RAD~cLOGICAL SURVEY F S 3 9 1 6  (06/241941 9J-j’-//- /.by DATED 9 .  z ’ -p ’  
SURVEY # 

(name) 



Project: 
Client: 
Account: 

Client Contacts: 

Schedule: 

TAT: 

Sample Receipt: 

Analyses: 

QA~QC: 

EIIL: 

.IS/MSD or MD: 

Wverables: 

Penalties: 

Questions: 

PROJECT PROTOCOL WORKSHEET 

Fernald Emission Testing 

3025 
Bob Di Riemo 

I Hayden Environmental 

Reports: 

Bruce Saxven 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Starts 09/20/96 

30 Calendar Days 

Date: 09/20/96 
Revision: 1 .O 

Invoices : 

Same with COC 

I 

' p  8 0 1 9  

Particulates and Radiochemistry 

Overall QNQC requirements will be based on the DCL Procedures. 

None. 

As per method 

RLIMS63 Report, Raw Data, and COC 
Paginate entire package 

None 

If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 33 1. or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed first. 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

Fde Name: HAYDENPPW 



PRICE CODES AND ANALYTE GROUPS: 

Radium 2261228 

8 0 1 9  

Air 4 GS WA . NA 3025AOlNGS 3025AlGS 

Total Uranium Air 4 kPA WA NA 3025AOlNTOTU 3025AlTOTU I 

Page Number: 2 
File Name: HAYDEN.PPW 

I 



DATACHEM LABORATORIES CLIENT-RELATED INFORMATION REPORT (CRI 
CRIR NO. e c  

H e n t  Name: ProjecflasWSite: 

DaWEmeofReceipt: Number of Coolers Received: J 
nacceptable Temperature Control: 

Location Temperature Taken: Contro&ez& 

Are all temperatures within project specific 

Tamper Evidenr Yes/@ guidelines? m o  

Condition of Coolers: 

Custody Seals: 

Ice Present: Are all applicable pHs within specific 

guidelines? Yes/&a 

Cooler Cooler Cooler 
PCL Cooler No. Temp. k e i v e d  DCL Cooler NO. Temp. Recetved DCL Cooler No. Temp. 

1 M C 9 6 i - 3 1 3 7  19 “c 4 MC96 “ c 7  MC96 cC 

2 MC96 T - M  5 C9 6 “ c l  MC96 “C 

“c ”C 9 MC96 3 MC96 T 6 MC96 

Missing Cooler 0 Missing SampledBottles 0 Incorrect Preservation 0 Chain Of Custody Problem= 
Cooler Conditions 0 Broken/Leaking Samples 0 pH Criteria Not Met 0 Other: 

0 Incorrect Bottle Type 0 Head Space in Bottles 
b 
0 Missing Paperwork 
0 MissinglIncorrect Bottle 0 Cooler Temperatures Out 0 Insufficient Sample 

Labels Of Range Volume 

BRIEFLY DESCRIBE THE PROBLEM AND THE ACTION TAKEN: ! 

- -  
Faxed to Client? Yes- 0 No 0 (If yes, attach Fax Cover Sheet) 

0:- Response Required Within 24 Hours -3 

I I PROJECT MANAGER COMMENTS: 

Project Manager. Returned to Sample Receipt by: Date: 
Printed Name Signature 
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' Particulates by Method 5 
Rinsate 
Filter 

hpinger 

Analytical Scheme 
Hayden Environmental - Fernault Emission Testing 

3 Samples and Field Blank 

Combine Filter and m a t e  

Analyze by Gamma Spec 
Radium 2261228 

Split Sample for Alpha Spec 

Thorium 228,230,232 

- - - - - - - - - - - - - _  - 



~ A T A C H E M  LABORATORIES Filter Weight Book No. FWT Ub Page t NO. 029 

R.H.: '$fl.f? 1 9 7 T e m p . :  73 'ilter Lot ti: 

' 9  
m! 

lralw1Aaal. Dale 
heck Anal@ Dale 

otal weighl m g  

Avg. Total WegM m g  
'are Weight y+:;z fn; 

'are Weight 

Avg. Tare Weight YY7- T m g  
AMPLE No. SAMPLEWT. m g  
#al wt. Anal. Date 
:he& Analyst Date 

Filter: C' +%/2C (?LO?) 

'amAnaJysl A+ Date 
'otalWeigM m g  
'otal Weight . mg 

Avg. Total Weight m g  

%E-- :; 'are Weight 
'are Weight 

Avg. Tare Weight' %I. 1 m g  
SAMPLE No. SAMPLEWT. m g  
roral wt. m. Date 
:heck Analyst Date 

Eitter: y-9~ m 7 7  
ram A W ~ I  /L - bate 
rotal Weight " m g  

m 9  

rare Weight m g  
rare Weight m g  

rolal WeigM 

Avg. Total$t!7 m g  

Avg. Tare Weight qe.3 mg 
SAMPLE No. SAMPLEWT. mg 
rotal WI. ~nal. Date 
:heck Analyst Date 

r a r e ~ d y s t  Date *lh I r L  
Filter: (*Sc-7 F ( 7 C 3  

Total Weight m g  
Total Weight m g  

Avg. Total Wei M m g  

$ 5 5 .  :: Tare Weight 
Tare Weight 

Avg. Tare Weight 9 9 - K  m g  
SAMPLEW. _m_r S@4PLENo2 - - ._ - - - - . 

Total WL Anal. Date - 
Check Analyst Date 

Tam Analyst Date 
Total weigh! m 9  
Total WelgM m 9  

Tare Weight m g  
Tare Weight m 9  

Avg. Total Weigh! m 9  

Avg. Tare Weight m g  
SAMPLE WT. ,-. m 1 SAMPLE No. 

Date - Tdal W. Anal. 
Check Analyst Date .- 

600692 
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August 6,1996 
Refer to: BD0021 

Bruce Sarven 

561 Congress Park Drive 
Dayton, OH 45459 

. Hayden Environmental 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Sarven: 

DataChem Laboratories, Inc.@CL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
filters and sample bottles will be provided for these determinations. The 
acetone rinse and glass fiber filter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 235/236, Uranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed by alpha 
spectrometry(AS). Radium 226 and Radium 228 will be analjzed by 
gamma spectrometry(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 1 14 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not required. Combined particulate from the acetone rinse and filter will be 
analyzed according to DCL standard operating procedures(S0P). 

The standard turnaround time for these analysis is 30 calendar days. 
The requested turnaround time of 10 working days can be accomplished 
for an additional 25%. The requested detection limits for isotopic analysis 
can not be met Minimun Detectable Activity (MDA) is listed on the 
attached table. 
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Attached is a Pricing Quotation for these analyses. If you have any question concerning 
the attached quotation please call me. 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 



Revised Pricing Quotation 
Project Reference Number: BD-0021 

Parameter Method M D A  Method Fractions Price per 
Analysis pCi/Sample Sample 

Particulate Method 5 Grav Acetone $100.00 
' Rinse 

Filter 
Impinger 

Uranium 234 DCLSOP 1 
Uranium 239236 1 
Uranium 238 1 

AS Particulate* $3 12.50 

Thorium 228 
Thorium 230 
Thorium 232 

DCLSOP 1 AS Particulate* $3 12.50 
1 
1 

Radium 226 
Radium 228 

DCLSOP 95 
20 

GS Particulate* $250.00 

TotalUranium DCLSOP 0.8ugl KPA Particulate* $1 87.50 
Sample 

0 * = Particulate samples are combined acetone rinse and glass fiber filter. 
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EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 
TEST METHOD 

Method 5 - Determination of Particulate Emissions from Stationary Sources 

1. PRINCIPLE AND APPLICABILITY 

1.1 Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber filter maintained at a temperature in the range of 120 k 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
US. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that condenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2. APPARATUS 

e 2.1 Sampling Train. A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography); commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Citation 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTD-0576 and adopt the operating and maintenance procedures outlined in it, unless 
otherwise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be 530=, and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless otherwise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of nozzle sizes suitable for isokinetic sampling should be available, e.g., 0.32 to 1.27 cm (1/8 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 cm (Vl6 in.). Each nozzle shall be calibrated according to the procedures outlined 
in Section 5. 

~ ~. ~ ..- _. . - ~. - . - ~. _ _ _  - 

Prepared by Emission Measurement Branch 
Technical Support Division, OAQPS, EPA 

EMTIC TM-005 
September 25, 1989 
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directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

0 
Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probe nozzle, probe fitting, probe liner, and front half of the filter 
holder by washing these components with acetone and placing the wash in a glass 
container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 

. 

acetone rinse as follows: a 
Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container. Follow 

acetone into the upper end as the probe brush is being pushed with a twisting action- 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the brush 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 

- ~ - the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 

since metal probes have small crevices in which particulate matter can be entrapped. 0 
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Rinse the brush with acetone, and 
quantitatively collect these washings in the sample container. After the brushing, make 
a final acetone rinse of the probe as described above. 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings and particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

lmpinaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three impingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 

If a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

-the impinger catch is-required (see NOTE,-Section 2.1.7). - . _ ~ .  

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 
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4.3 Analysis. Record the data required on a sheet such as the one shown in Figure 5-3. 
Handle each sample container as follows: 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. For purposes of this Section, 4.3, the term "constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless otherwise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

, Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to +I ml or gravimetrically to k0.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

0 
Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

NOTE At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be-evaporated at temperatures higher than ambient. .If evaporation - --- -_ - - - 

is done at an elevated temperature, the temperature must be below the boiling point of: 
the solvent; also, to prevent "bumping," the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point 

- - 

4.4 Quality Control Procedures. The following quality control procedures are a 
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suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

4.4.1 Meter Orifice Check. Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH, for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H,O that correlates to 0.75 cfm of 
air at 528"R and 29.92 in. Hg. The 
AH, is calculated as follows: 

T, e* 
P, v2 v,* 

AH, = 0.0319 AH 

where: 

AH = Average pressure differential across the orifice meter, in. H,O. 

T, = Absolute average DGM temperature, O R .  

P, = Barometric pressure, in. Hg. 

6 = Total sampling time, min. 

Y = DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.0319 = (0.0567 in. Hg/"R)(0.75 cfm)* 

Before beginning the field test (a set of three runs  usually constitutes a field test), operate 
the  metering system (Le., pump, volume meter, and orifice) at the AH@ pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Yc, as follows: 

where: 

Yc = DGM calibration check value, dimensionless. 
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Case Narrative 

Analysis: Total Uranium Client: Hayden Env. 
Preparation SOP #: WR-DC-200 Account: 03025 
Analysis SOP#: WR-DC-342 Matrix: Filter 
Lot/Release/SDG #: N/A 
DCL Set ID: 96E-0640-05 

General Set Information: This lot consisted of four field and two QC samples. 
Method Summary: 

Sample Preparation: Sample preparation was performed according to WR-DC-200. 
Holding Times: Holding times were not applicable to this project. 
Dilutions: Dilutions were performed to place sample concentrations within the range of the 

Samples were analyzed using a laser phosphorimeter to determine 
total uranium in the samples according to WR-DC-342. 

calibration curve. The dilutions that were made are recorded on the form A’s for 
each particular sample. 

Method and Sample QC Data: 
Laboratory Control Sample: The laboratory control sample (LCS) was within the 

method acceptance criteria for recovery. 
Blank: The blank consisted of acidified DI water and was within QC limits. 

accordance with published procedures. 
Instrument QC: Instrument initial and continuing calibrations were performed in 

Nonconformance/Corrective Action Reports (NC /CAR): No NCWCARs were required. 
Miscellaneous Comments: N/A P 
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DIT'S 

CHEM L A B O R A T O R I  E S  

A Sorenson Company 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 

- Client 
SamDle Hame 
BL-123241-1 
QC-123241-1 
9131.39.40 
9135.41.42 
9136.43.44 
9137.45.46 

Laboratory 
Sample Hame 
BL-123241-1 
QC-123241-1 
96304514 
96E04 515 
96304516 
9 6E0 4 5 1 7  

COVER FORM (TYPE I) 
SINGLE METHOD ANALYSES 

8 0 1 9  
Form RLIMS63M-V1.3 

Page 1 
10249610420160 

SUMMARY INFORMATION 

Laboratory 
Sample ID 
S969K018 
S969K019 
S968S06Q 
S968S06R 
S968SO6S 
S968S06T 

Laboratory 
Group Efame 
963-0640-05 
963-0640-05 
963-0640-05 
96E-0640-05 
963-0640-05 
96E-0640-05 

O@T 2 5 Date Reported ..... : 
Date Printed......: 24-OCT-96 10:42 
DCL Report Group..: 96B-0640-05 

Client Ref Number.:Not Provided 
Release Number....:Not Provided 

Analysis Nethod(s):wR-DC-342 

Laboratory 
GrOUD ID 
096 8SOZB 
09688028 
0968SO2B 
G968SO2B 
G968S02B 
696 8S02B 

960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 



DATA- 
I, CHEM L A B O R A T O R I  E S  

FORM H (TYPE I) 
SINGLE M E T H O D  ANALYSES 

SAMPLE GROUP COMMENTS 
I 

A Sorenson Company 

8 0 1 8  
Form RLIMS63H-V1.3 

Page 2 
10249610420160 

G968S02B 

Date Printed......: 24-OCT-96 10:42 
DCL Report Group..: 96B-0640-05 

Client Name...:Hayden Environmental 
Release Number....rNot Provided 

General Information 

The DCL QC Database maintains all numerical figures which are input from the pertinent data 
source. These data have not been rounded to significant figures nor have they been moisture corrected. 
Reports generated from the system, however, list data which have been rounded to the number of 
significant figures requested by the client or deemed appropriate for the method. This may create 
minor discrepancies between data which appear on the QC Summary Forms (Forms B-G) and those that would 
be calculated from rounded analytical results. Additionally, if a moisture correction is performed, 
differences will be observed between the QC data and the surrogate data reported on Form A (or other - 
report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form A will 
indicate the "Report Basis. as well as the moisture value used for making the correction. 
Report generation options:EZX 

Result Svmbol Definitions 

ND - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
** - No result could be reported, see sample comments for details. 

Qualifier Smabol Definitions 

U - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
For radiochemistry the nuclide was not identified by the Canberra Nuclear NID program, 
activity values reported are calculated using the Canberra Nuclear HINACT program. 

For inorganic analysis the qualifier signifies the value is between the IDL and PQL. 

used €or indicating an estimated value for tentatively identified compounds in mass 
spectrometry where a 1:l response is assumed. 

B - For organic analysis the qualifier indicates that this analyte was found in the method blank. 
J - The qualifier indicates that the value is between the MDL and the PQL. It is also 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 



DATA 

Date Detect ion 

CHEM L A B O R A T O R 1  E S  a A sorenson Company 

Ana 1 yzed Limit Resul tfError 

F O R M  A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

Qual. ~ i l u t i o n  CRDL 

Form RL kwv9 S A- 1 . 3  

Analyte 
Total Uranium 22-OCT-96 12:OO 7.OE-1 1 4.7E-3f4.7E-4 I 

10249614170997 
Page 3 

100 1 8.OE-1 

SAMPLE ANALYSIS D A T A  SHEET 

Client name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
sampling Site........: Not Applicable 
Release Number.......: Not Provided 

Date Received........: Not Applicable 
DCL Report Group.. . . .: 96E-0640-05 
DCL Preparation ~ r o u p :  G969KOOV 
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342 

Net kfeight/volume .... : Not Required 
- Aliquot Weight/volume: 1 

Date Printed......: 24-OCT-96 14:17 
client Sample Name: EL-123241-1 
DCL Sample Name...: EL-123241-1 

Matrix ............ : AIR 
Date Sampled ...... : Not Applicable 
Reporting Units...: ug/sample 

DCL Analysis Group: G969KOOV 
Analysis Method...: WR-DC-342 
Instrument Type ... : LP 
Instrument ID.....: KPA-11 
Column Type ....... : Not Applicable 

0 0 0 ~ ~ 0  
960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 

FAX (801)  268-9992 



CHEM L A B O R A T O R I E S  e A sorenson company 

Date Detection 
Analyte Analyzed Limit 
Total uranium 22-OCT-96 12:OO 7.OE-1 

F O R M  A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

ResultfError 1 Qual. Dilution1 CRDL 
1.7Elt1.7EO 1 100 1 8.OE-1 

SAMPLE ANALYSIS D A T A  S H E E T  

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Applicable 
Release Number.......: Not Provided 

Date Received ........ : Not Applicable 
DCL Report Group ..... : 96E-0640-05 
DCL Preparation ~ r o u p :  G969K00v 
Date Prepared. ....... : 21-OCT-96 12:OO 
Preparation Method...:WR-DC-342 

Net Weight/Volume.. ..: Not Required 
- Aliquot weight/Volume: 1 

Form RLIH 8 Q  3 -V P . 3  
10249614170997 

Page 4 

S9 6 9 KO 19 

Date Printed. ..... : 24-OCT-96 14:17 
Client Sample Name: QC-123241-1 
OCL Sample Name ... :QC-123241-1 
matrix ............ : A I R  
Date sampled ...... : Not Applicable 
Reporting Units...: ug/Sample 

OCL Analysis Group: G969K00V 
Analysis Method...: WR-DC-342 
Instrument Type.. . : LP 
Instrument ID.....: KPA-11 
column Type ....... :  NO^ ~ p p l i c a b l e  

QOO'"% 
960 West IieVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 

FAX (801) 268-9992 



- - - - 
DATA= 

CHEM L A B O R A T O R I  E S  e A sorenson company 

Date DeteC t ion 

FORM A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

Ana lyte Analyzed Limit ReSUlt+ErKOr 
Total uranium 22-OCT-96 12:OO 7.OE-1 I 2.1EOk2.1E-1 

8 0 1 9 .  

Qual. Dilution CRDL 
100 I 8.OE-1 

Form RLIHS63A-V1.3 

Page 5 
10249614170997 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
sampling Site........: Not Provided 
Release Number. ...... : Not Provided 
Date Received........: 25-SEP-96 0O:Oo 
DCL Report Group ..... : 96E-0640-05 
DCL Preparation ~ r o u p :  G969K00V 
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342. 

Net weight/volume .... : Not Required 
- Aliquot weight/volume: 5.2E2 

Date Printed......: 24-OCT-96 14:17 
Client Sample Name: 9 1 3 1 , 3 9 , 4 0 1 ~ 0 ~ ~ ~  
DCL Sample Name...: 96304514 

Matrix............: AIR 
Date sampled ...... : 19-SEP-96 08:30 
Reporting Units...: ug/Sample 
Report Basis ...... : m A s  Received O D r i e d  

DCL Analysis GKOUp:G969KOOV 
Analysis Method...: WR-DC-342 
Instrument Type ... : LP 
Instrument ID.....: KPA-11 
Column Type ....... : Not Applicable 

OOQ7ZZ 
960 West LeVoy Drive / S a l t  Lake City,  Utah 84123-2547 / (801) 266-7700 

FAX (801)  268-9992 



DATAS 
CHEM L A B O R A T O R I  E S  

Date Detect ion 
Ana lyte Ana 1 yz ed ~ i m i t  ResultfErcor 

A Sorenson Company 

Qual. Dilution CRDL 

F O R M  A (TYPE I) 
SINGLE METHOD ANALYSES 

Total Uranium 122-OCT-96 12:OO 7.OE-1 

S d Q  
Form RLIMS63A-V1.3 

8.OE-1 3.4E023.4E-1 I 100 

10249614170997 
Page 6 

S A M P L E  A N A L Y S I S  D A T A  S H E E T  

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site..... ... : Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group ..... : 96E-0640-05 
DCL Preparation ~ r o u p :  G969KOOv 
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342 

Net Weight/Volume .... : Not Required 
- Aliquot Weight/volume: 4.8E-2 

Date Printed ...... : 2 4 - 0 ~ ~ - 9 6  14:17 
client sample Name: 9135,41,42~SOUTH 
DCL sample Name...: 96304515 

Matrix ............ : AIR 
Date Sampled ...... : 19-SEP-96 08:30 
Reporting units...: ug/sample 
Report Basis ...... : M A S  Received O D r i e d  

DCL Analysis Group: G969K00V 
Analysis Method...: WR-DC-342 
Instrument Type ... : LP 
Instrument ID.. . . .: KPA-11 
Column T y p e  ....... : Not Applicable 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 



DATA= 

Ana lyte 
Total uranium 

FORM A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

Date Detect ion 
Analyzed Limit Resul ttErrOr Qual. Dilution CRDL 

8.OE-1 22-OCT-96 12:OO 7.OE-1 5.4E2+5.4E1 100 

CHEM SAMPLE ANALYSIS DATA SHEET 
L A B O R A T O R I  E S  
A Sorenson Company 

Client Name...... .... : Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site..... ... : Not Provided 
Release Number.......: Not Provided 

Date Received ........ : 25-SEP-96 0O:OO 
DCL Report Group. .... : 963-0640-05 
DCL Preparation Group: G969K00v 
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method.. .: WR-DC-342 
Net weight/volume .... : Not Required 

- Aliquot weight/Volume: 5.OE-2 

8018.  
Form RLIHS63A-V1.3 

Page 7 
10249614170997 

Date Printed ...... : 24-OCT-96 14:17 
Client Sample Name: 9136,43,44IBLARK 
DCL sample Name...: 9 6 ~ 0 4 5 1 6  

Matrix ............ : AIR 
Date sampled ...... : 19-SEP-96 08:30 
Reporting Units...: ug/Sample 
Report Basis ...... : M A S  Received U D r i e d  

DCL Analysis Group: G969KOOV 
Analysis Method...: WR-DC-342 
Instrument T y p e  ... : L P  
Instrument ID.....: KPA-11 
Column T y p e  ....... : Not Applicable 

Analytical Results 

q#J71% 960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / ( 8 0 1 )  266- 
FAX (801) 268-9992 



- - 
FORM A ( T Y P E  I) 

SINGLE M E T H O D  ANALYSES 

- - 
DATA- 

Date Detect ion 
Analyte Analyzed Limit ReSu 1 tfE r co c Qual. 
Total uranium 22-OCT-96 12:OO 7.OE-1 2.8E-lt2.8E-2 

CHEM SAMPLE ANALYSIS DATA SHEET 
L A B O R A T O R I  E S  

Dilution CRDL 
100 I 8.OE-1 

A sorenson company 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group ..... : 96E-0640-05 
DCL Preparation ~ r o u p :  ~ 9 6 9 K 0 0 V  
Date Prepared ........ : 21-OCT-96 12:OO 
Preparation Method. ..:wR-DC-342 

Net weight/Volume .... : Not Required 
- Aliquot Weight/volume: 5.OE-2 

Farm R ss M 63 % 9  -V1.3 
10249614170997 

Page 8 

Date Printed......: 24-OCT-96 14:17 
client sample Name: 9137,45,46IREsP 
DCL sample Name...: 961~04517 

Matrix............: AIR 
Date Sampled ...... : 19-SEP-96 08:30 
Reporting units...: ug/Sample 
Report Basis ...... : a A s  Received O D r i e d  

DCL Analysis GrOUp:G969KOOV 
Analysis Method...: WR-DC-342 
Instrument Type ... : LP 
Instrument ID.....: KPA-11 
Column Type ....... : Not Applicable 

960 West LeVoy Drive / Salt Lake City,  Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 



- - - FORM B (TYPE I) $ 0  19. 
SINGLE M E T H O D  ANALYSES Form RLIMS63B-V1.3 - 

10249610420160 DATA= Page 9 
QUALITY CONTROL DATA SHEET 

A CHEM L A B O R A T O R I  Sorenson Company E S  LABORATORY CONTROL SAMPLE (LCS) 
S969K019 

Date Percent 
Analyte Ana 1 y z ed Target Result Recovery 
Total uranium 22-OCT-96 1 2 ~ 0 0  1.8El 1.7El 97.6 

Date Printed......: 24-OCT-96 10:42 

QC QC 
Limits Flag 

7 5.0/125. 

Client Name..........:Hayden Environmental 
Release Number.......:Not Provided 

Uatrix...............:FILTER 
Reporting Units......: pg/filter 

DCL Preparation GrouprG969KOOV 
Date Prepared........: 21-OCT-96 12r00 
Preparation Hethod...:UR-DC-342 

DCL Sample Name...:QC-123241-1 

DCL Analysis Group:G969KOOV 
Analysis Method...:WR-DC-342 
Instrument Type...: LP 
Instrument ID.....:KPA-11 
Column Type.......:Not Applicable 

QC Limit Type. .... :Method 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 



-c A Sorenson Company 

Analyte 

FORM C (TYPE I) 
SINGLE M E T H O D  ANALYSES 

_ _ _ _  
Analyzed I Result 1 CRDL 

QUALITY CONTROL D A T A  SHEET 
BLANK SAMPLE 

Client Name..........: Hayden Environmental 
Release Number.......: Not Provided 

Matrix...............:FILTER 
Reporting Units......: pg/sample 

DCL Preparation Group: G969KOOV 
Date Prepared........: 21-OCT-96 12:OO 
Preparation Method...: WR-DC-342 

Analytical Results 

Page 10 

Date Printed......: 24-OCT-96 10:42 
DCL Sample Name...:BL-123241-1 

DCL Analysis GrouprG969KOOV 
Analysis Method...:WR-DC-342 
Instrument Type...: LP 
Instrument ID.....: KPA-11 
Column Type.......:Not Applicable 

QC Limit Type... ..:Method 

I I Date I I 

@ViTTZ2 
960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 

FAX (801) 268-9992 

-.. 



CHEM L A I  0 1  A 1 0 m l I I  

DA'G9W a 

Datapackage Table of Contents 8 0  19 

* 

4 WOILUO. C O I P U I  

Information pertatning to this datapackage is divided into the four categofie listed below (see colored 
sheets for an inventory Ilst of each category). If an ltan on the -tory is not appucable. an WA" is placed ln the 
wmponding check bo& A Case Narrative immcdlately precedes this Table of Contents and contalns pertinent 
information about this datapacka8c @ 

Analytical Forms ...................... Yellow 
Sample Tracking Documentation ........... pink 
Analytical Documentation ................. Blue 
RawData ............................ Green 

C o v e r ~ ~ r m  @ Matrix Splke/Matrk Spike Duplicate Sample (Form Fl 

Surrogate Summary (Form GI 

Initial CaUbratfon Form 

Sample Group Comments (Form H) 

Sample Analysis Data Sheet (Form A) a taboratory Control Sample (Form B) Initlal Callbxation Verlffcation UCV) Form 

wtrix spike sample ~ o r m  D) 

BM sample ( F O ~  CI @ Continuing Callbration Form 

SerlalDflutionForm 

Analytical Forms 
Inventory Checklist 

CaseNanative 

Set Comments 

Applicable QC Sheets 

Matrix Duplicate Sample (Fom E) Endrln Breakdown or BFB/DFTPP GC/MS Tunlng Form 1 
halytical Forms 
Reviewer Checklist 

The Analytical Forms Inventory Checklist above is complete. 
The Case Narratrve was completed i-&xordancewlth procedures G-DCL SOP-kX-DC-020. 
'Datapackage Fkepaxation and Validation." 
only the comet report forms are used (IRDMIS or commercial F O ~  or RLIMS ~0-1. 

All fields on the report forms are complete wlth the correct information, including signatures. 
Results for all samples a n  reported per client request 

- -  - __-- - *- - - - - - - - - - 

fc 
1L 

$L 

' W O T Z 8  



L A S  0 1 A 1 0  a I n s  
A S O R l l I O l C O Y I A l Y  

Sample Tracking Documentation 
Inventory Checklist 

LIMS Grouping Reports 

DataChem Laboratories (DCL) Chain-of-Custody Record 

DCL Sample Work Order 

Copy of numbered Nonconformance/Corrective Action Report (NC/CAR) 

Copy of Client-Related Problem Report (CPR) 

Sample Tracking Documentation 
Reviewer Checklist 

+ The Sample Tracklng Documentation InventoIy Checklist above is complete. 

DCL Chain-of-Custody Record provides signatures for the sample portion reported in this data 
package. 

DCL Chain-of-Custody Record was completed in accordance wlth procedures in DCL SOP xX- 

Methods specifled on the Sample Work Order were perfoxmed or an explanation for deviations is 
provided. 

Special instructions on the Sample Work Order were followed. 

Project Management instructions on the Project Protocol Worksheet were followed. 

Client's requests were met or an explanation is provided in the Case Narrative. 

NC/CAR and/or CPR were completed in accordance with procedures in DCL SOP QC-DC-006 
"Nonconformance/Corrective Action Report (NC/CARl Procedures." 

.&- 
DC-006 "Chain-of-Custody and LaboratOIy Tracking." * 

Ji& 



DataChem Laboratories 
LIHS - Sample Haster System 

Preparation Group Report 

ate: 18-OCT-1996 12:16 
ser: RICHARDSON 

Preparation Run Name: G969KOOV 

Samples: 6 

Laboratory 
Pos Sample Name --- ------------ 

1 BL-123241-1 
2 QC-123241-1 
3 96E04514 
4 96E04515 
5 96E04516 
6 96E04517 

Field Sample 
Name 1 ------------ 
BL-123241-1 
QC-123241-1 
9131,39,40 
9135,41,42 
9136,43,44 
9137,45,46 

Field Sample Laboratory 
Name 2 Sample ID ------------ ---------- 

S9 69K0 18 
S969K019 

NORTH S968SO6Q 
SOUTH S968S06R 
BLANK S968SO6S 
RESP S968S06T 

END OF LISTING ----- ----- 

8 0 1 9  

Page: 1 
RLIHS15-V1.2 

Group ID: G969KOOV 

Laboratory 
Group Name ------------ 
96E-0640-05 
96E-0640-05 
96E-0640-05 
96E-0640-05 
96E-0640-05 
96E-0640-05 

Accnt. 
Number 

03025 
03025 
03025 
03025 
03025 
03025 

------ 



a 



ga 19, Sample Work Order 
QC Clearance: DCL Root Set ID: 9#E-064 

. Project Manager: Robert P. Di Rienzo 
a7 

Client: Hayden Environmental 

Project/Task: COMM-ENV 
@ A c c o u n t :  03025 

Date Received: 25-Sep1996 

DCL Lab. Name: 96304514-96304537 
Total # Sampler: 4 
Sample Entry: Karyn L. Boyack 
Section: W A  
Earliest Sampling Date: 19-Scp1996 

Date for Mailing Report: 25-Oct-1886 Preparation Type: 

=Base d 

Radiochemistry 
Analytes Requested 

Method 5 Particulate 
Isotopic Uranium 

ISOTOPIC THORIUM 
Radium 226/228 by gamma spec 

Total Uranium by kPA 
I on date of collection 

Special In+ructionr: 

Section Manager: Charlie C. Walker 

Other Sections Receiving Sample Portions: None 
0 

DataChem Laboratories/ a60 West LeVoy Drive / Salt Lake City, Utah 84125 
FOTSO: WOI.06-SWW.12- PRINTED PlZSllOOS I4:4P 
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TALLY SHEET 

RELEASE #k 
PO #k NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED:. 23-SEP-96 
MATERIAL: NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER 

ANALYSIS: PARTICULATE AND RAD 

Composite 
Sample 
Number 

NORTH FILTER 
ORTH FRONT ll: 
JORTH BACK 10 
SOUTH FILTER 
OUTH FRONT 1 A  
SOUTH BACK lL? 
FILTER BLANK 

DI BLANK 
ICETONE BLANK 
RESP. FILTER 

IESP. FRONT 1/2 
RESP. BACK 1/2 

Lot Number 

VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-730-P047-0417 
VO50-730-PO474417 
VO50-730-PO474417 
VO50-73O-PO47-0417 

VO50-730-PO47441 7 
VO50-730-PO474417 

VO50-730-PO474417 

VO50-730-PO47-0417 

VO50-730-PO47-0417 

Sample 
Container 

Size 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 L PLS 
1 LPLS 

AnaLid 
FACTS 
Number 

200259131 
200259139 
200259140 
200259135 
200259141 
200259142 
2002591 36 
2002591 43 
200259144 
2002591 37 
200259145 
200259146 

- 
Gross 
Weight 
IbS. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.755 

- 
Tare 

Neight 
Ibs. 

0.097 

- 
o z a  
0.220 

0.220 
0 . m  

o . z a  
0 . m  

0.220 
0.220 

0.097 

0.097 

0.097 

- 
2.14E 

8019, 
Page 1 of 1 

Net 
Weight 

Ibs. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

- 
1.607 



32350 FEMP w 
i 8019 f 
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oRSR 0 DOCUMENT TYPE , R w p  

COVER SHEET 

"YES 
NO 

SURVEY FOR RWP? 

NAME- P A G E L O F  7 

SIGNE LOCATION L*H4 MZ L 

LOCATION CODE 
BADGE # DATE TIME BLDG/GRID# FLR 



FEMP 
RADIOLOGICAL SURVEY REPORT 

RMRHED BY: 
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8019. 

MATERIAL OWNERlSURVEY 
DESCRIPTION 

\ 

t 

~ ~~ 

’- S i e  by Material Release Evaluator indicates the material may be released for restricted use m the uncontrolled area of tha FEMP site only. 
This material is not being relaased for unrestriaed use. 

’ Signature by the Material OwnerlSUnrey Requestor indicates acceptance of responsibility for the material while in the uncontrolled area and the 
material will be returned to the controlled area following use. 

’ Additional approval by the Manager of Radiological Compliance is required prior to allowing the material to exit beyond t h e  FEMP property 



8 . 
PROJECT PROTOCOL WORKSHEET 

Project Femald Emission Testing 
. client: ? f Hayden Environmental 

ccount: 3025 
oj. m. Bob Di Rienzo 

Date: 09/20/96 
Revision: 1 .O 

Client Contacts: Reports: Invoices: 

Bruce Sanen 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Same with COC 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Schedule: Starts 09/20/96 

TAT: 30 Calendar Days 

Analyses: Particulates and Radiochemistry 
! 

QMQC: Overall QNQC requirements will be based on the DCL procedures. 

EDk None. 

&D or MD: As per method 

Deliverables: RLIMS63 Report, Raw Data, and COC 
Paginate entire package 

Penalties: None 

Questions: If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 331, or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed fist. 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

. -  

a 
PageNumber: 1 
FdeName: HAYDENSPW 



PRICE O D E S  AND ANALYTE GROUPS: 

Total Uranium l A i r  14 

Air 4 Method5 WA NA 13025AOlNMETS I3025AlMETS 
1 1 1 1 1 I 

kPA WA I NA I3025AOlNTOTU I3025AlTOTU 

I ISOU lAir 14 1 AS IWA I N A  13025AOlNUISO 13025AlUISO I 
~~ ~~ 

I IsoTh I Air 14  1 AS 1 WA I NA I 3025AOlNTISO I 3025AlTISO I 
I Radium 226/228 I Air 14 I GS I W A  . I N A  I3025AOlNGS I 3025AlGS I 

Page Number: 2 
Fde Name: HAYDENSPW 



DATACHEM LABORATORIES CLIENT-RELATED INFORMATION REPORT ( C m  1 9 
1 

CRIR NO. 

D 2 ~ d I i . i ~  of Receipt 

Condition of Coolers: Temperature Control: 

custody seals: 

Number of Coolers Received: 

Location Temperature Taken: C o n t r o e  
Are all temperamres within project specific 

-0 TampaEvideot: guidelines? 

Ice Resent Are all applicable pHs within specific 

guidelines? 

Cooler Cooler Cooler 
Temp. Received er No. Temp. Received PCLcooler No, Temp. 

T 

2 MC96OC 5 MC96 V L M C 9 6  T 

3 -26- DC 

0 Missing SampledBottles 0 Incorrect Preservation 0 Chain Of Custody Problem 
Cooler Conditions 0 Broken/Leaking Samples 0 pH Criteria'Not Met 0 Other: 

0 Missing Paperwork 0 Incorrect Bottle Type 0 Head Space in Bottles 
0 Missing/lncomcr Bottle 0 Cooler Temperatures Out 0 Insufficient Sample 

Labels Of Range Volume 

BRIEFLY DESCRIBE THE PROBLEM AND THE ACTION TAKEN: ! 

.. ~ 

.Faxed to Client? Yes- 0 No 0 (If yes, attach Fax Cover She& 

0 Response Required Within 24 Hours 



Analytical Scheme 
Hay den Environmenh - Fernault Emission Testing 

3 Samples and Field Blank 

' 
Particulates by Method 5 

Rinsate 
Filter 

hpinger 

Combine Filter and Rinsate 

Di est Filter and Fhnsate Particulate d 
Analyze by Gamma Spec 

Radium 2261228 

Take Aliquot before preciptation 
For Total Uranium 

I WA - -  -1 - I Analyze for Is0 Uranium I Uranium 234.2351236.238 

l&J 
Thorium 228,230,232 



jATACHEM LABORATORIES Filter Weight Book No. FWT 06 PageNO. 029 
R.H.: 55?" Q @  rrter LO! #: 7 T e m p . :  - 1 9. 74 

? 

Iller: 
RreArrPlyst 6 Date 
old  Weight ' mg 
otal w*hl mg 

Avg. Tdal Weight m 9  
are Weight 
u. W*hl 

AMPLE No. GAMPLEW. mg 
OldWLkral. Date 
:hock Anam Date 

Avg. Tom Weight YJ7. c mg 
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80 19 

August 6,1996 
Refer to: BD0021 

Bruce Satven 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 , 
FAX: (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Sarven: 

DataChem Laboratories, Inc.@CL) appreciates the opportunity to 
' provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
filters and sample bottles will be provided for these determinations. The 
acetone rinse and glass fiber fdter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 2351236, Cranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed by alpha 
spectrometry(AS). Radium 226 and Radium 228 will be analyzed by 
gamma spectrometry(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 1 14 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not required. Combined particulate from the acetone rinse and filter will be 
analyzed according to DCL standard operating prdures(S0P).  

The standard turnaround time for these analysis is 30 calendar days. 
The requested tumaround time of 10 working days can be accomplished 
for an additional 25%. The requested detection limits for isotopic analysis - 
can not be met. Minimun Detectable Acti\ity (MDA) is listed on the 
attached table. 



80 19. 
Page2. , .; 

Attached is a Pricing Quotation for these analyses. If you have any question concerning 
the attached quotation please call me. 0 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 

.: 



80 19. 
Revised Pricing Quotation 

Project Reference Number: BD-0021 

Parameter Method MDA Method Fractions Price per 
Analysis pCi/Sample Sample 

Particulate Method 5 Grav Acetone $100.00 
- R i n s e  

Filter 
Impinger 

Uranium 234 DCLSOP 1 As Particulate* $3 12.50 
Uranium 235/236 1 
Uranium 238 1 

Thorium 228 DCLSOP 1 As Particulate* $312.50 
Thorium 230 1 
Thorium 232 1 

Radium 226 DCLSOP 95 GS Particulate* $250.00 
Radium 228 20 

* Total Uranium DCLSOP 0.8ugl KPA Particulate* $1 87.50 
Sample 

* - Particulate samples are combined acetone rinse and glass fiber filter. 
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EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 
TEST METHOD 

Method 5 - Determination of Pafiiculate Emissions from Stationary Sources 

1. PRINCIPLE AND APPLICABILITY 

1.1 Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber filter maintained at a temperature in the range of I20 f 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
U.S. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that condenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2. APPARATUS 

21 Sampling Train. A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography); commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Citation 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTM576 and adopt the operating and maintenance procedures outlined in it, unless 
otherwise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Node. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be ~30’ .  and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless otherwise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of nonle sues suitable for isoldnetic sampling should be available, e.g., 0.32 to 1.27 cm (1/8 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 crn (v16 in.). Each nonle shall be calibrated according to the procedures outlined 

- -  ~.~ inSe!ion5.- - -  - ~ - ~ . _  ~ _ _  ..__. -. .~ ~.~ ~ .- . :-- ~~~- 

. -  . -  

~~ ~~ 

Prepared by Emisslon Measurement Branch 
Technical Support Division, OAQPS, EPA 

EMTlC TM-005 
September 25,1989 
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directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probe nozzle, probe fitting, probe liner, and front half of the filter 

container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 

I holder by washing these components with acetone and placing the wash in a glass . 

acetone rinse as follows: 

Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and .rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container. Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action- 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the brush 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. 

- -  - 

e 



80 19 
EMTIC TM-bOS PITIC NSPS TEST METHOD Page 15 
> 

Rinse the brush with acetone, and 
quantitatively collect these washings in the sample container. After the brushing, make 
a final acetone rinse of the probe as described above. 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings and particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 

"determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

' 

ImDlnaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three impingers to within I ml by 
using a graduated cylinder or by weighing it to withio 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

. -  . -  
I f  a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 

a 
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4.3 Analysis. Record the data required on a sheet such as the one shown in Figure 5-3. 
Handle each sample container as follows: 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. For purposes of this Section, 4.3, the term "constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless otherwise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

", Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to 21 ml or gravimetrically to k0.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

NOTE: At the option of the tester, the contents of Container No. 2 as well as the acetone 

is done at an elevated temperature, the temperature must be below the boiling point of: 
the solvent; also, to prevent '4umping,11 the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point. 

_ _  - ~ blank container may be evaporated at temperatures higher-than ambient. If evaporation - - I- 

-. 

4.4 Quality Control Procedures. The following quality control procedures are a 
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suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

4.4.1 Meter Orifice Check. Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH, is the orifice pressure differential in units of in. H,O that correlates to 0.75 cfm of 
air at 528"R and 29.92 in. Hg. The 
AH, is calculated as follows: 

T, e 2  

p,, v2 
AH, = 0.031 9 AH 

where: 

AH = Average pressure differential across the orifice meter, in. H20. 

7, = Absolute average DGM temperature, OR. 

P, = Barometric pressure, in. Hg. 

8 = Total sampling time, min. 

Y = DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hg/"R)(0.75 cfm)2 

Before beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (Le., pump, volume meter, and orifice) at the AH* pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM Calibration check value, Yc, as follows: 

where: 

YE = DGM catibration check value, dimensionless. 
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Analytical Documentation 
Inventory Checklist 

8019 

This Is a "dummy datapackage". Data for inventory checkUst found with set 

Copy of TCLP Preparatlon Logbook Pages 

Copy of Analyst's N o t e b o o m g  

@ Copy of Instrument Injection Logbook/Instrument I . o g b o o k / ~ ~ >  

Copy of Reagent Logbook Pages 

Copy of Working Standard Prepaxation Logbook Pages 

Copy of Secondary or Intemedlate Standard F9tparation Logbook Pages 

Copy of primary Standard or Concentrated Stock Standard Preparation Logbook Pages - 

CerUflcates of Analysis for Standards 

Copy of Standard Vdca t ion  Logbook Pages (including documentation for spiklng 

Copy of Reparation Logbooks for solutions prepared by QC 
8 solutions and/or calibration standards) 

All other miscellaneous documentation associated with this set (describe) 

@il 

- .  
Analytical Documentation 

Reviewer Checklist 

The Analytical Documentation Invent06 Checklist above is complete. 

Basic documentation procedunx were followed in accordance with DCL SOP XX-DC-004 
"Analytical Data Record Keeping." 

All notebook and logbook pages contain page number. book number, title. and available space for 
pagination ( ifreqm)).  
All notebook and logbook pages were signed and dated by the analyst and revlewer before 
-pylng. 
All copies are legfble. 

Standard preparation is documented in accordance with DCL SOP XX-DC-019 Standards purtty. 
Preparatton, TraceaMllty and Verification" or by WR-DC-OOI "Ihe Acqulsltion, Preparation. and 
use of Radioactive Standard Reference Mabiak."  

Documentation is provided to verify that standard calibration solutions and apildng solutions are 
traceable t/ a v e n d o r z ; t e .  

~ - 

- 
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I Standard Control ID Conc. (pCig or ml) Aliquot (g or ml) Activity (pCi) 

W5L 3/23 6 2 3 d  6&,6 P?A- /4 O , I J  = .0?73Sq 5.7 0/3L - 
I 
I 
! 
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Conc. (pCig or ml) Aliquot (g or ml) Activity (pCi) Tracer ID 

i 

1 
! 

i 

I I I 

VESSEL# I S A M P W  I WEIGHT (d 
13 

14 

15 

16 

17 
r 

I I I I I 24 \ 

*N/A=Nol Appkd -- 
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Total Uranium by Kinetic Pulsed Laser Phosphorimetry 

I 

*NIA=Not Applicable 
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WORKING STANDARD LOG 
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I. ,i 

I Activity (pCi)t I Elnal Volume 

Usage: 

Date I Inits. I Aliquot 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

- 
- 
- 
- 
- 
- 
8. 

9. 
- 
10. 

11. 

12. 

- 
- 
l3. 

14. -~ 

15. 

16. 

17. 

18. 

- 
- 
- 
- 
- 
- - 

I Activity (pCi)? Balance (pCi)t 

I b.3888 

I I I 

26 I 5 .PZ 75 

Destination 

1)' All adivities are referenced to the source datdtime. Decay corrections are to be made on the following page. 

To Page: 

008754 
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80 19. RADIOCElEMISTRY LABORATORY . 
RADIOACTIVE MATERIAL INVENTORY 

INTERMEDIATE STANDARD LOG 

hterxnediateStandardID:rSL 2/99 c U 2 3 8 )  Standard Source ID: I aq.S-2 

Refereace DatefIlrne*: Oc+ '93 /O 5 6 0  RMI Source Log Ref. Boomage: 2 //o 
I I 

*Use Jlrlian date and military time 
DCL Balance ID No.: B 3JbP, /02 6 9 5  

Usage: 

adivities are referenced to the source datdtime. Decay corrections are to be made on the following page. -: 

To Page:-- 
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' VendoFJ-4 GTA VendorSourceID: /IT43 -2 
Date Received: I != 2J - ch Received By: A&- 

RADIOCHEMISTRY LABORATORY 
RADIOACTWE MATERIAL INVENTORY 

STANDARD SOURCE LOG 

ISOTOPE(S1 ISOTOPE(S) CONC. (pCig) 

u- 23% d 3 m  

CONC. (pCig) 

8 

Place Sourcc b b c l  Above 

~~ 

Usage: 



US. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory-bs Vegar 

Nuclear Radiation Assessment  Division . 

Calibration Certificate 

Measurement Activity of principal radionuclide ' 

(I d [ Uranium-238 *- 'ed by 
0.11 nancCuries 

gram of solution. 
October 1993 of Uranium-235 per 

Activity of dauQhter radionuclide 

d bumw nuda. ph-234, Pa-234, U-2341 assuming sea& .equilibrium. 

Total mass of this rol.+on 

. .  
Method of measurement -- 
The solution was prepared gravimetrically by dissolvhg a weighed - . 
quantity of the Natioiial Bureau of Standards' SRM 950b (99.9750.02 
percent Uranium Oxide 1 in nitric acid and diluting to a 
kncwn weight. Natura l  uranium was assmud to consist of 99.28 
percent U-238 and 0.711 percent U-335 by weight with'specific 
activities of 3 . 3 6 x l g  and 2.16xl0 nancCuries per gram respectively. 
The solution was ccmpared to  an earlier preparation (1843-1) , 
which was traced to the National Institute of Standards and Technolosy 
(NIST), using liwd scintillation counting. 

. 

.., 
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Purity The manufacturer States that activities other than that of the principal nuclide 
and of its daughter nuclides, if any. were estin'Iated/known to be: * Of the principal activity 

I less than 

. I less equal than to [y] of the principal activity 

1 !ftiip 1 7 1  of the principal activity 

The activity of impurity (1) is not (2) is not (3) is not 
included in the quoted figures of the principal activity. 

Random Errors 

The precision of this standard was such that the certified value of the radioactive 

concentration of the principal activity had a standard error (sm) not greater than 2 10 .51  
(The 99.7% confidence limits are given by t(sm) where t is obtained from the student t factor 
for the degree of freedom (n-1)). 

The maximum uncenainty due to the assessable systematic errors (dilution. counting, and 
known uncenainty of the standard) is obtained by the separate arithmetic summation of the . 

positive and negative systematic error ( + 6 - 6 ' 1. These have been estimated not to exceed 

0 the overall .uncertainty (often called accuracy) is an estimate of the possible divergence of 
the quoted result from the true value. It is'a combination of random error [t(smfl at the 99.7% 
confidence limits and the worst case estimate of the systematic errors ( +a :- 6 1 
The overall uncanainty is therefore calculated on the basis of + [t(sm) 4, - b(sm) +a3 
and is I=], - I z i o f  the quoted radioactive concentration. 

~~ ~ 

Decay Schemes This nandardiration is based on the following assumptions of the principle nuclide, its 
daughter nuclides and impurities (no allowance for error in these assumptions or the 
assumption of quoted half-life have been included in the statement of accuracy above). 

Uranim238 decays by alpha emission to Thorium-234 'a& decays 
by ism successive beh emissions to Uranium-234. Uranium-234 is 
assumed to be in secular equilibrium w i t h  Uraniu~u-238. 

- .  

Chemical 
Composition 
of Solution 

Carrier content per gram of solution: Other components: 
O S M  - n i t r i c  acid 

Remarks 
The uranium concentration of the solution is 7.12 milligmms/gram. 

a - 
Approval Signature 
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Raw Data 
Radiochemistry/Mixed-Waste Department 

Kinetic Phosphorescence Analysis 
Inventory Checklist 

Section 1. Sample and QC Data 

Section 2. Instrument Performance and Calibration Data 

The following signatgres verify that the raw data and all inventory and reviewer checklists in each E L W  data 



Section 1. Sample and QC Data 
Kinetic Phosphorescence Analysis 

Inventory Checklist 

Laboratory Control Sample (LCS) Instrument Print-Out 

Q BM Instrument b t - o u t  

Accuracy Sample (MS) Instrument Print-Out 

Precision Sample (MSD/MD) Instrument Print-Out 

meld Sample Instrument print-Outs 

Computer/Manual Calculation Sheets summarizing all calculational inputs and results 

Section 1. Sample and QC Data 
Kinetic Phosphorescence Analysis 

Reviewer Checklist 

The Sample and QC Data Inventory Checklist above is complete. 

k All appropriate QC for the project was performed. 

All appropriate QC data met acceptance criteria. Unacceptable QC data were documented. and 
justitlcations were provided for data used. 

Print-outs are initialed and dated. -& 



Sample ID BL-123241-1 Date/Time 10/22/96/00:41:45 
Description G969KOOV,963-0640-05 Cal Y=l. 08E+07X+2312.449 

Laser Pulses 1000 Conc 4.743-05 + 9.663-07 ug/ 
time 224 + -979 us Dilution Factor 100 mL/mL 

Integrated 34465 
Record 3460 of 3481 Range: LOW 

Sample ID QC-123241-1 Date/Time 10/22/96/00:45:07 
Description G969KOOV,96E-0640-05 Cal Y=1.66E+05X-1.71E+02 

Laser Pulses 1000 Conc -17126 + 5.333-03 ug/ 
Lifetime 248 + -399 us Dilution Factor 100 mL/mL 
R2 -9999 
Integrated 384444 FINAL RESULT 17.126 + -533 ug/ 
Record 3461 of 3481 Range: HIGH 

Sample ID 96304514 Date/Time 10/22/96/00:49:18 
Description G969KOOV,963-0640-05 Cal Y=1.08E+07X+2312.449 

Laser Pulses 1000 Conc l.llE-03 + 2.143-05 ug/ 
Lifetime 243 + -594 us Dilution Factor 100 mL/mL 
R2 -9998 

Record 3462 of 3481 Range: LOW 

Ref. Ratio 1.068 Intensity 2067 (t= 52 us) 

FINAL RESULT 4.743-03 + 9.663-05 ug/ 
m 9 9 9 2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ref. Ratio 1.034 Intensity 21740 (t= 52 us 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ref. Ratio 1.062 Intensity 11118 (t= 52 us 

Integrated 189712 FINAL RESULT .111 + 2.143-03 Ug/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E+07X+2312.449 

-I- 2.113-05 Ug/ 
time 239 + -474 us or 100 mL/mL 

Integrated 185991 
Record 3463 of 3481 ow 
Sample ID 96304515 Date/Time 10/22/96/00:57:22 
Description G969KOOV,963-0640-05 Cal Y=1.08E+07X+2312.449 

Laser Pulses 1000 Conc 1.573-03 + 3.063-05 ug/ 
Lifetime 236 + -65 us Dilution Factor 100 mL/mL 
R2 -9997 
Integrated 249946 FINAL RESULT .157 + 3.063-03 Ug/ 
Record 3466 of 3481 

Sample ID 96304516 Date/Time 10/22/96/01:00:47 
Description G969KOOV,96E-0640-05- - Cal Y=1.66E+05X-1.713+-02 - --- - . . - 

Laser Pulses 1000 Conc .26759 + 8.353-03 ug/ 
Lifetime 240 + -493 us Dilution Factor 100 mL/mL 
R2 -9998 
Integrated 582618 FINAL RESULT 26.759 + -835 ug/ 
Record 3468 of 3481 Range: HIGH 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ref. Ratio 1.138 Intensity 14917 (t= 52 us 

Range: LOW 
- - - - - - - - - - - - -_______- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Ref. Ratio 1.095 Intensity 33560 (t= 52 us 1 

- - - - - - - - - - - - - -__-___- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  



Sample ID 96304517 Date/Time 10/22/96/01:03:11 
Description G969KOOV,963-0640-05 Cal Y=1.08E+07X+2312.449 

Laser Pulses 1000 Conc 1.383-04 + 2.943-06 ug/ 
time 302 + 2.266 us Dilution Factor 100 mL/mL 

Integrated 62463 
Record 3469 of 3481 Range: LOW 

Ref. Ratio 1.083 Intensity 3289 (t= 52 us 1 

-9976 
FINAL RESULT 1.383-02 + 2.943-04 us/ 

im 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Section 2. Instrument Performance and Calibration Data 
Kinetic Phosphorescence Analysis 

Inventory Checklist 

I Analystmtials 

1 Instrument ID. Manufacturer. and Model Number 

I Certlflcation of Calibration Standards 

Calibration Date 

Background Report 

Calibration Report with High and Low Calibration Curves 

Results of Calibration Check 

Section 2. Instrument Performance and Calibration Data 
Kinetic Phosphorescence Analysis 

Reviewer Checklist 

The Instrument Performance and Calibration Data Inventory Checklist above is complete. 
Speclfied analytical protocols are followed for particular contract requirements. 

Conditions of instrument setup are noted. 

NCNs) noted, and aEected instruments not used. 

& 
-& 
& 



KPA Calibration/Mahtenance Log 1- 

Reviewed By: 
Signature 6: Date 
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RADIOCHEMISTRY LABORATORY 
RADIOACTNE MATERIAL INVENTORY 

INTERMEDIATE STANDARD LOG 

80 19, 

ediate Standard ID: 3: 5 L 2/99 ( u238) Standard Source ID: I a4 9- 2 
I . 

Reference DatdTime': Oc+ '93 /d 5 6 0  RMI Source Log Ref. 'BooWPage: 2 / 10 
I' 

*Use Julian date and military time 
DCL Balance ID No.: 8 316 91 162 6 9 5  

Solvent I Activity (pCi)t I Final Weight 

Usage: 

.L 

I All adivities are referenced to the Source datdtime. Decay corrections are to be made on the following page. 

To Page: 



U.S. Environmental P r o t e c t i o n  A g e n c y  
E n v i r o n m e n t a l  Monitoring Systems Laboratory-Las Vegas 

N u c l e a r  R a d i a t i o n  Assessment  Division 

Calibration Certificate 

Description 

I [ 4.47~10' wars 1 Ur-rn238 n.ll.l.le 

Nominal aCtm4r 111.91 -1 
H0mm.I rdulnc [XI ml in .mpou~c/boii~c number 

Measurement Activity of principal radionuclide 

kxiritr o a r  gram of this solution 

1- -1 -curi*s of [ t'ranium-238 1 *Accapnied by 
0.11 nan-ies 

gram of s o l u t i o n .  
October 1993 of Uranium-235 per 

Activity of daughter radionuclide 

d lh d.ugh1.c [~h-234 I Pa-234 I U-2341 assuming sec~lar equilibrium. 

Total mass of this solution 

Approximateiy 5 .  o 
Method of measurement ' 

T& solution was prepaxed g r a v b t r i c a l l y  by dissolving a weigh& 
quantity of the National Bureau of Standards' SRl4 950b (99.37t0.02 
percent U r a n i u m  Oxide (U308)) i n  n i t r i c  acid and d i l u t i n g  to a 
known weight. Natural uranium was assumed to  c o n s i s t  of 99.28 
percent U-238 and 0.711 percent U-235 by weight w i t h  specific 
activities of 3. 36x102 and 2 . 1 6 ~ 1 0 ~  nanoCuries per gram r e s p c t i v e l y  . 
The s o l u t i o n  was ccarrpared to  an earlier preparation (1843-1) I 

wh ich  was traced to the National I n s t i t u t e  of Standards and T e c h m l e  
(NIST), using liquid scintillation counting. 

. 

- 



Purity The manufacturer states that activities other than that of the principal nuclide 
and of its daughter nuclides. if any. were estimatedlknown to be: 

(1) Radium-226 I less than of the principal activity 

less than 1 7 1  of the principal activity equal to 

I less than 1 7 1  of th.e principal activity (3) equal to 

The activity of impurity (1) is not (2) is not (3) is not 
included in the quoted figures of the principal activity. 

Random Errors 

a-  

The precision of this standard was such that the certified value of the radioactive 

concentration of the principal activity had a standard error (sm) not greater than +, 1 0 . 5 1  
(The 99.7% confidence limits are given by t(sm) where t is obtained from the student t factor 
for the degree of freedom (n-J)). 

The maximum uncertainty due to the assessable systematic errors (dilution. counting, and 
known uncertainty of the standard) is obtained by the separate arithmetic summation of the 
positive and negative systematic error ( + b - 6 1. These have been estimated noi to exceed 

., 

the overall uncertainty (often called accuracy) is an estimate of the possible divergence of 
the quoted result from the true value. It is a combination of random error [t(smfl at the 99.7% 
confidence limits and the worst case estimate of the systematic errors ( + 6 ,  - 6 '  ) 
The overall uncertainty is therefore calculated on the basis of + t(sm) +SI, - b(sm) +a3 
and is 1-1, v l o f  the quoted radioactive concentration. 

c 
Dewy Schemes This standardizatiop is based on the following assumptions of the principle nuclide, its 

daughter nuclides and impurities (no allowance for error in these assumptions or the 
assumption of quoted half-life have been included in the statement of accuracy above). 

Uranium-238 decays by alpha emission to Thorim234 +hi& decays 
by two successive beta emissions to Uranium-234. Uranium-234 is 
ass- to be in secular equilibrium With Uranium-238. 

- 

Chemical Carrier content per gram of solution: Other components: 
Composition 
of Solution . 

0.5M nitric acid - 

Preservative: 
. .. -.-. ~ 

Remarks 
~ ~~ 

The uranium concentration of the solution is 7.12 milligrams/gram. 

Date Certificate Prepared October 27 lgg3 

Approval Signature 

Revised 1/84 



- .  NOTES - 
Sr) Individual uncertainties have the significance of one standard deviation 

of the m e a n ,  or an approximatica thereof. 
the individual uncertainties shown belou added in quadrature. 
overall uncertainty is taken t o  be three times the combined uncertainty. 

The combined uncertainty is 
The 

Source of uncertainty Uncertainty * ( x )  

a) liquid-scintillation measurements 0.12 

b) gravimetric measurements 0.05 

c) deadtime 0.05 

d) backgra;r,G 

e) original calibration of SRH 4321 

f 1 count-rate-vs-energy 
.extrapolation t o  zero energy 

3. LO 

0.13 

0.11 

8) half life 0.00 

h) photon -emitt i d g  impurities 0 . 4 3  

Combined uncertainty 

Overall uncertainty ' 

- 
0.49  
" 3  
1.47 
- 

c 

( 2 )  

(3) 

Overall uncertainty reported by EMSL. 

The limit of detection f o r  photon-emitting impurities is, 
0.01 ys-lg'l f o r  energies between 90.and 1900 keV , progided that the 
impurity photons are separated in energy by 5 keV or more from photons 
emitted in the decay of uranium-235 and uranium-238 and progeny. 

The limit of detection for 226Rz is less than 0 .24  Bq g'l. 

Proposed Recommended List of Heavy Element Radionuclide Decay Data, 
INDC(NDS)-149/NE; International Atomic Energy Agency, December 1983. 

This result demonstrates the- traceability of EMSL to NBS, for this 
measurement, to uithin five percent as specified in the appendix, 
Traceability Studies, of the EPA-NBS interagency agreement of 
April 1976, as amended. 

( 4 )  

('1 . 

(6) 

For further information call Larry Lucas at (301)  935-5546 or FTS 879-5546. 



. .  
.:. 

- - 3-22 mg U-238 * -  1 = 3.24 u Mt 

g s o h  0.9928 g aoln 

A = Activity (sec-l) 

1 = Decay constant (sec -1 1 

T% = Halflife (sec) 

N = Number of atoms 

AW = Atomic weight 

Ao = Avogadro's number (mols-'1 c 

. _  

. . 

. .  



Calibration 



Sample ID STD 1.31E-2ug Date/Time 10/22/96/00:25:05 8 8 1 9, 
Description CALIBRATION CHECK Cal Y=1.08E+07X+2312.449 
Ref. Ratio 1.034 Intensity 119564 (t= 52 us 1 
Laser Pulses 1000 Conc 1.323-02 + 2.52E-04 ua/ 

4 ,  

etime 313 + -65 us Dilution Factor 1 mL/mL 
-9998 

FINAL RESULT 1.323-02 + 2.523-04 ug/ Y Integrated 2440595 
Record 3458 of 3481 Range: LOW 

Sample ID STD 2.15E-lug Date/Time 10/22/96/00:32:58 
Description CALIBRATION CHECK Cal Y=1.66E+05X-1.71E+02 

Laser Pulses 1000 Conc -21596 + 6.703-03 ug/ 
Lifetime 289 + -277 us Dilution Factor 1 mL/mL 
R2 1 
Integrated 561135 FINAL RESULT .216 + 6.703-03 Ug/ 
Record 3459 of 3481 Range: HIGH 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ref. Ratio 1.046 Intensity 28616 (t= 52 us ) 

OCT 24 l9961 
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1.08E-8 2.88E-I 

Concentrat ion 

OCT 2 4  8% 



- - - - 
DATA= 

CHEM L A B O R A T O R I  E S  e A Sorenson Company 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 

Client 
Sample Hame 
EL-123240-1 
QC-123240-1 
9131.39r40 
9135.41.42 
9136.43.44 
9137.45.46 
9137.45.46 

Laboratory 
Sample Name 
BL-123240-1 
QC-123240-1 
96304514 
96304515 
96304516 
96304517 
96304517MD 

COVER FORM (TYPE I) 
SINGLE M E T H O D  ANALYSES Form RLIMS63M-V1.3 

Page 1 
10219613494084 

SUMMARY INFORMATION 

Laboratory 
Sample ID 
S9699072 
S9699073 
S968SO6L 
9968S06H 
S968S06N 
S968SO6P 
S9699074 

Laboratory 
Group Name 
963-0640-04 
963-0640-04 
963-0640-04 
963-06 40-04 
963-0640-04 
96E-0640-04 
963-0640-04 

OCT 2 2 @fj$ Date Reported.....: 

Date Printed......: 21-OCT-96 13:49 
DCL Report Group..: 96E-0640-04 

Client Ref Number.:Not Provided 
Release Number....:Not Provided 

Analysis Method(s):WR-EP-325 

Laboratory 
Group ID 
G968S029 
G968S029 
G968S029 
09688029 
G968S029 
G968S029 
69688029 

ucpo77Eji Laboratory Supervisor: 

- -  

0 0 1  960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 



FORM H (TYPE I) 
SINGLE M E T H O D  ANALYSES 

SAMPLE GROUP COMMENTS 
A Sorenson Company 

8019 
Form RLIMS63H-Vi. 3 

Page 2 
102 19613494084 

G9 6 8s  0 29 

Date Printed......: 21-OCT-96 13:49 
DCL Report Group..: 96%-0640-04 

Client Bame...:Hayden Environmental 
Release Number....:Not Provided 

General Information 

The DCL QC Database maintains all numerical figures which are input from the pertinent data 
soarce. These data have not been rounded to significant figures nor have they been moisture corrected. 
Reports generated from the system, however, list data which have been rounded to the number of 
significant figures requested by the client or deemed appropriate for the method. This may create 
minor discrepancies between data which appear on the QC Summary Forms (Forms B-G) and those that would 
be calculated from rounded analytical results. Additionally, if a moisture correction is performed, 
differences will be observed between the QC data and the surrogate data reported on Form A (or other - 
indicate the .Report Basis. as well as the moisture value used for making the correction. 
Report generation options: 2EX 

- report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form A will 

Result Symbol Definitions 

ND - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
** - No result could be reported, see sample comments for details. . .. 

paalifier Symbol Definitions . 
U - Not'Detected above the MDL or IDL (LLD or MDC for radiochemistry). 

Pot radiochemistry the nuclide was not identified by the Canberra Nuclear NID program, 
activity values reported are calculated using the Canberra Nuclear MINACT program. 

For inorganic analysis the qualifier signifies the value is between the IDL and PQL. 

used for indicating an estimated value for tentatively identified compounds in mass 
spectrometry where a 1:l response is assumed. 

B - For organic analysis the qualifier indicates that this analyte was found in the method blank. 
J - The qualifier indicates that the value is between the MDL and the PQL. It is also 

0 0 2  960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
. .  FAX (801) 268-9992 



~ ~ - 
DATA- 

CHEM L A B O R A T O R 1  E S  a A Sorenson Company 

- Date etection ResultfError 
Analyte Analyzed ? Limit fTPU Error Qual. 
Radium-226 10-OCT-96 1 3 ~ 2 0  6.5El 2.5Elf7.5El 

Rad ium-22 8 10-OCT-96 13:20 1.7El 1.7EOf9.4EO v 
f7.5El 

f9.4EO 

FORM A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

Dilution CRDL 
1.OEO 95 

1. OEO 20 

SAMPLE ANALYSIS D A T A  SHEET 

Client name....,.....: Wayden Environmental 
client Ref Number....:Not Ptovided 
Sampling Site........: Not Applicable 
Release Humber.......:Not Provided 

Date Received........: Not Applicable 
DCL Report Group.....: 963-0640-04 

DCZ Preparation Group:G96990lS 
Date Prepared........: 08-OCT-96 16:OO 
Preparation Wethod...:WR-DC-200 
Aliquot Weight/Volume: 1.OEO S 
Bet Weight/Volume....: Not Required 

Form RLIMS63A-V1.3 
10219613494084 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name:BL-123240-1 
DCL Sample Name...:BL-123240-1 

Matrix............: AIR 
Date Sampled. ..... :Not Applicable 
Reporting Units...: pCi/sample 

DCL Analysis Group:G969901S 
Analysis Method...: WR-EP-325 
Instrument Type...:GAMMA 
Instrument ID.....: GS 
Column Type.......:Not Applicable 

960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / ( 8 0 1 )  266-7700 0 0 3 
FAX (801) 268-9992 



CHEM L A B O R A T O R I  E S  

h Date Detection ResultfError 
Analyte Analyzed Limit fTPU E r r o r  
Radium-226 14-OCT-96 10:56 2.OEO 5.4Elf1.7El 

Radium-228 14-OCT-96 10:56 5.3E-1 2.8E-lf3.1E-1 
fl .9E1 

f3.1E-1 

A Sorenson Company 

Qual. Dilution CRDL 
1. OEO 95 

U 1. OEO 20 

FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

80 
Form RLIMS63A-V1.3 

Page 4 
102 19613494084 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Applicable 
Release Number.......:Not Provided 

Date Received........: Not Applicable 
DCL Report Croup.....: 963-0640-04 

DCL Preparation Group:G969901S 
Date Prepared.... .... : 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 - Aliquot Weight/Volume: l.OEZ3 -%' I?bFwh' 
Net Weight/Volume.. ..: Not Required 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: Qc-123240-1 
DCL Sample Name...:Qc-123240-1 

Matrix............:~I~ 
Date Sampled......:Not Applicable 
Reporting Units...: pCi,&d 

2' 
IO I.( (46 

DCL Analysis Group:G969901S 
Analysis Method...:WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: GS 
Column Type.......:Not Applicable 

0 0 4  960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 

. .  



7 - - - 
DATAB 

CHEM L A B O R A T O R I  E S  

A Sorenson Company 

Date Detection 
Analyte Analyzed Limit 
Radium-226 10-OCT-96 09:06 7.1El 

Radium-228 10-OCT-96 09:06 1.6El 

FORM A ( T Y P E  I )  
SINGLE M E T H O D  ANALYSES 

ResultfError 
fTPU Error Qual. Dilution CRDL 
6.2Elf7.5El 1. OEO 95 

-3.4EOf9.6EO U 1.OEO 20 
f7.6E1 

i9.6EO 

Form RLIMS63A-V1.3 

Page 5 
102 19613494084 

SAMPLE ANALYSIS D A T A  SHEET 
S968S06L 

Client Name..........: Hayden Environmental 
Client Ref Number....rNot Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

D a t e  Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 96E-0640-04 

DCL Preparation Group:G969901S 
Date Prepared... ..... : 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 

- Aliquot Weight/Volume:l.OEO S 
Net Weight/Volume....: Not Required 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 913lr39,401~0RTH 
DCL Sample Name...: 96B04514 

Matrix............: AIR 
Date Sampled......: 19-SEP-96 08:30 
Reporting Units...: pCi/S 
Report Basis.... . . : M A S  Received ODried 

DCL Analysis Group:G969901S 
Analysis Method...: WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....:GS 
Column Type ....... :Not Applicable 

000779 
960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 0 0 5  

FAX (801) 268-9992 . .  



- - - - FORM A (TYPE I) 
SINGLE METHOD ANALYSES DATA= 

CHEM SAMPLE ANALYSIS D A T A  SHEET 
L A B O R A T O R I  E S  a A Sorenson Company 

Date Detection ResultfError 
Analyte Analyzed Limit fTPU Error 
Radium-226 10-OCT-96 09:07 7.7El 4.4Elf7.9El 

Radium-228 10-OCT-96 09:07 1.8El 5.4EOf9.7EO 
27.9El 

f9.7EO 

F 
Form RLIMS63A-Vl. 3 

Qual. Dilution CRDL 
1. OEO 95 

U 1.OEO 20 

102 196i3494084 
Page 6 

S968S06M 

Client Name..........:Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0 O : O O  
DCL Report Group.....: 963-0640-04 

DCL Preparation Group:G969901S 
Date Prepared.... .... : 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 

- Aliquot Weight/Volume:l.OEO S 
Net Weight/Volume....: Not Required 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 9135,41,421SOvTB 
DCL Sample Name...: 96E04515 

MatriX............:AIR 
Date Sampled... ... : 19-SEP-96 08:30 
Reporting Units ... :pCi/S 
Report Basis ...... : a A s  Received O D r i e d  

DCL Analysis Group:G969901S 
Analysis Method...: WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: GS 
Column Type.......:Not Applicable 

960 West Levoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 . .  

0 0 6 



An a 1 y t  e 
Radium-226 

Radium-228 

Date Detection ResultfError 
Ana 1 y z ed Limit fTPU Error Qual. Dilution CRDL 

09-OCT-96 14143 7.6El 1.9Elf7.5El 1. OEO 95 

09-OCT-96 14:43 1.9E1 S.ZEOfl.lE1 U 1. OEO 20 
f7.5E1 

fl. 1El 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES Form RLIMS63A-V1.3 

Page 7 
102 196 13494084 

- 
DATA= 

CHEM L A B O R A T O R I  E S  0 A Sorenson Company 

SAMPLE ANALYSIS DATA SHEET 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 9136.43.441BLANK 
DCL Sample Name...: 96B04536 Client Name..........: Hayden Environmental 

Client Ref Numbes....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

Matrix............:AIR 
Date Sampled. ..... : 19-SEP-96 08:30 
Reporting Units...: pCi/S 
Report Basis.. .... : H A S  Received O D r i e d  Date Received........: 25-SEP-96 0 O : O O  

DCL Report Group.....: 963-0640-04 

DCL Preparation Group:G969901S 
Date Prepared. ....... : 08-OCT-96 16:OO 
Preparation Nethod...: WR-DC-200 
Aliquot Weight/Volume: 1.OEO S 
Net Weight/Volume....: Not Required 

DCL Analysis Group:G969901S 
Analysis Method...: WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: GS 
Column Type.. ..... :Not Applicable 

a 

OOOxI% - .  

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 6) 0 7 
FAX (801) 268-9992 - .  



0 CHEM L A B O R A T O R I  E S  

A Sorenson Company 

Date Detection ResultfError 
Analyte Ana 1 y z  ed Limit iTPU Error 
Radium-226 09-OCT-96 14r30 6.9el 8.5Eli0.6El 

Radium-220 09-OCT-96 14:30 1.BEl -1.9EOfl.lEl 
f8. BE1 

fl. 1El 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

Qual. Dilution CRDL 
1.OEO 95 

U 1. OEO 20 

Form RLIMS63A-Vi. 

Page 8 
102 19613494084 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SIP-96 0O:OO 
DCL Report Group.....: 963-0640-04 

DCL Preparation Group:G96990lS 
Date Prepared... ..... : 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 

- Aliquot Weight/Volume: 1.OEO S 
Net Weight/Volume .... : Not Required 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 9137.45.461RESP 
DCL Sample Name...: 96804517 

Matrix............: AIR 
Date Sampled ...... : 19-SEP-96 08:30 
Reporting Units...:pCi/S 
Report Basis......:aAs Received ODried 

DCL Analysis Group:G969901S 
Analysis Method...:WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....:GS 
Column Type.......:Not Applicable 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 0 0 8 FAX (801) 268-9992 



- 
DATA= 

- 
Date etection ResultfError 

Anal y t e Analyzed Limit fTPU Error Qual. Dilution CRDL 
Radium-226 110-OCT-96 13:231 7.8El I 5.6EOf7.3El I 1 1.OEO 1 95 

F O R M  A ( T Y P E  I) 
SINGLE M E T H O D  ANALYSES 

Radium-228 

Form RLIMS63A-VI. 3 
102 19613494084 

Page 9 

f7.3El 

*I.. OEl 
10-OCT-96 13 : 23 1.7El -1.4EOkl.OEl U 1.OEO 20 

SAMPLE ANALYSIS D A T A  SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 963-0640-04 

DCL Preparation Group:G969901S 
Date Prepared........: 08-OCT-96 16:OO 
Preparation Method...:WR-DC-200 - Aliquot Weight/Volume:l.OEO S 
Net Weight/Volume....: Not Required 

Date Printed......: 21-OCT-96 13:49 
Client Sample Name: 9137,45,46[RESP 
DCL Sample Name...: 96EO4517wD 

Matrix............: AIR 
Date Sampled... ... : 19-SEP-96 08:30 
Reporting Units...: pCi/S 
Report Basis......:mAs Received UDrled 

DCL Analysis Group:G969901S 
Analysis Method...: WR-EP-325 
Instrument Type...: GAMMA 
Instrument ID.....: GS 
Column Type.......:Not Applicable 

Analytical Results 

0 0 9  
960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 

FAX (801) 268-9992 



8 6 1 8  - - FORM B (TYPE I )  - - SINGLE METHOD ANALYSES Form RL MS 3B-V . 3  
10219613494084 DATAe Page 10 mEM QUALITY CONTROL DATA SHEET 

L A B 0 R A T 0 R I E s LABORATORY CONTROL SAMPLE (LCS) 0 A Sorenson Company 59699073 

Date 
Ana ly t e Analyzed Target Result 
Radium-226 114-OCT-96 10:561 S.OEl I 5.4El 

Client Name..........: Hayden Environmental 
Release IYumber.......:Not Provided 

Percent QC QC 
Recovery Limits Flaq 

108. 75.0/125. 

Matrix...............: SOIL 
Reporting Units.. . . . . : pCi 

DCL Preparation Group:G969901S 
Date Prepared........: 08-OCT-96 16:OO 
Preparation Method...: WR-DC-200 

Date Printed......: 21-OCT-96 13:49 
DCL Sample Name...:QC-123240-1 

DCL Analysis Group:G96990lS 
Analysis Method...:WR-EP-325 
Instrument Type ... : GAMMA 
Instrument ID.....: GS 
Column Type ....... :Not Applicable 

QC Limit Type.. ... :Method 

0 1 0  
960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 

FAX (801) 268-9992 



DATAS 

Radium-226 10-OCT-96 13: 2d 2 5 .  95 

CHEM L A B O R A T O R 1  E S  

Date 
Analyte Analyzed Result 

FORM C (TYPE I) 
SINGLE METHOD ANALYSES 

CRDL 

QUALITY CONTROL DATA SHEET 
BLANK SAMPLE 

% 6q 
Form RLIMS63C-V1.3 
Page 12 

102 196 13494084 

- .  

960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 0 1 1  FAX (801) 268-9992 - .  



CHEM L A B O R A T O R 1  E S  

Date Sample Duplicate 
Analpte Ana 1 y z ed Result Result Mean Range 
Radium-226 10-OCT-96 13:23 8.5E1 5.6EO 46. eo. 
Radium-228 10-OCT-96 13:23 -1.9EO -1.4EO -1.7 0.54 

A Sorenson Company 

QC QC 
RER Limits Flag 
1.4 0.00/2.00 

0 . 0 7  o.oo/n.oo 

FORM E (TYPE I) 
SINGLE METHOD ANALYSES 

QUALITY CONTROL D A T A  SHEET 
MATRIX DUPLICATE SAMPLE 

Client Same..........: Hayden Environmental 
Release Humber.......: Not Provided 

Matrix...............: FILTER 
Reporting Units......: pCi 

s o l @  
Form RLIMS63E-V1.3 

io2 196 i3494084 
Page 13 

Date Printed......: 21-OCT-96 13:49 
DCL Sample Name...: 96E0451711D 

a 

- ... - _  - - . . . . .  . . . .  . . . . . . . .  

0 1 2  
960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 

FAX (801) 268-9992 



Datapackage Table of Contents 
DAW@ 

CHEM L A o 1 A T o m 1 1 1  

Information pertaining to this datapackage is divided into the four categories kited below (see colored divider 
sheets for an inventory list of each category). If an item on the inventory b not appltcable, an "NA" is placed in the 
cornspapding check box A Case Narratlvc immediately precedes this Table of Contents and contains pertinent 
information about this datapackage. 

Analytical Forms ...................... Yellow 
Sample Tracking Documentation ........... Pink 
Analytical Documentation . . . . . . . . . . . . . . . . .  Blue 
RawData . .  .......................... Green 
+ + + + + + + + + + 

Andytical Forms 
Inventory Checklist 

CaseNarrative 

Data M e w  and Approval Form 

IRDMISReports 0 Setcomments 

n G C m n c s  

0 Analytlcd or Environmental Report Form 

n Applicable QC Sheets 
1 

IMXIX spike/Matrix spike ~ ~ p ~ i c a t e  Sample perm FI 

Sample GIWP comments worm HI surrogate summary ~ o r m  GI 

Sample Analysis Data Sheet (Form A) Initial Calibration Form 

Laboratory Control Sample (Form B) Initial Calibration Verfflcation UCV) Form 

Contlnuing Calibration Form W ~lanls sample ~ o r m  C) 

~ a t r f x  spike sample ( ~ o r m  D) 

Matrix Duplicate Sample (Form E) 

F;I se r i a l~ lu t ion~orm 

Endrin Breakdown or BFB/DFTPP GC/MS Tuning Form 

Analytical Forms 
Reviewer Checklist 

- The Analytical Forms Inventory Checklist above is complete. . - - -  

?he Case Narrative was completed in accordance wlth procedures in DCL SOP XX-DC-020. 
"Datapackage Preparation and Validation." 
Only the c o m t  report forms m used (IRDMIS or Commercial Forms or RLIMS Forms). 
AU fields on the report forms are complete with the correct information. including signatures. 

Results for all samples are reported per client request. 

& 
_1L 

>( . Units. methods, and dates are c o m t .  

-& Sample and/or set comments are complete. 

lo179 1% Reviewed by 
' D a t e  
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Sample Tracking Documentation 
Inventory Checklist 

LIMS Grouping Reports 

DataChem Laboratoxies (DCL) Chain-of-Custody Record 

DCL Sample Work Order 

Copy of numbered Nonconformance/CorrecUve Action Report (NC/CAR) 

Copy of Client-Related Problem Report (CPR) 

Sample Tracking Documentation 
Reviewer Checklist 

rr 
Y 

The Sample Tracking Documentation Inventory Checklist above is complete. 

DCL Chaln-of-Custody Record provides signatures for the sample portion reported in this data 
package. 

DCL Chatn-of-Custody Record was completed in accordance with procedures in DCL SOP XX- 

Methods specified on the Sample Work Order were perfomed or an explanation for deviations is 
provided. 

Special instructions on the Sample Work Order were followed. 

Project Management instructions on the Project Protocol Worksheet were followed. 

Client's requests were met or an explanation is provided in the Case Narrative. 

NC/CAR and/or CPR were completed in accordance wlth procedures in DCL SOP QC-DC-006 
"Nonconfonnance/CorrecUve Action Report (NC/CAR Procedures." 

DC-006 "Chain-Of-Custody and Labotatory Tracking." 



DataChem Laboratories 
LIMS - Sample Master System 
Preparation Group Report 

te: 10-OCT-1996 13:28 

Preparation Run Name: G969901S 

Samples: 7 

Pos 

1 
2 
3 
4 
5 
6 
7 

--- 
Laboratory 
Sample Name 

BL-123240-1 
06-123240-1 
96E04514 
96E04515 
96E04516 
96E04517 
96E04517MD 

Field Sample 
Name 1 ------------ 
BL-123240-1 
QC- 12 3240- 1 
9131,39,40 
9135,41,42 
9136,43,44 
9137,45,46 
9137,45,46 

----- END OF LISTING ----- 

Field Sample 
Name 2 

NORTH 
SOUTH 
BLANK 
RESP 
RESP 

Laboratory 
Sample ID 

S9699072 
S9699073 
Sg68SO6L 
Sg68SO6M 
Sg68SO6N 
Sg68SO6P 
S9699074 

---------- 

s o r g  

Page: 1 
RLIMSl5-V1.2 

Group ID: Gg6ggOlS 

Laboratory 
Group Name 

96E-0640-04 
96E-0640-04 
96E-0640-04 
96E-0640-04 
96E-0640-04 
96E-0640-04 
96E-0640-04 

Accnt . 
Number 

03025 
03025 
03025 
03025 
03025 
0302 5 
03025 

------ 
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QC Clearance: 

,/ 

Sample Work Order DCL Root Set ID: 963-0640* ' 861$ 

~ 

Rep. Radiochemistry latest Latat  NO. of Stongt Analyris/Prep. 
Croup Analytes Requested Prep. Date Anal. Date Samp. Location Method Inst. Matrix 

01 Method 5 Particulate 1&Mar-199? 4 Method 5 GRAV AIR 

Project Manager: Robert P. Di Rienzo 
Client: Hayden En&onmental 

DCL Lab. Name: 96304514-96304517 
Total # Sampler: 4 
Sample Entry: Karyn L. Boyack 

- Earliest Sampling Date: 19-Sep-1996 

ccount: 03025 
roject/Task: COMM-ENV Section: WA a 

Date Received: 25-Sep1996 

Date for Mailing Report: 25-Oct-1996 Preparation Type: 

I 02 

i /  03 
04 

J b 
J 05 

Isotopic Uranium 1-Oct-1996' l&Mar-1997' 4 WR-DC-341 AS AIR 

ISOTOPIC THORIUM 1-Oct-1996' l&Mar-199p 4 WR-DC-341 AS AIR 
Radium 226/228 by gamma spec l&Msr-l99p 4 WR-EP-325 GS AIR 

WR-DC-200 

WR-DC-200 
Total Uranium by kPA 18-Mar-1997' 4 WR-DC-342 kPA AIR 

Special Instructions: 

Section Manager: Charlie C. Walker 

. 

a ther Sections Receiving Sample Portione: None - 
DataChem Laboratories/ 960 West LeVoy Drive / Salt Lake City, Utah 84123 

F o o ~ ~ :  WO1.M-SWVZ.12 
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TALLY SHEET 

RELEASE #: 
PO #: NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED: . 23-SEP-96 
MATERIAL: ; NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER 

PARTICULATE AND RAD a 
Composite 

Sample 
Number 

NORTH FILTER 
ORTH FRONT 14 
JORTH BACK 112 
SOUTH FILTER 
OUTH FRONT 1L 
;OuM BACK 112 
FILTER BLANK 

DI BLANK 
CETONE BLANK 
RESP. FILTER 

!ESP. FRONT 1R 
RESP. BACK 112 

Lot Number 

5050-730-PO474417 
5050-730-PO47-04 17 
VO50-730-PO474417 
r1050-730-PO474417 
VO5O-730-PO4744 17 
5050-730-PO474417 

5050-730-PO4744 17 
5050-730-PO474417 
5050-730-PO474417 

5050-730-PO47-04 17 

5050-730-PO47-0417 
5050-730-PO47-0417 

Sample 
Container 

Size 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 L PLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AnaLid 
FACTS 
Number 

200259131 
2002591 39 
200259140 
200259135 
200259 14 1 
200259142 
2002591 36 
200259143 
200259144 
2002591 37 
200259145 
200259146 

- 
Gross 
meight 

I&. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.755 

- 
Tare 

Neight 
IbS. 

0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 

0.220 

- 

0.220 

- 
2.14E 

so f 9, Page 1 of 1 

- 
Net 

Yeight 
IbS. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

- 
1.607 

8 2 1  



H I m  32350 FEMP 

RSR 
DOCUMENT TYPE , R w p  

COVER SHEET 

"YES 
e NO 

SURVEY FOR RWP? 

SIGNE LOCATION- 

BADGE # DATE 

SURVEY NUMBER 
911: - 0 . y  IL- oil i ~ w  T _ -  ' I  

TIME 

RWP NUMBER 

. . .. . - - 

FS-F-4617 (4122196) 

IBADGt 
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FEMP 
RADlOLOGlCAL SURVEY REPORT 

SURVEY NUMBER: 96- 9 -1 1 - 5' 
I 
DATE: RCT BADGE 1: 74323 PAGE 
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PROJECT PROTOCOL WORKSHEET 

Project: 
. Client: 

Client Contacts: 

Schedule: 

TAT: 

Sample Receipt: 

Analyses: 

QA~QC: 

EDL: 

or MD: 

Deliverable: 

Penalties: 

Questions: 

Fernald Emission Testing 

3025 
Bob Di Rienzo 

,. r Hayden Environmental 

Reports: 

Bruce Smen 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (5 13) 438-3020 

Date: 09/20/96 
Revision: 1 .O 

Invoices: 

Same with COC 

Starts 09/20/96 

30 Calendar Days 

Use the 9 6 ~  sample stream. Notifir Project m e r  w h a u a m g b  are received 

Particulates and Radiochemistry 

Overall QNQC requirements will be based on the DCL procedures. 

None. 

As per method 

m S 6 3  Report, Raw Data, and COC 
Paginate entire package 

None 

If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 33 1, or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed first. 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

Fde Name: HAYDENSPW 



PRICE CODES AND ANALYI'E GROUPS: 

Air 4 Method5 WA 3025AOlNMETS 3025AlMET5 

Air 4 AS WA NA 3025AOlNUISO 3025AlUISO 
I 

Is0 Th Air 4 AS WA NA 3025A01 NTISO 

Radium 2261228 Air 4 GS WA . NA 3025A01 NGS 3025A1 GS 

Total Uranium Air 4 WA WA NA 3025A01 NTOTU 3025AlTOTU 

I 

I 

I 

Page Number: 2 
Fde Name: HAYDEN.PPW 
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DATACHEM LABORATORIES CLIENT-RELATED INFORMATION REPORT (CRIR) 

e CRIR No. 

DaWliie of Receipt: 

Umdition of Coolers: Temperam Control: 

custody seals: 

Number of Coolers Received: 

Location Temperature Taken: C o a t r o G z &  

Are all temperatures within project specific 

guidelines? -0 

guidelines? Y e E / N m  

TamperEvidtnr 

Ice h n t :  Are all applicable pHs within specific 

cooler Cooler Cooler 
Coole Temp. Received lerNo. R B ,  BCl.Cool er No. TemD. 

“ C - L  7 oc 
2 -2 5 MC96 T L M C 9 6  Y 

3 MC9 6 T 6 M C 9 6  “ C L  -2 
&/+u v: L/ & PrinteYNpk3 

TakenBy * ~ fl4’ fl + <Rd&L.  qylc I f 4  I 80 v l / T  + e 4 n  t 
Signatu 

0 Cooler Conditions 0 Brokefiaking Samples 0 pH CriteriaNot Met 0 Other: 
CJ MissingPapenvork 0 Incorrect Bottle Type 0 Head Space in Bottles 
0 MissingAncorrect Bottle 0 Cooler Temperatures Out 0 Insufficient Sample 

BRIEFLY DESCRIBE THE PROBLEM AND THE ACTION TAKEN: 

Labels Of Range Volume 

’. 

1 Faxed to Client? Yes 0 No 0 (If yes. attach Fax Cover Sheet) 

*:e Response Required Within 24 Hours 0 3  . . . . . . .  . . . . . . . .  . . . . . . . .  ,:... . .  _. . . .  . - . . . .  : .:.‘PRO~CT‘ .: . . .  I. .. : ~ ~ ~ . ~ ~ ~ . . . ~ ~ : ~ . ~ - - * ~ . ~  
. . .  . . . .  C.-‘ ....... : . . . .  . . .  . . _ _ .  . . .:.. . .  _ _  _ _  .-;:--’ ; . . 

. . . . .  . .  

PROJEm MANAGER COMMENTS: 

Project Manager: Returned to Sample Receipt by: Date: 
Printed Name Si gnat u re 
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Analytical Scheme b 8 0 6 9  
Hayden Environmental - Fernault Emission Testing 

3 Samples and Field Blank 

Particulates by Method 5 

Filter 

Combine Filter and Rinsate 

JI 
Split Sample for Alpha Spec 
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August 6,1996 
Refer to: BD0021 

Bruce S m e n  
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX. (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Samen: 

DataChem Laboratories, Inc.@CL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclidcs analysis. Tared glass fiber 
fdters and sample bottles will be provided for these determinations. The 
acetone rinse and glass fiber filter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 235/236, Cranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed by alpha 
spectrometry(AS). Radium 226 and Radium 228 will be analyzed by 
gamma spectmmetry(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 114 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not requbd. Combined particulate from the acetone rinse and filter will be 
analyzed according to DCL standard operating proCedures(S0P). 

The standard turnaround time for these analysis is 30 calendar days. 
The requested turnaround time of 10 working days can be accomplished 
for an additional 25%. The requested detection limits for isotopic analysis 
can not be met Minimun Detectable Actility (MDA) is listed on the 
attached table. 



t 

Page2. /: 

Attached is a Pricing Quotation for these analyses. If you have any question concerning 
the attached quotation please call me. 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 



Revised Pricing Quotation 
Project Reference Number: BD-0021 

@ Parameter Method MDA Method Fractions Price per 
Analysis pCi/Sample Sample 

Particulate Method 5 Grav Acetone $100.00 
Rinse 
FdttX 
Impinger 

Uranium 234 DCLSOP 1 
Uranium 2351236 1 

As Particulate* $3 12.50 

Uranium 238 1 

Thorium 228 DCLSOP 1 As Particulate* $312.50 
Thorium 230 1 
Thorium 232 1 

Radium 226 DCLSOP 95 GS Particulate* $250.00 
Radium 228 20 

* Totaluranium DCLSOP 0.8ugl KPA Particulate* $1 87.50 
Sample 

* - Particulate samples are combined acetone rinse and glass fiber filter. 



c 8019 
EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 

TEST METHOD 

Method 5 - Determination of Particulate Emissions from Stationary Sources 
a 

I. PRINCIPLE AND APPLICABILITY 

I! Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber filter maintained at a temperature in the range of I20 f 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
U.S. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that mndenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2 APPARATUS 

. 
' 

21 Sampling Train. A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography); commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Citation 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTD-0576 and adopt the operating and maintenance procedures outlined in it, unless 
othewise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Node. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be r30=, and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless otherwise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of nozzle sues suitable for isokinetic sampling should be available, e.g., 0.32 to 1.27 cm (118 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 cm (v16 in.). Each node shall be calibrated according to the procedures outlined 
in Section 5. 

Prepared by Ernissfon Measurement Branch 
Technical Support Division, OAQPS, EPA 

EMTlC TM-005 
September 25,1989 
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directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the p r o k  nozzle, probe fitting, probe liner, and front half of the filter 
holder by washing these components with acetone and placing the wash in a glass 
container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 

; . 

acetone rinse as follows: 

Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container.. Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action- 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the brush 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. a 
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k s e  the brush with acetone, and 
quantitatively collect these washings in the sample container. After the brushing, make 
a final acetone rinse of the probe as described above. 

tt is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings and particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
cleariy its contents. 

Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

: 

@ 

ImDinaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in t he  first three impingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

11 a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

- -  - -  

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 
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4.3 Analysis. Record the data required on a sheet such as the one shown in Figure 5-3. 
Handle each sample container as follows: 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. for purposes of this Section, 4.3, the term "constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless otherwise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to 21 ml or gravimetrically to 20.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

a 
Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

NOTE: At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be evaporated at temperatures higher than ambient. If evaporation 
is done at an elevated temperature, the temperature must be below the boiling point of: 
the solvent; also, to prevent "bumpingIt1 the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point .. 

4.4 Quality Control Procedures. The following quality control procedures are 
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suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

4.4.1 Meter Orifice Check Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H,O that correlates to 0.75 cfm of 
air at 528% and 29.92 in. Hg. The 
AH@ is calculated as follows: 

T,,, e2 
AH@ = 0.031 9 AH 

P, y2 v,' 
where: 

AH = Average pressure differential across the orifice meter, in. H20. 

T,,, = Absolute average DGM temperature, O R .  

P- = Barometric pressure, in. Hg. 

8 = Total sampling time, min. 

Y = DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hg/"R)(0.75 cfm)2 

Before beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (Le., pump, volume meter, and orifice) at the AH@ pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Yo as follows: 

where: 

Yc = DGM calibration check value, dimensionless. 
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Analytical Documentation 
Inventory Checklist 

This is a "dummy datapackage". Data for inventoIy checklist found with set 

Copy of TCLP Preparation Logbook Pages 

Copy of Sample Preparation Notebook/Logbook Pages 

Copy of Analyst's Notebook/Method Logbook Pages 

Copy of Instrument Injection Logbook/Instnunent Logbook/Run Log Pages 

Copy of Reagent Logbook Pages 

Copy of Working Standard Preparation Logbook Pages 

Copy of Secondary or Intermediate Standard Preparation Logbook Pages 

11141 Copy of Primary Standard or Concentrated Stock Standard Prepamtion Logbook Pages 

Certificates of Analysis for Standards 

Copy of Standard Verlfication Logbook Pages (including documentation for spiking 
solutions and/or callbration standards) 
Copy of Prepamtion Logbooks for solutions prepared by QC 

AU other miscellaneous documentation associated with this set (describe) 

Analytical Documentation 
Reviewer Checklist 

The Analytical Documentation Inventory Checklist above is complete. 

Basic documentation procedures were followed in accordance with DCL SOP XX-DC-004 
"Analytical Data Record Keeping." 

All notebook and logbook pages contain page number. book number, title. and avaflable space for 
pagination (if required). 
All notebook and logbook pages were signed and dated by the analyst and reviewer before 
copytng. 
AU copies are legible. 
Standard preparation is documented in accordance with DCL SOP XX-DC-019 "Standards Purlty. 
Preparation, Traceability and Verlficaaon" or by WR-DC-001 'The Acquisition. Prepamtion. and 
use of Radioactive Standard Reference Materials." 

Documentation is provided to veri@ that standard callbratton solutions and spiking solutions are 
traceable to a vendor certificate. 
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El) Bendix 

Aerospace 

January 9 ,  1986 

Dear Reader and Custodian of TMC Radium-226 Reference Mate r i a l :  

A number of you have inqui red  about t he  values  f o r  lead-210 in t h e  
radium-226 r e f e r e n c e  material sets w e  prepared and d i s t r i b u t e d ;  
Attached i s  a b r i e f  n o t e  desc r ib ing  the  r e s u l t s  of our a n a l y s i s  of t h e  
r e fe rence  material f o r  lead-210 and f o r  one of i t s  daugh te r s ,  
polonium-210. The r e s u l t s ,  and t h e i r  a s soc ia t ed  unce r t a in t i . e s  a t  one 
s tandard  d e v i a t i o n ,  a re  summarized below: 

Nominal Radium-226 Lead-210 
( D C i / P )  ( D C i / e )  

5 
15 
50 

We hope you f i n d  t h e s e  d a t a  usefu l .  

Happy c oun t ing  ! 

S inc  ere l y  yours, 

5.2 2 0.2 
15.7 2 0.6 
51.5 2 1.7 

P r o j e c t  Manager 
Technica l  Measurements Center  

Attachment 



Addendum t o  Technical  Measurements Center Report  GJ/TMC-lO 

DEVELOPMENT OF SOLID RADIUM-226 REFERENCE MATERIALS' 

h n p  u s e r s  of the  Technical  Measurements Center (TMC) radium-226 
r e fe rence  m a t e r i a l s  have suggested t h a t  the m a t e r i a l s  would be 
more u s e f u l  i f  the  va lues  f o r  lead-210 were known. Accordingly, 
t he  A n a l y t i c a l  Chemistry Laboratory of  Bendix F i e l d  Engineer ing 
Corporation/Grand J u n c t i o n  Operations (Bendix) has  analyzed the  
r e fe rence  m a t e r i a l s  f o r  lead-210 by means of l i q u i d  s c i n t i l l a t i o n  
count ing fo l lowing  ac id  d i g e s t i o n  of t h e  m a t e r i a l s  and anion- 
exchange . separa t ion  of lead-210.' In addi t ion ,  a lpha  spectrometry 
was used t o  measure polonium-210, a daughter of lead-210, a f t e r  
equ i l ib r ium had been achieved. 
208 s t anda rds ,  t r aceab le  t o  the Nat ional  Bureau of Standards,  were 
used f o r  c a l i b r a t i o n  purposes.  

C e r t i f i e d  lead-210 a n d ' p o l o n i w  

The lead-210 and polonianr210 r e s u l t s  f o r  each of t h e  t h r e e  s e t s  
of r e f l r e n c e  ma te r i a l  (5 ,  15, and 50 pCi/g) a re  presented  in 
Tables  1, 2 ,  and 3, r e spec t ive ly .  Examination of t hese  r e s u l t s  
f o r  -extreme va lues ,  a s  descr ibed  by Dixon and Massey,' revea led  
one o u t l i e r  in the  polonirrm-210 r e s u l t s  f o r  the 15-pCi/g d a t a  s e t .  
This va lue  was excluded from the da t a  s e t  when c a l c u l a t i n g  the  , 

mean value.  

'B. B. Chessmore and P. R. Engelder, 1983. Develoment  of 
So l id  Radirub-226 Reference Mater ia ls ,  GJ/TMC-lO, U. S. Department 
of Energy, Technical  Measurements Center, Grand Junc t ion ,  
Colorado. 

Lead-210 by Liquid  S c i n t i l l a t i o n  Counting,'  h a a l v t i c a l  Chemistrv, 
Vol. 40, NO. 13,  pp. 2004-2008. 

'A. B. XacKenzie and B. D. Scot t ,  1979. 'Sepa ra t ion  of 
Bismuth-214 and Polonianr210 from &ueoos Solu t ions  by Spontaneous 
Adsorpt ion on Copper F o i l s , '  Analvst. Vol. 104, pp. 1151-1158. 

S t a t i s t i c a l  Analysis:  Th i rd  Edi t ion ,  McGraw-Hill Book Co. , Inc. , 
New Pork, New Pork, 

*W. D, Fairman and J. Sedlet, 1968. 'Direct  Determina t ion  of 

- 

4W. J. Diron  and F. 3. Masrey, Jr., 1969. I n t r o d u c t i o n  t o  

Page 1 of 3 OQQ826; 
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DISCUSS ION 

T h e  mean va lues  of the r e s u l t s  obtained f o r  lead-210 and poloniam- 
210 a r e  presented  i n  Tables  1. 2. and 3. Also c i t e d  a r e  the  
experimental  s tandard d e v i a t i o n s  i n  o rde r  t o  provide  an i n d i c a t i o n  
of  t he  p r e c i s i o n  of the  measurements. The suggested va lue  f o r  
lead-210 in t he  re ference  m a t e r i a l s ,  given a t  the bottom of each 
t a b l e ,  is ,the average of a l l  the  de te rmina t ions  ob ta ined  us ing  
bo th  methods, excluding o u t l i e r s .  The u n c e r t a i n t i e s  c i t e d  a r e  
r s s o c i a t e d  w i t h  the experimental  s tandard  dev ia t ions  only and do 
not  inc lude  systematic  e r r o r s .  Since these r e s u l t s  have not  been 
v a l i d a t e d  by  o t h e r  workers. they should be considered a s  ' f o r  
information only '  values .  

Table  1. Resu l t s  of Bendir  Analysis  f o r  Pb-210 and Po-210: 
5-pCi/g Ra-226 Reference Mater ia l  

B o t t l e  Le ad-2 1 0 Polonium-210 Number ( u C i /  E) ( D C i / n )  

5.5 5.0 
5.2 5.4 

5.2 5.1 

5.2 5.2 

5.4 5.2 

117 
116 

114 
101 5.5 5.0 

108 5.3 4.9  
110 5.4 5.0 

112 5.3 4 . 9  

Mean 5.3 '5.1 

Devia t ion  &O. I 20.2 

104 

120 

Exper iment a 1 Standard 

Suggested Value f o r  Lead-210: 5.2 2 0.2 pCi/g 

Page 2 of 3 



c m--** . - pb-210 and Po-210: 
rial 

Table 2. Results oi Dcnalx Analysis for 
15-pCi/g Ba-226 Reference Mate] 

Bottle Lead-21 0 Polonium-21 0 h b e  r 

106 
(DCi/E 1 (DCi/E) 

- -  
124 
103 
112 
109 
105 
101 
119 
114 
-_ 

15.1 
15.3 
15 .9 
15 .o 
15.2 
15.3 
15.6 
14.8 
15.3 

15.7 
13.9' 
16.2 
15.8 
15.7 
16.1 
15.8 
16.9 
16.5 

#e an 15.3 Experimental Standard - +0.3 
Suggested Value for Lead-210: 15.7 2 0.6 pCi/g 

Devi a ti on 

- 
a Outlier. 

16.1 

- +O .4 

Table 3. Results of Bendix Analysis for pb-210 and Po-210: 
5O-pCi/g Ra-226 Reference Material 

Lead-21 0 Poloni am-21 0 Bottle 
Number (DCU I( 1 (DCi/a 1 

49.3 51.9 
52.6 49.5 

51.6 53 07 
51.6 54.5 

107 53.5 . 51.4 122 
105 

120 
101 
116 
119 

49.6 51.6 

49.9 50.6 
51 .O 49 .O 

51.1 51.8 

110. 

108 51.2 53 09 
ltean 
Experiment81 Standard 

Suggested Value for Lead-210: 51.5 2 1.7 pCi/g 

- +1.4 - +Lo' . Deviation 

. .  
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UNC Gemtetch 
2597 0 3 4  Road 
P.O. Box 1- 
Grand Junction. blorado 81502.5504 
3031242-8621 

October 1987 

Dear Reader: 

The DOE Technical Measurements Center report entitled Urqfum 
Reference Materials, UNC/GJ--36(TMC) published in July 1987, 
incorrectly identified uranium mill tailings reference material TRX-3 
as having a recommended U-238 concentration of 29.6 pCi/g (Table 7, 
page 6). The correct recommended concentration for TRM-3 is 19.6 
pCl/g. 
into the report by peeling the paper off  of the gummed back and 
pasting it over the current Table 7. 

We regret any inconvenience that this typographical error may have 
caused. If you have any further questions, please do not hesitate to 
contact me at 303-242-8621 or FTS 322-9543. 

Attached Is the corrected table, which can be easily inserted 

. 

a 
siFT- 3 n R. Duray 
Project Manager 
Technical Measurements Center 

. Di s t r i but i on': 
OC-7QA 
S-70A 
Reference Material Holders 
of Record 
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UNC/GJ-36cIuC) 
Distribution Category: UC-70A 

Uranium Reference Materials 

Stephen Donivan 
Ronald Chessmore 

Published July 1987 

. 
- 

UNC Geotech 
Technical Measurements Center 

Grand Junction, Colorado 81502-5504 

. 

Prepared for the 
.US. Department of Energy 

Grand Junction Projects Office 
Under Contract No. DE-AC07-861D12584 
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f -* Summary \ 

The Technical Measurements Center (TMC), located at the US. Department of Energy (DOE) Grand 
Junction Projects Office (GJPO), has been tasked by the DOE Office of Remedd - ActionandWaste 
Technology to support ongoing remedial action programs by providing both technical guidance and 
assistanceinma3dngthe variousrneasmmentsrequired in all phasesof remdial action work. 
PursuanttDthistask,theTedrnicalM~tsCenterhasprepat.eduraniummilltailingsreference 
materialsforusebyremediat action cwntractors and cognhnt federal and stateagencies Four 
materials were prepared with varying concentrations of radionuclides, using three tailings materials 
and a river-botbn soil diluent. All materials were ground, dried, and blended thoroughly to ensure 
homogeneity. The  anal^ on which the recommended values for nuclides in the reference materials 
are based were perfaned, using independent methods, by the UNC Ceotech (UNC) chemistry 
Laboratory, Grand Junction, Coloado, and by C W. Si (Sill), Idaho National Engineerins Laboratory, 
Idaho Falls, Idaho. 

Several statistical tests were performed on the analytical data to characterize the reference materials. 
Results of these tests reveal that the four reference materials are homogeneous and that no large sys- 
tematic bias exists between the analytical methods used by Sill and those used by-TMC The average 
values for radionuclides of the two data sets, representing an unbiased estimate, were used as the 
recommended values for concentrations of nuclides in the reference materials. The recommended con- 
centrations of radionuclides in the four refeknce materials are listed in Table 7. Use of these reference 
materials will: aid in providing uniform standardiration among measurements made by remedial action 
mtractors. The reference materials are available free of charge to remedial action Contractors and to 
Federal and State agenaes involved in WE Remedial Action Programs. Individuals interested in 
obtaining these reference materials are encouraged to contact the Technical Measurements Center by 
calling FIS 322-9543 (303/242-8621, Ext. 543). 

Companion sets of-226' and Th-239 reference materials have previously been prepared and are 
a h  available from the Technical Meanvements Center. Gamma spectroxopic measurement results for 
-228 and K40, determined during the Ra-226 analysis performed by the UNC Chemistry 
Laboratory, are presented in Appendix A. 

0 



URANIUM REFERENCE MATERIALS 

Introduction 
UraniUmmilltailinprefgenWmaterialsE 

necessaryforennvingunifornrstandardization 
among radionuclide measurements pedomed 
by remedial action cvn!ractms The Technical 
MeasuremgntSCenterundertookthetaslcof 
prpparing appmximatdy 200 pounds each of 

varying radionuclide concentrations from thme 
difkrent tailings makrials and a soil diluent. 
Uraniux1+238 concentrations of approximateIy5, 
20,50, and 100 piaocuries per gam <pCi/g> 

concen~tions of u-238, u-234, Th-230, 
Ra-226, and -210 in each of the reference 
materials were measured by C W. Si of Idaho 
National Engineerin;, Laboratory, and by the 
UNC k t e c h  chermstry Laboratory, Grand 
Junction, Colorado, using independent methods. 

faurdi f fmtuaniummil l~reference 
INlterials.ThematerialsweRpreparedWith 

were used as target values. 

Preparation and Analysis 
Uranium Mill TalJings 

Tailings from two si-, the East Tailings 
Area and the Vanadium Tailings A y  of the 
M o n t i d o  millsite, Mon-, Utah, were 
used forthisprojecLThethird materialused 
wasauraniumorefrwl theQimaxMillin 
Grand Junction, Colorado. The materials were 
ground to -325 mesh and dried at 110 "C for 
24 hours The materials were blended m a 
cfoss-flow blender for 7 2  hours, then placed in 
55-gaIlondrums.Theamountofmaterial 
prepared +ted in approximately 120 sets of 
rekrencema* 

Sampling 
Theminimurnnumberofsamplesneededto 

estimate the mean concentrations ofxadie 
nuclides in the startingmaterials was calculated 
from the equation <modrfied ' frornNatrella% 

CV = D/S (1) 
Where 

CV = aitjcal value (paameter n w e d  to 
es~teminimumsamplesze) 

D= ma>cimumanowabledeviation 

S = estimated allowabre deviation gained a 

thrau$lpreviousscperience 
In this case,S = 1%,D = 2% and CV = 2. 
Using Table A-8 given in NatrelIa, the mini- 

rnumsamplesizeforestimatingthemeans 
within 2 percent with 95 percent amfidence is 
six. Forthis project, the number of samples was 
increased to 10 inorder to acquire abetter esti- 
mate ofthe meah Ten 8oo.gamsamples from 
each'of the four starting materials were ran- 
domly collected from the blender as the material 
was tmdemed to the !Sgahn drums 

Analysis 
In order to minimize e mrs in the recom- 

mended values, radionuclide analyses were 
performed on the starting materials rather than 
on the final reference materials 'Ihis approach 
allows the calculation of concentrations in the 
reference materials with a higher degree of 
accuracy than would be posuile by direct 

Th-230, and Ra-226by alpha Specaometzy?p' 
and -210 by beta counting? The UNC 
Chemistry Laboratory determined U-238, 

trom$ry? and Ra-226 by gamma spectros- 
copy. US. National Bureau of Standards trace- 
able standads were used when possiile for all 
-9=- 
Reference Materials 

analysis. Sill dekrmined U-238, U-234, 

U-234, Th- 230, and -210 by alpha SF- 

TRMII-Tailings reference material TRM-1 is 
the undiluted MonticeIlo Vanadium Tailings 
Area material pkviously describki. The 
material was W e d  tol-quartglass jars 

nuMIz--TaiXings reference material TRivf-2 is a 
120 dilution of "Rh4-1. The material antains 

Aerosil200, a surfactant, was also added (907 
gams) to assist in blending. To prepare the 
material, all of the l'Rh4-1 and AemsiI200 and 
onequartef of the soil were placed in a 1oCUbic- 
foot blender and mixed overnight. The blender 
was stopped, another partion of diluent was 
added, and the mixture was blended for another 
24 hours. This process was xepeated four times. 
After all the diluent had been added and blend- 

withnofurtherpreparation 

4,536 gamS of=-1 and 85,277  gram^ of SOL 

ing completed, the material was mnsfemd into 

0 



1- glass +. Ten = d m  m p l e ~   ere -1- 
lected during the transfer to check homogeneity. 
lXh+%Tailings reference material TRM-3 is a 
1:lO dilution of the East Tailings Area m a W  
The material contains 80,741 gams soil, 907 
grams A d  200, and 9,072 grams tailings 
material. The material was blended, sampled, 

describedprevioudy. 
TRM"TailingsreferencemateriallRh44fsa 
120 dilution ofthe Qimw 0rematerial.The 

A d  200, and 4336 grams climax Ore. The 
material was blended, sunpled, and tmsfemd 
into +in the same manner a s d e s a i i  

and'transferrpdintojalsinthesamemanneras 

maw ambins 85mgramssOil,907grams 

previausly. 
HomogeneSty Analysis 

The samples collected after final blending of 
reference materials TRM-2, TRM-3, and TRM-4 
were analyzed for -230 by Sill of Idaho 
National Engineering Laboratory and for 

homogeneity. M y t i c a l  methods used were 
those descn'bed previously. . 
Ra-226byuNcchemis~Laboatorytochedc 

Results 
Tabref 1 through 4 present the results 

obtained by the two laboratories for the radio- 
nudide detem\inations p e r f d  on the 
uranium mill tailings and soil diluent materials 
Anresults are reported inpCi/g. A cure 
for detechngpkrs, as desuibed by Dixon 
and Massey, meals four outliers in the data 
sets. lhese values were deleted prior to any fur- 
thercalculations The means of the data setsand 
the experimental standard deviations at 2a (95 
percent0Dnfidenceinkrval)arealso~td 
at the bottom of ea& &&le 

'Ihgdtsforeachnuclide&MbySin 
and theresultsfor thenuclids obtained at 
UNCwereannpared,usingthetestforequality 
ofwanSdedbdbyDunnandaark1'?his 
test annpes the means of the d t s  of the 
twohboatoriestodetermure ' ifthmisany 
measmabfe d i f f e r e n ~  Results of these tests 
Uable5) demonstrate that the absolute value of 
the calculated t-stafistic (t) is p t e r  than the 
critical value-0 in most instanaes. These find- 

arcesexistbetween the results of the two 
mgs indicate that statistidy significant Mer- 

i' laboratories. These differences may be 
accounted for by systematic bias inherent in any 
measurerrrent system and are to be scpected 
when using independent laboratories, operators, 
and methods. The diffenmce between the two 
data sets was at most 4 pexent, which is within 
theTh4Cslaruiards defined for this and similar 

Sincethediffe~~~cesbetweentheresults 
obtained by the two laboratories are of accept- 
able magnitude, the reported -tion for 
each adionudide in each tailings material is the 
avera~ofthedtsfrarbothlaboratories 
Statistically, the best estimate of any true value 
is an average of two or more means, frequently 
r e f e r r e d  to as the "mean of means." Therefore, 
for the purposes of this project, the estimated 
concentrations are derived from averaging the 
means of the results from tlie two laboratories 
The assodated uncertainty for these values is 
the sum of the uncertainties (standard devia- 
tions) of the individual means. These concentra- 
tions and uncertainties are presented in Table 6. 

Pi-. 

Recommended Concentrations 
t 

The concentrations of radionuclides in the 
final reference materials were calculated using 
the values presented in Table 6 and the weights 
given above (RrftrauMatrripls, page 1). The un- 
certainties in Table 6 were propagated through 
the calculations to arrive at the total 
uncertainties in the recommended values at the 
95 percent confidence level..Errors associated 
with weighing were negligible and are not 
included in the table. Table 7 presents the 
recommended concentrations and total uncer- 
tainties. It should be noted that eq*%librium 
between -226 and -210 does not exist in 

materials. Since W210 has a relatively 
short half-life (21 years), the -210 amhtra- 
tion may change slightly over time. 

Homogeneity 
The d t s  of the Th-w)analysesand the 

materialstocheckhomogeneityarepresentedin 
Table 8. At the bottom of the table the means 
and expehental standard deviations at laare 
presented. The standard deviation, GO, is the 2 
percent variation set prior to the preparation of 
the materials as the acceptable limit This limit 

Ra-226aMlysesperfwmed on thew 

2 
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was also used todetermine the number of 
fequix& samples (see smnpling, page 1). The 
one-sided confidence limit, SI, is calculated as in 
Natrella at the 95 percent confidence level. If Si 
B<ceeds~o,then thematerial iscOnsiderednOn- 
homqpmsSices1didnots<ceedboinany 
of thematerials, the referencematerialSamcon- 

sidered homogeneous at the 95 percent level 
within 2 percent for a 1- samplesze. The 
homogeneity of the starting taitings materials 
was checked in the same fashion. Au of the 
materials are considexed homogeneous within 2 
percent at the 95 percent confidence level. 

Table 1. Laboar4ry Anatysb of the E& TMi.ngs Area Material 

u-238 &234 * -230 Ra-226 Pb210 
Slll UNC Slll UNC SI11 UNC Sill UNC SI11 UNC 

186 178 187 182 599 557 
183 183 184 190 512 562 
185 la4 184 183 582 ' 569 
186 209 188 207' 582 567 
189 179 190 175 59 1 510 
186 179 186 182 592 568 
184 108 105 189 588 563 
189 187 191 1 82 595 559 
184 190 108 183 582 565 
185. 107 183 182 9 8  501 

Mean 186 184 187 183 586 566 

SDb 4 8 6 8 16 14 

586 
591 
578 
751' 
580 
592 . 

590 
594 
592 
596 

589 

12 

607 555 565 
594 553 558 
603 537. 551 
600 551 553 

557 547 
559 567 607 

600 543 553 
604 543 552 
605 546 554 
601 532 553 

599 548 555 

20 18 12 

572 

Table 2 Laboratory Analysis of the Vanadium Tafingi Area Material 

Concantmtlon (pCYg) 

u-238 u-234 Th-230 Ra-226 Pb-210 
SI11 M C  Slll UNC Slll UNC SI11 UNC Slll UNC 

100 97 108 90 471 463 491 490 -411 428 
100 100 107 102 460 465 486 493 43Q 440 
100 99 109 lo4 475 467 484 493 423 430 

. 100 96 100 105 475 469 476 494 426 - 431 
s0 101 107 101 480 463 480 500 41 1 436 

100 101 lo8 lo4 417 476 487 490 426 430 
97 100 106 103 472 465 487 483 421 41 5 
96 102 109 105 471 464 475 499 427 424 

397 loo 105 101 480 468 490 485 413- 44.4 
96 102 105 la3 479 461 493 493 414 414 

Meall 98 loo 107 103 475 466 485 493 420 429 

so' 4 4 4 4 8 8 12 12 14 20 

3 
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Table 3. Laboratory Analysis of the Climax Ore 

Concentration (pCVg) 

u-238 w234 -230 b 2 2 6  Pb-210 
Slll UNC Slll UNC SIll M C  Sill UNC Slfl UNC 

884 
882 
889 
863 
887 I 
881 
884 
876 
872 
872 

891 
867 
883 
en .  
873 
897 
865 
868 
849 
885 

868 
871 
890 
871 
876 
870 
877 
868 
860 
869 

874 
Sos' 
886 
863 
859 
868 
884 
876 
874 
878 

851 875 845 646 750 771 
847 884 837 846 761 790 
870 888 840 828 766 767 
845 869 833' 844 766 ??O 
852 870 854 839 169 760 
851 866 831 826 7lS 784 
877 856 048 838 768 764 

856 850 828 837 751 749 
853 858 824 848 7S1 ?60 

855 . 863 839 833 743 ,n3 

879 876 872 874 856 868 838 839 , 754 769 Mean 

27 1 6  18 20 24 18 16 31 24 SDb 16 

Table 4. Labomtory Analysis of the Soil Diluenf 

Concentration (pcllg) 

u238 u-234 Th-230 -226 -21 0 
Sill UNC Slll UNC Slll UNC SI11 UNC Slll UNC 

1 .o 0.9 
1 .o 0.9 
0.9 0.9 
0.9 1 .o 
1 .o 0.9 
1 .o 1.1 
1.2 1.1 
12 1.1 
1.2 0.9 
1.1 1 .o 

1 .o 1 .o 
1.0 1 .o 
1 .o 0.9 
1 .o 1 .o 
1.1 1 .o 
1 .o 1 .o 
1.1 1 .l 
1 .o 1 .o 
1 .o 0.9 
1.1 0.9 

1 .o 
1 .o 
1.1 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

1 .o 1.0. 
1.1 1 .o 
1 .l 0.9 
0.9 1 .o 
0.9 1 .o 
0.9 0.9 
1 .o 0.9 
1 .o 1 .o 
0.9 1 .o 
0.9 0.9 

0.9 . 0.Q 1.0 
0.9 0.7 0.9 
0.9 1.0 - 0.8 
1 .o 0.9 0.8 
1.1 12 0.8 
0.8 1 .o 0.7 
1 .o 1 .o 0.7 
1 2  1 .o 0.7 
1.1 . 12 0.9 
0.9 1.1 0.8 

1.1 1 .o 1 .o 1 .o 1 .o 1 .o 1 .o 1 .o 1 .o 0.8 Mean 

0 2  0 2  0.1 0.1 0.1 0 2  0.1 02 0 2  02 SD' 
. s o - ~ r i m e n t a J ~ d e v t a t i o c r .  

00083s 
0 6 2  
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Table 5. Tests tbr Equality of Means 

.c 

.a 

I: 
I 

" 

nndlng 

East Tailings Area Material 
u-238 1.170 
u-234 2124 

-230 5.901 
-226 4.648 
-21 0 -2235 

Vanadium Tailings Area Material 
u-238 -1 A79 
u-234 5.542 

-230 4.596 
Ra-226 -2999 
-21 0 -2345 

Climax Ore 
U-238 
u-234 

-230 
Ra-226 
-21 0 . 

0.679 
-0.403 
-2.456 
-0.335 
-2.305 

1.734 
1.740 
1.734 
1.740 
1.734 

1.734 
' 1.734 

1.734 
1.734 
1.734 

1.734 
1.740 
1.734 
1.734 
1.734 

Soil Diluent - 
u-238 1.481 1.734 
u-234 1.987 1.734 

M 3 0  1.434 1.734 
Ra-226 4.474 * 1.734 - 
Pb210 3.353 1.734 

- 
1 

Tale 6. Average Concentrations of Tailings Reference Materials (pC2g) 

G238 6 2 3 4  -230 Ra-226 Pb-210 

East TaIUngs 

Vanadturn Tailings 

climax Ore 

Area Material 185 f Q 185 f 10 576 f 21 594 f 23 552 f 21 

Area Material 99 f 6 105 f 6 471 f 11 489 f 17 425 f 24 

Material 870 f 32 073 f 24 062 f 31 039 f 24 762 f 39 

.t Son Dlhrent 1.1 f 0.3 1.0 f 0.2 1.0 f 0.2 1.0 f 0 2  0.9 f 0.3 
- !  



Appendix A 

Thorium and Potassium Resuits 
perfonningm-tsby gamms spectros- 

onelaboratoryonly,theyare~tedhere 
copy. Since the data for these nuclides are from 

solely for information purposes 

-gammaspectroscoW-fs 
perform€dbytheUNCChemiS~Laboratory 
for the determination of Ra-226 also allowed the 
determination of 3%-228 and K 4 .  Data for 
these nuclides maybe useful to anyone 

Concentmtlon (pCVg) 

Th-228 K 4 0  

TRM-1 
TRM-2 
TRM-3 
TRM-4 

d 
C1 

C l  

<l 

'UncertainD'es are the experimental standard devWons at 20. 

. 

000838 
A-I 

e10 

19 f 4' 
17k7' 

19 f5 '  

-. 
.-a 

0 6 4  
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Table 7. Recommended Concentrations of Taifings Reference Materials (pCi/g) r 

TRM-1 -2 mM.3 .TRM c 

99 f 6 6.0 f 4.0 29.6 f 1.4 44.9 f 1.6 

105 f 6 6 2  f 4.0 19.6 f 1.9 44.6 f 1.2 
U-238 

u-234 
-30 471 f 11 24.5 f 0.6 58.5 f 2.1 44.0 f 1.6 

-226 489 f 17 . 25.4 f 0.9 60.3 f 2.3 429 f 1.2 

-21 0 425 f 24 22.1 f 1.2 56.0 f 2.1 38.9 * 2.0 

I Table 8. Homogeneity Check 
- ~ 

Concentration @Ctlg) 
Statlstlcal TRM-2 TRM-3 TRhM 

lh-23ob Re-226 Th-23ob -226 Th-23ob Re-226 
Analysis' 

- 24.9 25.2 61.1 - 60.5- 44.9 43.0 -4 

242 25.4 58.3 61.9 44.5 41.6 

25.2 25.4 59.3 625 45.5 41.8 

24.9 25.1 59.9 60.9 44.8 42.3 

- 
X 
. .  

S 

Qo 

sl 

23.0 

24.4 

25.3 

24.8 

24.6 

25.0 

24.6 

0.7 

0.5 
0.5 

25.1 

24.8 

25.4 

23.9 

25.2 

26.2 

252 

0.6 

0.5 
0.4 

59.4 

57.3 

59.0 

60.9 

59.6 

51.4 

592 

1.3 

1.2 

0.9 

59.3 

61.2 

58.8 

59.6 

61.3 

59.7 

60.6 

12 

1.2 

0.9 

44.3 42.1 

44.6 * 41 .O 

44.5 - 42.4 

45.8 40.7 

44.3 43.8 

45.7 42.5 

44.9 42.1 

. 0.6 0.9 

0.9 0.8 

0.4 0.7 

6 

008839 0 6 5  
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Catalog No.: EG-MLAM-032-SU ReferenceDate: May 1 1995 <: 
Source No.: 479-1 14-3 Total Radioactivity: 5.17 pCi. - J , . : .  

w- . .  
a. Capsule type: Customer supplied 4 o t  jar f : 
b. Nature of active deposit: 
c. Active diameter/volume: 
d. Backing: Plastic 
e. Cover: Plastic 

d 

... MULTINUCLIDE STANDARD SOURCE 
.. :; :. 

/.e ?. 

.. . 
customer: DATA CHEM LABORATORIES P.0.No.: 14346 

....;,.--. . 

./:. .< 

.a 

. *  

, .  .. I .  

.'. . .  5 . .  Description of Source Total Radioactivity: 191.3 * 

.. . :. 

.,.*. 
. I  

Multinuclide and AmCU dispersed in an epoxy matrix 
Approximately 125 ml (Mass of epoxy = 132.15 g) 

.:.) '-3- 
.. 
.. . -_ --.. 

I - .  

Nuclide Activity. - Gam~~~a-Ray Branching Systematic Rirndom overall ' 4 -  
OrCi) Energy(MeV) Ratio% Uncert. Uncert. Uncert. 

Am-241 0.0307 0.0595 36.0 1.5% 0.3 % 1.5% 
Cd-109 1.659 0.088 3.63 2.0% 0.6 5% 2.1% 
co-57 0.0554 0.122, 0.136 85.6, 10.68 2.0% 0.7 % 2.1% 
Te-123m 0.0658 0.159 84.0 2.0 % 0.8% 2.2% 
Cr-5 1 1.695 0.320 9.86 2.0% 0.3 % 2.0% 
Sn-113 0.243 0.392 64.89 2.0 % 0.3 % 2.0% 
Sr-85 0.327 0.514 98.4 2.0 % 0.3 % 2.0% 
(3-137 0.245 0.662 85.1 2.0% 0.7 % 2.1% 
cO-60 0.26 1 1.173, 1.333 99.86,99.98 2.0% 0.5% 2.1% 
Y-88 0.590 0.898, 1.836 94.0, 99.36 2.0 % 0.4% 2.0% 

Method of Calibration 
This source was prepared from a weighed aliquot of solution whose concentration, in pCilg, was determined by 
gamma spectrometry. * NISTTraceability 
This calibration is implicitly traceable to the National Institute of Standards and Technology. 

See reverse side for Leak Test@) applied to this source. 

1. Nuclear data was taken from Table of Radioactive Isotopes', edited by V i  S. Shirley, 1986. 
2. lPL participates in an NKW mcasumment assurance program to establish and mah& implicit traceability for a number of nuclides. 
based on the blind assay (and later NET certification) of Standard Reference Mat&& (As-in NRC Regulatory Guide 4.15). 
3. Overall uncertainty is calculated at the 99% confidence level. 
4. Reference Half lives: 

Leak Test(s) 
. 

Notes 

Am-241 432.2 f 0.65 years Te-123m 119.7 f 0.1 days Sr-85 64.84 f 0.004 days 
Cd-109 1.2665 f 0.0019 years Cr-51 27.706 f 0.007days Cs-137 30.1 f 0.2 years 
-57 271.79 f 0.09 days Sn-113 115.09 f 0.04days co-60 5.271 f 0.001 years 
Y-88 106.63 f 0.025 days 

L N & u L  

ISOTOPE PRODUCTS LABORATORIES 
3017 N. SAN FERNANDO ULVD. 
BUHUANE. CALIFORNIA 91504 

8 I8 843*7000 FAS 818 -843 061 68 

QUALITY CONTROL 

IPL Ref No. 479-1 14-3 
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A MRf1SO1 C O l P A l n  

Raw Data 
Radiochemistry/Mixed-Waste Department 

y Spectrometry 
Inventory Checklist 

Section 1. Sample and QC Data 

Section 2. Instrument Performance and Calibmtion Data 

Sol9 

The following signatures verify that the raw data and all inventory and revlewer checklists in each raw data 
sectton (all green sheets) are complete and accurate. 

Assembled Reviewed by: 
a 
IQ. 3/89 0 6 8  



Section 1. Sample and QC Data 
y Spectrometry 

Inventory Checklist 

Laboratory control Sample (LCSI Instrument Print-out 
LCSSpectralPlot 
LCS Peak Search Report 

LCS Activity Report 
BW Instrument hint-Out 

BlankSpectralPlot 

Blank Peak Search Report 

BlankActivltyReport 

MD SpectdPlot  

MDPeakSearchReport 

MDAcivityReport 

Precision Sample (MD) Instrument M t - o u t  

- -  B meld Sample Instrument print-outs 

8019 

x - 

Sample Spec- Plot 
Sample Peak Search Report 

Sample Activity Report 
Computer/Manual Calculation Sheets summarlzing all calculational inputs and results 

Section 1. Sample and QC Data 
y Spectrometry 

Reviewer Checklist 

. - . . . . . . . 

The Sample and QC Data Inventory Checklist above is complete. 

AU appropriate QC for the project was performed. 

All appropriate QC data met acceptance crlterla. Unacceptable QC data were documented. and 
justifications were provided for data used. 
hint-outs are initialed and dated. 

EQ. wm 0 6 9  $00843. 
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Gamma Spectroscopy Report generated ll-OCT-1996 11:59 b o 1 9  
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP-BL1232401 - GAMMAS - PMP - 919OOCNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

---- Sample Information ---- 
Sample ID : BL-123240-1 Sample Quantity : 1.00000E+00 SAMPLE 

: FILTER Sample Geometry : PMP Sample Type 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 

le Title : G969901S & 

Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali, Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : -8,491853-08 FWHM Offset : 4.153863-01 
FWHM Slope : 4.45150E-02 MDA Width (FWHM) : 3.0 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

@It Energy 

1 0  7.73 
2 0  12 . 98 
3 0  16.12 
4 0  46.34 
5 0  63.28 
6 1  74.74 
7 1  77 . 15 
0 3  87.25 
9 3  92.60 

10 0 185.78 
11 0 238.41 
12 0 294.95 
13 0 351.78 
14 0 511.10 
15 0 609.64 
16 0 693.45 
17 0 1461.07 
18 0 1765.79 

1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Area 

1727 
348 
489 
211 
305 
90 

124 
71 

465 
183 
83 

107 
138 
397 
112 
56 
27 
33 

Bkgnd 

3223 
904 
962 
210 
233 
175 
158 
143 
159 
235 
168 
228 
165 
145 
87 
66 
22 
14 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel %Eff Cts/Sec %Err Fit 

1.32 16.97 8.953+00 1.20E-01 5.8 
0.81 27.71 9.663+00 2.413-02 14.1 
1.13 34.13 9.783+00 3.393-02 11.5 
1.17 95.97 8.793+00 1.473-02 13.7 
0.94 130.61 8.083+00 2.123-02 10.0 
0.88 154.06 7.653+00 6.273-03 24.5 1.963+00 
0.87 158.99 7.573+00 8.583-03 18.0 
1.10 179.66 7.233+00 4.903-03 27.6 1.99E+00 
1.02 190.61 7.06E+00 3.233-02 6.3 
1.02 381.23 5.03E+00 1.273-02 17.3 
0.98 488.92 4.323+00 5.743-03 28.8 
1.44 604.61 3.753+00 7.433-03 31.5 
1-02 720.89 3.313+00 9.603-03 19.9 
2.94 1046.93 2.483+00 2.763-02 8.6 
1.21 1248.58 2.133+00 7.763-03 17.8 
0.65 1420.12 1.903+00 3.903-03 31.0 
1.48 2991.66 9.093-01 1.873-03 38.9 
3.77 3615.76 7.373-01 2.303-03 31.4 



Gamma Spectroscopy Report generated 11-OCT-1996 11:59 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMAS - 9143.CNF';l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

a l e  Title 
Sample ID : BCKGND 
Sample Type 

---- Sample Information ---- 
Sample Quantity : 1.00000E+00 G 
Sample Geometry : 

---- Sample Decay/Count Information ---- 
Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:20: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:Ol 0.0% 
Decay time 0 18:20 

---- Detector Parameters ---- 
Energy cal. time : 30-SEP-1996 09:Ol 
Detector name : GAMMAS 
Effic. cal. time : 19-SEP-1996 11:45 

---- Processing 
Cali. Slope : 4.887563-01 
Cali. Quadratic : -7.071463-08 
FWHM Slope : 3.393103-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 4 
11 4 
12 0 
13 0 
14 0 
15 0 
'16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 

Y 4  

Energy 

7.76 
10.38 
13 . 03 
16.22 
19.25 
23 . 34 
26.04 
46 . 55 
53.64 
63 . 34 
66.28 
69.74 
74.19 
77.07 
84.43 
87.20 
92 . 67 
98.25 

109.75 
112.82 
139.81 
143.66 
185.85 
197 . 16 

Area 

24064 
4115 
4183 
6461 
1233 
285 
437 
1927 
405 
3752 
535 
385 
134 
495 
698 
283 
4997 
195 
354 
230 
682 
424 

2020 
456 

Bkgnd FWHM 

42790 1.54 
15170 0.84 
13266 0.86 
11688 1.08 
6158 0.89 
5186 1.44 
4406 1.08 
3150 0.94 
3070 0.98 
1877 0.81 
2846 1.28 
3435 1.87 
3061 0.84 
2625 0.94 
3059 1.37 
2253- 0.85 
3152 1.09 
2385 0.93 
2985 0.75 
1804 0.95 
3118 1.12 
2282 1.06 
3123 1.02 
1487 0.89 

Counting geometry: TRMl-S3 

Parameters .---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

: -5.372443-01 
: 5.946423-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 1  
: 9.0% 

Channel %Eff Cts/Sec %Err Fit 

16.98 6.553+06 1.34E-01 1.5 
22.34 1.323+04 2.293-02 4.8 
27.77 5.133+02 2.323-02 4.7 
34.29 6.283+01 3.593-02 3.1 
40.48 2.09E+01 6.85E-03 10.0 
48.85 9.403+00 1.583-03 40.4 
54.38 7.03E+00 2.433-03 24.7 
96.35 4.943+00 1.07E-02 5.5 
110.85 5.293+00 2.25E-03 24.2 
130.70 5.863+00 2.083-02 2.4 l.lOE+OO 
136.72 6.02E+00 2.973-03 18.1 
143.79 6.21E+00 2.143-03 26.7 
152.90 6.443+00 7,443-04 65.8 
158.79 6.573+00 2.753-03 17.0 
173.85 6.873+00 3,883-03 14.2 
179.52 6.973+00 1.573-03 27.2 
190.71 7.12E+00 2.783-02 2.4 
202.14 7.25E+00 1.09E-03 42.0 
225.66 7.393+00 1.973-03 27.2 
231.93 7.40E+00 1.283-03 28.5 
287.16 7.223+00 3.793-03 15.8 
295.05 7.16E+00 2.353-03 19.3 
381.36 6.273+00 1.12E-02 5.6 
404.51 6.00E+00 2.533-03 13.8 4.493-01 



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It 

28 0 
2 9  0 
3 0  0 
31 0 
32  0 
33 0 
3 4  0 
35 4 
3 6  4 
37 4 
38 0 
3 9  0 
4 0  0 
41 0 
42 0 
43 0 

Energy 

1 9 8  . 38 
205.33 
238  . 76  
295.36 
352 . OS 
511.06 
569.99 
583.39 
609 . 48 
669.54 
693.56 
696.97 
702  . 45 
803.05 
962 . 1 4  

1120.02 
1331.87 
1460.47  
1764.72 

Area 

665 
188 
908 
1 7 9  
2 9 8  

4724 
434 
294  
2 9 9  
1 2 4  
3 4 9  
1 8 9  
1 9 2  
377  
2 4 1  
1 0 5  
1 3 6  
320  
1 2 8  

Bkgnd 

1790 
1689 
2089 
1472 
1202 
221s  
1409 
1218 
1186 

741  
1136 

993 
1226 

759 
859 
385 
353 
376 
18 3 

Page : 2 
Acquisition date : 4-OCT-1996 18:20:18  

8019 
FWHM Channel %Eff Cts/Sec % E r r  Fit 

1 . 0 4  407.00 
0.96 421.24 
1 . 0 8  489.64 
1 .03  605.47 
1.06 721.47 
2.53 1046.88 
1 .55  1167.50 
1 .25  1194.92 
1 .30  1248 .33  
1.38 1371.25  
2.18 1420 .41  
1 .80  1427.39 
2.19 1438.62  
1.66 1644.53  
2.17 1970.22 
1 .77  2293.42 
2.38 2727.21  
1 .75  2990.52 
2 .41  3613.62 

5.98E+00 3.693-03 11 .2  
5.81E+00 1.04E-03 35.4 
5.07E+00 5.053-03 9 .3  
4.05E+00 9.943-04 36.3 
3.31E+00 1.65E-03 20.2 
2.15E+00 2.623-02 2.7 
1.91E+00 2.413-03 18.5 
1.87E+00 1.643-03 23.7 
1.79E+00 1.663-03 21 .5  
1.64E+00 6.913-04 40.4 
1.58E+00 1.94E-03 21.4 3.273+00 
1.58E+00 1.05E-03 34.4 
1.57E+00 1.07E-03 38.5 
1.41E+00 2.093-03 1 5 . 0  
1.25E+00 1.343-03 28.6 
1.15E+00 5.8331-04 35.1 
1.06E+00 7.54E-04 2 8 . 1  
1.02E+00 1.783-03 1 4 . 0  
9.27E-01 7.11E-04 23 .0  



Gamma Spectroscopy Report generated ll-OCT-1996 11:59 

Configuration: D I S K : [ R A D C H E M . S C U S R . A R C H I V E l S M P _ B L l 2 3 2 4 O l ~ G ~ 5  - PMP - 9190.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 

---- Sample Information ---- 
: G969901S 
: BL-123240-1 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Decay time : 21 01:20 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic, cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali, Quadratic : -8.49185E-08 FWHM Offset : 4.153863-01 
FWHM Slope : 4.451503-02 MDA Width (EWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes aIt Energy Area 

1 0  12 . 98* 
2 0  46.34* 
3 0  63.28* 
4 1  74.74* 
5 1  77.15* 
6 3  87.25* 
7 3  92 . 60* 
0 0 185.78* 
9 0 238.41* 

10 0 294.95* 
11 0 351.78* 
12 0 511,10* 
13 0 609.64* 
14 0 693.45* 
15 0 1461.07* 
16 0 1765.79* 

13 
57 
5 

80 
84 
48 
65 
22 
10 
93 

114 
19 
88 
28 
1 

- 23- 

Bkgnd 

904 
210 
233 
175 
158 
143 
159 
235 
168 
228 
165 
145 
87 
66 
22 

- 14 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel Left Pw Cts/Sec %Err F i t  

0.81 
1.17 
0.94 
0.88 
0.87 
1.10 
1.02 
1.02 
0.98 
1.44 
1.02 
2.94 
1.21 
0.65 
1.48 
3.77 

27.71 
95 . 97 

130.61 
154.06 
158.99 
179.66 
190 . 61 
381.23 
488.92 
604.61 
720.89 
1046.93 
1248.58 
1420 . 12 
2991.66 
3615.76 

26 
92 
128 
148 
148 
177 
177 
376 
485 
598 
715 
1038 
1244 
1414 
2986 
3604 

5 9.093-04394.2 
8 3.963-03 53.0 
7 3.163-04689.0 
14 5.533-03 29.2 1.96E+00 
14 5.833-03 27.7 
19 3.323-03 42.6 1.99E+00 
19 4.513-03 47.7 
10 1.523-03151.2 
8 6 . 933-04248 . 0 
14 6.433-03 36.8 
11 7.953-03 24.4 
17 1.353-03182.1 
9 6.103-03 23.4 
11 1.963-03 65.3 
11 8.953-05858.7 
18 1.593-03 46.6 

Flag: n*n = Peak area was modified by background subtraction 



Gamma Spectroscopy Report generated ll-OCT-1996 11:59 80 18 
Configuration: DISK: [RADCHEM.SCUSR.ARCHIVE]SMP BL1232401 GAMMA5 - PMP - 9;90.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 

---- Sample Information ---- 
: G969901S 
: BL-123240-1 Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 

---- Sample Decay/Count Information ---- 

Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal, time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal, time : 19-SEP-1996 14:21 

Cali, Slope 
Cali, Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) : 
End channel 
Gaussian Sens. 
Half life ratio : 
WTM error limit : 
Act. Conversion : 
Sigma Number 
Systematic Error : 

-5.658413-01 
4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

e - N I D  Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 
0 
0 
1 
1 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 , 98* 
46,34* 
63,28* 
74 74* 
77 15* 

92 . 60* 
238- 41* 
294,95* 
351,78* 
511,10* 
609,64* 
693- 45* 

1461.07* 
1765,79* 

a7.25* 

i85,7a* 

13 
57 
5 

80 
84 
48 
65 
22 
10 
93 

114 
19 
88 
28 
1 

23 

904 0.81 
210 1.17 
233 0.94 
175 0.88 
158 0.87 
143 1.10 
159 1.02 
235 1.02 
168 0.98 
228 1.44 
165 1.02 
145 2.94 
87 1.21 
66 0.65 
22 1.48 
14 3.77 

27.71 
95.97 

130.61 
154.06 
158.99 
179.66 
190.61 
381.23 
488.92 
604.61 
720.89 

1046 . 93 
1248.58 
1420.12 
2991.66 
3615.76 

26 
92 

128 
148 
148 
177 
177 
376 
485 
598 
715 
1038 
1244 

2986 
3604 

1414 - 

5788.4 
8106.1 
7***** 
14 58.4 1.96E+00 
14 55.3 
19 85.2 1.99E+00 
19 95.4 
10302 . 4 RA-226 
8496.0 
14 73.5 
11 48.8 
17364.3 
9 46.9 

-11130.5 
11***** 
18 93.2 

_ . . _  



Gamma Spectroscopy Report generated 11-OCT-1996 11:59 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP BL1232401 GAMMA5 - PMP - 9190.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 

---- Sample Information ---- 
: G969901S 
: BL-123240-1 Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali, Slope : 4.88823E-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : -8.491853-08 FWHM Offset : 4.153863-01 
FWHM Slope : 4.451503-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.000003+06 

Errors propagated: Yes Systematic Error : 0.0% 

Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

e f e r e n c e  Report 

No interference correction performed 

0 7 6  



Rejected Report 
Sample ID : BL-123240-1 

Half-Life 
Nuclide Half-life Ratio 
PA-231 3.28E+04Y 0.00 

Page : 2 
Acquisition date : 10-OCT-1996 13:20:54 

2-Sigma 80 19 
Energy %Abund Activity %Error Rejected by 
5 0 3 0  31.70 --- Not Found --- Abun. 

100.00 
122.31 
144.24 
154.21 
205.00 
210.60 
234.90 
236.00 
256.20 
269.46 
271.23 
283.67 
286.10 
300.08 
304.40 
323.87 
330.00 
334.20 
338.28 
351.07* 
401.81 
404.84 
427 . 08 
445.03 
569.67 
831.96 
897.83 
897. a3 

1.11 --- Not Found --- 
1.19 --- Not Found --- 
3.24 --- Not Found --- 
5.58 --- Not Found --- 
1.08 --- Not Found --- 
1.26 --- Not Found --- 
2.80 --- Not Found --- 
11.50 --- Not Found --- 
6.30 --- Not Found --- 

13.60 --- Not Found --- 
10.60 --- Not Found --- 
1.60 --- Not Found --- 
1.60 --- Not Found --- 
2.30 --- Not Found --- 
1.35 --- Not Found --- 
3.88 --- Not Found --- 
1.30 --- Not Found --- 
1.15 --- Not Found --- 
2.73 --- Not Found --- 
6.50 --- Not Found --- 
2.90 --- Not Found --- 
1.30 --- Not Found --- 
1.18 --- Not Found --- 
0.54 --- Not Found --- 
2.90 --- Not Found --- 
0.24 --- Not Found --- 
0.52 --- Not Found --- 

12.94 5.010E-05 51.49 

% Abundances Found = 9.59 

U-235 7.04E+08Y 0.00 143.76 10.50 --- Not Found --- Abun. 
163.35 4.70 --- Not Found --- 
205.31 4.70 --- Not Found --- 
185.71* 54.00 1.5093-06 302.96 

% Abundances Found = 73.07 

Flag:  w*lI = Keyline 



Nuclide Line Activity Report 
Sample ID : BL-123240-1 

Nuclid Type: N tu 

Energy 
186.21 

*id, 
R -226 

Flag:  "*" = Keyline 

a1 

Page : 3 
Acquisition date : 10-OCT-1996 13:20:54 

Uncorrected Decay Corr 2-Sigma 
Area %Abn %Eff PCI/SAMPLE PCI/SAMPLE %Err or 

22 3.28* 5.0273+00 2.4843+01 2.4843+01 302.94 



8019 Gamma Spectroscopy Report generated 11-OCT-1996 12:OO 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP BL1232401 GAMMA5 PMP 9190.CNE';2 
Analyses by : PEAK V16.5 ENBACR V1.5 PEAKEFF v2.2 NID v3.1 MTNACF V2.5 

---- Sample Information ---- 
S ple ID : BL-123240-1 Sample Quantity : 1.00000E+00 SAMPLE 

: FILTER Sample Geometry : PMP Sample Type 

le Title : G969901S e 
---- Sample Decay/Count Information ---- 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:20 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWMUI Slope 
Start channel 
Sens it ivi ty 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.49185E-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters.---- 
Cali. Offset 
FWKM Offset 
MDA Width (FWKM) : 
End channel 
Gaussian Sens. 
Half life ratio : 
WTM error limit : 
Act. Conversion : 
Sigma Number 
Systematic Error : 

-5.658413-01 
4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

ined Activity-MDA Report w 
--- Identified Nuclides ---- 

Activity Act error MDA MDA error Act /MDA 
Nuclide (PCI/SAIWLE) (PCI/SAMPLE) 

RA-226 2 . 484E+01 7 . 526E+01 6.4663+01 1.196E+01 0.384 

--- Non-Identified Nuclides ---- 

Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-228 1.6873+00 9 . 4 04E+00 1.668E+01 3.425E+OO 0.101 
PA-2 3 1 5.010E+01 + 2.580E+01 3 . 302E+01 5.424E+OO 1.517 
U-235 l.S09E+00 + 4.572E+OO 6.010E+00 1 . 128E+00 0.251 



Gamma Spectroscopy Report generated ll-OCT-1996 12:OO 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP BL1232401 GAMMA5 PMP 9190.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 MTNACF V2.5 

---- Sample Information ---- 
: G969901S 
: BL-123240-1 Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:20 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:20 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

e i n e d  Activity-MDA Report 

Identified Nuclides ---- ---- 

FWHM Offset : 4.153863-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 2  

Activity Act error MDA MDA error 
Nuclide (PCI/SAMF'LE) (PCI/SAMPLE) 

RA-226 2 . 484E+01 7 . 540E+01 6.4663+01 1.196E+01 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-228 1.6873+00 9.4093+00 1.6683+01 3 . 425E+OO 
PA-231 5.010E+01 + 2.733E+01 3 . 302E+01 5.424E+OO 
U-235 1.509E+00 + 4.580E+00 6.010E+00 1.128E+00 

Act /MDA 

0.384 

Act /MDA 

0.101 
1.517 
0.251 
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Gamma Spectroscopy Report generated 21-OCT-1996 12:51 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - QC1232401 - GAMMA6 - PMP - 9220.CNF;S 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

Sample Information ---- 

: SOIL Sample Geometry : TRMlS2 

---- 
le Title : G969901S 

ple ID : QC-123240-1 Sample Quantity : 1.004003+02 G ?ak 
Sample Type 

Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

---- Sample Decay/Count Information ---- 

---- Detector Parameters ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detector name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

---- Processing Parameters ---- 
Cali. Slope : 4.885113-01 Cali. Offset : -1.754003-01 
Cali. Quadratic : -9.439143-08 FWHM Offset : 7.578623-01 
FWHM Slope : 2.627863-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 6  
2 6  
3 6  
4 2  
5 2  
6 0  
7 0  
8 0  
9 1  

10 1 
11 4 
12 4 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

Energy 

10.68 
12 . 97 
15.59 
25.57 
27 . 37 
46.53 
50.00 
53.28 
63.28 
67.63 
74.83 
77 . 11 
83.81 
87.18 
89.99 
92.47 
94.83 
97.97 

144.07 
154.22 
186.19 
236 . 02 
242 . 07 
255.63 

Area 

1026 
1667 
1676 
200 
604 

8088 
744 

2153 
1676 
1085 
12375 
21526 
3059 
6402 
2081 
1308 
760 
377 
634 
657 

7259 
634 

9730 
350 

Bkgnd 

4588 
4395 
6280 
1806 
3054 
6385 
3298 
4484 
4335 
4410 
5951 
6168 
3862 
5255 
3995 
3434 
3027 
2576 
4292 
4492 
4188 
2309 
2271 
2631 

FWHM 

1.03 
1.01 
1.46 
0.91 
1.08 
0.99 
0.92 
1.01 
0.87 
0.88 
0.94 
0.92 
0.95 
1.18 
1.02 
0.95 
1.12 
1.46 
1.16 
1.06 
1.15 
1.09 
1.14 
0.98 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 

Systematic Error : 0.0% 
Sigma Number : 2  

Channel %Eff Cts/Sec %Err Fit 

22.22 
26.91 
32.27 
52.70 
56.38 
95.60 

102.72 
109.43 
129 . 91 
138.80 
153.55 
158.22 
171 . 93 
178.82 
184.59 
189.65 
194.49 
200.92 
295.29 
316.08 
381.52 
483.55 
495.93 
523 . 69 

3.793+07 7.123-02 10.7 1.09E+00 
2.333+05 1.163-01 6.8 
6.543+03 1.163-01 9.1 
3.323+01 1.393-02 30.7 1.76E+00 
2.303+01 4.203-02 15.8 
6.733+00 5.623-01 2.2 
6.583+00 5.173-02 12.7 
6.553+00 1.503-01 5.8 
6.813+00 1.163-01 6.4 4.253+00 
7.003+00 7.533-02 9.6 
7.343+00 8.593-01 1.3 1.583+01 
7.453+00 1.49E+00 0.9 
7.753+00 2.12E-01 3.7 
7.893+00 4.453-01 2.2 
7.993+00 1.45E-01 5.3 
8.08E+00 9.093-02 7.1 
8.15E+00 5.283-02 12.3 
8.243+00 2.623-02 21.9 
8.383+00 4.403-02 19.1 
8.19E+00 4.563-02 18.8 
7.393+00 5.04E-01 2.0 
6.00E+00 4.413-02 13.7 
5.853+00 6.763-01 1.3 
5.51E+00 2.433-02 28.9 



Peak Search Report (continued) Page : 2 
Sample ID : QCl123240-1 

Pk It 

OI 28 0 

29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 
45 0 
46 0 
47 0 
48 0 
49 0 
50 0 6;  
55 0 
56 0 
57 0 
58 0 
59 0 
60 0 
61 0 
62 2 
63 2 
64 0 
65 0 
66 0 
67 4 
68 4 
6 9 -  0 
70 0 
71 0 
72 0 
73 0 
74 1 
75 1 

Energy 

259.00 
269.60 
271.40 
274.66 
295.29 
299.78 
323.83 
329.91 
338.64 
351.98 
389.24 
402 . 02 
405.43 
454 . 49 
480.76 
487.03 
511.24 
533.41 
580.09 
609.39 
665.64 
703 . 13 
720.09 
742.51 
768.39 
785 . 98 
806.44 
832 . 13 
838 . 96 
934 . 00 
964.15 

1070.25 
1120.19 
1155.09 
1207 . 91 
1237.92 
1280.87 
1377 . 47 
1385.22 
1401.01 
1407.75 
1509.15 
1538 . 32 
1542.84 
1583.07 
1599.03 
1661.05 
1729.54 
1764.41 
1838.05 
1847 . 30 

Area 

620 
766 
589 
406 

21390 
216 
288 
192 
115 

35994 
292 
255 
235 
386 
229 
264 
663 
163 
251 

25069 
758 
254 
120 
146 

2353 
676 
528 
171 
331 

1211 
160 
132 

5134 
666 
189 

1869 
380 

1408 
259 
399 
672 
707 
207 
190 
216 
71 

291 
941 

4244 
92 

579 

Bkgnd 

1607 
1902 
1415 
1471 
2505 
1581 
1801 
1413 
1202 
2297 
1226 
1321 
1167 
1223 
726 
796 
1137 
650 
519 
903 
437 
634 
573 
462 
854 
784 
747 
483 
490 
506 
531 
282 
463 
422 
348 
373 
401 
250 
293 
347 
282 
364 
265 
253 
217 
182 
189 
138 
138 
56 
76 

Acquisition date : 14-OCT-1996 10:56:36 

8 0  1 9  
FWHM Channel %Eff Cts/Sec %Err Fit 

1.07 530.60 
1.27 552.30 
0.93 555.98 
1.68 562.66 
1.15 604.91 
1.21 614.10 
1.12 663.34 
0.71 675.79 
0.76 693.66 
1.22 720.98 
1.04 797.28 
1.34 823.43 
1.59 830.43 
1.30 930.88 
1.49 984.68 
1.53 997.52 
3.15 1047.10 
1.59 1092.50 
1.08 1188.09 
1.39 1248.09 
1.44 1363.31 
1.19 1440.08 
1.01 1474.82 
1.48 1520.74 
1.57 1573.75 
1.73 1609.78 
1.56 1651.70 
1.67 1704.31 
1.67 1718.31 
1.63 1912.99 
1.66 1974.76 
1.24 2192.12 
1.71 2294.45 
1.69 2365.95 
1.60 2474.18 
1.60 2535.67 
1.58 2623.68 
1.92 2821.63 
2.10 2837.50 
1.60 2869.86 
2.04 2883.68 
1.66 3091.48 
2.62 3151.28 
2.62 3160.53 
2.05 3243.00 
0.99 3275.70 
1.63 3402.82 
2.04 3543.22 
2.25 3614.69 
2.07 3765.66 
2.08 3784.61 

5.433+00 4.303-02 11.4 
5.193+00 5.323-02 10.6 3.59E+00 
5.15E+00 4.093-02 11.2 
5.08E+00 2.823-02 16.5 
4.663+00 1.49E+00 0.8 
4.57E+00 1.50E-02 32.6 
4.15E+00 2.00E-02 29.1 
4.06E+00 1.333-02 34.7 
3.923+00 8.0233-03 50.7 
3.733+00 2.50E+00 0.6 
3.283+00 2.033-02 21.7 
3.15E+00 1.773-02 25.5 
3.113+00 1.633-02 24.9 
2.70E+00 2.683-02 19.4 
2.523+00 1.593-02 21.5 
2.48E+OO 1.833-02 20.2 
2.34E+00 4.603-02 11.6 
2.23E+00 1.13E-02 29.2 
2.04E+00 1.743-02 17.0 
1.94E+00 1.74E+00 0.7 
1.78E+00 5.273-02 6.3 
1.70E+00 1.77E-02 20.1 
1.67E+00 8.353-03 38.3 
1.63E+00 1.02E-02 28.6 
1.583+00 1.63E-01 3.5 
1.563+00 4.69E-02 10.3 
1.53E+00 3.673-02 12.2 
1.50E+00 1.19E-02 25.3 1.29E+00 
1.49E+00 2.303-02 13.7 
1.40E+00 8.413-02 4.6 
1.38E+00 l.llE-02 29.0 
1.313+00 9.173-03 24.6 
1.29E+00 3.573-01 1.7 
1.28E+00 4.623-02 7.6 
1.26E+00 1.31E-02 21.9 
1.24E+00 1.303-01 3.2 
1.23E+00 2.643-02 12.3 
1.20E+00 9.783-02 3.5 8.41E-01 
1.203+00 1.80E-02 14.7 
1.19E+00 2.773-02 11.6 
1.193+00 4.663-02 6.4 
1.16E+00 4.913-02 7.1 
1.15E+00 1.443-02 18.0 1.42E+00 
1.153+00 1.323-02 19.7 
1.14E+00 1.503-02 15.6 
1.13E+00 4.943-03 37.6 
l.llE+OO 2.023-02 11.8 
1.08E+00 6.533-02 4.4 
1.07E+00 2.953-01 1.7 
1.043+00 6.363-03 22.4 1.74E+00 
1.04E+00 4.023-02 5.2 



Gamma Spectroscopy Report generated 21-OCT-1996 12:51 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG-BCKGND - GAMMA6 - 9207.CNF;l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

a l e  Title 
Sample ID 
Sample Type Sample Geometry : 

Sample Date : 1-JAN-1900 0O:OO: Acquisition date : 11-OCT-1996 22:02 
Elapsed live time: 0 16:40 Elapsed real time: 0 16:40 0.0% 
Decay time 

---- Sample Information ---- 
: BCKGND Sample Quantity : 1.00000E+00 L 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: IPL-1L 
Effic. cal. time : 19-SEP-1996 11:47 

---- Processing 
Cali, Slope : 4.888023-01 
Cali. Quadratic : -1.240083-07 
FWHM S l o p e  : 3.320833-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

Parameters ---- 
Cali. Offset : -1.987613-01 
EWHM Offset : 6.370773-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 , 
Systematic Error : 9.0% 
Sigma Number : 1  

0 It Energy Area Bkgnd FWHM Channel %Ef f Cts/Sec %Err Fit 

1 0  10.30 
2 0  13 . 11 
3 0  16.16 
4 0  19.32 
5 0  46.47 
6 0  53 ;49 
7 0  63.24 
8 0  66.38 
9 0  74.61 

10 0 77.06 
11 0 83 . 91 
12 0 92 . 78 
13 0 110.06 
14 0 139.64 
15 0 143.65 
16 0 163.35 
17 0 185.87 
18 0 198.28 
19 0 238.78 
20 0 352.10 
21 0 511.22 
22 0 583.67 
23 0 803.54 
24 0 1002.71 

1435 
1598 
1877 
489 

1092 
318 

1969 
251 
125 
243 
246 

2705 
123 
327 
214 
219 

1288 
600 
423 
159 

1963 
178 
130 
19 

8131 
5408 
4550 
2825 
1757 
1255 
1712 
976 

1302 
1345 
1375 
1751 
1181 
1326 
1132 
1122 
1399 
1223 
1033 
596 
898 
385 
310 
311 

0.94 21.49 4.883+00 2.393-02 10.3 
1.08 27.23 5.243+00 2.663-02 7.8 
1.14 33.48 5.503+00 3.133-02 6.5 
1.12 39.93 5.683+00 8.163-03 17.9 
1.00 95.48 5.873+00 1.823-02 8.1 
0.95 109.84 5.793+00 5.303-03 20.1 
0.88 129.79 5.653+00 3.283-02 4.4 
1.39 136.22 5.613+00 4.193-03 20.7 
0.63 153.05 5.483+00 2,083-03 46.4 
0.84 158.06 5.443+00 4.063-03 25.9 
0.77 172.09 5.343+00 4.103-03 26.9 
1.03 190.24 5.213+00 4.513-02 3.5 
0.96 225.57 4.963+00 2.053-03 47.1 
1.16 286.11 4.573+00 5.453-03 21.6 
1.14 294.31 4.523+00 3.563-03 28.1 
0.98 334.62 4.293+00 3.643-03 28.4 
1.06 380.70 4.063+00 2.153-02 6.3 
1.98 406.10 3.943+00 1.003-02 12.0 
1.02 488.98 3.593+00 7.043-03 14.5 
0.93 720.86 2.883+00 2.663-03 28.8 
2.64 1046.54 2.243+00 3.273-02 4.1 
1.64 1194.85 2.033+00 2.973-03 22.1 
1.08 1644.99 1.573+00 2.173-03 26.8 
1.88 2052.83 1.293+00 3.213-04184.6 



Peak Search Report (continued) Pase : 2 
Sample ID : BCKGND Acquisition date : 11-OCT-1996 22-02.4 

8.0 i b  
Pk It Energy Area Bkgnd FWHM Channel %Ef f Cts/Sec %Err Fit 

98 143 1.20 2992.55 9.02E-01 1.633-03 27.1 
I 

0 8 5  
0 08 8 5'9 



Gamma Spectroscopy Report generated 21-OCT-1996 12:51 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP-QC1232401 - GAMMA6 - PMP - 9220.CNF;S 
Analyses by : PEAK V16.5 ENBACK V1.5 

---- Sample Information ---- 
S e e  

Title : G969901S 
Sa le ID : QC-123240-1 Sample Quantity : 1.004003+02 G 
Sample Type : SOIL Sample Geometry : TRMlS2 

---- Sample Decay/Count Information ---- 
Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detector name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

---- Processing Parameters ---- 
Cali. Slope : 4.885113-01 Cali. Offset : -1.754003-01 
Cali. Quadratic : -9.439143-08 FWHM Offset : 7.57862E-01 
FWHM S l o w  : 2.627863-02 MDA Width (FWHM) : 3.0 

1 6  
2 6  
3 6  
4 2  
5 2  
6 0  
7 0  
8 0  
9 1  

10 1 
11 4 
12 4 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

Energy 

10.68* 
12 97* 
15.59* 
25.57 
27 37 
46.53* 
50.00 
53.28* 
63.28* 
67.63* 
74.83* 
77 . 11* 
83.81* 
87 . 18 
89.99 
92 . 47* 
94.83 
97.97 

144.07* 
154 . 22 
186 . 19* 
236 . 02 
242.07 
255 . 63 

Area 

682 
1284 
1226 
200 
604 

7826 
744 

2077 
1203 
1024 

12345 
21468 
3000 
6402 
2081 
659 
760 
377 
582 
657 

6950 
634 

9730 
350 

'Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Bkgnd 

4588 
4395 
6280 
1806 
3054 
6385 
3298 
4484 
4335 
4410 
5951 
6168 
3862 
5255 
3995 
3434 
3027 
2576 
4292 
4492 
4188 
2309 
2271 
2631 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel 

1.03 
1.01 
1.46 
0.91 
1.08 
0.99 
0.92 
1.01 
0.87 
0.88 
0.94 
0.92 
0.95 
1.18 
1.02 
0.95 
1.12 
1.46 
1.16 
1.06 
1.15 
1.09 
1.14 
0.98 

22.22 
26.91 
32.27 
52.70 
56.38 
95 . 60 
102 . 72 
109.43 
129.91 
138.80 
153 . 55 
158.22 
171.93 
178.82 
184.59 
189 . 65 
194 . 49 
200.92 
295.29 
316.08 
381.52 
483 . 55 
495 . 93 
523.69 

Left Pw Cts/Sec %Err Fit 

19 18 4.733-02 17.0 1.093+00 
19 18 8.923-02 9.1 
19 18 8.513-02 12.6 
51 10 1.393-02 30.7 1.76E+00 
51 10 4.203-02 15.8 
90 11 5.433-01 2.3 

101 6 5.173-02 12.7 
106 8 1.443-01 6.1 
126 16 8.363-02 9.0 4.253+00 
126 16 7.113-02 10.3 
147 15 8.573-01 1.4 1.58E+01 
147 15 1.493+00 0.9 
170 6 2.083-01 3.8 
176 7 4.453-01 2.2 
182 6 1.453-01 5.3 
188 5 4.583-02 14.5 
193 6 5.283-02 12.3 
199 6 2.623-02 21.9 
291 9 4.053-02 20.9 
312 9 4.563-02 18.8 
377 10 4.833-01 2.1 
480 8 4.413-02 13.7 
492 9 6.763-01 1.3 
518 11 2.433-02 28.9 



Peak Search Report (continued) Paqe : 2 
Sample ID : QCl123240-1 

Pk It 

ilp 28 0 

29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 
45 0 
46 0 
47 0 
48 0 
49 0 
50 0 yp 
54 0 
55 0 
56 0 
57 0 
58 0 
59 0 
60 0 
61 0 
62 2 
63 2 
64 0 
65 0 
66 0 
67 4 
68 4 
69 0 
70 0 
71 0 
72 0 
73 0 
74 1 
75 1 

Energy 

259.00 
269.60 
271.40 
274.66 
295.29 
299.78 
323.83 
329.91 
338 . 64 
351.98* 
389.24 
402.02 
405 . 43 
454.49 
480.76 
487 . 03 
511.24* 
533. 41 
580.09 
609.39 
665 . 64 
703 . 13 
720.09 
742 . 51 
768.39 
785. 98 
806.44 
832.13 
838. 96 
934.00 
964.15 

1070.25 
1120.19 
1155.09 
1207 . 91 
1237.92 
1280.87 
1377.47 
1385.22 
1401.01 
1407.75 
1509.15 
1538.32 
1542. 84 
1583.07 
1599.03 
1661.05 
1729.54 
1764.41 
1838.05 
1847.30 

Area 

620 
766 
589 
406 

21390 
216 
288 
192 
115 

35956 
292 
255 
235 
386 
229 
264 
192 
163 
251 

25069 
758 
254 
120 
146 

2353 
676 
528 
171 
331 

1211 
160 
132 

5134 
666 
189 

1869 
380 

1408 
259 
399 
672 
707 
207 
190 
216 
71 

291 
941 

4244 
92 

579 

Acquisition date : 

Bkgnd 

1607 
1902 
1415 
1471 
2505 
1581 
1801 
1413 
1202 
2297 
1226 
1321 
1167 
1223 
726 
796 

1137 
650 
519 
903 
437 
634 
573 
462 
854 
784 
747 
483 
490 
506 
531 
282 
463 
422 
348 
373 
401 
250 
293 
347 
282 
364 
265 
253 
217 
182 
189 
138 
138 
56 
76 

FWHM Channel 

1.07 530.60 
1.27 552.30 
0.93 555.98 
1.68 562.66 
1.15 604.91 
1.21 614.10 
1.12 663.34 
0.71 675.79 
0.76 693.66 
1.22 720.98 
1.04 797.28 
1.34 823.43 
1.59 830.43 
1.30 930.88 
1.49 984.68 
1.53 997.52 
3.15 1047.10 
1.59 1092.50 
1.08 1188.09 
1.39 1248.09 
1.44 1363.31 
1.19 1440.08 
1.01 1474.82 
1.48 1520.74 
1.57 1573.75 
1.73 1609.78 
1.56 1651.70 
1.67 1704.31 
1.67 1718.31 
1.63 1912.99 
1.66 1974.76 
1.24 2192.12 
1.71 2294.45 
1.69 2365.95 
1.60 2474.18 
1.60 2535.67 
1.58 2623.68 
1.92 2821.63 
2.10 2837.50 
1.60 2869.86 
2.04 2883.68 
1.66 3091.48 
2.62 3151.28 
2.62 3160.53 
2 . 05 32-43.00 
0.99 3275.70 
1.63 3402.82 
2.04 3543.22 
2.25 3614.69 
2.07 3765.66 
2.08 3784.61 

Left 

528 
548 
548 
560 
600 
611 
657 
672 
690 
714 
794 
820 
827 
925 
981 
994 
1041 
1089 
1184 
1241 
1359 
1436 
1469 
1516 
1566 
1601 
1645 
1697 
1697 
1907 
1969 
2188 
2287 
2359 
2469 
2529 
2618 
2816 
2816 
2861 
2877 
3084 
3144 
3144 
3237 
3271 
3397 
3535 
3606 
3758 
3758 

Pw Cts/Sec %Err Fit 

7 4.303-02 11.4 
12 5.323-02 10.6 3.59E+00 
12 4.093-02 11.2 
7 2.823-02 16.5 

12 1.493+00 0.8 
8 1.503-02 32.6 

11 2.003-02 29.1 
8 1.333-02 34.7 
7 8.023-03 50.7 

14 2.503+00 0.6 
8 2.033-02 21.7 
8 1.773-02 25.5 
7 1.633-02 24.9 

13 2.683-02 19.4 
8 1.593-02 21.5 
9 1.833-02 20.2 

14 1.333-02 41.2 
9 1.133-02 29.2 
8 1.743-02 17.0 

13 1.743+00 0.7 
10 5.273-02 6.3 
11 1.773-02 20.1 
10 8.353-03 38.3 
10 1.023-02 28.6 
17 1.633-01 3.5 
17 4.693-02 10.3 
15 3.673-02 12.2 
31 1.193-02 25.3 1.293+00 
31 2.303-02 13.7 
11 8.413-02 4.6 
11 1.113-02 29.0 
9 9.173-03 24.6 

14 3.573-01 1.7 
14 4.623-02 7.6 
13 1.313-02 21.9 
14 1.303-01 3.2 
14 2.643-02 12.3 
29 9.783-02 3.5 8.41E-01 
29 1.803-02 14.7 
16 2.773-02 11.6 
13 4.663-02 6.4 
16 4.913-02 7.1 
23 1.443-02 18.0 1.42E+00 
23 1.323-02 19.7 
13 1.50E-02 15.6 
10 4.943-03 37.6 
15 2.023-02 11.8 
17 6.533-02 4.4 
19 2.953-01 1.7 
34 6.363-03 22.4 1.743+00 
34 4.02E-02 5.2 

Flag: V I * "  = Peak area was modified by background subtraction 



Gamma Spectroscopy Report generated 21-OCT-1996 12:51 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP QC1232401 GAMMA6 - PMP - 9220.CNF;5 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 

Sample Information ---- 
: QC-123240-1 Sample Quantity : 1.00400E+02 G 
: SOIL Sample Geometry : TRMlS2 

---- 
le Title : G969901S 9k Sa ple ID 

Sample Type 

---- Sample Decay/Count Information ---- 
Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detect or name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

---- Processing 
Cali. Slope : 4.885113-01 
Cali. Quadratic : -9.439143-08 
FWHM Slope : 2.627863-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

Parameters ---- 
Cali. Offset : -1.754003-01 
FWHM Offset : 7.57862E-01 
MDA Width (EWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

m - N I D  Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

6 10.68* 
6 12.97* 
6 15 . 59* 
2 25.57 
2 27.37 
0 46.53* 
0 50.00 
0 53.28* 
1 63.28* 
1 67.63* 
4 74.83* 
4 77 11* 
0 83.81* 
0 87.18- 
0 89.99 
0 92.47* 
0 94.83 
0 97.97 
0 144.07* 

0 154.22 

682 
1284 
1226 
200 
604 

7826 
744 

2077 
1203 
1024 

12345 
21468 
3000 
6402 
2081 
659 
760 
377 
582 

657 

4588 
4395 
6280 
1806 
3054 
6385 
3298 
4484 
4335 
4410 
5951 
6168 
3862 
5255 
3995 
3434 
3027 
2576 
4292 

4492 

1.03 
1.01 
1.46 
0.91 
1.08 
0.99 
0.92 
1.01 
0.87 
0.88 
0.94 
0.92 
0.95 
1.18 
1.02 
0.95 
1.12 
1.46 
1.16 

1.06 

22.22 
26.91 
32.27 
52.70 
56.38 
95.60 

102.72 
109.43 
129.91 
138.80 
153.55 
158.22 
171 . 93 
178.82 
184.59 
189.65 
194.49 
200.92 
295.29 

316.08 

19 18 34.0 1.09E+00 
19 18 18.2 
19 18 25.3 
51 10 61.4 1.76E+00 
51 10 31.7 
90 11 4.6 

101 6 25.4 PA-231 
106 8 12.1 
126 16 18.1 4.253+00 
126 16 20.6 
147 15 2.7 1.58E+01 
147 15 1.8 
170 6 7.6 
176 7 4.5 
182 6 10.7 
188 5 28.9 
193 6 24.5 
199 6 43.7 
291 9 41.8 U-235 

PA-231 
312 9 37.7 PA-2 3 1 



P o s t - N I D  P e a k  Search R e p o r t  ( c o n t i n u e d )  P a g e  : 2 
Sample I D  : QC-123240-1 Acquis i t ion  d a t e  : 14-OCT-1996 10 :56 :36  

8 0 1 9  
It Energy Area Bkgnd FWHM Channel L e f t  Pw %Err F i t  N u c l i d e s  

186.19* 6950 

236.02 634  

0 242.07 9730 
0 255.63 350  
0 259.00 620  
3 269.60 766  
3 271.40 589  
0 274.66 406 
0 295.29 21390 
0 299.78 216 
0 323.83 288  
0 329.91 1 9 2  
0 338.64 1 1 5  
0 351.98* 35956 
0 389.24 292 
0 402.02 255  
0 405.43 235  
0 454.49 386  
0 480.76 229  
0 487.03 264  
0 511.24* 1 9 2  
0 533 .41  1 6 3  
0 580.09 2 5 1  
0 609.39 25069 

665.64 758  
703.13 254  
720.09 1 2 0  

0 742 .51  1 4 6  
2353  0 768.39 

0 785.98 676 
0 806.44 528  
1 832.13 1 7 1  
1 838.96 331 
0 934.00 1 2 1 1  
0 964.15 1 6 0  
0 1070.25 1 3 2  
0 1120.19 5134 
0 1155.09  666 
0 1207 .91  1 8 9  
0 1237.92 1 8 6 9  
0 1280.87 380  
2 1377.47 1 4 0 8  
2 1385.22 - 259  
0 1401.01  399  
0 1407.75 672 
0 1509.15 707  
4 1538.32 207  
4 1542.84 1 9 0  
0 1583.07 216  

6 

4188 

2309 

2271  
2631  
1607 
1902 
1415  
1 4 7 1  
2505 
1 5 8 1  
1 8 0 1  
1 4 1 3  
1202 
2297 
1226 
1 3 2 1  
1167 
1223  

726 
796 

1137 
650 
519 
903 
437 
634 
573 
462 
854 
784 
747 
483 
490 
506 
5 3 1  
282 
463 
422 
348 
373 
401  
250 
293  
347 
282 
364 
265 
253 
217 

1 .15  381.52 

1 .09  483.55 

1 . 1 4  495.93 
0.98 523.69 
1 .07  530.60 
1 .27  552.30 
0 .93  555.98 
1 . 6 8  562.66 
1 .15  604 .91  
1 . 2 1  614.10 
1 .12  663.34 
0 .71  675.79 
0;76 693.66 
1 .22  720.98 
1 . 0 4  797.28 
1 . 3 4  823.43 
1 . 5 9  830 .43  
1 . 3 0  930.88 
1 . 4 9  984.68 
1 . 5 3  997.52 
3 .15  1047.10 
1 . 5 9  1092.50 
1 . 0 8  1188.09  
1 . 3 9  1248.09 
1 .44  1363.31  
1 .19  1440.08 
1 . 0 1  1474.82 
1 .48  1520.74 
1 .57  1573.75 
1 . 7 3  1609.78 
1 .56  1651.70 
1 .67  1704.31  
1 .67  1718.31  
1 . 6 3  1912.99  
1 .66  1974.76 
1 .24  2192.12 
1 . 7 1  2294.45 
1 .69  2365.95 
1 .60  2474.18 
1 .60  2535.67 
1 .58  2623.68 
1 .92  2821.63 
2.10 2837.50 
1 . 6 0  2869.86 
2.04 2883.68 
1 .66  3091.48 
2.62 3151.28 
2.62 3160.53 
2 .05  3243.00 

377 

480 

492 
518 
528 
548 
548 
560 
600 
6 1 1  
657 
672 
690 
714 
794 
820 
827 
925 
9 8 1  
994 

1 0 4 1  
1089 
1184 
1 2 4 1  
1359 
1436 
1469 
1516 
1566 
1 6 0 1  
1645 
1697 
1697 
1907 
1969 
2188 
2287 
2359 
2469 
2529 
2618 
2816 
2816 
2861 
2877 
3084 
3144 
3144 
3237 

1 0  4.3 U-235 
RA-22 6 

8 27 .5  PA-2 3 1 
PA-2 3 1 

9 2.7 
11 57.7 PA-2 3 1 

7 22.9 
12  21.2 3.593+00 PA-231 
1 2  22.5 PA-2 3 1 

7 33.0 
12  1 . 7  

8 65.3 PA-2 3 1 
11 58 .3  PA-2 3 1 

8 69.4 PA-2 3 1 
7101.3 PA-2 3 1 

1 4  1 . 2  PA-2 3 1 
8 43.5 
8 50.9 PA-2 3 1 
7 49.9 PA-2 3 1 

13 38.8 
8 43.0 
9 40.4 

1 4  82.4 
9 58.5 
8 33.9 

1 3  1 . 4  
1 0  12 .7  
11 40.2 
1 0  76.7 
1 0  57 .3  
1 7  7.0 
1 7  20.5 
1 5  24.4 
3 1  50.6 1.29E+00 PA-231 
31 27.4 
11 9.2 
11 5 8 . 1  

9 49 .1  
1 4  3.3 
1 4  15 .2  
1 3  43.7 
1 4  6.4 
1 4  24.6 
29 7.0 8.41E-01 
29 29.5 
1 6  23.2 
13 12 .9  
1 6  14 .2  
23  36.0 1.42E+00 
23  39.5 
1 3  31.3 



Post-NID Peak Search Report (continued) Page : 3 
Sample ID : QC-123240-1 Acquisition date : 14-OCT-1996 10:56:36 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

1599.03 71 182 0.99 3275.70 3271 10 75.2 
1661.05 291 189 1.63 3402.82 3397 15 23.6 

0 1729.54 941 138 2.04 3543.22 3535 17 8.7 
0 1764.41 4244 138 2.25 3614.69 3606 19 3.4 
1 1838.05 92 56 2.07 3765.66 3758 34 44.8 1.74E+00 
1 1847.30 579 76 2.08 3784.61 3758 34 10.4 

, 



Gamma Spectroscopy Report generated 21-OCT-1996 12:52 8019 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP QC1232401 GAMMA6 - PMP - 9220.CNF;5 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 

a l e  Title 
Sample ID 
Sample Type : SOIL Sample Geometry : TRMlS2 

Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

Sample Information ---- ---- 
: G969901S 
: QC-123240-1 Sample Quantity : 1.00400E+02 G 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detector name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

Cali. Slope 
Cali, Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

m r f  erence Report 

---- Processing Parameters ---- 
4.885113-01 Cali. Offset : -1.754003-01 
-9.439143-08 FWHM Offset : 7.57862E-01 
2.627863-02 MDA Width (FWHM) : 3.0 
1 End channel : 4096 
5.0 Gaussian Sens. : 10.0 
2.0 Half life ratio : 8.0 
75.0 WTM error limit : 3.0 
PCI Act. Conversion : 1.00000E+06 

Yes Systematic Error : 0.0% 
5.0 Sigma Number : 2  

No interference correction performed 



Rejected Report 
Sample ID : QC-123240-1 

Page : 2 
Acquisition date : 14-OCT-1996 10:56:36 - 

Half-Life 2-Sigma 
Nuclide Half-life Ratio Energy %Abund Activity %Error Rejected by 
~ ~ - 2 2 8  i . 4 1 ~ + 1 0 ~  0.00 209.28 4.40 --- Not Found --- Abun. 

270.23 3.60 7.6643-06 55.89 

338.32 11.40 4.8253-07 110.13 
327.64 3.20 --- N o t  Found --- 
463.00 4.40 --- Not Found --- 
794.70 4.60 --- Not Found --- 
911.07* 27.70 --- Not Found --- 
969.11 16.60 --- Not Found --- 

e 
964.60 5.20 4.176E-06 65.26 

% Abundances Found = 24.91 

Flag: n * n  = Keyline 

0 9 2  



Nuclide Line Activity Report 
Sample ID : QC-123240-1 

PA-231 50.10 744 
100.00 ------ 
122.31 ------ 
144.24 582 
154.21 657 
205.00 ------ 
210.60 ------ 
234.90 634 
236.00 634 
256.20 350 
269.46 766 
271.23 589 
283.67 
286.10 
300.08 
304.40 
323.87 
330.00 
334.20 
338.28 
351.07 
401.81 
404.84 
427.08 
445.03 
569.67 
831.96 
897.83 
897.83 

U-235 143.76 582 
163.35 ------ 

31.70 
1.11 
1.19 
3.24 
5.58 
1.08 
1.26 
2.80 
11.50 
6.30 
13.60 
10.60 
1.60 
1.60 
2.30 
1.35 
3.88 
1.30 
1.15 
2.73 
2.94 
6.50 
2.90 
1.30 
1.18 
0.54 
2.90 
0.24 
0.52 
10.50 
4.70 

Page : 3 
Acquisition date : 14-OCT-1996 10:56:36 

Nuclide Type: Natural 
Uncorrected Decay Corr 

Energy Area %Abn %Eff PCI/G PCI/G 
186.21 6950 3.28* 7.3883+00 5.362E+01 5.394E+01 

6.5793+00 6.6733-01 6.675E-01 
Line Not Found 8.2973+00 ------ 
Line Not Found 8.5663+00 ------ 

8.3823+00 4.0103+00 4.0113+00 
8.1953+00 2.6863+00 2.6863+00 
6.8563+00 ------ Line Not Found 
6.6983+00 ------ Line Not Found 
6.0053+00 7.0533+00 7.055E+00 
6.0053+00 1.7173+00 1.718E+00 
5.5143+00 1.883E+00 1.883E+00 
5.1913+00 2.0293+00 2.029E+00 
5.1513+00 2.0183+00 2.018E+00 
4.8893+00 ------ Line Not Found 
4.8393+00 ------ Line Not Found 
4.5723+00 3.8373+00 3.838E+00 
4.4873+00 ------ Line Not Found 
4.1523+00 3.3403+00 3.3413+00 
4.0563+00 6.8053+00 6.8073+00 
3.9903+00 ------ Line Not Found 
3.9233+00 2.0153+00 2.0153+00 
3.7343+00 1.3913+02 1.3923+02 
3.1483+00 2.3283+00 2.3293+00 
3.1143+00 4.8693+00 4.8713+00 
2.9153+00 ------ Line Not Found 
2.7693+00 ------ Line Not Found 
2.0783+00 ------ Line Not Found 
1.4983+00 7.3763+00 7.3783+00 
1.4313+00 ------ Line Not Found 
1.4313+00 ------ Line Not Found 
8.3823+00 1.2373+00 1.237E+00 
7.9903+00 ------ Line Not Found 

185.71 6950 54.00* 7.3883+00 3.2573+00 3.2573+00 
205.31 ------ 4.70 6.8473+00 ------ Line Not Found 

Flag: n * n  = Keyline 

. . . - . . . .. 



Gamma Spectroscopy Report generated 21-OCT-1996 12:52 Sol? 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP QC1232401 GAMMA6 PMP 9220,CNF;S 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 MTNACT V2.5 

---- Sample Information ---- 
: G969901S 
: QC-123240-1 Sample Quantity : 1.00400E+02 G 

a l e  Title 
Sample ID 
Sample Type : SOIL Sample Geometry : TRMlS2 

---- Sample Decay/Count Information --- 
Sample Date : 15-FEB-1983 12:OO Acquisition date : 
Elapsed live time: 0 04:OO Elapsed real time: 
Decay time : 4989 22:56 

.- 
14-OCT-1996 10:56 
0 04:OO 0.1% 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detector name : GAMMA6 Counting geometry: TRMl-S2 
Effic, cal. time : 19-SEP-1996 15:59 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Err or s propagated: 

---- Processing 
4.885113-01 
-9.439143-08 
2.62786E-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

m i n e d  Activity-MDA Report 

---- Identified Nuclides ---- 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

Activity Act error MDA 
Nuclide .(PCI/G) (PCI/G) 

RA-226 5.394E+01 1.6623+01 1.981E+00 
PA-2 3 1 1.3923+02 1.687E+01 6.411E-01 
U-2 3 5 3 , 257E+OO 1.009E+00 1.205E-01 

--- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA 

Nuclide (PCI/G) Ided (PCI/G) 

m-228 2.75713-01 3.06813-01 5.268E-01 

: -1.754003-01 
: 7.57862E-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

MDA error Act /MDA 

6.04513-01 27.223 
7.8783-02 217.075 
3.680E-02 27.027 

MDA error Act/MDA 

1.171E-01 0.523 



L. 8 0 1 9  Gamma Spectroscopy Report generated 21-OCT-1996 12:52 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP QC1232401 GAMMA6 PMP 9220.CNF;S . 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID v3.1 MTNACT V2.5 

---- Sample Information ---- 
le Title : G969901S 
le ID : QC-123240-1 Sample Quantity : 1.00400E+02 G 

Sample Type : SOIL Sample Geometry : TRMlS2 

---- Sample Decay/Count Information ---- 
Sample Date : 15-FEB-1983 12:OO Acquisition date : 14-OCT-1996 10:56 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.1% 
Decay time : 4989 22:56 

Detector Parameters ---- ---- 
Energy cal. time : 14-OCT-1996 09:29 
Detect or name : GAMMA6 Counting geometry: TRMl-S2 
Effic. cal. time : 19-SEP-1996 15:59 

Processing Parameters ---- ---- 
Cali. Slope : 4.885113-01 Cali. Offset 
Cali. Quadratic : -9,439143-08 FWHM Offset 
FWHM Slope : 2,627863-02 MDA Width (FWHM) 
Start channel : 1  End channel 
Sensitivity : 5.0 Gaussian Sens. 
Energy tolerance : 2.0 Half life ratio 
Abundance limit : 75.0 WTM error limit 
Activity Units : PCI Act. Conversion 
MDA Confid Level : 5.0 Sigma Number 
Errors propagated: Yes Systematic Error 

ined Activity-MDA Report W 
Identified Nuclides ---- ---- 

Activity Act error MDA 
Nuclide ,(PCI/G) (PCI/G) 

RA-22 6 5.3943+01 1.924E+01 1.981E+00 
PA-231 1.3923+02 3.020E+01 6.411E-01 
U-2 3 5 3.257E+00 1.167E+00 1.205E-01 

--- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA 

Nuclide (PCI/G) Ided (PCI/G) 

RA-228 2,7573-01 3.108E-01 5.2683-01 

: -1.754003-01 
: 7.57862E-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 9.0% 

MDA error Act /MDA 

6.04513-01 27.223 
7.8783-02 217.075 
3.6803-02 27.027 

MDA error Act /MDA 

1.17113-01 0.523 
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Gamma Spectroscopy Report generated ll-OCT-1996 14:03 8 Q i g  
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304517 GAMMA6 PMP 9182.CNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

- - - - 

---- Sample Information ---- 
ample ID : 96304517 Sample Quantity : 1.00000E+00 SAMPLE 

: FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 

ple Title : G969901S c 
Sample Type 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali. Slope : 4.888023-01 Cali. Offset : -1.987613-01 
Cali. Quadratic : -1.240083-07 FWHM Offset : 6.370773-01 
FWHM Slope : 3.320833-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

0 It Energy 
1 0  10.21 
2 0  12.85 
3 0  16 . 08 
4 0  46.50 
5 0  53.60 
6 0  63.26 
7 0  77 . 42 
8 0  92.66 
9 0 112.54 

10 0 144.03 
11 0 185.64 
12 0 198.07 
13 0 259.03 
14 0 295.07 
15 0 351.98 

17 0 609.32 
18 0 807.00 
19 0 1764.84 

16 0 -511.31 

Area 

400 
264 
439 
192 
126 
438 
131 
709 
75 
92 

383 
200 
56 

141 
163 
435 
201 
70 
46 

Bkgnd 

1823 
1409 
1258 
304 
263 
364 
387 
473 
219 
288 
305 
348 
109 
194 
184 
200 
201 
149 
12 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel %Eff Cts/Sec %Err Fit 

1.07 21.30 9.133-01 2.783-02 17.8 
1.05 26.70 1.523+00 1.843-02 23.4 
1.20 33.30 2.30E+00 3.053-02 14.4 
1-02 95.53 6.843+00 1.343-02 16.8 
1-34 110.06 7.183+00 8.733-03 24.0 
1.00 129.82 7.433+00 3.043-02 8.9 
0.68 158.81 7.493+00 9.073-03 26.7 
1.15 189.97 7.343+00 4.923-02 7.1 
1.51 230.65 6.983+00 5.223-03 33.4 
0.86 295.09 6.333+00 6.373-03 35.1 
1-23 380.23 5.523+00 2.663-02 10.4 
1.88 405.67 5.313+00 1.393-02 20.6 
1.55 530.42 4.413+00 3.903-03 33.5 
1.24 604.15 4.003+00 9.813-03 21.5 
1.06 720.62 3.473+00 1.13E-02 17.5 
2.13 1046.73 2.523+00 3.023-02 8.7 
1.48 1247.36 2.163+00 1.393-02 17.6 
7.01 1652.07 1.69E+00 4.833-03 50.3 
2.49 3614.26 9.073-01 3.223-03 21.1 



Gamma Spectroscopy Report generated 11-OCT-1996 14:03 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG BCKGND GAMMA6 9144.CNF;l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

m p l e  Title 
Sample ID 
Sample Type Sample Geometry : 

Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:21: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:OO 0.0% 
Decay time 0 18:21 

- - _. 

---- Sample Information ---- 
: BCKGND Sample Quantity : 1.00000E+00 G 

---- Sample Decay/Count Information ---- 

---- Detector Paxameters ---- 
Energy cal. time : 30-SEP-1996 09:02 
Detector name : GAMMA6 Counting geometry: TRMl-S3 
Effic, cal. time : 19-SEP-1996 13:34 

---- Processing Parameters ---- 
Cali. Slope : 4.885393-01 Cali. Offset : -1.232023-01 
Cali, Quadratic : -8.964823-08 FWHM Offset : 6.638643-01 
FWHM Slope : 3.086943-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

1 0  
2 4  
3 4  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 7 
17 7 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

Energy 

10.31 
13 . 10 
16-24 
19.50 
25.54 
46.59 
53.57 
63 . 33 
66.27 
74.71 
77.10 
84.07 
87 , 11 
92.68 
98.45 

110.09 
112 . 93 
139.98 
143.85 
163 . 53 
185 . 82 
197.88 
205.27 
238 . 51 

Area 

4650 
3782 
5522 
1635 
312 

2743 
608 

5851 
434 
387 
716 
939 
255 

8662 
403 
994 
511 
660 
766 
543 

3757 
1519 
364 

1425 

Bkgnd 

23581 
8752 

14567 
8409 
5600 
4367 
4119 
4242 
3647 
3737 
3235 
4528 
3002 
4490 
3128 
5123 
3026 
3279 
3282 
3010 
3802 
4349 
2837 
3059 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel % E f f  Cts/Sec %Err Fit 

0.99 21.37 1.073+05 2.583-02 5.4 
0.88 27.07 1.833+03 2.103-02 3.5 6.653-01 
1.15 33.50 1.523+02 3.073-02 4.1 
1.62 40.16 3.623+01 9.0831-03 9.3 
0.86 52.53 1.023+01 1.73E-03 38.6 
1-01 95.62 5.243+00 1.523-02 4.7 
1.10 109.90 5.523+00 3.383-03 18.7 
0.89 129.88 6.063+00 3.253-02 2.3 
1.07 135.89 6.233+00 2,413-03 23.6 
0.90 153.19 6.703+00 2.153-03 25.5 
0.91 158.08 6.823+00 3.983-03 13.2 
1.17 172.34 7.153+00 5.223-03 13.3 
1.06 178.56 7.283+00 1.423-03 34.5 
1.15 189.96 7.483+00 4.813-02 1.8 
0.67 201.79 7.653+00 2.243-03 23.5 
1.93 225.60 7.873+00 5.523-03 14.9 2.353+00 
1.14 231.42 7.90E+00 2.843-03 18.5 
1.12 286.79 7.853+00 3.673-03 15.5 
0.98 294.73 7.803+00 4.263-03 13.4 
1.01 335.01 7.473+00 3.01E-03 18.1 
1.11 380.64 6.983+00 2.093-02 3.5 
2.03 405.32 6.693+00 8.443-03 9.1 
1.41 420.45 6.51E+00 2.023-03 25.9 
1.17 488.51 5.743+00 7.9233-03 7.4 



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It 

28 0 
29 0 
30 0 
31 0 
32 10 
33 10 
34 0 
35 0 
36 0 
37 0 
38 0 

Energy 

295.60 
351.85 
510 . 92 
569.76 
583.21 
609.11 
669 . 74 
694.29 
701.21 
802 . 85 

1000.76 
1063.81 
1460.33 
1764.08 

Area 

150 
396 

5903 
296 
431 
415 
157 
708 
457 
425 
326 
136 
407 
137 

Bkgnd 

1965 
1610 
2795 
1426 
1428 
1634 
876 

1889 
2536 
888 
643 
560 
435 
242 

Page : 2 
Acquisition date : 4-OCT-1996 18:21:18 

8019 
FWHM Channel %Eff Cts/Sec %Err Fit 

1.35 605.39 
1.25 720.55 
2.42 1046.27 
1.68 1166.76 
1.46 1194.29 
1.39 1247.34 
1.62 1371.50 
3.83 1421.77 
3.84 1435.95 
1.34 1644.13 
1.90 2049.50 
1.77 2178.65 
1.84 2991.07 
1.92 3613.58 

4.613+00 8.343-04 51.9 
3.783+00 2.203-03 18.2 
2.473+00 3.28E-02 2.5 
2.203+00 1.653-03 25.4 
2.153+00 2.39E-03 17.7 
2.063+00 2.313-03 18.9 
1.883+00 8.743-04 34.9 
1.83E+00 3.933-03 15.0 3.993+00 
1.81E+00 2.543-03 29.9 
1.633+00 2.363-03 14.4 
1.423+00 1.81E-03 16.1 
1.38E+00 7.533-04 33.9 
1.223+00 2.263-03 12.2 
1.143+00 7.603-04 24.3 



Gamma Spectroscopy Report generated ll-OCT-1996 14:03 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP-96E04517 - GAMMA6 - PMP_9182,CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 

---- Sample Information ---- 
S ple ID : 96304517 Sample Quantity : 1.00000E+00 SAMPLE 

: FILTER Sample Geometry : PMP Sample Type 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SIP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

le Title : G969901S * 
---- Detector Parameters ---- 

Energy cal, time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal, time : 19-SEP-1996 15:11 

Cali, Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
I D A  Confid Level : 
Er for s propagated : 

1 0  10.21* 
2 0  53 . 60* 
3 0  77,42* 
4 0  92,66* 
5 0 112,54* 
6 0 144.03* 
7 0 185.64* 
8 0 198,07* 
9 0 259.03 

10 0 295,07* 
11 0 351,98* 
12 0 609,32* 
13 0 807,OO 
14 0 1764.84* 

---- Processing 
4.888023-01 
-1.240083-07 
3.320833-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Area 

28 
77 
73 
16 
34 
30 
82 
78 
56 

129 
131 
167 
70 
35 

Bkgnd 

1823 
263 
387 
473 
219 
288 
305 
348 
109 
194 
184 
201 
149 
12 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

FWHM Channel 

1.07 21.30 
1.34 110.06 
0.68 158.81 
1.15 189.97 
1.51 230.65 
0.86 295.09 
1.23 380.23 
1.88 405.67 
1.55 530.42 
1.24 604.15 
1.06 720.62 
1.48 1247.36 
7.01 1652.07 
2.49 3614.26 

Left 

19 
107 
155 
186 
228 
291 
375 
399 
527 
598 
716 

1240 
1640 
3609 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.000003+06 
: 2  
: 0.0% 

Pw Cts/Sec %Err Fit 

6 1.963-03262.6 
8 5.353-03 40.9 
7 5.093-03 48.8 
11 1.103-03324.4 
6 2.383-03 76.4 
9 2.123-03109.2 

12 5.723-03 50.1 
13 5.423-03 54.5 
7 3.903-03 33.5 

12 8.983-03 23.9 
10 9.123-03 22.1 
17 1.163-02 21.5 
27 4.833-03 50.3 
11 2.463-03 28.7 

Flag: "*". = Peak area was modified by background subtraction 



8 0 1 9 .  Gamma Spectroscopy Report generated ll-OCT-1996 14:04 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304517 GAMMA6 PMP - 9182.CNF;Z 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 

- 

Sample Information ---- ---- 
le Title : G969901S 

: 96304517 Sample Quantity : 1.00000E+00 SAMPLE 
: FILTER Sample Geometry : PMP 

S e ple ID 
Sample Type 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 1 2 ~ 0 0  Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic, cal. time : 19-SEP-1996 15:11 

---- Processing 
Cali, Slope : 4.888023-01 
Cali, Quadratic : -1.240083-07 
JWHM Slope : 3.320833-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sens i t ivi t y : 5.0 

Parameters ---- 
Cali. Offset : -1.987613-01 
FWHM Offset : 6,370773-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 

Systematic Error : 0.0% 
Sigma Number : 2  

-NID Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuc 1 ides 

0 10.21* 
0 53.60* 
0 77.42* 
0 92.66* 
0 112.54* 
0 144.03* 
0 185,64* 

0 198.07* 
0 259.03 
0 295.07* 
0 351.98* 
0 609.32* 
0 807.00 
0 1764,84* 

28 
77 
73 
16 
34 
30 
82 

78 
56 

129 
131 
167 
70 
35 

1823 1.07 21.30 19 6525.2 
263 1.34 110.06 107 8 81.8 
387 0.68 158.81 155 7 97.5 
473 1.15 189.97 186 11648.7 
219 1.51 230.65 228 6152.7 
288 0.86 295.09 291 9218.3 U-2 3 5 
305 1.23 380.23 375 12100.2 U-235 

348 1.88 405.67 399 13109.0 
109 1.55 530.42 527 7 67.1 
194 1.24 604.15 598 12 47.9 
184 1.06 720.62 716 10 44.2 
201 1.48 1247.36 1240 17 42.9 
149 7.01 1652.07 1640 27100.5 
12 2.49 3614.26 3609 11 57.4 

RA-2 2 6 

008875 1 0 1  



Gamma Spectroscopy Report generated 15-OCT-1996 11:08 tol9 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304517 GAMMA6 PMP 9182.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 HINAcT V2.5 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

---- Sample Information ---- 
: G969901S 
: 96304517 Sample Quantity : 1.00000E+00 S W L E  

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMp 
Effic, cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali, Slope : 4.888023-01 Cali. Offset : -1.987613-01 
Cali, Quadratic : -1.240083-07 FWHM Offset : 6.370773-01 
FWHM Slope : 3.32083E-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.00000E+06 

Errors propagated: Yes Systematic Error : 0.0% 

Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

e i n e d  Act ivi ty-MDA Report 

---- Identified Nuclides ---- 
Activity Act error 

Nuclide (PCI/SAMPLE) 

RA-22 6 8.540E+01 8.621E+01 
U-2 3 5 8.600E+00 1.887E+01 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error 

Nuclide (PCI/SAMPLE)Ided 

RA-228 -1.9473+00 1.052E+01 
PA-2 3 1 5,4853+01 + 2.5223+01 

MDA MDA error 
(PCI/SAMPLE) 

6.9263+01 8.3093+00 
4.199E+00 5.2 13E-0 1 

MDA MDA error 
(PCI/SAMPLE) 

1.819E+01 2.423E+OO 
3 . 496E+01 4.401E+00 

Act /MDA 

1.233 
2.048 

Act /MDA 

-0 . 107 
1.569 



Gamma Spectroscopy Report generated 15-OCT-1996 11:08 8.0 18. 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304517 GAMMA6 PMP 9182.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 EINAcT V2.5 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S 
: 96E04517 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:30: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:30 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processina Parameters ---- 
Cali, Slope 
Cali, Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

d 

4.888023-01 
-1.24008E-07 
3.320833-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

m i n e d  Activity-MDA Report 

-- Identified Nuclides ---- 
Activity Act error 

Nuclide (PCI/SAMPLE) 

RA-226 8.5403+01 8.7573+01 
U-2 3 5 8.600E+00 1.8933+01 

Non-Identified Nuclides ---- 

Nuclide 

m-228 
PA-231 

Key-Line 
Activity K.L. Act error 

(PCI/SAMPLE)Ided 

-1.9473+00 1.053E+01 

Cali. Offset 
FWHM Offset 
MDA Width (EWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 9.0% 

MDA MDA error Act/MDA . 
(PCI/SAMPLE) 

6.9263+01 8.309E+00 1.233 
4.199E+00 5.2133-01 2.048 

MDA MDA error Act /MDA 
(PCI/SAMPLE) 

1.819E+01 2.423E+OO -0.107 
5.4853+01 + 2.709E+01 3.4963+01 4.401E+00 1.569 

008877 
1 0  
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Gamma Spectroscopy Report generated 11-OCT-1996 14:05 . 80 4 Q 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP-96E04517MD - GAMMA6 - PMP - 9191.CNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

&e Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Sample Information ---- 
: G969901S 
: 96304517MD Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 

Proce ---- 
Cali. Slope : 4.888023-01 
Cali. Quadratic : -1.240083-07 
FWHM Slope : 3.320833-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sens it ivi t y : 5.0 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 

Energy 

10.49 
12 . 92 
16 . 16 
46.06 
63 . 11 
76.79 
84.11 
92.59 

143 . 81 
185.71 
197.96 
238.57 
295.17 
352.46 
511.02 
582.66 

1460.23 

Area 

341 
332 
565 
294 
434 
83 
88 

665 
59 

306 
94 

134 
50 
55 

466 
63 
70 

Bkgnd 

2652 
2433 
2112 
583 
620 
285 
319 
467 
302 
258 
311 
203 
149 
162 
172 
94 
16 

ssing Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

FWHM Channel 

1.04 
1.12 
1.28 
1.01 
1.07 
1.17 
0.79 
1.00 
0.82 
1.07 
1.63 
1.18 
1.28 
0.71 
2.79 
0.93 
1.58 

21.86 
26.83 
33.46 
94.65 

129.52 
157.51 
172 . 49 
189.85 
294.64 
380.36 
405.45 
488.54 
604.36 
721 . 62 

1046 . 14 
1192.77 
2990.04 

%Eff Cts/Sec %Err Fit 

9.723-01 2.373-02 23.5 
1.533+00 2,313-02 24.3 
2.323+00 3.923-02 14.3 
6.813+00 2.043-02 17.0 
7.433+00 3.023-02 12.1 
7.493+00 5.773-03 33.8 
7.443+00 6.103-03 35.4 
7.343+00 4.623-02 7.2 
6.343+00 4.133-03 54.5 
5.523+00 2.123-02 11.0 
5.313+00 6.543-03 36.5 
4.68E+00 9.273-03 21.1 
4.003+00 3.453-03 43.1 
3.473+00 3.813-03 47.0 
2.523+00 3.243-02 7.8 
2.253+00 4.383-03 33.1 
1.043+00 4.843-03 17.6 



Gamma Spectroscopy Report generated 11-OCT-1996 14:05 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVEJBKG - BCKGND - GAMMA6 - 9144.CNF;l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

a l e  Title 
Sample ID : BCKGND 
Sample Type 

---- Sample Information ---- 
Sample Quantity : 1.00000E+00 G 
Sample Geometry : 

---- Sample Decay/Count Information ---- 
Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:21: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:OO 0.0% 
Decay time 0 18:21 

Detector Parameters ---- ---- 
Energy cal. time : 30-SEP-1996 09:02 
Detector name : GAMMA6 Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 13:34 

---- Processing Parameters ---- 
Cali. Slope : 4.885393-01 Cali. Offset : -1.232023-01 
Cali. Quadratic : -8.964823-08 FWHM Offset : 6.638643-01 
FWHM SloDe : 3.086943-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

e It 
1 0  
2 4  
3 4  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 7 
17 7 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

e 

Energy 

10.31 
13.10 
16.24 
19.50 
25.54 
46.59 
53.57 
63 . 33 
66.27 
74 . 71 
77 . 10 
84.07 
87 . 11 
92.68 
98 . 45 

110.09 
112 . 93 
139.98 
143 . 85 
163 . 53 
185 . 82 
197 . 88 
205.27 
238 . 51 

Area 

4650 
3782 
5522 
1635 
312 

2743 
608 

5851 
434 
387 
716 
939 
255 
8662 
403 
994 
511 
660 
766 
543 

3757 
1519 
364 

1425 

Bkgnd 

23581 
8752 

14567 
8409 
5600 
4367 
4119 
4242 
3647 
3737 
3235 
4528 
3002 
4490 
3128 
5123 
3026 
3279 
3282 
3010 
3802 
4349 
2837 
3059 

FWHM 

0.99 
0.88 
1.15 
1.62 
0.86 
1.01 
1.10 
0.89 
1.07 
0.90 
0.91 
1.17 
1.06 
1.15 
0.67 
1.93 
1.14 
1.12 
0.98 
1.01 
1.11 
2.03 
1.41 
1.17 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

Channel %Eff Cts/Sec %Err Fit 

21.37 
27.07 
33.50 
40.16 
52.53 
95.62 

109.90 
129.88 
135.89 
153 . 19 
158 . 08 
172 . 34 
178.56 
189.96 
201.79 
225.60 
231.42 
286.79 
294.73 
335 . 01 
380.64 
405.32 
420.45 
488 . 51 

1.07E+05 
1.833+03 
1.52E+02 
3.62E+01 
1.02E+01 
5.243+00 
5.52E+00 
6.06E+00 
6.23E+00 
6.70E+00 
6.82E+00 
7.15E+00 
7.283+00 
7.48E+00 
7 . 65E+00 
7.873+00 
7.90E+00 
7.85E+00 
7.80E+00 
7.47E+00 
6.983+00 
6.69E+00 
6.51E+00 
5.743+00 

2.583-02 
2 . 10E-02 
3.07E-02 
9.08E-03 
1.73E-03 
1.523-02 
3.383-03 
3 . 253-02 
2 . 41E-03 
2.15E-03 
3 983-03 
5 . 223-03 
1 . 423-03 
4 . 8113-02 
2 . 2 4E-03 
5.523-03 
2 . 8431-03 
3 . 673-03 
4.263-03 
3 . 0113-03 
2 . 09E-02 
8 . 443-03 
2 02E-03 
7.923-03 

5.4 
3.5 6.653-01 
4.1 
9.3 

38.6 
4.7 

18.7 
2.3 

23.6 
25.5 
13.2 
13.3 
34.5 
1.8 

23.5 
14.9 2.353+00 
18.5 
15.5 
13.4 
18.1 
3.5 
9.1 

25.9 
7.4 

000880 1 0 6  



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It 

28 0 
29 0 
30 0 
31 0 
32 10 
33 10 
34 0 
35 0 
36 0 
37 0 
38 0 

Energy 

295.60 
351 . 85 
510.92 
569.76 
583.21 
609.11 
669.74 
694.29 
701.21 
802 . 85 

1000.76 
1063.81 
1460.33 
1764.08 

Area 

150 
396 

5903 
296 
431 
415 
157 
708 
457 
425 
326 
136 
407 
137 

Bkgnd 

1965 
1610 
2795 
1426 
1428 
1634 
876 

1889 
2536 
888 
643 
560 
435 
242 

Page : 2 
Acquisition date : 4-OCT-1996 18:21:18 

8 0 1 9  
FWHM Channel %Eff Cts/Sec %Err Fit 

1.35 605.39 4.613+00 8.343-04 51.9 
1.25 720.55 3.783+00 2.203-03 18.2 
2.42 1046.27 2.473+00 3.283-02 2.5 
1.68 1166.76 2*20E+00 1.653-03 25.4 
1.46 1194.29 2.153+00 2.393-03 17.7 
1.39 1247.34 2.063+00 2.313-03 18.9 
1.62 1371.50 1.883+00 8.743-04 34.9 
3.83 1421.77 1.833+00 3.933-03 15.0 3.99E+00 
3.84 1435.95 1.81E+00 2.543-03 29.9 
1.34 1644.13 1.633+00 2.363-03 14.4 
1.90 2049.50 1.42E+00 1.81E-03 16.1 
1.77 2178.65 1.38E+00 7.533-04 33.9 
1.84 2991.07 1.223+00 2.263-03 12.2 
1.92 3613.58 1.143+00 7.603-04 24.3 



Gamma Spectroscopy Report generated ll-OCT-1996 14:05 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - 96E04517MD - GAMMA6 - PMP - 9191.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PIQ 

---- Sample Information ---- 
: G969901S 
: 96E04517MD Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: '0 04:OO 0.0% 
Decay time : 21 01:23 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888023-01 
-1.240083-07 
3.320833-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset : -1.987613-01 
FWHM Offset : 6.370773-01 
MDA Width (EWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0  12 . 92* 
2 0  16.16* 
3 0  46.06* 
4 0  76.79* 
5 0  84 . 11* 
6 0 185.71* 
7 0 238.57* 
8 0 295.17* 
9 0 352.46* 

10 0 582.66* 
11 0 1460.23.* 

30 
123 
74 
26 
13 
5 

19 
38 
23 
29 
37 

2433 
2112 
583 
285 
319 
258 
203 
149 
162 
94 
16 

1.12 26.83 25 6 2.07E-03273.5 
1.28 33.46 30 7 8.543-03 67.1 
1.01 94.65 90 11 5.153-03 68.7 
1.17 157.51 156 6 1.80E-03112.5 
0.79 172.49 169 7 8.803-04258.0 
1.07 380.36 376 9 3.76E-04653.9 
1.18 488.54 484 9 1.353-03150.8 
1.28 604.36 601 7 2.623-03 59.2 
0.71 721.62 715 11 1.60E-03114.3 
0.93 1192.77 1187 12 1.983-03 76.1 
1.58 2990.04 2981 16 2.57E-03 34.7 

Flag: q q * q q  = Peak area was modified by background subtraction 



8019 Gamma Spectroscopy Report generated ll-OCT-1996 14:05 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP-96E04517MD GAMMA6 - PMP - 9191.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF V2.2 NID VT.1 

---- Sample Information ---- 
: G969901S 
: 96E04517MD Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.888023-01 
-1.24008E-07 
3.32083E-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) : 
End channel 
Gaussian Sens. 
Half life ratio : 
WTM error limit : 
Act. Conversion : 
Sigma Number 
Systematic Error : 

-1.98761E-01 
6.37077E-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

e - N I D  Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 12.92* 
0 16.16* 
0 46.06* 
0 76.79* 
0 84.11* 
0 185.71* 
0 238.57* 
0 295.17* 

0 582.66* 
0 1460.23* 

0 -352.46* 

30 
123 
74 
26 
13 
5 

19 
38 
23 
29 
37 

2433 1.12 26.83 25 6547.0 
2112 1.28 33.46 30 7134.2 
583 1.01 94.65 90 11137.5 
285 1.17 157.51 156 6224.9 
319 0.79 172.49 169 7515.9 
258 1.07 380.36 376 9***** 
203 1.18 488.54 484 9301.6 
149 1.28 604.36 601 7118.5 
162 0.71 721.62 715 11228.6 
94 0.93 1192.77 1187 12152.3 
16 1.58 2990.04 2981 16 69.5 

RA-22 6 



Gamma Spectroscopy Report generated ll-OCT-1996 14:05 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04517MD GAMMA6 PMP 9191.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID VT.1 - - 

---- Sample Information ---- 
: G969901S 
: 96E04517MD Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: er f er ence Report 

---- Processing 
4.888023-01 
-1.240083-07 
3.320833-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

: -1.98761E-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

No interference correction performed 

00088% 1 1 0  



Rejected Report Page : 2 
Sample ID : 96E04517MD Acquisi t ion d a t e  : 10-OCT-1996 13:23:48 

Nuclide H a l f - l i f e  R a t i o  Energy %Abund Act iv i ty  %Error Rejected by 
PA-231 3.28E+04Y 0.00 50.10 31.70 --- Not Found --- Abun . 

2-Sigma 8019  H a l f - L i f e  

100.00 1.11 --- Not Found --- 
122.31 1.19 --- Not Found --- 
144.24 3.24 --- Not Found --- 
154.21 5.58 --- Not Found --- 
205.00 1.08 --- Not Found --- 
210.60 1.26 --- Not Found --- 
234.90 2.80 --- Not Found --- 
236.00 11.50 --- Not Found --- 
256.20 6.30 --- Not Found --- 
269.46 13.60 --- Not Found --- 
271.23 10.60 --- Not Found --- 
283.67 1.60 --- Not Found --- 
286.10 1.60 --- Not Found --- 
300.08 2.30 --- Not Found --- 
304.40 1.35 --- Not Found --- 
323.87 3.88 --- Not Found --- 
330.00 1.30 --- Not Found --- 
334.20 1.15 --- Not Found --- 
338.28 2.73 --- Not Found --- 
401.81 6.50 --- Not Found --- 
404.84 2.90 --- Not Found --- 
427.08 1.30 --- Not Found --- 
445.03 1.18 --- Not Found --- 
569.67 0.54 --- Not Found --- 
831.96 2.90 --- Not Found --- 
897.83 0.24 --- Not Found --- 
897.83 0.52 --- Not Found --- 

a 

351.07* 12.94 9.6583-06 228.95 

* % Abundances Found = 9.59 

U-235 7.04E+08Y 0.00 143.76 10.50 --- Not Found --- Abun. 
163.35 4.70 --- Not Found --- 

205.31 4.70 --- Not Found --- 
185.71* 54.00 3.4043-071307.78 

% Abundances Found = 73.07 

Flag: t l * t t  = Keyline 



Nuclide Line Activity Report 
Sample ID : 96E04517MD 

Page : 3 
Acquisition date : 10-OCT-1996 13:23:48 

N lide Type: Natural 

h i d e  
Uncorrected Decay Corr 2-Sigma 

Energy Area %Abn %Eff PCI/SAMPLE PCI/SAMPLE %Error 
186.21 5 3.28* 5.5223+00 5.6053+00 5.6053+00 1307.77 RA-2 2 6 

Flag: II*lt = Keyline 



Gamma Spectroscopy Report generated 11-OCT-1996 14:05 80 t S, 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04517ND GAMMA6 PMP 9191.CNF;Z 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID VZ.1 MIZACT-V2.5 

---- Sample Information ---- 
: G969901S 
: 96E04517MD Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: P M p  
Effic. cal. time : 19-SEP-1996 15:11 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Err or s propagated: 

---- Processing 
4.888023-01 
-1.240083-07 
3.32083E-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) : 
End channel 
Gaussian Sens. 
Half life ratio : 
WTM error limit : 
Act. Conversion : 
Sigma Number 
Systematic Error : 

-1.987613-01 
6.370773-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

e i n e d  Activity-MDA Report 

Identified Nuclides ---- -- 

Activity Act error MDA MDA error Act /MDA 
Nuclide (PCI/SAMPLE) . (PCI/SAMPLE) 

RA-226 5 . 605E+00 7 . 330E+01 7.7983+01 9.3543+00 0.072 

-- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-228 -1.405E+00 1.002E+01 1.744E+01 2 . 323E+OO -0.081 
PA-2 3 1 9.6583+00 + 2 . 211E+01 2.5533+01 3 . 2 14E+O 0 0.378 

0.051 U-235 3.4043-01 + 4 . 452E+OO 6.714E+00 8.3353-01 



Gamma Spectroscopy Report generated ll-OCT-1996 14:06 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96E04517MD GAMMA6 PMP 9191.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID VT.1 MIffACT-V2.5 

---- Sample Information ---- 
a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

: G969901S 
: 96E04517MD Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 13:23 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 21 01:23 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali. Slope : 4.888023-01 Cali. Offset : -1.987613-01 
Cali. Quadratic : -1.240083-07 FWHM Offset : 6.37077E-01 
FWHM Slope : 3.32083E-02 MDA Width (EWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.00000E+06 

Errors propagated: Yes Systematic Error : 9.0% 

Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

e i n e d  Activity-MDA Report 

Identified Nuclides ---- ---- 

Activity Act error MDA MDA error Act /MDA 
Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

RA-22 6 5 . 605E+00 7.330E+01 7.798E+01 9.354E+OO 0.072 

--- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-228 -1.405E+00 1.002E+01 1 . 744E+01 2 . 323E+OO -0.081 
2 . 553E+01 3.2143+00 0.378 PA-2 3 1 9.6583+00 + 2.218E+01 

U-235 3.404E-01 + 4.452E+OO 6 . 714E+00 8 . 3353-01 0.051 

vJ?3 
lo\ I 4 19b 



8019 
. . . . . . . . . . . . . . . . . . . . . . . . . .  . > .  . . . .  .- 

- 
- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 
0 
0 
N 

0 
0 
u) 
d 

e > 
a, 

0 -  
0 
O h  
daa 

L 
a, 
S 
W 

0 
0 
In 

0 

. . . . . . . . . .  

N 

LL 
z 
0 
ro 
00 
rl 
m 

I a 
E 

I 
In 

-. 

a 

h h h  
W W W  
L L L  
a,a,a, s s s  
w w w  

0 
0 

cv 
rl 

ro 
m 
m 
r lb  

-- a 

a 
E 
E 
L3 

I 
b 
rl 
In 
b 
0 
w 
ro 

i - 
I 

,- - . . . . . . . . . . . . . . . . . . . . . . . . . . .  

m 
n 
W > 
H 

a, 
-A 0 h 
+ H I -  

E n  

I u 
[Y a n n n  

E E E  
r d r d r d  
m m c n  

Q! cn 
3 u cn ro 

0 

m 
O d O  

In0 

I* 

. . . . . . . . . . . . . . . . . . . . . .  
f 
w * 
0 

E e a, 
Q cn 

0 
0 
0 
d 

0 
0 
rl 

0 
d 

d 



Gamma Spectroscopy Report generated ll-OCT-1996 13:40 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - 96304514 - GAMMAS - PMP - 9186.CNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

---- Sample Information ---- 
: G969901S 
: 96304514 Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SET-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity . : 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
E r r o r s  propagated: 

.It Energy - 
1 0  7.86 
2 0  13 . 14 
3 0  16.28 
4 0  46.35 
5 0  63.29 
6 1  74 . 75 
7 1  77.16 
8 0  92 . 78 
9 0 185.76 

10 0 199.09 
11 4 238.47 
12 4 242.18 
13 0 295.12 
14 0 352.17 
15 0 511.60 
16 0 583.70 
17 0 609.47 
18 0 1120.46 
19 0 1764.83 

---- Processing 
4,888233-01 
-8 . 491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset : -5.658413-01 
FWHM Offset : 4.15386E-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3 . 0  
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

Area Bkgnd FWHM Channel %Eff Cts/Sec %Err Fit 

2074 2952 1.28 17.25 8.983+00 1.44E-01 4.9 
319 1071 0.90 28.03 9.67E+00 2.2131-02 17.3 
481 960 1.24 34.46 9.783+00 3.343-02 11.7 
219 203 1-01 95.98 8.793+00 1.523-02 13.2 
301 228 0.88 130.64 8.08E+00 2.093-02 10.1 
139 166 0.88 154.09 7.653+00 9.683-03 16.3 3.13E+00 
208 143 0.84 159.02 7.573+00 1.443-02 11.3 
370 340 1.02 190.96 7.06E+00 2.573-02 10.7 
216 220 1.08 381.19 5.033+00 1.50E-02 14.6 
93 469 1.75 408.47 4.833+00 6.473-03 54.2 
97 189 1.61 489.05 4.323+00 6.74E-03 28.4 2.21E+00 

128 181 1.62 496.63 4.283+00 8.873-03 21.7 
144 220 0.98 604.95 3.753+00 1.003-02 22.1 
192 172 1.04 721.70 3.31E+00 1.343-02 15.4 
445 152 2.71 1047.95 2.473+00 3.093-02 9.0 
73 93 0.87- 1195.51 2.21E+00 5.10E-03 30.4 

190 152 1.35 1248.25 2.13E+00 1.32E-02 14.8 
53 37 1.03 2294.23 1.20E+00 3.693-03 26.5 
31 20 2.23 3613.79 7.373-01 2.123-03 34.9 



84) 19 Gamma Spectroscopy Report generated 11-OCT-1996 13:40 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMAS - 9143.CNF;l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

S e-' le Title 
Sample ID 
Sample Type 

Sample Date 
Elapsed live time: 
Decay time 

Energy cal. time : 
Detect or name 
Effic. cal. time : 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

1 0  
2 0  
3 0  
4 0  
s o  
6 0  
7 0  
8 0  
9 0  

10 4 
11 4 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 4 

Energy 

7.76 
10.38 
13 . 03 
16.22 
19.25 
23 . 34 
26.04 
46.55 
53.64 
63 . 34 
66.28 
69.74 
74.19 
77 . 07 
84.43 
-87.20 
92 . 67 
98.25 

109.75 
112 -82 
139.81 
143 . 66 
185.85 
197 . 16 

BCKGND 

---- Sample Information ---- 
Sample Quantity : 1.00000E+00 G 
Sample Geometry : 

---- Sample Decay/Count Information ---- 
4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:20: 
2 02:oo Elapsed real time: 2 02:Ol 0.0% 
0 18:20 

Detector Parameters ---- ---- 
30-SEP-1996 09:Ol 

19-SEP-1996 11:45 
GAMMA5 Counting geometry: TRMl-S3 

---- Processing Parameters ---- 
4.887563-01 Cali. Offset : -5.372443-01 
-7.071463-08 FWHM Offset : 5.946423-01 
3.39310E-02 MDA Width (FWHM) : 3.0 
1 
5.0 
2.0 
75.0 
pCi 
5.0 
Yes 

Area 

24064 
4115 
4183 
6461 
1233 
285 
437 
1927 
405 

3752 
535 
385 
134 
495 
698 
283 
4997 
195 
354 
230 
682 
424 

2020 
456 

Bkgnd 

42790 
15170 
13266 
11688 
6158 
5186 
4406 
3150 
3070 
1877 
2846 
3435 
3061 
2625 
3059 
2253 
3152 
2385 
2985 
1804 
3118 
2282 
3123 
1487 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 

Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel %Eff Cts/Sec %Err Fit 

1.54 16.98 
0.84 22.34 
0.86 27.77 
1.08 34.29 
0.89 40.48 
1.44 48.85 
1.08 54.38 
0.94 96.35 
0.98 110.85 
0.81 130.70 
1.28 136.72 
1.87 143.79 
0.84 152.90 
0.94 158.79 
1.37 173.85 
0.85 179.52 
1.09 190.71 
0.93 202.14 
0.75 225.66 
0.95 231.93 
1.12 287.16 
1.06 295.05 
1.02 381.36 
0.89 404.51 

6.553+06 1.343-01 1.5 
1 . 32E+04 2.293-02 4 . 8 
5.133+02 2.323-02 4 . 7 
6.283+01 3.593-02 3.1 
2.093+01 6.853-03 10.0 
9.403+00 1.583-03 40.4 
7.033+00 2.433-03 24.7 
4.943+00 1.073-02 5.5 
5.293+00 2.253-03 24.2 
5.863+00 2.083-02 2.4 l.lOE+OO 
6.023+00 2.973-03 18.1 
6.213+00 2.143-03 26.7 
6.443+00 7.443-04 65.8 
6.573+00 2.753-03 17.0 
6.873+00 3.883-03 14.2 
6.973+00 1.573-03 27.2 
7.12E+00 2.783-02 2.4 
7.253+00 1.09E-03 42.0 
7.393+00 1.973-03 27.2 
7.40E+00 1.283-03 28.5 
7.223+00 3.793-03 15.8 
7.163+00 2.353-03 19.3 
6.273+00 1.123-02 5.6 
6.003+00 2.533-03 13.8 4.493-01 



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It Energy 

4 198.38 r) 0 205.33 
27 0 238.76 
2 8  0 295.36 
2 9  0 352.05 
3 0  0 511.06 
31 0 569.99 
3 2  0 583.39 
33 0 609.48 
3 4  0 669.54 
35 4 693.56 
3 6  4 696.97 
3 7  4 702.45 
38 0 803.05 
3 9  0 962.14 
4 0  0 1120.02 
4 1  0 1331.87  
42 0 1460.47  
4 3  0 1764.72 

Area 

665  
188 
908 
179 
2 9 8  

4724 
434 
294  
2 9 9  
1 2 4  
349  
1 8 9  
1 9 2  
377 
2 4 1  
1 0 5  
1 3 6  
3 2 0  
1 2 8  

Bkgnd 

1790  
1689  
2089 
1472 
1202 
2215 
1 4 0 9  
1 2 1 8  
1186 

7 4 1  
1136 

993 
1226 

759 
859 
385 
353 
376 
1 8 3  

Page : 2 
Acquisition date : 4-OCT-1996 18 :20 :18  . 

EWHM Channel %Eff Cts/Sec %Err Fit 

1.04  407.00 5.983+00 3.693-03 11.2 
0.96 421.24 5.81E+00 1.043-03 35.4 
1 .08  489.64 5.07E+00 5.053-03 9 .3  
1 . 0 3  605.47 4.05E+00 9.943-04 36 .3  
1 .06  721.47 3.31E+00 1.653-03 20.2 
2.53 1046.88 2.15E+00 2.623-02 2.7 
1 .55  1167.50 1.91E+00 2.413-03 18.5 
1 .25  1194.92 1.87E+00 1.643-03 23.7 
1 .30  1248.33 1.79E+00 1.663-03 21 .5  
1.38 1371.25 1.64E+00 6.913-04 40.4 
2.18 1420 .41  1.583+00 1.943-03 21.4 3.27E+00 
1 .80  1427.39 1.583+00 1.053-03 34 .4  
2.19 1438.62 1.573+00 1.073-03 38.5 
1 .66  1644.53 1.41E+00 2.093-03 1 5 . 0  
2.17 1970.22 1.253+00 1.343-03 28.6 
1 .77  2293.42 1.15E+00 5.833-04 3 5 . 1  
2.38 2727.21 1.06E+00 7.543-04 2 8 . 1  
1 .75  2990.52 1.02E+00 1.783-03 1 4 . 0  
2 .41  3613.62 9.273-01 7.113-04 23.0 



Gamma Spectroscopy Report generated ll-OCT-1996 13:40 8 0  19 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVEJSMP - 96304514 - GAMMA5 - PMP - 9186.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 

---- Sample Information ---- 

: FILTER Sample Geometry : PMP 

e Title : G969901S 
le ID : 96304514 Sample Quantity : 1.000003+00 SAMPLE sl 

Sample Type 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : -8.491853-08 FWHM Offset : 4.153863-01 
FWHM Slope : 4.451503-02 MDA Width (FWHM) : 3.0 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sens i t ivi ty : 5.0 

Area 

149 
0" Energy 
1 0  7 . 86* 
2 0  
3 0  
4 1  
5 1  
6 0  
7 0  
8 4  
9 4  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 

46 . 35* 
63 . 29* 
74.75* 
77 . 16* 

185.76* 
199.09* 
238 . 47* 
242 . 18 
295 . 12* 
352 . 17* 
511 . 60* 
583.70* 
609 . 47* 

1120.46* 
1764.83* 

65 
i 

12 9 
168 

5 4  
40 
24 

128 
130 
168 
67 
50 

166 
45 
20 

Bkgnd 

2952 
203 
228 
166 
143 
220 
469 
189 
181 
220 
172 
152 
93 

152 
37 
20 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel Left Pw Cts/Sec %Err Fit 

1.28 17.25 
1.01 95.98 
0.88 130.64 
0.88 154.09 
0.84 159.02 
1.08 381.19 
1.75 408.47 
1.61 489.05 
1.62 496.63 
0.98 604.95 
1.04 721.70 
2.71 1047.95 
0.87 1195.51 
1.35 1248.25 
1.03 2294.23 
2.23 3613.79 

15 
92 
127 
149 
149 
376 
401 
483 
483 
599 
716 
1040 
1188 
1244 
2289 
3605 

6 1.033-02 70.7 
8 4.503-03 46.4 
7 6.67E-05***** 

14 8.943-03 18.5 3.13E+00 
14 1,173-02 14.5 
10 3.763-03 60.4 
17 2.773-03127.3 
21 1.703-03116.2 2.21E+00 
21 8.873-03 21.7 
12 9.033-03 24.9 
12 1.17E-02 17.8 
23 4.653-03 61.5 
14 3.463-03 46.1 
12 1.153-02 17.2 
12 3.11E-03 32.1 
13 1.413-03 53.8 

Flag: II*II = Peak area was modified by background subtraction 

1 1 9  
0190893 



Gamma Spectroscopy Report generated 11-OCT-1996 13:40 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SM.P 96304514 GAMMA5 - PMP - 9186.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-ll3.1 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

---- Sample Information ---- 
: G969901S 
: 96E04514 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing Parameters ---- 
4.888233-01 Cali. Offset : -5.658413-01 
-8.491853-08 FWKM Offset : 4.15386E-01 
4.451503-02 MDA Width (FWHM) : 3.0 
1 End channel : 4096 
5.0 Gaussian Sens. : 10.0 
2-0 Half life ratio : 8.0 
75.0 WTM error limit : 3.0 
PCI Act. Conversion : 1.00000E+06 

Yes Systematic Error : 0.0% 
5.0 Sigma Number : 2  

*-,ID Peak Search-Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 
0 
0 
1 
1 
0 
0 
4 
4 
0 
0 
0 
0 
0 
0 
0 

7.86* 
46.35* 
63-29* 
74 . 75* 
77.16* 

185 . 76* 
199.09* 
238 . 47" 
242 . 18 
295.12* 
352 . 17* 
511.60* 
583.70* 
609.47* 

1120.46* 
1764.83* 

149 
65 
1 

129 
168 
54 
40 
24 
128 
130 
168 
67 
50 

166 
45 
20 

2952 1.28 17.25 
203 1.01 95.98 
228 0.88 130.64 
166 0.88 154.09 
143 0.84 159.02 
220 1.08 381.19 
469 1.75 408.47 
189 1.61 489.05 
181 1.62 496.63 
220 0.98 604.95 
172 1.04 721.70 
152 2.71 1047.95 
93 0.87 1195.51 

152 1.35 1248.25 
37 1.03 2294.23 
20 2.23 3613.79 

15 
92 

127 
149 
149 
376 
401- 
483 

599 
716 

1040 
1188 
1244 
2289 
3605 

483 

6141.5 
8 92.8 
7***** 

14 37.0 3.13E+00 
14 29.0 
10120.9 RA-2 2 6 
17254.6 
21232.4 2.21E+00 
21 43.4 
12 49.8 
12 35.6 
23123.0 
14 92.2 
12 34.3 
12 64.3 
13107 . 6 

0008'94 1 2 0  
.. . 



Gamma Spectroscopy Report generated ll-OCT-1996 13:40 8019 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304514 GAMMAS - PMP - 9186.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAREFF v2.2 NID-V3.1 

S a e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

Sample Information ---- ---- 
: G969901S 
: 96304514 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
M€)A Confid Level : 
Errors propagated: 

I e f e r e n c e  Report 

---- Processing 
4.888233-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) : 
End channel 
Gaussian Sens. 
Half life ratio : 
WTM error limit : 
Act. Conversion : 
Sigma Number 
Systematic Error : 

-5.658413-01 
4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

No interference correction performed 



Rejected Report 
Sample I D  : 96304514 

Page : 2 
Acquis i t ion  d a t e  : 10-OCT-1996 09:06:11 - 

H a l f - L i f e  2-Sigma 
Nuclide H a l f - l i f e  R a t i o  Energy %Abund Ac t iv i ty  %Error Rejected by 
PA-231 3.28E+04Y 0.00 50.10 31.70 --- Not Found --- Abun. 

100 .00  1.11 --- Not Found --- 
122.31 1.19 --- Not Found --- 
144.24 3.24 --- Not Found --- 
154.21 
205.00 
210.60 
234.90 
236.00 
256.20 
269.46 
271.23 
283.67 
286.10 
300.08 
304.40 
323.87 
330.00 
334.20 
338.28 
351.07* 
401.81 
404.84 
427.08 
445.03 
569.67 
831.96 
897.83 
897.83 

% Abundances Found = 

5.58 --- Not Found --- 
1.08 --- Not Found --- 
1.26 --- Not Found --- 
2.80 --- Not Found --- 

11.50 --- Not Found --- 
6.30 --- Not Found --- 

13.60 --- Not Found --- 
10.60 --- Not Found --- 
1.60 --- Not Found --- 
1.60 --- Not Found --- 
2.30 --- Not Found --- 
1.35 --- Not Found --- 
3.88 --- Not Found --- 
1.30 --- Not Found --- 
1.15 --- Not Found --- 
2.73 --- Not Found --- 
6.50 --- Not Found --- 
2.90 --- Not Found --- 
1.30 --- Not Found --- 
1.18 --- Not Found --- 
0.54 --- Not Found --- 
2.90 --- Not Found --- 
0.24 --- Not Found --- 
0.52 --- Not Found --- 
9.59 

12.94 7.3823-05 39.21 

U-2 3 5 7 . 04E+08Y 0.00 143.76 10.50 --- Not Found --- Abun. 
163.35 4.70 --- Not Found --- 
205.31 4.70 --- Not Found --- 
185.71* 54.00 3.7413-06 122.31 

% Abundances Found = 73.07 



Nuclide Line Activity Report 
Sample ID : 96304514 

Page : 3 
Acquisition date : 10-OCT-1996 09:06:11 

80 19 
Nuclide Type: Natural 

p i d e  
Uncorrected Decay Corr 2-Sigma 

Energy Area %Abn %Eff PCI/SAMPLE PCI/SAMPLE %Err or 
186.21 54 3.28* 5.0273+00 6.1593+01 6.1593+01 122.27 R -226 

Flag: I i * I 1  = Keyline 

000897 1 2 3  



Gamma Spectroscopy Report generated 11-OCT-1996 13:40 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304514 GAMMA5 PMP 9186.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 KINACT V2.5 

---- Sample Information ---- 
: G969901S 
: 96304514 Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Detector Parameters ---- ---- 

---- Processing Parameters ---- 
Cali. Slope : 4.88823E-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

m i n e d  Activity-MDA Report 

---- Identified Nuclides ---- 
Activity Act error 

Nuclide (PCI/SAMPLE) 

RA-226 6 . 159E+01 7.531E+01 

---- Non-Identified Nuclides ---- 

Key-Line 
Activity K.L. Act error 

Nuclide (PCI/SAMPLE)Ided 

RA-228 -3.410E+00 9.628E+00 
PA-231 7.3823+01 + 2.895E+01 
U-235 3.7413+00 + 4.5763+00 

FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

MDA MDA error 
(PCI/SAMPLE) 

MDA MDA error 
(PCI/SAMPLE) 

1.614E+01 3.3163+00 

6 . 2 10E+00 1.166E+00 
3.5743+01 5.8723+00 

Act /MDA 

0.866 

Act /MDA 

-0.211 
- 2.065 

0.602 



Gamma Spectroscopy Report generated 11-OCT-1996 13:40 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304514 GAMMA5 PMP 9186.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-ll3.1 HINAcT V2.5 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S 
: 96304514 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 10-OCT-1996 09:06 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 21:06 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali, Slope 
Cali, Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing Parameters ---- 
4.888233-01 Cali. Offset 
-8 . 491853-08 FWHM Offset 
4.451503-02 MDA Width (FWHM) 
1 End channel 
5.0 Gaussian Sens. 
2.0 Half life ratio 
75.0 WTM error limit 
PCI , Act. Conversion 
5.0 Sigma Number 
Yes Systematic Error 

: -5.658413-01 
: 4,153863-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 9.0% 

a i n e d  Activity-MDA Report 

-- Identified Nuclides ---- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMF'LE) (PCI/SAMPLE) 

BA-226 6.1593+01 7 . 612E+01 7 . 112E+01 1.316E+01 0.866 

--- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-228 -3.410E+00 9.6473+00 1.614E+01 3.316E+00 -0.211 
PA-2 3 1 7.3823+01 + 3.185E+01 3 . 574E+01 5 . 872E+00 2.065 

0.602 U-2 3 5 3.7413+00 + 4.625E+OO 6.-210E+00 1.166E+00 
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Gamma Spectroscopy Report generated 11-OCT-1996 14:25 8 0 i'9. 
Configuration:'DISK:[~DCHEM.SCUSR.ARCHI~]S~-96EO4515 - GAMMA6 - PMP - 9187.CNF;2 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

&e Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

---- Sample Information ---- 
: G969901S 
: 96E04515 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing 
Cali. Slope : 4.888023-01 
Cali. Quadratic : -1.240083-07 
FWHM Slope : 3.32083E-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

@It Energy 

1 3  10.31 
2 3  13.03 
3 0  15.87 
4 0  46.56 
5 0  63.31 
6 0  92 . 80 
7 0 163.33 
8 0 185.65 
9 0 238.94 

10 0 352.53 
11 0 511.11 
12 0 608.94 
13 0 803.48 
14 0 1863.52 
15 0 1943.46 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

Area Bkgnd FWHM Channel %Ef f Cts/Sec %Err Fit 

367 1910 
217 1250 
304 1416 
205 414 
500 338 
717 423 
68 184 

343 285 
134 269 
114 150 
499 145 
73 99 
36 39 
22 18 
17 6 

0.98 21.50 
0.76 27.07 
0.99 32.87 
0.93 95.66 
0.99 129.93 
1.25 190.26 
0.92 334.58 
1.10 380.25 
0.95 489.31 
1.39 721.74 
2.84 1046.33 
1.09 1246.57 
1.38 1644.86 
4.58 3816.53 
1.40 3980.39 

9.3413-01 
1.56E+00 
2.253+00 
6.84E+00 
7.43E+00 
7.33E+00 
5.94E+00 
5.52E+00 
4.68E+00 
3.47E+00 
2 . 52E+00 
2.16E+00 
1.69E+00 
8.75E-01 
8.52E-01 

2.5513-02 
1 . 5013-02 
2 . llE-02 
1.433-02 
3 . 473-02 
4.983-02 
4.7331-03 
2 . 383-02 
9.27E-03 
7.90E-03 
3 . 473-02 
5.04E-03 
2 . 51E-03 
1.51E-03 
1 . 17E-03 

19.0 1.30E+00 
26.4 
22.5 
19.3 
7.8 
6.7 

35.4 
10.7 
24.7 
23.8 
7.3 

27.4 
33.9 
52.4 
36.6 

0009031 1 2 7  



Gamma Spectroscopy Report generated ll-OCT-1996 14:25 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCXGND - GAMMA6 - 9144.CNF;l 
Analyses by : PEAK V16.5 PEAXEFF V2.2 

a l e  Title 
Sample ID : BCKGND 
Sample Type 

---- Sample Information ---- 
Sample Quantity : 1.00000E+00 G 
Sample Geometry : 

---- Sample Decay/Count Information ---- 
Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:21: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:OO 0.0% 
Decay time 0 18:21 

Detect or Parameters ---- ---- 
Energy cal. time : 30-SEP-1996 09:02 
Detector name : GAMMA6 Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 13:34 

---- Processing 
Cali. Slope : 4.885393-01 

FWHM Slope : 3.086943-02 
Cali. Quadratic : -8.964823-08 

Start channel ' : 1 

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

1 0  
2 4  
3 4  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 7 
17 7 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 0 

Energy 

10.31 
13 . 10 
16.24 
19-50 
25.54 
46.59 
53.57 
63 . 33 
66.27 
74.71 
77.10 
84.07 
87.11 
92 . 68 
98 . 45 

110.09 
112 . 93 
139.98 
143.85 
163.53 
185 . 82 
197 . 88 
205.27 
238.51 

Area 

4650 
3782 
5522 
1635 
312 

2743 
608 

5851 
434 
387 
716 
939 
255 

8662 
403 
994 
511 
660 
766 
543 

3757 
1519 
364 

1425 

Bkgnd' 

23581 
8752 

14567 
8409 
5600 
4367 
4119 
4242 
3647 
3737 
3235 
4528 
3002 
4490 
3128 
5123 
3026 
3279 
3282 
3010 
3802 
4349 
2837 
3059 

Parameters ---- 
Cali. Offset : -1.232023-01 
FWHM Offset : 6.638643-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel %Eff Cts/Sec %Err Fit 

0.99 21.37 1.07E+05 2.583-02 5.4 
0.88 27.07 1.833+03 2.10E-02 3.5 6.653-01 
1.15 33.50 1.523+02 3.073-02 4.1 
1.62 40.16 3.623+01 9.083-03 9.3 
0.86 52.53 1.02E+01 1.733-03 38.6 
1.01 95.62 5.243+00 1.523-02 4.7 
1.10 109.90 5.523+00 3.383-03 18.7 
0.89 129.88 6.06E+00 3.253-02 2.3 
1.07 135.89 6.233+00 2.413-03 23.6 
0.90 153.19 6.703+00 2.15E-03 25.5 
0.91 158.08 6.823+00 3.983-03 13.2 
1.17 172.34 7.15E+00 5.223-03 13.3 
1.06 178.56 7.283+00 1.423-03 34.5 
1.15 189.96 7.483+00 4.813-02 1.8 
0.67 201.79 7.653+00 2.243-03 23.5 
1.93 225.60 7.873+00 5.523-03 14.9 2.353+00 
1.14 231.42 7.903+00 2.843-03 18.5 
1.12 286.79 7.853+00 3.673-03 15.5 
0.98 294.73 7.80E+00 4.263-03 13.4 
1.01 335.01 7.473+00 3.01E-03 18.1 
1.11 380.64 6.983+00 2.093-02 3.5 
2.03 405.32 6.693+00 8.443-03 9.1 
1.41 420.45 6.51E+00 2.023-03 25.9 
1.17 488.51 5.743+00 7.923-03 7.4 

1 2 8  000902 



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It Energy 

295.60 8 351.85 
27 0 510.92 
28 0 569.76 
29 0 583.21 
30 0 609.11 
31 0 669.74 
32 10 694.29 
33 10 701.21 
34 0 802.85 
35 0 1000.76 
36 0 1063.81 
37 0 1460.33 
38 0 1764.08 

Area 

150 
396 

5903 
296 
431 
415 
157 
708 
457 
425 
326 
136 
407 
137 

Bkgnd 

1965 
1610 
2795 
1426 
1428 
1634 
876 
1889 
2536 
888 
643 
560 
435 
242 

Page : 2 
Acquisition date : 4-OCT-1996 18:21:18 

80 19 
FWHM Channel %Eff Cts/Sec %Err Fit 

1.35 605.39 4.61E+00 8.343-04 51.9 
1-25 720.55 3.78E+OO 2.20E-03 18.2 
2.42 1046.27 2.473+00 3.283-02 2.5 
1.68 1166.76 2.20E+00 1.65E-03 25.4 
1.46 1194.29 2.15E+00 2.393-03 17.7 
1.39 1247.34 2.06E+00 2.31E-03 18.9 
1.62 1371.50 1.88E+00 8.743-04 34.9 
3.83 1421.77 1.83E+00 3.933-03 15.0 3.99E+00 
3.84 1435.95 1.81E+00 2.543-03 29.9 
1.34 1644.13 1.63E+00 2.36E-03 14.4 
1-90 2049.50 1.42E+00 1.81E-03 16.1 
1.77 2178.65 1.38E+00 7.533-04 33.9 
1.84 2991.07 1.22E+00 2.263-03 12.2 
1.92 3613.58 1.14E+00 7.60E-04 24.3 

000903 1 2 9  



Gamma Spectroscopy Report generated ll-OCT-1996 14:25 

Configuration: DISK:[RADCHEM.SCUSR.ARCHI~E]SMP 96304515 GAMMA6 PMP 9187.CNF;Z 
Analyses by : PEAK V16.5 ENBACK V1.5 - - - - 

---- Sample Information ---- 
a l e  Title : G969901S 
SCmple ID : 96304515 
Sample Type : FILTER 

Sample Quantity : 1.00000E+00 SAMPLE 
Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali. Slope : 4.888023-01 Cali. Offset 
Cali. Quadratic : -1.240083-07 FWHM Offset 
FWHM Slope : 3.320833-02 MDA Width (FWHM) 
Start channel : 1  End channel 
Sensitivity : 5.0 Gaussian Sens. 
Energy tolerance : 2.0 Half life ratio 
Abundance limit : 75.0 WTM error limit 
Activity Units : PCI Act. Conversion 
MDA Confid Level : 5.0 Sigma Number 
Errors propagated: Yes Systematic Error 

@It Energy 

1 0  63 . 31* 
2 0  92 . 80* 
3 0 163.33* 
4 0 185.65* 
5 0 238.94* 
6 0 352.53* 
7 0 511.11* 
8 0 608.94* 
9 0 803.48* 

10 0 1863.52 
11 0 1943.46 

Area 

32 
24 
25 
42 
20 
82 
27 
39 
2 

22 
17 

Bkgnd 

338 
423 
184 
285 
269 
150 
145 
99 
39 
18 
6 

FWHM Channel 

0.99 129.93 
1.25 190.26 
0.92 334.58 
1.10 380.25 
0.95 489.31 
1.39 721.74 
2.84 1046.33 
1.09 1246.57 
1.38 1644.86 
4.58 3816.53 
1.40 3980.39 

Left 

126 
186 
331 
375 
485 
716 
1038 
12 42 
1641 
3805 
3977 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

Pw Cts/Sec %Err Fit 

8 2.20E-03127.8 1.30E+00 
11 1.683-03205.2 
7 1.72E-03102.5 
10 2.95E-03 89.7 
10 1.353-03174.4 
12 5.70E-03 33.7 
18 1.893-03140.6 
9 2.743-03 52.9 
8 1.543-04595.1 

19 1.51E-03 52.4 
9 1.17E-03 36.6 

Flag: g l * g g  = Peak area was modified by background subtraction 

00090,la 
1 3 0  



Gamma Spectroscopy Report generated 11-OCT-1996 14:25 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVEJSMP 96E04515 GAMMA6 - PMP - 9187.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 

m p l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S 
: 96304515 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:11 

Cali, Slope 
Cali. Quadratic : 
FWKM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing Parameters ---- 
4.888023-01 Cali. Offset : -1.987613-01 
-1.240083-07 FWHM Offset : 6.370773-01 
3.3208331-02 MDA Width (FWHM) : 3.0 
1 End channel : 4096 
5.0 Gaussian Sens. : 10.0 
2.0 Half life ratio : 8.0 
75.0 WTM error limit : 3.0 
PCI Act. Conversion : 1.00000E+06 
5.0 Sigma Number : 2  
Yes Systematic Error : 0.0% 

e - N I D  Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nucl ides 

0 63 . 31* 
0 92 , 80* 
0 163.33* 
0 185.65* 

0 238.94* 
0 352.53* 
0 511.11* 
0 608.94* 
0 803.48* 
0 1863.52 
0 1943.46 

32 
24 
25 
42 

20 
82 
27 
39 
2 

22 
17 

338 0.99 129.93 
423 1.25 190.26 
184 0.92 334.58 
285 1.10 380.25 

269 0.95 489.31 
150 1.39 721.74 
145 2.84 1046.33 
99 1.09 1246.57 
39 1.38 1644.86 
18 4.58 3816.53 
6 1.40 3980.39 

126 
186 
331 
375 

485 
716 

1038 
1242 
1641 
3805 
3977 

8255.5 1.30E+00 
11410 . 5 
7205 . 1 U-235 
10179.4 U-235 

10348.7 
12 67.5 
18281.2 
9105.8 

19104.7 
9 73.2 

RA-2 2 6 

8***** 

000905 



Gamma Spectroscopy Report generated 15-OCT-1996 11:11 001q 
Configuration: DISK:[RADCHF,M.SCUSR.ARCHIVE]SMP 96E04515 GAMMA6 PMP 9187.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 RINAFT V2.5 

o h p l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

---- Sample Information ---- 
: G969901S 
: 96E04515 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: P M p  
Effic. cal. time : 19-SEP-1996 15:11 

---- Processing Parameters ---- 
Cali. Slope : 4.88802E-01 Cali. Offset 
Cali. Quadratic : -1,240083-07 FWHM Offset 
EWHM Slope : 3.320833-02 MDA Width (EWHM) 
Start channel : 1  End channel 
Sensitivity : 5.0 Gaussian Sens. 
Energy tolerance : 2.0 Half life ratio 
Abundance limit : 75.0 WTM error limit 
Activity Units : PCI Act. Conversion 
MDA Confid Level : 5.0 Sigma Number 
Errors propagated: Yes Systematic Error 

: -1.987613-01 
: 6.370773-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 

e i n e d  Activity-MDA Report 

Identified Nuclides ---- ---- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) (PCI/SAMPLE) 

RA-2 2 6 4.3993+01 7 . 909E+01 7.7463+01 9.2933+00 0.568 
U-235 1.6643+01 3 . 428E+01 4.5353+00 5.63013-01 3.668 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-2 2 8 5.423E+OO 9.682E+OO 1.7863+01 2.3793+00 0.304 
3.4313+01 + 2.355E+Ol 2.913E+01 3.667E+OO 1.178 PA-2 3 1 



Gamma Spectroscopy Report generated 15-OCT-1996 11:12 8 0  19 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304515 GAMMA6 PMP 9187.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 KINACT V2.5 

a p l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Information ---- 
: G969901S 
: 96304515 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 
Sample Date : 19-JUL-1996 12:OO Acquisition date : 10-OCT-1996 09:07 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 82 21:07 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMA6 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 15:ll 

---- Processing Parameters ---- 
Cali. Slope : 4.888023-01 Cali. Offset : -1.987613-01 
Cali. Quadratic : -1,240083-07 EWHM Offset : 6.370773-01 
FWHM Slope : 3 32083E-02 MDA Width (FWHM) : 3.0 
Start channel : 1  End channel : 4096 

Energy tolerance : 2.0 Half life ratio : 8.0 
Abundance limit : 75.0 WTM error limit : 3.0 
Activity Units : PCI Act. Conversion : 1.00000E+06 

Errors  propagated: Yes Systematic Error : 9.0% 

Sensitivity : 5.0 Gaussian Sens. : 10.0 

MDA Confid Level : 5.0 Sigma Number : 2  

e i n e d  Activity-MDA Report 

Identified Nuclides ---- ---- 

Activity Act er ror  MDA MDA error Act /MDA 
Nuclide (PCI/SAMPLE) (PCI/SAMPLE ) .  

RA-226 4.3993+01 7 . 948E+01 7.7463+01 9.2 93E+00 0.568 
U-2 3 5 1.6643+01 3 . 441E+01 4.535E+OO 5.63013-01 3.668 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K . L .  Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-2 2 8 5.423E+OO 9.731E+00 1.7863+01 2 379E+OO 0.304 
PA-2 3 1 3.4313+01 + 2.4343+01 2.913E+01 3 . 667E+OO 1.178 
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Gamma Spectroscopy Report generated ll-OCT-1996 13:41 80 19 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - 96304516 - GAMMAS - PMP - 9183.CNF;Z 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

---- Sample Information ---- 
: G969901S 
: 96304516 Sample Quantity : 1.00000E+00 SAMPLE 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PIW 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:43 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing 
Cali. Slope : 4.888233-01 
Cali. Quadratic : -8.491853-08 
EWHM Slope : 4.451503-02 
Start channel : 1  

Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Sensitivity : 5.0 

i o  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 2  
9 2  

10 0 
11 0 
12 0 
13 2 
14 2 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 

Energy 

7.64 
13.04 
16 . 17 
18 . 87 
46.29 
53.10 
63 . 13 
74.73 
77 . 08 
87.23 
92 . 87 

185 . 92 
238 . 97 
242.16 
295.17 
352 . OS 
511 . 54 
609.53 
803.44 

1120.65 
1237.80 
1377 . 90 
1765.27 

Area Bkgnd 

1803 
308 
577 
131 
181 
104 
321 
200 
313 
66 

405 
178 
96 

152 
301 
451 
367 
387 
23 
80 
44 
37 
75 

3626 
924 
910 
722 
331 
307 
289 
239 
222 
285 
325 
255 
180 
180 
193 
156 
211 
136 
66 
5s 
26 
17 
11 

Parameters ---- 
Cali. Offset : -5.658413-01 
FWHM Offset : 4.15386E-01 
MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

FWHM Channel 

1.48 16.78 
0.91 27.84 
1.12 34.24 
1.25 39.76 
0.99 95.86 
1.13 109.79 
0.93 130.31 
0.97 154.05 
0.95 158.85 
0.81 179.62 
1.07 191.15 
1.00 381.52 
1.34 490.06 
1.23 496.59 
1.08 605.06 
1.15 721.45 
2.17 1047.83 
1.17 1248.36 
2.18 1645.26 
1.51 2294.63 
4.13 2534.49 
3.20 2821.35 
2.64 3614.70 

%Eff Cts/Sec %Err Fit 

8.923+00 1.253-01 6.3 
9.663+00 2.14E-02 15.9 
9.783+00 4.00E-02 9.7 
9.793+00 9.09E-03 37.0 
8.80E+00 1.25E-02 20.3 
8.50E+00 7.203-03 33.1 
8.09E+00 2.233-02 10.7 
7.653+00 1.393-02 14.1 1.74E+00 
7.573+00 2.1831-02 9.5 
7.233+00 4.553-03 44.8 
7.05E+00 2.813-02 9.9 
5.023+00 1.243-02 17.8 
4.323+00 6.673-03 26.1 1.80E+00 
4.283+00 1.063-02 17.2 
3.753+00 2.093-02 10.8 
3.313+00 3.133-02 7.1 
2.473+00 2.553-02 10.9 
2.13E+00 2.693-02 8.0 
1.663+00 1.603-03 71.6 
1.20E+00 5.583-03 23.6 
1.083+00 3.0531-03 28.3 
9.683-01 2.57E-03 30.4 
7.373-01 5.223-03 16.1 

1 3 5  
000309 



Gamma Spectroscopy Report generated ll-OCT-1996 13:41 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMAS _I 9143.CNF;l 
Analyses by : PEAK V16.5 PEAKEFF V2.2 

S @ l e  Title 
Sample ID : BCKGND 
Sample Type 

---- Sample Information ---- 
Sample Quantity : 1.00000E+00 G 
Sample Geometry : 

---- Sample Decay/Count Information ---- 
Sample Date : 4-OCT-1996 0O:OO: Acquisition date : 4-OCT-1996 18:20: 
Elapsed live time: 2 02:OO Elapsed real time: 2 02:Ol 0.0% 
Decay time 0 18:20 

Detector Parameters ---- ---- 
Energy cal. time : 30-SEP-1996 09:Ol 
Detect or name : GAMMA5 Counting geometry: TRMl-S3 
Effic. cal. time : 19-SEP-1996 11:45 

---- Processing Parameters ---- 
Cali. Slope : 4.887563-01 Cali. Offset : -5.372443-01 

: 5.946423-01 Cali. Quadratic : -7.071463-08 FWHM Offset 
FWHM Slope : 3.393103-02 MDA Width (FWHM) : 3.0 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 4 
11 4 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 
20 0 
21 0 
22 0 
23 0 
24 4 

0 

Energy Area 

7.76 24064 
10.38 4115 
13 . 03 4183 
16.22 6461 
19.25 1233 
23.34 285 
26.04 437 
46.55 1927 
53 . 64 405 
63 . 34 3752 
66.28 535 
69.74 385 
74.19 134 
77 . 07 495 
84.43 698 
87.20 283 
92 . 67 4997 
98.25 195 

109 . 75 354 
112.82 230 
139.81 682 
143 . 66 424 
185 . 85 2020 
197 . 16 456 

Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : pCi 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Bkgnd 

42790 
15170 
13266 
11688 
6158 
5186 
4406 
3150 
3070 
1877 
2846 
3435 
3061 
2625 
3059 
2253 
3152 
2385 
2985 
1804 
3118 
2282 
3123 
1487 

End channei : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 9.0% 
Sigma Number : 1  

FWHM Channel %E€ € Cts/Sec %Err Fit 

1.54 
0.84 
0.86 
1.08 
0.89 
1.44 
1.08 
0.94 
0.98 
0.81 
1.28 
1.87 
0.84 
0.94 
1.37 
0.85 
1.09 
0.93 
0.75 
0.95 
1.12 
1.06 
1.02 
0.89 

16.98 
22.34 
27.77 
34.29 
40.48 
48.85 
54.38 
96.35 

110.85 
130.70 
136.72 
143.79 
152.90 
158 . 79 
173.85 
179 . 52 
190.71 
202.14 
225.66 
231.93 
287.16 
295.05 
381.36 
404 . 51 

6.553+06 1.34E-01 1.5 
1.323+04 2.293-02 4.8 
5.133+02 2.323-02 4.7 
6.283+01 3.593-02 3.1 
2.09E+01 6.853-03 10.0 
9.40E+00 1.583-03 40.4 
7.03E+00 2.433-03 24.7 
4 94E+00 1 . 073-02 5 . 5 
5.293+00 2.253-03 24.2 

6.023+00 2.973-03 18.1 
6.213+00 2.143-03 26.7 
6.443+00 7.443-04 65.8 
6.573+00 2.753-03 17.0 
6.873+00 3.883-03 14.2 
6.973+00 1.573-03 27.2 
7.12E+00 2.783-02 2.4 
7.253+00 1.093-03 42.0 
7.393+00 1.973-03 27.2 
7.403+00 1.283-03 28.5 
7.223+00 3.793-03 15.8 
7.163+00 2.353-03 19.3 
6.273+00 1.123-02 5.6 
6.003+00 2.533-03 13.8 4.493-01 

I 
5.863+00 2.083-02 2.4 l.lOE+OO 



Peak Search Report (continued) 
Sample ID : BCRGND 

Pk It Energy Area 

4 198.38 
0 205.33 

27 0 238.76 
28 0 295.36 
29 0 352.05 
30 0 511.06 
31 0 569.99 
32 0 583.39 
33 0 609.48 
34 0 669.54 
35 4 693.56 
36 4 696.97 
37 4 702.45 
38 0 803.05 
39 0 962.14 
40 0 1120.02 
41 0 1331.87 
42 0 1460.47 
43 0 1764.72 

665 
188 
908 
179 
298 

4724 
434 
294 
299 
124 
349 
189 
192 
377 
241 
105 
136 
320 
128 

Bkgnd 

1790 
1689 
2089 
1472 
1202 
2215 
1409 
1218 
1186 
741 

1136 
993 

1226 
759 
859 
385 
353 
376 
183 

Page : 2 
Acquisition date : 4-OCT-1996 18:20:18 

8 0  19 
FWHM Channel %Eff Cts/Sec %Err Fit 

1.04 407.00 5.983+00 3.693-03 11.2 
0.96 421.24 5.813+00 1.043-03 35.4 
1.08 489.64 5.073+00 5.053-03 9.3 
1.03 605.47 4.053+00 9.943-04 36.3 
1.06 721.47 3.313+00 1.653-03 20.2 
2.53 1046.88 2.15E+00 2.623-02 2.7 
1.55 1167.50 1.913+00 2.413-03 18.5 
1.25 1194.92 1.873+00 1.643-03 23.7 
1.30 1248.33 1.793+00 1.663-03 21.5 
1.38 1371.25 1.643+00 6.913-04 40.4 
2.18 1420.41 1.583+00 1.943-03 21.4 3.273+00 
1.80 1427.39 1.583+00 1.053-03 34.4 
2.19 1438.62 1.573+00 1.073-03 38.5 
1.66 1644.53 1.413+00 2.093-03 15.0 
2.17 1970.22 1.253+00 1.343-03 28.6 
1.77 2293.42 1.153+00 5.833-04 35.1 
2.38 2727.21 1.063+00 7.543-04 28.1 
1.75 2990.52 1.023+00 1.783-03 14.0 
2.41 3613.62 9.273-01 7.113-04 23.0 

.. . 



Gamma Spectroscopy Report generated ll-OCT-1996 13:41 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP - 96304516 - GAMMAS - PMP - 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:43 

---- Sample Information ---- 
: G969901S 
: 96304516 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMAS Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

---- Processing Parameters ---- 
Cali. Slope : 4.888233-01 Cali. Offset : -5.658413-01 
Cali. Quadratic : -8.49185E-08 EWHM Offset : 4.153863-01 
FWHM SloDe : 4.451503-02 MDA Width (FWHM) : 3.0 
Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

@It Energy Area 

1 0  
2 0  
3 0  
4 0  
5 0  
6 2  
7 2  
8 0  
9 0  

10 0 
11 2 
12 2 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 
19 0 

16.17* 
18 . 87* 
46.29* 
53.10* 
63.13* 
74.73* 
77 . 08* 
87.23* 
92.87* 

185.92* 
238 . 97* 
242.16 
295 . 17* 
352.05* 
609.53* 

1120.65* 
1237.80 
1377 . 90 
1765.27* 

60 
32 
26 
71 
21 

189 
274 
43 
5 

17 
23 

152 
287 
427 
363 
72 
44 
37 
65 

Bkgnd 

910 
722 
331 
307 
289 
239 
222 
285 
325 
255 
180 
180 
193 
156 
136 
55 
26 
17 
11 

End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.000003+06 

Systematic Error : 0.0% 
Sigma Number : 2  

EWHM Channel Left Pw Cts/Sec %Err Fit 

1.12 34.24 
1.25 39.76 
0.99 95.86 
1.13 109.79 
0.93 130.31 
0.97 154.05 
0.95 158.85 
0.81 179.62 
1.07 191.15 
1.00 381.52 
1.34 490.06 
1.23 496.59 
1.08 605.06 
1.15 721.45 
1.17 1248.36 
1.51 2294.63 
4.13 2534.49 
3.20 2821.35 
2.64 3614.70 

31 
39 
92 

105 
12 7 
149 
149 
176 
187 
377 
484 
484 
600 
717 
12 42 
2288 
2527 
2814 
3607 

7 4.153-03 97.6 
8 2.243-03152.9 

10 1.843-03142.0 
10 4.953-03 49.4 
8 1.483-03164.3 

19 1,313-02 15.4 1.74E+00 
19 1.903-02 11.2 
7 2.983-03 70.0 
10 3.533-04809.5 
9 1.163-03197.3 

17 1.633-03110.8 1.803+00 
17 1.063-02 17.2 
12 1.993-02 11.5 
11 2.963-02 7.6 
13 2.523-02 8.7 
16 5.00E-03 26.7 
13 3.053-03 28.3 
17 2.573-03 30.4 
18 4.513-03 19.0 

Flag: 11*11 = Peak area was modified by background subtraction 

000912 1 3 8  



Gamma Spectroscopy Report generated ll-OCT-1996 13:41 8019 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304516 GAMMA5 - PMP - 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 

S @ l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 

Sample Information ---- ---- 
: G969901S 
: 96304516 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Decay time : 20 02:43 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Start channel : 1  
Sensitivity : 5.0 
Energy tolerance : 2.0 
Abundance limit : 75.0 
Activity Units : PCI 
MDA Confid Level : 5.0 
Errors propagated: Yes 

Cali . 
Cali. 
FWHM 

---- Processing Parameters ---- 
Slope : 4.888233-01 Cali. Offset : -5.65841E-01 
Quadratic : -8.491853-08 FWHM Offset : 4.153863-01 

Slope : 4.451503-02 MDA Width (FWHM) : 3.0 
End channel : 4096 
Gaussian Sens. : 10.0 
Half life ratio : 8.0 
WTM error limit : 3.0 
Act. Conversion : 1.00000E+06 

Systematic Error : 0.0% 
Sigma Number : 2  

e N I D  Peak Search Report 

It 

0 
0 
0 
0 
0 
2 
2 
0 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 

Energy 

16 . 17* 
18 . 87* 
46.29* 
53 . 10* 
63 . 13* 
74 . 73* 
77.08* 
87.23* 
92.87* 

185 . 92* 
238 . 97* 
242.16 
295 . 17* 
352 . OS* 
609.53* 
1120.65* 
1237 . 80 
1377 . 90 

0 1765.27* 

Area 

60 
32 
26 
71 
21 
189 
274 
43 
5 

17 
23 

152 
287 
427 
363 
72 
44 
37 
65 

Bkgnh 

910 
722 
331 
307 
289 
239 
222 
285 

FWHM Channel 

1.12 34.24 
1.25 39.76 
0.99 95.86 
1.13 109.79 
0.93 130.31 
0.97 154.05 
0.95 158.85 
0.81 179.62 

325 1.07 191.15 
255 1.00 381.52 
180 1.34 490.06 
180 1.23 496.59 
193 1.08 605.06 
156 1.15 721.45 
136 1.17 1248.36 
55 1.51 2294.63 
26 4.13 2534.49 
17 3.20 2821.35 
11 2.64 3614.70 

Left Pw %Err Fit Nucl 

31 7195.1 
39 8305.8 
92 10284.1 

105 10 98.8 
127 8328.6 
149 19 30.8 1.74E+00 
149 19 22.3 
176 7139.9 
187 
377 
484 
484 
600 
717 
1242 
2288 
2527 
2814 
3607 

des 

IO***** 

17221.5 1.80E+00 
17 34.4 
12 23.0 
11 15.3 
13 17.4 
16 53.3 
13 56.6 
17 60.7 
18 38.0 

9394.6 RA-2 2 6 



Gamma Spectroscopy Report generated 11-OCT-1996 13:41 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304516 GAMMA5 PMP 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:43 

- - 

---- Sample Information ---- 
: G969901S 
: 96304516 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

---- Detector Parameters ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMA5 Counting geometry: PMP 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
NDA Confid Level : 
Errors propagated: 

---- Processing 
4.888233-01 
-8.49185E-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

e r f e r e n c e  Report 

No interference correction performed 

Parameters ---- 
Cali. Offset 
FWHM Offset 
MDA Width (FWHM) 
End channel 
Gaussian Sens. 
Half life ratio 
WTM error limit 
Act. Conversion 
Sigma Number 
Systematic Error 

: -5.658413-01 
: 4.15386E-01 
: 3.0 
: 4096 
: 10.0 
: 8.0 
: 3.0 
: 1.00000E+06 
: 2  
: 0.0% 



Rejected Report 
Sample I D  : 96304516 

Page 
Acquis i t ion  d a t e  : 9-OCT-1996 14:48:&% 9 

H a l f - L i f e  2-Sigma 
Nuclide H a l f - l i f e  R a t i o  Energy %Abund Ac t iv i ty  %Error Rejected by 

0.00 50.10 31.70 --- Not Found --- Abun. 
100 .00  1.11 --- Not Found --- 
122.31 1.19 --- Not Found --- 
144.24 3.24 --- Not Found --- 
154.21 5.58 --- Not Found --- 

210.60 1-26 --- Not Found --- 
236.00 11.50 --- Not Found --- 
256.20 6.30 --- Not Found --- 
269.46 13.60 --- Not Found --- 
271.23 10.60 --- Not Found --- 
283.67 1.60 --- Not Found --- 
286.10 1.60 --- Not Found --- 
300.08 2.30 --- Not Found --- 
304.40 1.35 --- Not Found --- 
323.87 3.88 --- Not Found --- 
330.00 1.30 --- Not Found --- 
334.20 1.15 --- Not Found --- 

'W 3*28E+04Y 

205.00 1.08 --- Not Found --- 
234.90 2.80 --- Not Found --- 

338.28 2.73 --- Not Found --- 
351.07* 12.94 1.870E-04 22-40 
401.81 6.50 --- Not Found --- 
404.84 2.90 --- Not Found --- 
427.08 1.30 --- Not Found --- 
445.03 1.18 --- Not Found --- 
569.67 0.54 --- Not Found --- 
831.96 2.90 --- Not Found --- 
897.83 0.24 --- Not Found --- 
897.83 0.52 --- Not Found --- 

% Abundances Found = 9.59 0 
Not Found --- Abun. U-2 3 5 7.04E+08Y 0.00 143.76 10.50 --- 

163.35 4.70 --- Not Found --- 

205.31 4.70 --- Not Found --- 
185.71* 54.00 1.1593-06 395.08 

% Abundances Found = 73.07 

Flag: N * I ~  = Keyline 



Nuclide Line Activity Report 
Sample ID : 96304516 

Page : 3 
Acquisition date : 9-OCT-1996 14:43:50 

Nuclide Type: Natural ai de 

F l a g :  It*'' = Keyline 

Uncorrected Decay Corr 2-Sigma 
Energy Area %Abn % E f f  PCI/SAMPLE PCI/SAMPLE %Error 
186.21 17 3.28* 5.0243+00 1.908E+01 1.909E+01 395.07 RA-226 



Gamma Spectroscopy Report generated 11-OCT-1996 13:41 &019 
Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304516 GAMMA5 PMP 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF 72.2 NID-V3.1 EINAET V2.5 

a l e  Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:43 

---- Sample Information ---- 
: G969901S 
: 96304516 Sample Quantity : 1.00000E+00 SAMPLE 

---- Sample Decay/Count Information ---- 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detector name : GAMMAS Counting geometry: PMp 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
l?WHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing Parameters ---- 
4.888233-01 Cali. Offset 
-8.491853-08 FWHM Offset 
4.451503-02 MDA Width (FWHM) 
1 End channel 
5.0 Gaussian Sens. 
2.0 Half life ratio 
75.0 WTM error limit 
PCI Act. Conversion 
5.0 Sigma Number 
Yes Systematic Error 

a i n e d  Act ivity-MDA Report 

Identified Nuclides ---- ---- 
Activity Act error 

Nuclide (PCI/SAMPLE) 

RA-226 1 . 909E+01 7.540E+01 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K . L .  Act error 

Nuclide (PCI/SAMPLE)Ided 

RA-228 5.2053+00 1.072E+01 
PA-231 1.8703+02 + 4.1893+01 
U-235 1.159E+00 + 4.5803+00 

-5.65841E-01 
4.15386E-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
0.0% 

MDA MDA error Act /MDA 
(PCI/SAMPLE) 

7.5523+01 1.3973+01 0.253 

MDA MDA error Act /MDA 
(PCI/SAME'LE) 

1 . 920E+01 3.942E+00 0.271 
4.8863+01 8.0263+00 3.828 
6.3613+00 1.194E+00 0.182 

1 4 3  
008917 



Gamma Spectroscopy Report generated 11-OCT-1996 13:42 

Configuration: DISK:[RADCHEM.SCUSR.ARCHIVE]SMP 96304516 GAMMAS PMP 9183.CNF;2 
Analyses by : PEAK V16.5 ENBACK V1.5 PEAKEFF v2.2 NID-V3.1 RINA-6T V2.5 

---- Sample Information ---- 
: G969901S 
: 96304516 Sample Quantity : 1.00000E+00 SAMPLE 

&e Title 
Sample ID 
Sample Type : FILTER Sample Geometry : PMP 

---- Sample Decay/Count Information ---- 
Sample Date : 19-SEP-1996 12:OO Acquisition date : 9-OCT-1996 14:43: 
Elapsed live time: 0 04:OO Elapsed real time: 0 04:OO 0.0% 
Decay time : 20 02:43 

Detector Parameters ---- ---- 
Energy cal. time : 8-OCT-1996 12:40: 
Detect or name : GAMMAS Counting geometry: PMp 
Effic. cal. time : 19-SEP-1996 14:21 

Cali. Slope 
Cali. Quadratic : 
FWHM Slope 
Start channel 
Sensitivity 
Energy tolerance : 
Abundance limit : 
Activity Units : 
MDA Confid Level : 
Errors propagated: 

---- Processing 
4.88823E-01 
-8.491853-08 
4.451503-02 
1 
5.0 
2.0 
75.0 
PCI 
5.0 
Yes 

Parameters ---- 
Cali. Offset 
EWHM Offset 
MDA Width (FWHM) : 
End channel 
Gaussian Sens. 
Half life ratio : 
WTM error limit : 
Act. Conversion : 
Sigma Number 
Systematic Error : 

-5.65841E-01 
4.153863-01 
3.0 
4096 
10.0 
8.0 
3.0 
1.00000E+06 
2 
9.0% 

e i n e d  Activity-MDA Report 

Identified Nuclides ---- ---- 
Activity Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE) ( PC I/SAMPLE ) 

RA-226 1.909E+01 7.5483+01 7 . 552E+01 1.3973+01 0.253 

---- Non-Identified Nuclides ---- 
Key-Line 
Activity K.L. Act error MDA MDA error Act /MDA 

Nuclide (PCI/SAMPLE)Ided (PCI/SAMPLE) 

RA-228 5 . 2 05E+00 1.076E+01 1.920E+01 3=942E+OO 0.271 
PA-231 1.8703+02 + 5.3743+01 4.8863+01 8.0263+00 3.828 
U-235 1.159E+00 + 4.5853+00 6.361E+00 1.194E+00 0.182 



8 0 1 0  
Section 2. Instrument Performance and Calibration Data 

y Spectrometry 
Inventory Checklist 

Efficiency Calibration 
Calibration Spectral Plot 

Peak Search Report 
Calibration Reports 

Energy 
O F W H M  

Emciency 

0 Callbration Plots 
Energy 

O F W H M  
Efilciency 

Energy Callbration 
0 Calibration Spectal Plot 

Peak Search Report 

Calibration Reports 
Energy 

O F W H M  

k W  
Calibration Plots 

0 Background 
Background Spectral Plot 

Peak Source Report(s) 

DailySourceCheck 

Weekly Background 

@ QC Reports 

Section 2. Instrument Performance and Calibration Data 
y Spectrometry 

Reviewer Checklist 

x The Instrument Performance and Calibration Data Inventory Checklist above is complete. 

Specitled analytical protocols are followed for particular contract requirements. 

Conditions of instrument setup are noted. 

NCR(s1 noted. and aected instruments not used. 
& a 
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VIS Peak Search Report V1.9 Generated 11-OCT-1996 11:52:01 8 0 1 9  
Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL - GAMMAS - PMP - 8947.CNF;l 
Analyses by : PEAK V16.5,PEAKEFF V2.2 
S ple date : 1-MAY-1995 12:OO:OO Acquisition date : 19-SEP-1996 13:46:10 

le ID : PMP Sample quantity : 1.0000 L 

Elapsed live time: 0 00:20:00.00 Elapsed real time: 0 00:21:43.34 7.9% 
Start energy 

Critical level : No 

ector name : GAMMA5 Detector geometry: PMP 

-0 . 01 keV End energy : 1999.52 keV 

%Fp 
Sensitivity 5.00 Gaussian 10 . 00 
Pk It 

1 0  
2 10 
3 10 
4 0  
5 7  
6 7  
7 7  
8 0  
9 0  

10 0 
11 0 
12 0 
13 10 
14 10 
15 0 
16 1 
17 1 

21 0 
22 0 
23 0 
24 0 
25 0 
26 0 
27 0 

Energy 

5.29 
11.13 
12.14 
14.82 
21.14 
22.06 
24.86 
31.97 
36.46 
42.98 
49.56 
59.51 
67.16 
70.97 
88 . 02 

120.24 
122 . 05 
136.45 
158 . 99 
391.70 
514.17 
661.66 
898 . 01 

1173.15 
1332 . 40 
1836 . 07 

254.85 

Area 

2273 
38098 
84036 
12412 

205382 
1354357 
404702 
38944 
9244 
3097 
947 

35789 
2522 
1437 

96976 
409 

38585 
4542 
7621 
354 

9598 
1382 

173017 
12394 

109576 
98724 
7295 

Bkgnd 

7754 
32452 
32416 
31483 
91270 
72775 
51039 
28359 
19820 
24654 
13643 
18234 
22915 
25393 
23270 
5340 
7775 

12499 
10440 
6858 
9555 
6881 
8620 
7919 
5372 
2152 
623 

FWHM Channel 

1.50 11.84 
1.24 23.79 
0.77 25.88 
0.85 31.36 
1.29 44.29 
0.92 46.17 
1.33 51.91 
1.03 66.47 
1.09 75.67 
2.11 89.00 
1.15 102.49 
0.82 122.85 
2.10 138.51 
2.14 146.31 
0.89 181.22 
1.02 247.19 
0.90 250.89 
1.01 280.36 
1.05 326.51 
0.77 522.78 
1.23 802.97 
1.28 1053.74 
1.45 1355.74 
1.65 1839.75 
1.87 2403.25 
1.98 2729.40 
2.30 3761.14 

%Ef f Cts/Sec %Err Fit 

8.11E+00 1.89E+00 6.4 
9.51E+00 3.17E+01 1.2 2.673+02 
9.60E+00 7.00E+01 0.5 
9.753+00 1.03E+01 2.4 
9.773+00 1.71E+02 0.6 1.05E+04 
9.753+00 1.13E+03 0.1 
9.683+00 3.373+02 0.2 
9.423+00 3.253+01 0.9 
9.233+00 7.70E+00 3.0 
8.943+00 2.583+00 10.3 
8.653+00 7.893-01 20.7 
8.243+00 2.983+01 0.9 
7.933+00 2.10E+00 12.9 1.28E+01 
7.793+00 1.20E+00 22.7 
7.21E+00 8.08E+01 0.4 

6.263+00 3.223+01 0.6 
5.933+00 3.783+00 4.8 
5.483+00 6.353+00 2.7 
4.14E+00 2.953-01 37.4 
3.06E+00 8.00E+00 2.2 
2.463+00 1.15E+00 11.6 
1.99E+00 1.443+02 0.3 
1.50E+00 1.03E+01 1.8 
1.15E+00 9.13E+01 0.3 
l.OOE+OO 8.233+01 0.3 
7.05E-01 6.08E+00 1.5 

6.30E+00 3.41E-01 25.5 8.373-01 



VMS Calibration Report V1.5 Generated ll-OCT-1996 11:52:03 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA5 - PMP - 8947.CNF;l 
Analyses by : SCRCAL V1.1,PEAR V16.5,PEAKEFF v2.2 
De&ctor Name : GAMMA5 Energy Calib Time: 19-SEP-1996 14:21:40 

ciency type : Empirical Effncy Calib Time: 19-SEP-1996 14:21:40 
ctor Geometry: PMP Shelf 

Energy Calibration Report 

Energy = -0.4971 + 0.4885*Channel + -4.4514E-O8*(Channel**2), 

Centroid True Computed 
Nbr Channel Energy Energy Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

122 . 85 
181.22 
250.89 
280.36 
326.51 
802 . 97 

1053.74 
1355.74 
1839.75 
2403.25 
2729.40 
3761.14 

59.54 
88.03 
122.06 
136.48 
159.00 
391.69 
513 . 99 
661.65 
898.02 

1173.22 
1332.49 
1836.01 

59.51 
88.02 

122.05 
136.45 
158.99 
391.70 
514.17 
661.66 
898.01 

1173.15 
1332.40 
1836.07 

0.028 
0.012 
0.013 
0.030 
0.014 

-0.012 
-0.181 
-0.006 
0.008 
0.062 
0.091 

-0.060 

FWHM Calibration Report 

FWHM = 0.4790 + 4.0482E-O2*(Energy*+l/2) 

True Computed 
Energy FwHIvl FWHM Difference 

1 59.54 0.82 
2 88.03 0.89 
3 122 . 06 0.90 
4 136.48 1.01 
5 159.00 1.05 
6 391.69 1.23 
7 513 . 99 1.28 
8 661.65 1.45 
9 898.02 1.65 
10 1173.22 1.87 
11 1332.49 1.98 
12 1836 . 01 2.31 

Efficiency Calibration Report 

0.79 
0.86 
0.93 
0.95 
0.99 
1.28 
1.40 
1.52 
1.69 
1.87 
1.96 
2.21 

0.026 
0.035 

-0.024 
0.061 
0.065 

-0.055 
-0.119 
-0 . 072 
-0.039 
0.006 
0.024 
0.092 

Eff = exp(a2 + a3*x + a4*x**2 + a5*x**3 + a6*x**4 + a7*x**5), x=ln(al/energy) 

Average Deviation = 6.53 % Reduced Chi-square = 1.96 

Nbr (keV) Efficiency Error Efficiency /Error % Diff 
Energy Measured Efficiency Computed Diff/ 

1 59.54. 7.333-02 3 . 723-03 8.233-02 -2 . 43 -12 . 34 - 



Efficiency Calibration Report (continued) Page : 2 
Sample ID : PMP Acquisition date : 19-SEP-1996 13:46:10 

Energy Measured Efficiency 
Nbr (keV)  Efficiency Error 

88 . 03 7.593-02 
122 . 06 6.71E-02 

4 136 . 48 6.383-02 
5 159 . 00 5.853-02 
6 391.69 2.91E-02 
7 513 . 99 2.17E-02 
8 661.65 1.933-02 
9 898 . 02 1 . 373-02 

10 1173.22 1.13E-02 
11 1332.49 1.02E-02 
12 1836.01 7.573-03 

3 . 81E-03 
3.3913-03 
4 . 443-03 
3.323-03 
1.60E-03 
2.73E-03 
9.663-04 
7.263-04 
5.69E-04 
5.12E-04 
3.953-04 

Approved by: 

Computed Diff/ 8019 
Efficiency /Error % Diff 

7.213-02 
6.263-02 
5.933-02 
5.48E-02 
3 . 06E-02 
2.473-02 
1.993-02 
1.50E-02 
1.15E-02 
1.00E-02 
7.05E-03 

1.01 
1.33 
1.00 
1.10 

-0.95 
-1.09 
-0.58 
-1.74 
-0.20 
0.37 
1.33 

5.07 
6.72 
6.98 
6.26 

-5.24 
-13.77 
-2.89 
-9.25 
-0.99 
1.88 
6.93 

Approval Date: - 1 -  1 -  
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VMS Peak Search Report V1.9 Generated ll-OCT-1996 11:52:23 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL - GAMMA5 - 9156.CNF;l 
Analyses by : PEAK V16.5,PEAKEFF V2.2 3:: ;;te 
Elapsed live time: 0 00:10:00.00 ElaDsed real time: 0 00:10:05.08 0.8% 

: 4-OCT-1996 0O:OO:OO Acquisition date : 8-OCT-1996 12:27:57 
: BCKGND Sample quantity : 1.0000 G 

c t or name : GAMMA5 Detector geometry: TRMl-S3 

Stait energy 
Sensitivity 
Critical level 

Pk It 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 3  

10 3 
11 3 
12 0 
13 3 
14 3 
15 3 
16 5 & ;  
21 0 
22 0 
23 0 
24 2 
25 2 
26 1 
27 1 
28 0 
29 0 
30 0 
31 0 
32 0 
33 2 
34 2 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 

0 

Energy 

12.85 
15.55 
27 . 17 
46.47 
50.05 
53.27 
63.21 
67.58 
74.77 
77.05 
79.27 
81.32 
83.77 
87.19 
89.79 
92.55 
94.59 
97.81 

143.92 
154.22 
186.22 
236.18 
242.04 
256.32 
259.10 
269.62 
271.27 
274 . 58 
295.27 
333.74 
351.97 
388.19 
402 . 11 
404 . 93 
455 . 31 
480.54 
487 . 32 
580.33 
609.41 
665 . 35 
703 . 14 
768.36 
785 . 96 
806.39 

-0.08 keV End- energy : 2000.23 keV 
5.00 Gaussian 10.00 

: No 

Area 

318 
470 
163 

2711 
307 
708 
617 
401 

4811 
8300 
514 
284 

1270 
2807 
1067 
874 
455 
178 
313 
256 

2895 
273 

3703 
157 
256 
313 
238 
210 

8149 
83 

13102 
202 
145 
163 
104 
82 

103 
90 

9179 
284 
74 

821 
206 
242 

Bkgnd FWHM Channel 

817 0.90 27.45 
1371 1.11 32.96 
860 0.74 56.75 

1515 0.89 96.22 
1130 1.22 103.56 
1591 0.83 110.14 
2181 0.96 130.47 
2553 1.01 139.41 
1597 0.87 154.13 
1619 0.86 158.80 
1308 0.68 163.32 
1576 0.60 167.52 
1070 0.89 172.54 
1506 1.11 179.53 
1512 1.11 184.85 
1098 0.95 190.50 
1010 1.25 194.67 
1089 0.98 201.26 
1479 1.19 295.59 
1450 1.02 316.67 
1730 1.01 382.14 
977 0.94 484.36 
904 1.02 496.35 
481 1.03 525.56 
616 1.37 531.25 
574 1.26 552.77 
423 1.05 556.15 
577 1.07 562.92 
599 1.11 605.27 
403 1.70 683.98 
786 1.17 721.28 
680 2.79 795.40 
436 1.58 823.89 
421 1.59 829.66 
326 1.28 932.74 
289 1.30 984.37 
314 1.24 998.25 
233 1.14 1188.60 
252 1.37 1248.11 
220 1.51 1362.61 
193 1.30 1439.96 
305 1.53 1573.45 
176 1.32 1609.48 
196 1.49 1651.29 

%Eff Cts/Sec %Err Fit 

6.053+02 5.303-01 13.9 
8.833+01 7.843-01 13.9 
6.453+00 2.72E-01 29.7 
4.933+00 4.523+00 3.1 
5.103+00 5.123-01 18.2 
5.273+00 1.183+00 10.5 
5.853+00 1.033+00 13.2 
6.103+00 6.683-01 22.4 
6.473+00 8.023+00 1.9 5.953+00 
6.573+00 1.383+01 1.3 
6.673+00 8.573-01 10.9 
6.753+00 4.743-01 21.6 
6.85E+00 2.123+00 4.8 3.753+00 
6.973+00 4.683+00 3.0 
7.05E+00 1.78E+00 7.0 
7.12E+00 1.463+00 6.9 3.223+00 
7.173+00 7.583-01 12.4 
7.243+00 2.973-01 31.5 
7.163+00 5.213-01 22.9 
6.973+00 4.263-01 26.6 
6.263+00 4.833+00 3.4 
5.133+00 4.543-01 22.3 
5.013+00 6.173+00 2.3 
4.723+00 2.623-01 23.5 2.133+00 
4.673+00 4.273-01 18.0 
4.483+00 5.223-01 14.9 3.763+00 
4.453+00 3.973-01 16.0 
4.393+00 3.503-01 20.9 
4.053+00 1.363+01 1.2 
3.523+00 1.38E-01 41.8 
3.313+00 2.18E+01 1.0 
2.953+00 3.373-01 26.6 
2.833+00 2.413-01 28.5 1.58E+00 
2.803+00 2.723-01 25.7 
2.443+00 1.733-01 34.1 
2.303+00 1.363-01 39.3 
2.263+00 1.72E-01 34.8 
1.883+00 1.50E-01 33.3 
1.793+00 1.533+01 1.1 
1,64E+00 4.733-01 12.6 
1.57E+00 1.23E-01 38.4 
1.463+00 1.37E+00 5.9 
1.433+00 3.433-01 14.3 
1.403+00 4.043-01 13.9 



Peak Search Report (continued) 
Sample ID : BCKGND 

Pk It 

47 0 
48 0 
49 0 
50 0 
51 0 
52 0 
53 1 
54 1 
55 0 
56 4 
57 4 
58 0 
59 0 
60 0 
61 0 
62 0 

Energy 

839.50 
934.21 

1120.31 
1155.39 
1238.16 
1280.87 
1377.53 
1385.41 
1401.55 
1407.81 
1508.94 
1537.68 
1543.51 
1583 . 83 
1661.16 
1729.61 
1764.47 
1847.57 

Area Bkgnd 

94 
419 

1885 
249 
687 
163 
499 
121 
200 
233 
239 
55 
70 
73 

112 
335 

1413 
218 

212 
247 
142 
162 
116 
120 
12 9 
107 
87 
87 

106 
133 
57 

100 
38 
49 
52 
32 

Page : 2 
Acquisition date : 8-OCT-1996 12:27:57 

b o  1 Q  
FWHM Channel %Eff Cts/Sec %Err Fit 

1.67 1719.05 1.36E+00 1.56E-01 33.6 
1.43 1912.94 1.27E+00 6.983-01 9.2 
1.85 2293.93 1.15E+00 3.14E+00 2.7 
2.15 2365.75 1.13E+00 4.14E-01 13.8 
1.92 2535.21 1.09E+00 1.14E+00 5.2 
2.16 2622.67 1.08E+00 2.723-01 16.6 
2.22 2820.59 1.04E+00 8.3231-01 7.0 
2.09 2836.73 1.04E+00 2.02E-01 21.5 
2.29 2869.79 1.04E+00 3.333-01 12.1 1.66E+00 
2.12 2882.60 1.03E+00 3.883-01 10.4 
2.53 3089.71 l.OOE+OO 3.983-01 11.8 
3.16 3148.55 9.943-01 9.123-02 51.6 1.69E+00 
1.71 3160.49 9.923-01 1.16E-01 23.2 
0.82 3243.08 9.80E-01 1.22E-01 35.5 
1.65 3401.45 9.58E-01 1.86E-01 15.1 
2.40 3541.66 9.373-01 5.583-01 7.6 
2.31 3613.05 9.2733-01 2.363+00 2.9 
2.46 3783.28 9.02E-01 3.633-01 9.3 

000323 1 5 5  



VMS Calibration Report V1.5 Generated 11-OCT-1996 11:52:25 6019 
Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMAS 9156.CNF;l 
Analyses by : CALIBRATE V1.7,PEAK V16.5,PEAKEFF V2.2- 
g c t o r  Name 

Energy Calibration Report 

Energy Calib Time: 8-OCT-1996 12:40:10 
ciency type : Empirical Effncy Calib Time: 19-SEP-1996 11:45:10 
ctor Geometry: TRMl-S3 Shelf 

Energy = -0.5658 + 0.4888*Channel + -8.4919E-O8*(Channel**2) 
Centroid True Computed 

Nbr Channel Energy Energy Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

20 
21 

96.22 
154.13 
158.80 
382.14 
605.27 
721.28 

1248.11 
1362.61 
1573.45 
1912.94 
2293.87 
2365.75 
2535.21 
2622.67 
2820.59 
2882.60 
3089.71 
3401.45 
3541.66 
3613.05 
3783.28 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155.19 
1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

46.47 
74.77 
77.05 

186.22 
295.27 
351.97 
609.41 
665.35 
768.36 
934.21 

1120.28 
1155.39 
1238.16 
1280.87 
1377.53 
1407.81 
1508.94 
1661.16 
1729.61 
1764.47 
1847.57 

0.034 
0.041 
0.053 

-0.009 
-0.059 
-0.049 
-0 . 094 
0.100 

-0.004 
-0.151 
0 . 002 

-0.204 
-0.045 
0.088 
0.142 
0.171 
0.286 

-0.160 
-0.016 
0.026 

-0.153 

FWHM Calibration Report 

, FWHM = 0.4154 + 4.4515E-O2*(Energy**1/2) 

True Computed 
Nbr Energy FWHM FWHM Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

46.50 
74.81 
77 . 11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155 . 19 

0.89 
0.87 
0.86 
1.01 
1.11 
1.17 
1.37 
1.51 
1.53 
1.43 
1.85 
2.15 

0.72 
0.80 
0.81 
1.02 
1.18 
1.25 
1.51 
1.56 
1.65 
1.78 
1.91 
1.93 

0.167 
0.068 
0.052 

-0 . 008 
-0 . 073 
-0.079 
-0.148 
-0.057 
-0.121 
-0.343 
-0.056 
0.220 



FWHM Calibration Report 
Sample ID : BCKGND 

Nbr Energy 

15 
16 
17 
18 
19 
20 
21 

1238 . 11 
1280.96 
1377 . 67 
1407 . 98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

(continued) 

True 
FWHM 

1.92 
2.16 
2.22 
2.12 
2.53 
1.65 
2.40 
2.31 
2.46 

Acquisition 

Computed 
EWHM 

1.98 
2.01 
2.07 
2.09 
2.14 
2.23 
2.27 
2.29 
2.33 

Page : 2 
date : 8-OCT-1996 12:27:57 

Difference 80 1 
-0.057 
0.147 
0.148 
0.035 
0.389 

-0.580 
0.135 
0.025 
0.134 

Approved by: Approval Date: - 1 -  1 -  
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VMS Peak Search Report V1.9 Generated 11-OCT-1996 11:53:08 8019 
Configuration 
Analyses by 

le ID 
c t or name 

Elapsed live time: 
Start energy 
Sensitivity 
Critical level : 

Pk It 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  

10 4 
11 4 
12 0 
13 0 
14 0 
15 0 
16 0 4; 
21 0 
22 0 
23 0 
24 4 
25 4 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 4 
36 4 
37 4 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 

Energy 

7.76 
10.38 
13.03 
16.22 
19.25 
23.34 
26.04 
46 . 55 
53.64 
63.34 
66.28 
69.74 
74.19 
77.07 
84.43 
87.20 
92 . 67 
98.25 

109.75 
112.82 
139.81 
143.66 
185 . 85 
197 . 16 
198 . 38 
205 . 33 
238 . 76 
295.36 
352 . 05 
511.06 
569.99 
583 . 39 
609.48 
669.54 
693.56 
696 . 97 
702 . 45 
803 . 05 
962.14 

1120.02 
1331.87 
1460.47 
1764.72 

DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMAS - 9143.CNF;l 
PEAK V16.5,PEAKEFF V2.2 
4-OCT-1996 0O:OO:OO Acquisition date : 4-OCT-1996 18:20:18 
BCKGND 
GAMMAS 
2 02:00:00.00 

5.00 
-0.05 keV 

No 

Area 

24064 
4115 
4183 
6461 
1233 
285 
437 

1927 
405 

3752 
535 
385 
134 
495 
698 
283 

4997 
195 
354 
230 
682 
424 

2020 
456 
665 
188 
908 
179 
298 

4724 
434 
294 
299 
124 
349 
189 
192 
377 
241 
105 
136 
320 
128 

Bkgnd 

42790 
15170 
13266 
11688 
6158 
5186 
4406 
3150 
3070 
1877 
2846 
3435 
3061 
2’625 
3059 
2253 
3152 
2385 
2985 
1804 
3118 
2282 
3123 
1487 
1790 
1689 
2089 
1472 
12 02 
2215 
1409 
1218 
1186 
741 
1136 
993 
1226 
759 
859 
385 
353 
376 
183 

FWHM 

1.54 
0.84 
0.86 
1.08 
0.89 
1.44 
1.08 
0.94 
0.98 
0.81 
1.28 
1.87 
0.84 
0.94 
1.37 
0.85 
1.09 
0.93 
0.75 
0.95 
1.12 
1.06 
1.02 
0.89 
1.04 
0.96 
1.08 
1.03 
1.06 
2.53 
1.55 
1.25 
1.30 
1.38 
2.18 
1.80 
2.19 
1.66 
2.17 
1.77 
2.38 
1.75 
2.41 

Sample quantity : 1.0000 G 
Detector geometry: TRMl-S3 
Elapsed real time: 2 02:01:07.08 0.0% 
End energy : 2000.22 keV 
Gaussian 10.00 

Channel 

16 . 98 
22.34 
27.77 
34.29 
40.48 
48.85 
54.38 
96.35 

110.85 
130.70 
136.72 
143.79 
152.90 
158.79 
173.85 
179 . 52 
190.71 
202.14 
225.66 
231.93 
287.16 
295.05 
381.36 
404.51 
407 . 00 
421.24 
489.64 
605.47 
721.47 
1046.88 
1167.50 
1194 . 92 
1248.33 
1371.25 
1420.41 
1427.39 
1438 . 62 
1644.53 
1970.22 
2293.42 
2727.21 
2990.52 
3613.62 

%Eff Cts/Sec %Err Fit 

6.553+06 1.343-01 
1.323+04 2.293-02 
5.13E+02 2.323-02 
6.283+01 3.593-02 
2.09E+01 6.853-03 
9.40E+00 1.583-03 
7.033+00 2.433-03 
4.943+00 1.073-02 
5.293+00 2.253-03 
5.863+00 2.083-02 
6.02E+00 2.973-03 
6.213+00 2.143-03 
6.443+00 7.443-04 
6.573+00 2.753-03 
6.873+00 3.883-03 
6.973+00 1.573-03 
7.123+00 2.783-02 
7.253+00 1.093-03 
7.393+00 1.973-03 
7.403+00 1.283-03 
7.223+00 3.793-03 
7.163+00 2.353-03 
6.273+00 1.12E-02 
6.00E+00 2.533-03 
5.983+00 3.693-03 
5.813+00 1.04E-03 
5.073+00 5.053-03 
4.053+00 9.943-04 
3.313+00 1.653-03 
2.153+00 2.623-02 
1.913+00 2.41E-03 
1.873+00 1.643-03 
1.79E+00 1.663-03 
1.64E+00 6.913-04 
1.58E+00 1.943-03 
1.583+00 1.053-03 
1.57E+00 1.073-03 
1.413+00 2.093-03 
1.25E+00 1.343-03 
1.15E+00 5.833-04 
1.06E+00 7.543-04 
1.023+00 1.783-03 
9.273-01 7.113-04 

1.5 
4.8 
4.7 
3.1 
10.0 
40.4 
24.7 
5.5 

24.2 
2.4 l.lOE+OO 
18.1 
26.7 
65.8 
17.0 
14.2 
27.2 
2.4 
42.0 
27.2 
28.5 
15.8 
19.3 
5.6 
13.8 4.49E-01 
11.2 
35.4 
9.3 

36.3 
20.2 
2.7 
18.5 
23.7 
21.5 
40.4 
21.4 3.273+00 
34.4 
38.5 
15.0 
28.6 
35.1 
28.1 
14.0 
23.0 

080’935 I 6 1  
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Library Title 
Library file name : DISK:[RADCHEM.SCUSR.LIB]HAYDEN.NLB;l 
Date printed : ll-OCT-1996 11:56:07.71 
Number of nuclides : 4 
Number of lines 43 

Nuclide Nuclide Key 
Line 

RA-226 1600.00Y Natural 
RA-228 1.41E+10Y Natural 

* @ Name Half-Life Type 

* 

PA-231 3.28E+04Y Natural 

* 

U-235 7.04E+08Y Natural 

* 

Energy 
186.21 keV 
2 09.28 keV 
2 7 0.23 keV 
327.64 keV 
338.32 keV 
463.00 keV 
794.70 keV 
911.07 keV 
964.60 keV 
969.11 keV 
50.10 keV 

100.00 keV 
122.31 keV 
144.24 keV 
154.21 keV 
205.00 keV 
21 0.6 0 keV 
234.90 keV 
236.00 keV 
25 6.2 0 keV 
269.46 keV 
271.23 keV 
283.67 keV 
286.10 keV 
300.08 keV 
304.40 keV 
323.87 keV 
330.00 keV 
334.2 0 keV 
338.28 keV 
351.07 keV 
401.81 keV 
404.84 keV 
427.08 keV 
445.03 keV 
56 9 . 67 keV 
831.96 keV 
897.83 keV 
897.83 keV 
143.76 keV 
163.35 keV 
185.71 keV 
205.31 keV 

Abundance 
3.28 % 
4.40 % 
3.60 % 
3.20 % 

11.40 % 
4.40 % 
4.60 % 

27.70 % 
5.20 % 

16.60 % 
31.70 % 
1.11 % 
1.19 % 
3.24 % 
5.58 % 
1.08 % 
1.26 % 
2.80 % 

11.50 % 
6.30 % 

13.60 % 
10.60 % 
1.60 % 
1.60 % 
2.30 % 
1.35 % 
3.88 % 
1.30 % 
1.15 % 
2.73 % 

12.94 % 
6.50 % 
2.90 % 
1.30 % 
1.18 % 
0.54 % 
2.90 % 
0.24 % 
0.52 % 

10.50 % 
4.70 % 

54.00 % 
4.70 % 

sorq 



Print Time : 11-OCT-1996 11:56:09.18 
Library file name : DISK:[RADCHEM.SCUSR.LIB]HAYDEN.NLB;l 
Library title 

Record Interfering nuclide 
1 U-235 

Interfered nuclide 
Ra-226 
Pa-2 3 1 

I. 7 5 080948 . 
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VMS Peak Search Report V1.9 Generated 11-OCT-1996 13:57:12 

Analyses by : PEAK V16.5,PEAKEFF V2.2 
Sample date : 1-MAY-1995 12:OO:OO Acquisition date : 19-SEP-1996 14:37:15 

: PMP Sample quantity : 1.0000 L 
s;‘.:”narne : GAMMA6 Detector geometry: PMP 

sed live time: 0 00:20:00.00 ElaDsed real time: 0 00:21:38.69 7.6% 

: DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 PMP 8957,CNF;l 8019 Configuration - - - 

Start energy 
Sensitivity 
Critical level 

Pk It 

1 9  
2 9  
3 9  
4 3  
5 3  
6 0  
7 0  
8 4  
9 4  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 

0 
22 0 
23 0 
24 0 
25 0 

Energy 

11.10 
12.14 
14.61 
21.96 
24.83 
31.91 
36.47 
42.20 
43.73 
49.59 
59.49 
88 . 01 

122 ..06 
136.48 
158 . 99 
255.11 
391.73 
514 . 03 
661.72 
683 . 49 
821 . 03 
898.04 

1173 . 15 
1332 . 38 
1836.07 

0.34 keV End- energy : 1999.92 keV 
5.00 Gaussian 10.00 

: No 

Area 

45673 
89072 
30574 

1390494 
329332 
39636 
9085 
958 

2172 
926 

35590 
95561 
38513 
4850 
7823 
523 

10236 
1431 

185292 
324 
335 

13617 
121168 
109703 

8326 

Bkgnd FWHM Channel %Eff Cts/Sec %Err Fit 

28937 1.59 23.02 l.llE+OO 3.81E+01 1.0 1.93E+02 
22647 0.91 25.16 1.35E+00 7.423+01 0.5 
37010 1.79 30.21 1.94E+00 2.553+01 1.4 
71498 1.05 45.24 3.66E+00 1.16E+03 0.1 1.06E+04 
47780 1.07 51.12 4.25E+00 2.743+02 0.2 
33637 1.05 65.62 5.423+00 3.30E+01 1.0 
17730 1.13 74.95 5.993+00 7.573+00 2.8 
16197 1.24 86.67 6.543+00 7.993-01 23.5 5.15E+00 
15632 1.25 89.81 6.653+00 1.81E+00 10.4 
13152 1.36 101.81 7.01E+00 7.71E-01 20.8 
19446 0.92 122.05 7.36E+00 2.97E+01 0.9 
16659 1.03 180.43 7.40E+00 7.963+01 0.4 
14923 0.95 250.11 6.793+00 3.21E+01 0.8 
11985 1-09 279.63 6.493+00 4.04E+00 4.5 
11544 1.05 325.70 6.03E+00 6.523+00 2.8 
6860 0.92 522.42 4.463+00 4.363-01 25.4 
9525 1.18 802.09 3.18E+00 8.533+00 2.0 
6468 1.35 1052.46 2.51E+00 1.19E+00 10.5 
9266 1.44 1354.82 2.01E+00 1.543+02 0.3 
4350 1.41 1399.39 1.95E+00 2.70E-01 35.9 
4373 0.96 1681.02 1.66E+00 2.793-01 36.0 
8350 1.62 1838.71 1.54E+00 1.13E+01 1.7 
5467 1.77 2402.12 1.23E+00 1.01E+02 0.3 
2365 1.90 2728.29 l.llE+OO 9.14E+01 0.3 
544 2.10 3760.23 8.843-01 6.943+00 1.3 



VMS Calibration Report V1.5 Generated 11-OCT-1996 13:57:14 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 - PMP - 8957.CNF;l 
Analyses by : SCRCAL V1.1,PEAK V16.5,PEAKEFF v2.2 
Detect or Name : GAMMA6 Energy Calib Time: 19-SEP-1996 15:11:19 
E iciency type : Empirical Effncy Calib Time: 19-SEP-1996 15:11:19 

Energy Calibration Report 

ctor Geometry: PMP Shelf * 
Energy = -0.1518 + 0.4886*Channel + -8.5208E-O8*(Channel**2) 

Centroid True Computed 
Nbr Channel Energy Energy Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

122.05 
180.43 
250.11 
279.63 
325.70 
802.09 

1052 . 46 
1354 . 82 
1838.71 
2402.12 
2728.29 
3760.23 

59.54 
88.03 

122.06 
136.48 
159.00 
391.69 
513.99 
661.65 
898.02 

1173.22 
1332.49 
1836.01 

59.49 
88.01 

122.06 
136.48 
158.99 
391.73 
514.03 
661.72 
898.04 
1173.15 
1332.38 
1836.07 

0.049 
0.022 
0.003 

-0.007 
0.009 

-0.046 
-0.045 
-0.072 
-0.022 
0.068 
0.102 

-0.061 

FWHM Calibration Report 

FWHM = 0.6350 + 3.3206E-O2*(Energy**1/2) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Energy 

59.54 
88.03 

122.06 
136.48 
159.00 
391.69 
513.99 
661.65 
898 . 02 

1173 -22 
1332 . 49 
1836.01 

True Computed 
FWHM FWHM Difference 

0.92 
1.03 
0.95 
1.09 
1.05 
1.18 
1.35 
1.44 
1.62 
1.77 
1.90 
2.10 

0.89 
0.95 
1.00 
1.02 
1.05 
1.29 
1.39 
1.49 
1.63 
1.77 
1.85 
2.06 

0.025 
0.087 

-0.052 
0.065 

-0.004 
-0 . 114 
-0.036 
-0.052 
-0.007 
0.002 
0.048 
0.038 

Efficiency Calibration Report 

Eff = exp(a2 + a3*x + a4*x**2 + a5*x**3 + a6*x**4 + a7*x**5), x=ln(al/energy) 

a1 a2 a3 a4 a5 a6 a7 
947.8 -4.221 0.8506 8.20253-02 -6.46593-02 0.0000E+00 0.0000E+00 

Average Deviation = 2.84 % Reduced Chi-square = 0.349 

Energy Measured Efficiency Computed Diff/ 
(keV) Efficiency Error Efficiency /Error % Diff 

1 59.54 7.293-02 3.71E-03 7 . 3 6E-02 -0.19 -0.98 



r;rriciency caiiDration Keport (continues) page : z 
Sample ID : PMP Acquisition date : 19-SEP-1996 14:37:15 

Energy Measured Efficiency Computed Diff/ 
Nbr (keV) Efficiency Error Efficiency /Error Cb Diff 

88.03 7.483-02 
122.06 6 . 70E-02 
136.48 6.81E-02 

5 159.00 6.00E-02 
6 391.69 3.10E-02 
7 513.99 2.253-02 
8 661 . 65 2 . 07E-02 
9 898.02 1 . 51E-02 

10 1173.22 1.26E-02 
11 1332.49 1.14E-02 
12 1836.01 8.653-03 

3 . 753-03 
3.40E-03 
4.573-03 
3.453-03 
1.693-03 
2.61E-03 
1.03E-03 
7.933-04 
6.2 9E-04 
5.693-04 
4.473-04 

7.40E-02 
6 . 793-02 
6.493-02 
6.0313-02 
3 . 18E-02 
2.51E-02 
2 . 01E-02 
1 . 543-02 
1.233-02 
1.llE-02 
8.843-03 

0.22 
-0.26 
0.70 

-0.07 
-0 . 45 
-1.02 
0.56 

-0 . 42 
0.39 
0.42 

-0.43 

1.08 
-1.31 
4.69 

-0.43 
-2.47 

-11.86 
2.78 

-2.19 
1.97 
2.09 

-2.21 

Approved by: Approval Date: - 1- 1- 
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VMS Peak Search Report V1.9 Generated 15-OCT-1996 11:34:11 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL - GAMMA6 - TRMlS2 - 8965.CNF;l 
Ana lyses by : PEAK V16.5,PEAKEFF V2.2 
Sample date : 19-SEP-1996 12:OO:OO Acquisition date : 19-SEP-1996 15:27:38 
Sample ID : TRMl-S2 Sample quantity : 1.0000 L 

c t or name : GAMMA6 Detector geometry: TRMl-S2 
sed live time: 0 00:30:00.00 Elapsed real time: 0 00:30:15.47 0.9% 

0.27 keV End energy : 1999.74 keV 
5.00 Gaussian 10.00 

S v rt energy 
Sensitivity 
Critical level : No . 

Pk It Energy Area Bkgnd FWHM Channel %Eff Cts/Sec %Err Fit 

1 6  
2 6  
3 6  
4 6  
5 0  
6 0  
7 0  
8 0  
9 0  

10 0 
11 0 
12 4 
13 4 
14 3 
15 3 
16 3 
17 3 
18 3 
19 0 

1)H 
23 0 
24 0 
25 1 
26 1 
27 1 
28 1 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 4 
37 4 
38 4 
39 4 
40 0 
41 0 
42 0 
43 0 
44 0 

10.76 
12 . 88 
15.37 
17.25 
27.26 
31.98 
46.46 
49.91 
53 . 14 
63.25 
67.55 
74.78 
77.05 
83.78 
87.18 
89.81 
92 . 53 
94.64 
97 . 69 

144.09 
154.15 
186.16 
236.01 
242 . 05 
256.24 
258.91 
269.45 
271 . 13 
285.86 
295.27 
300.10 
324.06 
329.89 
338.53 
352.00 
386.88 
388 . 91 
401.90 
405.54 
454.49 
461.83 
469.48 
480.45 
487 . 02 

526 
1616 
1534 
367 
319 
313 

8103 
866 

2188 
1983 
1165 

14606 
24775 
4004 
9197 
3642 
2824 
1374 
477 
809 
761 

9014 
866 

11573 
532 
849 

1073 
848 
172 

25843 
234 
319 
288 
236 

43599 
281 
344 
456 
457 
294 
307 
152 
296 
309 

2632 
4255 
4851 
4883 
3860 
3724 
5641 
4285 
5155 
9151 
8245 
6929 
7101 
4203 
4491 
4075 
3848 
3651 
3648 
5036 
4634 
5382 
2323 
3131 
1842 
2027 
1790 
1814 
1458 
2718 
1345 
1751 
1781 
1490 
2394 
1268 
1476 
1323 
2005 
1365 
1191 
933 
900 
1095 

0.86 22.45 
1.26 26.80 
1.40 31.89 
1.42 35.73 
0.86 56.23 
1.37 65.87 
1.01 95.50 
0.85 102.55 
0.93 109.17 
0.91 129.85 
1.01 138.65 
0.95 153.45 
0.93 158.09 
0.97 171.86 
1.21 178.82 
1.18 184.20 
1.08 189.77 
1.09 194.08 
1.62 200.32 
1.04 295.28 
0.86 315.86 
1.13 381.36 
1.03 483.36 
1.11 495.73 
1.18 524.78 
1.25 530.24 
1.31 551.79 
1.31 555.24 
1.18 585.39 
1.15 604.65 
0.96 614.53 
1.12 663.57 
1.60 675.49 
1.20 693.19 
1.19 720.74 
1.15 792.15 
1.36 796.29 
1.26 822.88 
1.91 830.33 
1.68 930.53 
1.65 945.55 
1.73 961.21 
1.37 983.67 
1.20 997.11 

3.063+07 2.923-01 15.3 2.573+00 
2.723+05 8.983-01 7.5 
8.303+03 8.523-01 8.7 
1.41E+03 2.04E-01 36.0 
2.34E+01 1.77E-01 34.2 
1.233+01 1.743-01 34.2 
6.733+00 4.50E+00 2.0 
6.583+00 4.813-01 13.0 
6.553+00 1.223+00 6.1 
6.813+00 l.lOE+OO 9.0 
7.00E+00 6.473-01 13.8 

7.45E+00 1.38E+01 0.8 

7.893+00 5.11E+00 1.6 
7.983+00 2.02E+00 3.4 
8.083+00 1.57E+00 4.3 
8.15E+00 7.633-01 8.4 
8.243+00 2.653-01 21.5 
8.383+00 4.493-01 16.2 
8.20E+00 4.233-01 15.9 
7.393+00 5.013+00 1.9 
6.013+00 4.81E-01 9.8 
5.853+00 6.433+00 1.3 
5.503+00 2.953-01 14.1 1.60E+00 
5.443+00 4.723-01 9.9 

5.163+00 4.713-01 10.1 
4.843+00 9.573-02 35.9 
4.663+00 1.443+01 0.7 
4.57E+00 1.303-01 25.6 
4.153+00 1.773-01 24.3 

3.923+00 1.31E-01 29.2 
3.733+00 2.423+01 0.5 
3.31E+00 1.56E-01 22.1 4.323-01 
3.283+00 1.913-01 20.4 
3.15E+00 2.533-01 14.6 1.463+00 
3.11E+00 2.543-01 20.4 
2.703+00 1.633-01 25.8 
2.653+00 1.713-01 22.5 
2.593+00 8.423-02 37.2 
2.523+00 1.643-01 19.2 
2.483+00 1.71E-01 21.5 

7.343+00 8.113+00 1.2 1.853+01 

7.753+00 2.223+00 2.9 3.40E+00 

5.193+00 5.963-01 7.8 1.89E+01 

4.06E+00 1.60E-01 27.0 



Pk It 

45 0 

49 0 
50 0 
51 0 
52 0 
53 0 
54 0 
55 0 
56 0 
57 0 
58 0 
59 0 
60 0 
61 0 
62 0 
63 0 
64 0 
65 0 
66 0 
67 0 
68 0 
69 0 
70 0 
71 0 
72 0 e :  75 0 

76 0 
77 0 

Energy 

533.85 
580.47 
609.43 
665.58 
703.42 
720.37 
768.31 
785.95 
806.34 
832.06 
839.10 
934.16 
964.49 

1052.13 
1069.65 
1120.24 
1155.15 
1207.82 
1238.05 
1280.85 
1377.64 
1385.28 
1401.32 
1407.92 
1509.04 
1543.07 
1583.38 
1661.27 
1729.62 
1764.41 
1838 . 48 
1847.50 
1873.47 

Area 

222 
203 

30467 
845 
234 
352 

2851 
653 
628 
157 
385 

1558 
248 
70 

205 
6182 
760 
122 

2251 
566 

1589 
317 
517 
834 
814 
156 
242 
363 

1283 
5123 
102 
718 
90 

Bkgnd 

845 
1037 
92 7 
663 
682 
764 
899 
753 
617 
533 
647 
676 
558 
445 
586 
505 
501 
435 
454 
338 
509 
411 
405 
310 
3 92 
348 
300 
175 
130 
113 
86 

145 
88 

rage : L 
Acquisition date : 19-SEP-1996 15:27:38 

FWHM Channel 

1.18 1092.97 
1.47 1188.41 
1.38 1247.69 
1.52 1362.66 
1.32 1440.12 
1.44 1474.83 
1.50 1572.98 
1.53 1609.10 
1.56 1650.85 
1.65 1703.52 
1.72 1717.95 
1.54 1912.60 
1.95 1974.71 
1.10 2154.20 
1.42 2190.10 
1.72 2293.72 
1.77 2365.22 
1.51 2473.11 
1.75 2535.03 
1.96 2622.72 
1.82 2821.02 
1.45 2836.67 
2.02 2869.52 
1.74 2883.05 
1.85 3090.25 
1.88 3159.98 
1.84 3242.58 
1.92 3402.20 
2.08 3542.29 
2.17 3613.59 
1.34 3765.43 
1.96 3783.92 
2.62 3837.15 

2.233+00 1.23E-01 25.4 
2.04E+00 1.13E-01 33.4 

1.78E+00 4.70E-01 6.8 
1.70E+00 1.30E-01 22.6 

1*94E+00 1.69E+01 0.6 

1*66E+00 1.95E-01 18.4 
1.58E+00 1.58E+00 3.1 
1.56E+00 3.633-01 9.7 
1.53E+00 3.493-01 8.9 

1.49E+00 2.14E-01 14.2 
1.40E+00 8.663-01 4.3 
1.38E+00 1.38E-01 20.7 
1.32E+00 3.913-02 57.3 
1.31E+00 1.14E-01 27.3 
1.29E+00 3.433+00 1.5 
1.28E+00 4.22E-01 7.2 
1.26E+00 6.783-02 36.7 
1.24E+00 1.25E+00 3.0 
1.23E+00 3.14E-01 7.9 
1.20E+00 8.833-01 4.2 
1.20E+00 1.76E-01 15.0 
1.19E+00 2.873-01 9.6 
1.19E+00 4.633-01 5.6 
1.16E+00 4.523-01 6.6 
1.15E+00 8.683-02 25.5 
1.14E+00 1.34E-01 16.5 
l.llE+OO 2.01E-01 9.7 
1.08E+00 7.13E-01 3.5 
1.07E+00 2.853+00 1.5 
1.04E+00 5.673-02 20.3 
le04E+00 3.99E-01 5 . 5 
1.03E+00 4.983-02 24.0 

1*50E+00 8.713-02 28.7 

000958 



VMS Calibration Report V1.5 Generated 15-OCT-1996 11:34:13 

: DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 TRMlS2 8965.CNF;l - - Configuration 
Analyses by : SCRCAL V1.1,PEAK V16.5,PEAKEFF v2.2 
Detect or Name : GAMMA6 Energy Calib Time: 19-SEP-1996 15:59:51 
Efficiency type : Empirical Effncy Calib Time: 19-SEP-1996 15:59:51 
e c t o r  Geometry: TRM1-S2 Shelf 

Energy Calibration Report 

Energy = -0.2174 + 0.4888*Channel + -1.2230E-O7*(Channel**2) 

Centroid True 
Nbr Channel Energy 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

21 

95.50 
153.45 
158.09 
381.36 
604.65 
720.74 

1247.69 
1362.66 
1572.98 
1912.60 
2293.72 
2365.22 
2535.03 
2622.72 
2821.02 
2883.05 
3090.25 
3402.20 
3542.29 
3613.59 
3783.92 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155.19 
1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

EWHM Calibration Report 

Nbr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

FWHM = 0.6692 + 

Energy 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155.19 

True 
FWHM 

1.01 
0.95 
0.93 
1.13 
1.15 
1.19 
1.38 
1.52 
1.50 
1.54 
1.72 
1.77 

Computed 
Energy Difference 

46.46 
74.78 
77.05 

186 . 16 
295.27 
352.00 
609.43 
665.58 
768.31 
934.16 

1120.24 
1155.15 
1238.05 
1280.85 
1377.64 
1407.92 
1509.04 
1661.27 
1729.62 
1764.41 
1847.50 

0.045 
0.031 
0.060 
0.050 

-0.061 
-0.075 
-0.117 
-0.132 
0.050 

-0.098 
0.043 
0.041 
0.064 
0.107 
0.025 
0.061 
0.189 

-0.266 
-0.024 
0.088 

-0 . 082 

Computed 
FWHM Difference 

0.88 
0.94 
0.95 
1.10 
1.21 
1.26 
1.45 
1.48 
1.54 
1.63 
1.73 
1.74 

0.125 
0.012 

-0.020 
0.032 

-0.057 
-0.069 
-0.067 
0.035 

-0.039 
-0.098 
-0.008 
0.027 

1 8 6  
000359 



FWHM Calibration Report (continued) Page : 2 
Sample ID : TRMl-S2 Acquisition date : 19-SEP-1996 15:27:38 

True Computed 
Nbr Energy FWHM FWHM Difference 8 0  1 Q 

1238.11 
1280.96 e 1377 . 67 

16 1407.98 
17 1509.23 
18 1661.00 
19 1729.59 
20 1764.49 
21 1847.42 

1.75 
1.96 
1.82 
1.74 
1.85 
1.92 
2.08 
2.17 
1.96 

1.78 
1.80 
1.84 
1.85 
1.89 
1.96 
1.98 
1.99 
2.03 

-0.032 
0.163 

-0.025 
-0.116 
-0.043 
-0.033 
0.099 
0.178 

-0.065 

Efficiency Calibration Report 

Eff = exp(a2 .t a3*x + a4*x**2 + a5*x**3 + a6*x**4 + a7*x**5), x=ln(al/energy) 

a1 a2 a3 a4 a5 a6 a7 
947.0 -4.276 0.5137 0.4804 0.2874 -0.3457 6.56343-02 

Average Deviation = 6.56 % Reduced Chi-square = 2.46 

Energy Measured Efficiency Computed Diff/ 
Nbr (keV) Efficiency Error Efficiency /Error % Diff 

1 
2 
3 
4 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665 . 45 
768.36 
934.06 

1120.29 
1155 . 19 
1238 . 11 
1280 . 96 
1377 . 67 
1407 . 98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

6.81E-02 
7.2 6E-02 
7 . 273-02 
8.423-02 
4 . 15E-02 
3 . 61E-02 
2.03E-02 
1.633-02 
1 . 763-02 
1 . 5 OE-02 
1 . 263-02 
1.383-02 
1.18E-02 
1.16E-02 
1.19E-02 
1.03E-02 
1.14E-02 
1 . 02E-02 
1.323-02 
9 . 993-03 
1.053-02 

3 . 6731-03 
3.743-03 
3.693-03 
4.50E-03 
2.10E-03 
1.823-03 
1.02E-03 
1.383-03 
1.03E-03 
9.873-04 
6 . 583-04 
1.21E-03 
6.853-04 
1.09E-03 
7.823-04 
7.723-04 
9.423-04 
1.llE-03 
8.07E-04 
5.2 1E-04 
7 . 823-04 

6.733-02 
7.343-02 
7.453-02 
7.393-02 
4.663-02 
3.73E-02 
1.943-02 
1 . 783-02 
1.583-02 
1.40E-02 
1.293-02 
1 . 28E-02 
1 . 2 4E-02 
1 . 233-02 
1 . 2 OE-02 
1 . 19E-02 
1.16E-02 
1 . llE-02 
1 . 0813-02 
1 . 07E-02 
1 . 0413-02 

0.21 
-0.21 
-0.49 
2.29 

-2.44 
-0.68 
0.88 

-1.12 
1.69 
1.02 

-0.44 
0.84 

-1.01 
-0.62 
-0.06 
-2.10 
-0.19 
-0.84 
2.90 

-1.38 
0.20 

1.12 
-1.09 
-2.48 
12.25 

-12.32 
-3.40 
4.41 

-9.44 
9.87 
6.69 

-2.27 
7.40 

-5.86 
-5.76 
-0.41 

-15.74 
-1.60 
-9.16 
17.75 
-7.17 
1.48 

Approved by: Approval Date: - 1 -  1 -  
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VMS Peak Search Report V1.9 Generated ll-OCT-1996 13:57:32 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL - GAMMA6 - 9157.CNF;l 
Analyses by : PEAK V16.5,PEAHEFF V2.2 
Sample date : 4-OCT-1996 0O:OO:OO Acquisition date : 8-OCT-1996 12:27:57 
Sample ID : BCKGND Sample quantity : 1.0000 G 

ctor name : GAMP3A6 Detector geometry: TRMl-S3 
sed live time: 0 00:10:00.00 Elamed real time: 0 00:10:05.24 0.9% 

Sens it ivi t y-  
Critical level 

Pk It 

1 0  
2 0  
3 0  
4 0  
5 0  
6 0  
7 0  
8. 0 
9 3  

10 3 
11 4 
12 4 
13 4 
14 4 
15 4 
16 0 
17 0 
18 0 @; 
23 2 
24 2 
25 0 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 

Energy 

12.89 
15 . 48 
26.64 
46.45 
49.96 
53.19 
63.29 
67.25 
74.75 
77.04 
83.76 
87.17 
89.81 
92 . 57 
94.70 

144.04 
154.20 
186.15 
235.89 
242.03 
256.26 
259.12 
269.50 
271.31 
274.51 
295.27 
351 . 98 
404.69 
455 . 10 
480.68 
487.62 
579.79 
609 . 43 
665.73 
702.92 
719 . 49 
768 . 44 
785.82 
806.67 
839.11 
934.08 

1120.26 
1154.97 
1237 . 96 

0.29 keV End- energy : 1999.85 keV 
5.00 Gaussian 10.00 

: No 

Area 

313 
468 
73 

2618 
294 
694 
628 
217 

4955 
8389 
1375 
3119 
1258 
981 
428 
199 
459 

3217 
316 

3882 
100 
180 
379 
266 
199 

8815 
14802 

179 
99 

12 9 
141 
101 

10399 
332 
98 
61 

893 
275 
269 
101 
527 

2208 
279 
781 

Bkgnd 

1081 
1144 
1155 
1773 
1471 
1778 
3113 
3378 
2324 

1316 
1638 
1358 
1295 
1075 
1553 
1862 
1773 
886 

1130 
677 
678 
647 
508 
706 
908 
920 

1055 
265 
302 
328 
239 
346 
225 
243 
187 
305 
235 
270 
220 
192 
221 
111 
120 

2598 

FWHM Channel 

1.06 26.78 
1.12 32.08 
0.81 54.91 
1.02 95.45 
1.11 102.63 
1.03 109.22 
0.86 129.88 
0.91 137.99 
0.97 153.34 
0.92 158.02 
1.01 171.77 
1.23 178.75 
1.21 184.16 
1.08 189.79 
1.03 194.15 
1.01 295.11 
0.97 315.90 

1.40 483.06 
1.07 495.62 
0.96 524.73 
1.02 530.60 
1.29 551.82 
0.96 555.54 
1.00 562.09 
1.19 -604.57 
1.19 720.63 
4-47 828.51 
1.23 931.69 
1.26 984.04 
1.73 998.25 
1.65 1186.91 
1.41 1247.58 
1.39 1362.84 
1.05 1438.97 
1.28 1472.91 
1.62 1573.13 
1.67 1608.71 
1.66 1651.40 
1.40 1717.82 
1.40 1912.29 
1.67 2293.58 
1.71 2364.69 
1.80 2534.68 

1.11 381.28 

%Eff Cts/Sec %Err Fit 

2.303+03 5.223-01 16.8 
2.443+02 7.793-01 12.4 
9.03E+00 1.21E-01 78.3 
5.243+00 4.36E+00 3.4 
5.353+00 4.90E-01 22.4 
S.SOE+OO 1.16E+00 11.2 
6.06E+00 l.OSE+OO 16.5 
6.293+00 3.61E-01 48.8 
6.70E+00 8.263+00 2.1 1.21E+01 
6.82E+00 1.40E+01 1.5 
7.14E+00 2.29E+00 4.9 1.75E+00 
7.283+00 5.20E+00 2.9 
7.383+00 2.10E+00 6.0 
7.473+00 1.63E+00 7.1 
7.543+00 7.14E-01 13.8 
7.80E+00 3.31E-01 35.1 
7.65E+00 7.6631-01 18.2 
6.973+00 5.363+00 3.1 
5.79E+00 5.273-01 17.2 
5.663+00 6.473+00 2.3 
5.353+00 1.67E-01 44.4 
5.29E+00 3.00E-01 26.1 
5.09E+00 6.323-01 13.1 1.09E+00 
5.05E+00 4.4333-01 15.0 
4.993+00 3.323-01 24.1 
4.61E+00 1.47E+01 1.3 
3.78E+OO 2.47E+01 0.9 
3.21E+00 2.983-01 42.4 
2.81E+00 1.65E-01 30.5 
2.643+00 2.15E-01 26.7 
2.60E+00 2.353-01 26.5 
2.16E+00 1.68E-01 30.2 
2.06E+00 1.73E+01 1.1 
1.89E+00 5.533-01 10.7 
1.81E+00 1.63E-01 33.5 
1.77E+00 1.01E-01 43.8 
1.68E+00 1.49E+00 5.5 
1.65E+00 4.593-01 13.2 
1.62E+00 4.493-01 15.0 
1.58E+00 1.68E-01 30.1 
1.483+00 8.783-01 7.1 
1.353+00 3.683+00 2.6 
1.333+00 4.643-01 9.7 
1.30E+00 1.30E+00 4.6 



Pk It 

45 0 

49 0 
50 0 
51 0 
52 0 
53 0 
54 0 
55 0 
56 0 

Energy 

1280.97 
1377 . 49 
1385.68 
1401.23 
1407.87 
1509.30 
1542.20 
1583.14 
1661.23 
1729.49 
1764.42 
1847.60 

Area Bkgnd 

209 
638 
119 
173 
337 
317 
117 
108 
106 
430 

1772 
275 

110 
113 
121 
108 
102 
127 
203 
44 
90 
41 
14 
19 

rage L 
Acquisition date : 8-OCT-1996 12:27:57 

8019 
FWHM Channel %Eff Cts/Sec %Err Fit 

1.35 2622.78 1.28E+00 3.493-01 12.9 
1.96 2820.52 1.25E+00 1.06E+00 5.4 
1.55 2837.30 1.25E+00 1.98E-01 21.8 
2.01 2869.16 1.24E+00 2.883-01 14.9 
2.11 2882.77 1.24E+00 5.61E-01 8.6 
2.38 3090.58 1.21E+00 5.293-01 9.9 
5.73 3158.00 1.20E+00 1.96E-01 31.8 
2.60 3241.90 1.19E+00 1.80E-01 15.7 
2.11 3401.91 1.17E+00 1.77E-01 23.4 
2.02 3541.80 l.lSE+OO 7.16E-01 6.1 
2.22 3613.39 1.14E+00 2.953+00 2.4 
1.82 3783.89 1.12E+00 4.583-01 7.2 



VMS Calibration Report V1.5 Generated ll-OCT-1996 13:57:33 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVF.]CAL GAMMA6 9157.CNF;l 
Analyses by : CALIBRATE V1.7,PEAK V16.5,PEAKE';F V2.2- 
Detector Name Energy Calib Time: 8-OCT-1996 12:40:20 

Effncy Calib Time: 19-SEP-1996 13:34:28 
Shelf ctor Geometry: TRhl-S3 

Energy Calibration Report 

Energy = -0.1988 + 0.4888*Channel + -1.2401E-O7*(Channel**2) 

Centroid True Computed 
Nbr Channel Energy Energy Difference 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

21 

95 . 45 
153 . 34 
158 . 02 
381.28 
604.57 
720.63 

1247.58 
1362 . 84 
1573.13 
1912.29 
2293.58 
2364.69 
2534.68 
2622.78 
2820.52 
2882.77 
3090.58 
3401.91 
3541.80 
3613.39 
3783.89 

FWHM Calibration Report 

Nbr 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 

a 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155.19 
1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

46.45 
74.75 
77 . 04 
186.15 
295.27 
351.98 
609.43 
665.73 
768.44 
934.08 

1120.26 
1154.97 
1237.96 
1280.97 
1377.49 
1407.87 
1509.30 
1661.23 
1729.49 
1764.42 
1847.60 

0.049 
0.066 
0.067 
0.059 

-0.059 
-0.062 
-0.114 
-0.277 
-0.085 
-0.017 
0.031 
0.216 
0.149 

-0.011 
0.177 
0.107 

-0.072 
-0.228 
0.108 
0.077 

-0.180 

FWHM = 0.6371 + 3.3208E-O2*(Energy**1/2) 

True Computed 
Energy EWHM FWHM Difference 

46.50 
74.81 
77.11 

186.21 
295.21 
351.92 
609.31 
665.45 

934 . 06 
1120.29 
1155.19 

768.36 

1.02 
0.97 
0.92 
1.11 
1.19 
1.19 
1.41 
1.39 
1.62 
1.40 
1.67 
1.71 

0.86 
0.92 
0.93 
1.09 
1.21 
1.26 
1.46 
1.49 
1.56 
1.65 
1.75 
1.77 

0.159 
0.042 

-0.006 
0.024 

-0.017 
-0 . 067 
-0.051 
-0,108 
0.062 

.-0.249 
-0 . 082 
-0.056 



FwHlvI Calibration Report (continued) Page : 2 
Sample ID : BCKGND Acquisition date : 8-OCT-1996 12:27:57 

Nbr Energy 

1 3  

16 
17 
18 
19 
20 
21 

1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

8 0  19 True Computed 
FWHM FWHM Difference 

1.80 
1.34 
1.96 
2.11 
2.38 
2.11 
2.02 
2.22 
1.82 

Approved by: 

1.81 
1.83 
1.87 
1.88 
1.93 
1.99 
2.02 
2.03 
2.06 

-0.006 
-0.481 
0.090 
0.226 
0.455 
0.116 
0.005 
0.188 

-0.245 

Approval Date: - 1 -  1 -  
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VMS Peak Search Report V1.9 Generated 14-OCT-1996 16:11:19 

Analyses by : PEAK V16.5,PEAKEFF V2.2 
Sample date : 1-JAN-1900 0O:OO:OO Acquisition date : 14-OCT-1996 09:16:58 
Sample ID : 96304566 Sample quantity : 1.0000 L 

E ed live time: 0 00:10:00.00 Elawed real time: 0 00:10:05.27 0.9% 

: DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMPIA6 9219.CNF;l 8 0 1 9  Configuration - - 

tor name : GAMMA6 Detector geometry: IPL-1L 

Pk It 

1 0  
2 0  
3 0  
4 4  
5 4  
6 0  
7 0  
8 3  
9 3  

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 
17 0 
18 0 yi 
22 1 
23 1 
24 2 
25 2 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 0 
33 0 
34 0 
35 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 0 
44 0 

Energy 

13 . 06 
15.51 
46.50 
50.07 
53.17 
63.18 
67 . 45 
74.79 
77.07 
81.09 
83.78 
87.10 
89.86 
92.39 
94.78 
97.83 

144 . 19 
154 . 35 
186.14 
235.91 
242.05 
256.15 
259.08 
269.53 
271 . 35 
295.27 
299.95 
330.. 06 
351.96 
401.81 
454.74 
480 . 75 
486.82 
510.61 
580.38 
609.38 
665.52 
703 . 40 
719.72 
768.38 
786.21 
805 . 93 
839.12 
934 . 11 

start energy 
Sensitivity 
Critical level 

0 . 31 keV End- energy : 1999.18 keV 
5.00 Gaussian 10.00 

: No 

Area 

231 
396 

2788 
404 
689 
778 
458 

4903 
8363 
228 

1212 
2454 
845 
511 
347 
229 
372 
243 

3128 
290 

4009 
208 
241 
325 
234 
8787 
145 
81 

14977 
122 
72 

113 
135 
64 
97 

10348 
337 
150 
60 

960 
235 
201 
187 
530 

Bkgnd 

1337 
1234 
1832 
1193 
1062 
3343 
2707 
2335 
2510 
2628 
1558 
2169 
1572 
1449 
1072 
1206 
1579 
1554 
1762 
989 

1238 
716 
612 
625 
704 

1018 
404 
536 
926 
359 
321 
267 
299 
279 
230 
355 
233 
232 
201 
276 
236 
214 
173 
234 

EWHM Channel 

0.79 27.10 
1.54 32.10 
1.02 95.54 
1.38 102.85 
0.90 109.20 
0.89 129.69 
0.70 138.43 
0.95 153.46 
0.92 158.12 
2.62 166.36 
0.89 171.86 
1.13 178.67 
0.99 184.32 
1.00 189.50 
1.13 194.38 
1.43 200.63 
1.19 295.55 
0.83 316.34 
1.13 381.42 
1.07 483.32 
1.16 495.90 
1.22 524.76 
1.19 530.76 
1.08 552.15 
1.26 555.88 
1.15 604.86 
1.20 614.44 
0.53 676.10 
1.26 720.94 
0.89 823.01 
1.26 931.40 
1.02 984.65 
1.26 997.08 
1.44 1045.82 
1.21 1188.69 
1.39 1248.09 
1.34 1363.07 
1.78 1440.65 
2.68 1474.06 
1.53 1573.74 
1.50 1610.27 
1.49 1650.65 
1.34 1718.64 
1.72 1913.22 

%Eff Cts/Sec %Err Fit 

5.233+00 3.853-01 26.0 
5.45E+00 6.61E-01 14.9 
5.873+00 4.653+00 3.4 
5.833+00 6.74E-01 14.6 8.223-01 
5.793+00 1.15E+00 8.0 
5.65E+OO 1.30E+00 14.4 
5.593+00 7.633-01 20.2 
5.483+00 8.17E+00 2.1 6.993+00 
5.44E+00 1.39E+01 1.5 
5.383+00 3.80E-01 39.3 
5.343+00 2.02E+00 5.9 
5.293+00 4.09E+00 3.7 
5.253+00 1.41E+00 8.2 
5.21E+00 8.51E-01 11.7 
5.18E+00 5.783-01 15.5 
5.13E+00 3.81E-01 26.1 
4.51E+00 6.19E-01 20.0 
4.393+00 4.05E-01 28.8 
4.05E+00 5.21E+00 3.2 
3.61E+00 4.833-01 20.5 
3.573+00 6.683+00 2.4 
3.463+00 3.473-01 23.1 1.74E+00 
3.443+00 4.02E-01 18.2 
3.373+00 5.423-01 14.1 5.45E-tOO 
3.353+00 3.90E-01 21.8 
3.20E+00 1.46E+01 1.3 
3.17E+00 2.423-01 23.4 
2.993+00 1.34E-01 51.1 
2.883+00 2.50E+01 0.9 
2.643+00 2.04E-01 26.1 
2.433+00 1.20E-01 44.6 
2.343+00 1.88E-01 26.8 
2.323+00 2.243-01 25.6 
2.24E+00 1.06E-01 48.9 
2.04E+00 1.62E-01 30.0 
1.96E+00 1 . 72E+01 1 . 1 
1.83E+00 5.61E-01 11.1 
1.75E+00 2.50E-01 22.5 
1.72E+00 1.01E-01 45.6 
1.63E+00 1.60E+00 5.1 
1,60E+00 3.923-01 15.3 
1.57E+00 3.353-01 16.6 
1.51E+00 3.12E-01 15.9 
1.38E+00 8.833-01 7.5 



Pk It 

45 0 

49 0 
50 0 
51 0 
52 0 
53 0 
54 2 
55 2 
56 0 
57 0 
58 0 
59 0 
60 0 
61 0 

Energy 

1120.20 
1133 . 34 
1155.21 
1208.09 
1224.85 
1238.16 
1280.97 
1377 . 54 
1385 . 31 
1401.42 
1407.86 
1508.90 
1661.38 
172 9 . 75 
1764.45 
1847.30 
1874.82 

Area 

2199 
65 

247 
92 
31 

831 
214 
555 
114 
172 
283 
270 
113 
377 

1701 
265 
74 

Bkgnd 

185 
95 

138 
114 
54 
180 
121 
147 
116 
111 
99 

147 
49 
57 
56 
17 
7 

suyc  L. 

Acquisition date : 14-OCT-1996 09:16:58 

3 or9 
FWHM Channel %Eff Cts/Sec %Err Fit 

1.80 2294.47 1.17E+00 3.663+00 2.5 
1.76 2321.39 1.15E+00 1.08E-01 30.7 
1.71 2366.19 1.13E+00 4.11E-01 11.3 
1.39 2474.54 1.09E+00 1.53E-01 26.6 
0.72 2508.89 1.07E+00 5,213-02 42.6 
1.78 2536.17 1.06E+00 1.39E+00 5.3 
1.31 2623.88 1.03E+00 3.573-01 12.6 
1.83 2821.77 9.573-01 9.253-01 6.3 
1.65 2837.69 9.51E-01 1.91E-01 21.1 
2.11 2870.71 9.41E-01 2.873-01 14.5 9.823-01 
2.11 2883.91 9.363-01 4.723-01 9.6 
1.41 3090.97 8.733-01 4.50E-01 11.6 
1.76 3403.51 7.91E-01 1.88E-01 16.2 
1.66 3543.64 7.58E-01 6.283-01 6.9 
2.19 3614.77 7.433-01 2.833+00 2.7 
1.80 3784.60 7.07E-01 4.42E-01 7.1 
6.76 3841.03 6.963-01 1.24E-01 14.8 

2 0 0  008973 



8019 VMS Calibration Report V1.5 Generated 14-OCT-1996 16:11:20 

Configuration : DISK:[RADCHEM.SCUSR.ARCHIVE]CAL GAMMA6 9219.CNF;l 
Analyses by : CALIBRATE V1.7,PEAR V16.5,PEAKEFF V2.2- 

Energy Calib Time: 14-OCT-1996 09:29:23 
Effncy Calib Time: 19-SEP-1996 11:47:06 
Shelf 

Detector Name : GAMMA6 
Efficiency type : Empirical 
D m t o r  Geometry: IPL-1L 

EnGgy Calibration Report 

Energy = -0.1754 + 0.4885*Channel + -9.4391E-O8*(Channel**2) 

Centroid True 
Nbr Channel Energy 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

ib 21 

95.54 
153.47 
158 . 12 
381.42 
604.86 
720.94 

1248.09 
1,363.07 
1573.74 
1913.22 
2294.47 
2366.19 
2536.17 
2623.88 
2821.77 
2883.91 
3090.97 
3403.51 
3543.70 
3614.78 
3784.64 

FWHM Calibration Report 

Nbr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

46.50 

77.11 
186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155.19 
1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

74.81 

FWHM = 0.7579 + 

True 
Energy FWHM 

46.50 
74.81 
77 . 11 

186.21 
295.21 
351.92 
609.31 
665.45 
768.36 
934.06 

1120.29 
1155 . 19 

1.02 
0.95 
0.92 
1.13 
1.15 
1.27 
1.39 
1.34 
1.53 
1.72 
1.80 
1.71 

Computed 
Energy Difference 

46.50 
74.79 
77.07 
186.14 
295.27 
351.96 
609.38 
665.52 
768.38 
934 . 11 

1120.20 
1155.21 
1238.16 
1280.97 
1377.54 
1407.86 
1508.90 
1661.38 
1729.78 
1764.45 
1847.31 

0.007 
0.022 
0.041 
0.073 

-0.059 
-0.042 
-0.070 
-0.071 
-0.023 
-0.048 
0.084 

-0.016 
-0.054 
-0.011 
0.131 
0.119 
0.333 

-0.383 
-0.184 
0.043 
0.108 

Computed 
EwHM Difference 

0.94 
0.99 
0.99 
1.12 
1.21 
1.25 
1.41 
1.44 
1.49 
1.56 
1.64 
1.65 

0.083 
-0.037 
-0.068 
0.016 

-0.060 
0.014 

-0.019 
-0.098 
0.040 
0.157 
0.163 
0.061 



r w n n  L a A A u I a L A u u  nc.yu1 L \ r ; v i i L A i i u c u I  = u y =  . L. 

Sample ID : 96304566 Acquisition date : 14-OCT-1996 09:16:58 

Nbr Energy 

13 

17 
18 
19 
20 
21 

1238.11 
1280.96 
1377.67 
1407.98 
1509.23 
1661.00 
1729.59 
1764.49 
1847.42 

True 
FWHM 

1.78 
1.31 
1.83 
2.07 
1.41 
1.76 
1.66 
2.19 
1.80 

Approved by: 

Computed 
FWHM 

1.68 
1.70 
1.73 
1.74 
1.78 
1.83 
1.85 
1.86 
1.89 

%at? Difference 

0.097 
-0.391 
0.097 
0.328 

-0.372 
-0.064 
-0.187 
0.327 

-0.088 

Approval Date: - 1 -  1 -  

2 0 2  



d 

LL 
-. 
z 
0 
m 
d 
N 
m 

N * * 
S 

-I# 
4 
I *  

n 
w 
H 
> 

Ly 
v, 
3 u co 

-- 
Y 
co 
H 
0 
I- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  -hO 

0 0 0 0 
0 0 0 
# 0 LD 
d d 

am 

O P  

2 0 3  



d 
- 5  

m 
d 
N 
m 

0 
n 
w > 
H 
I 
0 
CY a 
a: 
m 
3 

- 0  
m 
E‘ 
W 
I 

U 

I- 

Y 
m 
H 
0 

0 
0 
03 

. . . . . . . . . . . . . .  
X d 

0 
0 
a 
d 

. . . . . . . . . . . . . .  

0 
0 * 
d 

. . . . . .  x . . :  . . . .  

0 
0 
N 
d 

. . . . . . . . . . . . . .  

0 
0 
0 
d 

. . . . . . . . . . . . . .  

0 
0 
03 

. . . . . . . . . . . . . .  

0 
0 
a 

. . . . . . . . .  I . . . .  

0 
0 * . . . . . . . . . . . . . .  

0 
0 
N 

. . . . . . . . . . . . . .  

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  
N 

. .  

In 
rl 

d 



d 
0 
I 

W 
N 
0 
N 
m 
N 

a0 
0 d 

0 
I 

W 
m 
m 
In 
a0 
a0 

I 
W 
N 
a0 
d 
a 
m a 

d 
I 

a0 
1 

al 
n 
0 
r( 

cn 
h 
a0 
L 
al 
S 
W 

U 
4 
3 
U 

re 
0 
h 

rl 

LL 
-. 
z 
0 

ar, 
L 
0 c 
W 

d 
e 
d 
m 

I 
I 

rc) 

E 
E 
(3 

I 
0 z 
(3 
Y 

a 

I- 

O 
0 

0 
0 

rc) 
m 
m 
d 
I c 0 z 

(3 
Y 

0 
I 

m 
0 
0 
I 
d 

0 
m S 

W 

0 
0 
d 

. . . . . . . . . -  

-- -I 
E 

-rl 

al 
n 
h 
I- 

W > 
H 
I 
0 
a! a 

O 
H c 

al al 
d 

f 
4 cn 

al 
d 

f 
4 cn 

d 

f 
rd cn a! cn 

3 
0 cn 

0 
0 

I c 
0 
0 
I 

d -- -I 
al 
d 
c, 
4 
c 
al 
r( 

-- -I 

E 
-rl e 

-A 
E 

-rl 
E 
3 
L 0 0 0 a d 

0 0 0 d 
0 0 d 
0 d 
TI 

s7uno3 001 

I- 

d 
al 
d 
u 
-rl 
I- 

f 
rd cn 



%or9 VMS Peak Search Report V1.9 Generated 11-OCT-1996 13:58:11 

Configuration 
Analyses by 
Sample date 

s 2 0 : D n a m e  

Start energy 
Sensitivity 
Critical level : 

sed live time: 

I DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMA6-9144.CNF;l 
PEAK V16.5,PEAKEFF V2.2 
4-OCT-1996 0O:OO:OO Acquisition date : 4-OCT-1996 18:21:18 
BCKGND Sample quantity : 1.0000 G 
GAMMA6 Detector geometry: TRMl-S3 
2 02:00:00,00 Elapsed real time: 2 02:00:29.45 0.0% 

No 

0.37 keV End energy : 1999.43 keV 
5.00 Gaussian 10.00 

Pk It Energy Area Bkgnd FWHM Channel %Eff Cts/Sec %Err Fit 

1 0  10.31 
2 4  13 . 10 
3 4  16.24 
4 0  19.50 
5 0  25.54 
6 0  46.59 
7 0  53.57 
8 0  63 . 33 
9 0  66.27 

10 0 74.71 
11 0 77.10 
12 0 84.07 
13 0 87 . 11 
14 0 92.68 
15 0 98 . 45 
16 7 110.09 
17 7 112.93 
18 0 139.98 
19 0 143.85 

163.53 
185.82 2 0 197.88 

23 0 205.27 
24 0 238.51 
25 0 295.60 
26 0 351.85 
27 0 510.92 
28 0 569.76 
29 0 583.21 
30 0 609.11 
31 0 669.74 
32 10 694.29 
33 10 701.21 
34 0 802.85 
35 0 1000.76 
36 0 1063.81 
37 0 1460.33 
38 0 1764.08 

4650 
3782 
5522 
1635 
312 

2743 
608 

5851 
434 
387 
716 
939 
255 

8662 
403 
994 
511 
660 
766 
543 

3757 
1519 
364 

1425 
150 

. 396 
5903 
296 
431 
415 
157 
708 
457 
425 
326 
136 
407 
137 

23581 
8752 

14567 
8409 
5600 
4367 
4119 
4242 
3647 
3737 
3235 
4528 
3002 
4490 
3128 
5123 
3026 
3279 
3282 
3010 
3802 
4349 
2837 
3059 
1965 
1610 
2795 
1426 
1428 
1634 
876 

1889 
2536 
888 
643 
560 
435 
242 

0.99 21.37 
0.88 27.07 
1.15 33.50 
1.62 40.16 
0.86 52.53 
1.01 95.62 
1.10 109.90 
0.89 129.88 
1.07 135.89 
0.90 153.19 
0.91 158.08 
1.17 172.34 
1.06 178.56 
1.15 189.96 
0.67 201.79 
1.93 225.60 
1.14 231.42 
1.12 286.79 
0.98 294.73 
1.01 335.01 
1.11 380.64 
2.03 405.32 
1.41 420.45 
1.17 488.51 
1.35 605.39 
1.25 720.55 
2.42 1046.27 
1.68 1166.76 
1.46 1194.29 
1.39 1247.34 
1.62 1371.50 
3.83 1421.77 
3.84 1435.95 
1.34 1644.13 
1.90 2049.50 
1.77 2178.65 
1.84 2991.07 
1.92 3613.58 

1.07E+05 2.583-02 5.4 
1.833+03 2.10E-02 3.5 6.65E-01 
1.523+02 3.073-02 4.1 
3.623+01 9.083-03 9.3 
1.02E+01 1.733-03 38.6 
5.243+00 1.523-02 4.7 
5.523+00 3.383-03 18.7 
6.06E+00 3.253-02 2.3 
6.233+00 2.413-03 23.6 
6.70E+00 2.153-03 25.5 
6.823+00 3.98E-03 13.2 
7.15E+00 5.223-03 13.3 
7.283+00 1.423-03 34.5 
7.48E+00 4.813-02 1.8 
7.653+00 2.243-03 23.5 
7.873+00 5.523-03 14.9 2.353+00 
7.903+00 2.843-03 18.5 
7.853+00 3.673-03 15.5 
7.80E+00 4.263-03 13.4 
7.473+00 3.013-03 18.1 
6.983+00 2.093-02 3.5 
6.693+00 8.443-03 9.1 
6.51E+00 2.023-03 25.9 
5.743+00 7.923-03 7.4 
4.61E+00 8.343-04 51.9 
3.783+00 2.203-03 18.2 
2.47E+00 3.283-02 2.5 
2.20E+00 1.653-03 25.4 
2.15E+00 2.393-03 17.7 
2.06E+00 2.313-03 18.9 
1.88E+00 8.743-04 34.9 
1.83E+00 3.933-03 15.0 3.99E+00 
1.81E+00 2.543-03 29.9 
1.63E+00 2.363-03 14.4 
1.42E+00 1.813-03 16.1 
1.38E+00 7.53E-04 33.9 
1.22E+00 2.263-03 12.2 
1.14E+00 7.603-04 24.3 

*- ” 3 
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‘001q VMS Peak Search Report V1.9 Generated 14-OCT-1996 16:12:09 

Configuration 
Analyses by 
Sample date 

sed live time: 
Start energy 
Sensitivity . 
Critical level : 

DISK:[RADCHEM.SCUSR.ARCHIVE]BKG - BCKGND - GAMMA6-9207.CNF;l 
PEAK V16.5,PEAKEFF V2.2 
1-JAN-1900 0O:OO:OO Acquisition date : ll-OCT-1996 22:02:41 
BCKGND Sample quantity : 1.0000 L 
GAMMA6 Detector geometry: IPL-1L 
0 16:40:00.00 Elapsed real time: 0 16:40:09.77 0.0% 

No 

0.29 keV End energy : 1999.85 keV 
5.00 Gaussian 10.00 

Pk It Energy Area Bkgnd FWHM Channel %Eff Cts/Sec %Err Fit 

1 0  10.30 
2 0  13.11 
3 0  16.16 
4 0  19.32 
S O  46.47 
6 0  53.49 
7 0  63.24 
8 0  66.38 
9 0  74.61 

10 0 77 . 06 
11 0 83 . 91 
12 0 92.78 
13 0 110.06 
14 0 139.64 
15 0 143.65 
16 0 163.35 
17 0 185.87 
18 0 198.28 
19 0 238.78 

352 . 10 m : 511.22 
22 0 583.67 
23 0 803.54 
24 0 1002.71 
25 0 1461.46 

1435 
1598 
1877 
489 

1092 
318 

1969 
251 
125 
243 
246 

2705 
123 
327 
214 
219 

1288 
600 
423 
159 

1963 
178 
130 
19 
98 

8131 0.94 21.49 
5408 1.08 27.23 
4550 1.14 33.48 
2825 1.12 39.93 
1757 1.00 95.48 
1255 0.95 109.84 
1712 0.88 129.79 
976 1.39 136.22 

1302 0.63 153.05 
1345 0.84 158.06 
1375 0.77 172.09 
1751 1.03 190.24 
1181 0.96 225.57 
1326 1.16 286.11 
1132 1.14 294.31 
1122 0.98 334.62 
1399 1.06 380.70 
1223 1.98 406.10 
1033 1.02 488.98 
596 0.93 720.86 
898 2.64 1046.54 
385 1.64 1194.85 
310 1.08 1644.99 
311 1.88 2052.83 
143 1.20 2992.55 

4.883+00 2.393-02 10.3 
5.243+00 2.663-02 7.8 
5.503+00 3.133-02 6.5 
5.683+00 8.163-03 17.9 
5.873+00 1.823-02 8.1 
5.793+00 5.303-03 20.1 
5.653+00 3.283-02 4.4 
5.61E+00 4.193-03 20.7 
5.483+00 2.083-03 46.4 
5.443+00 4.063-03 25.9 
5.343+00 4.103-03 26.9 
5.21E+00 4.513-02 3.5 
4.963+00 2.053-03 47.1 
4.57E+00 5.453-03 21.6 
4.523+00 3.563-03 28.1 
4.293+00 3.643-03 28.4 
4.06E+00 2.153-02 6.3 
3.943+00 1.003-02 12.0 
3.593+00 7.043-03 14.5 
2.883+00 2.663-03 28.8 
2.243+00 3.273-02 4.1 
2.033+00 2.973-03 22.1 
1.573+00 2.173-03 26.8 
1.293+00 3.213-04184.6 
9.02E-01 1.633-03 27.1 

2 0 8  
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Library Title 
Library file name : DISK:[RADCHEM.SCUSR.LIB]HAYDEN.NLB;l 

Number of nuclides : 4 
Number of lines 43 
Date printed : 14-OCT-1996 16:14:30.70 8019 

0 Nuclide Nuclide Key 
Line Energy 

* 186.21 keV 
Name Half-Life Type 
RA-226 1600.00Y Natural 

PA-231 3.28E+04Y Natural 

U-235 7.04E+08Y Natural 

RA-228 1.41E+lOY Natural 209.28 
270.23 
327.64 
338.32 
463.00 
794.70 

* 911.07 
964.60 
969.11 
50.10 
100.00 
122.31 
144.24 
154.21 
205.00 
210.60 
234.90 
236.00 
256.20 
269.46 
271.23 
283.67 
286.10 
300.08 
304.40 
323.87 
330.00 
334.20 
338.28 

* 351.07 
401.81 
404.84 
427.08 
445 . 03 
569.67 
831.96 
897.83 
897.83 
143.76 
163.35 

* 185.71 
205.31 

keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 
keV 

Abundance 
3.28 % 
4.40 % 
3.60 % 
3.20 % 
11.40 % 
4.40 % 
4.60 % 
27.70 % 
5.20 % 
16.60 % 
31.70 % 
1.11 % 
1.19 % 
3.24 % 
5.58 % 
1.08 % 
1.26 % 
2.80 % 
11.50 % 
6.30 % 
13.60 % 
10.60 % 
1.60 % 
1.60 % 
2.30 % 
1.35 % 
3.88 % 
1.30 % 
1.15 % 
2.73 % 
12.94 % 
6.50 % 
2.90 % 
1.30 % 
1.18 % 
0.54 % 
2.90 % 
0.24 % 
0.52 % 
10.50 % 
4.70 % 
54.00 % 
4.70 % 

2 2 1  



Print Time : 14-OCT-1996 16:14:32.48 
Library file name : DISK:[RADCHEN.SCUSR.LIB]HAYDEN.NLB;l 
Library title 

Record Interfering nuclide Interfered nuclide 
1 U-235 Ra-2 2 6 

Pa-2 3 1 RA-2 2 8 

sorq 



8019 

L A I  o R A I o n  I C I  

A s o n m o m  COMPANY 

Case Narrative 

Analysis: Alpha - Spectrometry Client: Hayden Environmental 
Preparation SOP #: WR-DC-200 Account: 3025 
Analysis SOP#: WR-DC-341 Matrix: Filter 
Lot/Release/SDG #: None 
DCL Set ID: 96E-0640-02,03 

General Set Information: These sets consisted of 4 field samples. They were received 
in the radiochemistry laboratory in good condition on September 30, 1996. 

Method Summary: The actinides were separated using ion-exchange chromatography 
as prescribed in the above listed procedure (WR-DC-341). No exceptions were noted. 

Sample Preparation: The filters were dissolved in concentrated HF and evaporated to 
dryness. After drying, a perchloric/nitric acid ashing was performed. The residue was 
dissolved in concentrated HNO, and transferred to a tared vessel. The acetone wash was 
digested, residue dissolved and combined to filter digestate. The samples were then 
diluted to 100 g. Aliquots were taken and were prepared as prescribed in the above 
procedure. No other exceptions were noted. 

Holding Times: Not applicable. 

Dilutions: 50% wt.-wt. dilution were performed on the'field samples as per client. 

Quality Control Data 

Laboratory Control Sample: One LCS was run with each preparation group in which 
these sets were contained. The recoveries were within QC performance limits. 

Blank: One blank was run with each preparation group in which these sets were 
contained. The blanks were within QC performance limits. 

Matrix Spike: An MS was not required. 

Matrix Duplicate: An MD was not required 

a 
-\ \\ovl\kllgmann m:\pmk\haydenacf.nar 



Tracers/Surrogates: All the tracer recoveries were within QC limits 

Primary Calibration: Annually, NIST traceable alpha sources were used to calibrate the 
spectrometers used for this analysis to determine average efficiencies. 

Secondary Calibration: A weekly energy calibration was performed using sources 
developed with NIST traceable materials. 

Puker Check: A daily or prior-to-counting check was performed on the detectors using 
an electronic pulsing system . 

NC/CAR: No NC/CARs were required for this lot. 

Miscellaneous Comments: None. 

\\owl\kligmann m:W\haydei?&f .nu 
: *, 



8019 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 

C l i e n t  
Sample Bame 

BL-123238-1 
QC-123238-1 
9131,39,40 
9135r41t42 

9137,45146 
9136#43,44 

Laboratory 
Sample Bane 
BL-123238-1 
QC-123230-1 
96304514 
96304515 
96E04516 
96304517 

COVER FORM (TYPE I) 
SINGLE METHOD ANALYSES 

SUMMARY INFORMATION 

Laboratory 
Sample ID 
S96970CC 
596 970CD 
S968S06B 
S968S06C 
S968S06D 
S968S06P 

Laboratory 
Group Bame 

963-0640-02 
963-0640-02 
963-0640-02 
963-0640-02 
968-06 40-02 
963-06 40-02 

Form RLIMS63M-VI. 3 

Page 1 
11049616095527 

G968S026 

Date Reported...... 

Date Printed......: 04-NOV-96 16:09 
DCL Report Group..: 96E-0640-02 

NOV 0 5 m 
Client Ref Number.:Not Provided 
Release Number....:Not Provided 

Analysis Hethod(s):WR-DC-341 

Laboratory 
Group ID 
G968S026 
G968S026 
09 6 8SO 2 6 
G9 6 88026 
69688026 
G968S026 

960 West LeVoy D r i v e  / Salt L a k e  C i t y ,  Utah 84123-2547 /Q@@fj5&gj-7700 0 8 3 
FAX (801) 268-9992 . .  



CHEM L A B O R A T O R I  E S  
A Sorenson Company 

FORM H (TYPE I) 
SINGLE METHOD ANALYSES 

Client Name...:Hayden Environmental 

SAMPLE GROUP COMMENTS 

Form RLIMS63H-V1.3 

Page 2 
11049616095527 

Date Printed......: 04-NOV-96 16:09 
DCL Report Group..: 96%-0640-02 

Release Number....:Not Provided 

General Information 

The DCL QC Database maintains all numerical figures which are input from the pertinent data 
source. These data have not been rounded to significant figures nor have they been moisture corrected. 
Reports generated from the system, however, list data which have been rounded to the number of 
significant figures requested by the client or deemed appropriate for the method. This may create 
minor discrepancies between data which appear on the QC Summary Forms (Forms B-G) and those that would 
be calculated from rounded analytical results. Additionally, if a moisture correction is performed, 
differences will be observed between the QC data and the surrogate data reported on Form A (or other 

indicate the 'Report Basis' as well as the moisture value used for making the correction. 
Report generation optionsrE2X 

- - report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form A will 

Result Svmbol Definitions 

ND - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
** - No result could be reported, see sample comments for details. 

Qualifier Symbol Definitions 

U - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
For radiochemistry the nuclide was not identified by the Canberra Nuclear NID program, 
activity values reported are calculated using the Canberra Nuclear MINACT program. 

For inorganic analysis the qualifier signifies the value is between the IDL and PQL. 

used for indicating an estimated value for tentatively identified compounds in mass 
spectrometry where a 1:1 response is assumed. 

B - For organic analysis the qualifier indicates that this analyte was found in the method blank. 
J - The qualifier indicates that the value is between the MDL and the POL. It is also 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-77000 0 4 FAX (801) 268-9992 - -  



8019 

Analyte 

CHEM L A B O R A T O R I  E S  

Result Amount Recovery 

A Sorenson Company 

FORM A (TYPE I )  
SINGLE M E T H O D  ANALYSES 

SAMPLE ANALYSIS DATA SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Applicable 
Release Number.......:Not Provided 

Date Received........: Not Applicable 
DCL Report Group.....: 96E-0640-02 

DCL Preparation GrouprG969703P 
Date Prepared........: 18-OCT-96 0 O : O O  
Preparation Method...: WR-DC-200 
Aliquot Weight/Volume: l.OOE+OO 
Net Weight/Volume....: Not Required 

Form RLIMS63A-VI. 3 
11049616095527 

Page 3 

S96 97OCC 

Date Printed......: 04-NOV-96 16r09 
Client Sample Namer BL-123238-1 
DCL Sample Name...:BL-123238-1 

Matrix............: AIR 
Date Sampled......:Not Applicable 
Reporting Units...:pCi/sample 

DCL Analysis GrouprG969703P 
Analysis Hethod...rWR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type.......rNot Applicable 

Analytical Results 

Surrogate Recoveries 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 26r-7700 $ 0 5  - -  FAX (801) 268-9992 



A- Sorenson Company 

Anal yt e 
Uranium-233/234 

Uranium-235 

Uranium-238 

n i um- 2 3 2 

F O R M  A (TYPE I) 
SINGLE METHOD ANALYSES 

Date Detection ResultfError 
Analyzed Limit fTPU Error Qual. Dilution CRDL 

24-OCT-96 0 9 ~ 4 5  2.993-02 6.15E+OOf2.43E-01 1.00E+00 1.0 

24-OCT-96 0 9 ~ 4 5  2.86E-02 3.26E-01f6.32E-02 l.OOE+OO 1.0 

24-OCT-96 0 9 ~ 4 5  3.271-02 6.32E+OOf2.46E-O1 1.00E+00 1.0 

24-OCT-96 09245 TBA NR 

f7.85E-01 

k7.453-02 

f8.06E-01 

SAMPLE ANALYSIS D A T A  S H E E T  

Anal y t e 
Uranium-232 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Applicable 
Release Number.......:Not Provided 

Spiked Percent 
Result Amount Recovery 
1.1El 11. I 97. 

Date Received........: Not Applicable 
DCL Report Group.....: 963-0640-02 

DCL Preparation Oroup:G969703P 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume: 1.00E+00 

Form RLIW63A-Vi. 3 

Page 4 
11049616095527 

Date Printed......: 04-NOI-96 16x09 
Client Sample Namer QC-123238-1 
DCL Sample Name...:QC-l23238-1 

Matrix............: AIR 
Date Sampled......:Not Applicable 
Reporting Units...: pCi/Sample 

DCL Analysis Group:G969703P 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.. . ... : GAR0 
Column Type.......: Not Applicable 

960 West LeVoy Drive / S a l t  Lake City,  Utah 84123-2547 / (801) 266-7700 006 FAX (801) 268-9992 . .  



A Sorenson Company 

Analpte 
Uranium-232 

FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

Spiked Percent 
Result Amount Recovery 
9.BEO I 11. I 88. 

SAMPLE ANALYSIS DATA SHEET 

Client Name..........: Bayden Environmental 
Client Ref Sumber....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 00:OO 
DCL Report Ckoug.....: 96E-0640-02 

DCL Preparation OroUp:G9691033 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...:WR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume:1.00E+00 

8 0 1 9  
Form R L I M S ~ ~ A - V ~ .  3 

Page 5 
11049616095527 

S968SO68 

Date Printed......: 04-NOV-96 16:09 
Client Sample Name: 9131,39.40~80RTR 
DCL Sample Name...: 96B04514 

Matrix............: AIR 
Date Sampled. ..... : 19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis... ... : B A S  Received ODried 

DCL Analysis GrouprG969703P 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type. ...... : Not Applicable 

Analytical Results 

960 West LeVoy Drive / Salt Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 0 0 7  . .  FAX (801) 268-9992 



FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

Anal y t e 

SAMPLE ANALYSIS D A T A  SHEET 

Spiked Percent 
Result Amount Recovery 

Client Name..........:Xayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 96E-0640-02 

DCL Preparation OrouprC969703P 
Date Prepared........: 10-OCT-96 0O:OO 
Preparation Method...:wR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume:1.00E+00 

Form RLIMS63A-Vl. 3 

Page 6 
11049616095527 

Date Printed......: 04-NOV-96 16:09 
Client Sample Name: 9135.41.42~SOUTB 
DCL Sample Name...: 96B04515 

Hatrix............:~~~ 
Date Sampled......:19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis ...... : B A S  Received ODried 

DCL Analysis Group:G969703P 
Analysis Uethod...rWR-DC-341 
Instrument Type...: AS 
Instrumant ID.....:GARO 
Column Type.......:Not Applicable 

Analytical Results 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 2 6 6 7 7 0 0  3 0 8  . -  FAX (801) 268-9992 



& - - - - 
DATA- 

CHEM L A B O R A T O R I  E S  
A Sorenson Company 

Ana 1 y t e 
Uranium-233/234 

Uranium-235 

Uranium-238 

n ium-2 3 2 

FORM A (TYPE I )  
SINGLE M E T H O D  ANALYSES 

Date Detection ResultiError 
Anal yzed Limit fTPU Error Qual. Dilution CRDL 

24-OCT-96 09:45 8-773-02 1.55E-01f7.41E-02 4.45E-01 1.0 

24-OCT-96 09:45 7.143-02 1.54E-02f3.69E-02 4.45E-01 1.0 

24-OCT-96 0 9 ~ 4 5  8.17E-02 6.23E-02f5.46E-02 4.45E-01 1.0 

24-OCT-96 09:45 TEA NR 

f7.65E-02 

f3.693-02 

f5. 51E-02 

SAMPLE ANALYSIS D A T A  SHEET 

Spiked Percent 
Ana 1 y t e Result Amount Recovery 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 96E-0640-02 

DCL Preparation Group: 0969703P 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume:l.OOE+OO 

P 8019 
Form RLIMS63A-V1.3 

Page 7 
11049616095527 

Date Printed......: 04-NOQ-96 16:09 
Client Sample Name: 9136,43,441BLAHI[ 
DCL Sample Name...: 96804516 

Matrix............: AIR 
Date Sampled.. .... : 19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis.. .... : m A s  Received ODried 

DCL Analysis GrouptG969703P 
Analysis Wethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type ....... :Not Applicable 

! 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (8011 2 6 6 ~ 7 7 0 0  0 0 9  I 
FAX (801) 268-9992 . -  



CHEM L A B O R A T O R I  E S  

~ 

Date Detection ResultkError 
Analyte Analyzed Limit fTPU Error Qual. Dilution CRDL 
Uranium-233/234 24-OCT-96 09:45 1.21E-01 2.4BE-01f9.88E-02 4.4SE-01 1.0 

Uranium-235 24-OCT-96 09:45 5.65E-02 6.90E-02f4.98E-02 4.453-01 1.0 

24-OCT-96 09:45 8.158-02 1.37E-0lf6.89E-02 4.45E-01 1.0 

24-OCT-96 09:45 TBA NR 

fl. 03E-01 

fS. 06E-02 

f7.lOE-02 

A Sorenson Company 

Result Ana 1 y t e 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

Spiked Percent 
Amount Recovery 

SAMPLE ANALYSIS D A T A  SHEET 

~~ 

Client Name..........: Bayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 00100 
DCL Report Group.....: 96E-0640-02 

DCL Preparation Group: G969703P 
Date Prepared........: 18-OCT-96 0 0 1 0 0  
Preparation Hethod...: WR-DC-200 

Net Weight/Volume.. ..: Not Required - Aliquot Weight/Volume: 1.00E+00 

Form RLIMS63A-V1.3 

Page 8 
11049616095527 

Date Printed......: 04-NOV-96 16r09 
Client Sample Name: 9137.45.461aESP 
DCL Sample Name...: 96804517 

Hatrix............:AIR 
Date Sampled......:19-SEP-96 08130 
Reporting Units...: pCi/Sample 
Report Basis......:mAs Received ODried 

DCL Analysis GrouprG969703P 
Analysis Hethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....:GARO 
Column Type.......:Not Applicable 

Surrogate Recoveries 

960 West LeVoy Drive / Salt Lake C i t y ,  Utah 84123-2547 / (801) 266~7700  8 1 0  
. .  FAX (801) 268-9992 



- - - - 
DATA- 

CHEM L A B O R A T O R I  E S  

Analyte 
Uranium-238 

A Sorenson Company 

Date Percent QC QC 
Analyzed Target Result Recovery Limits Flag 

24-OCT-96 09:45/ 6.4EO 6.3EO 98.9 75.0/125. 

8019 
FORM B (TYPE I )  

SINGLE METHOD ANALYSES Form RLIMS63B-VI . 3  
11 04961 609552 7 

Page 9 
QUALITY CONTROL DATA SHEET 

LABORATORY CONTROL SAMPLE (LCS) 
S9 6 9 70CD 

Client Name..........: liayden Environmental 
Release Number.......: Not Provided 

Matrix...............: FILTER 
Reporting Units......: pCi/Sample 

DCL Preparation GrouptG969703P 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...:WR-DC-200 

Analytical Results 

Date Printed......: 04-NOV-96 16:09 
DCL Sample Name...:QC-123238-1 

DCL Analysis GrouprG969703P 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......: Not Applicable 

QC Limit Type.....:Method 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 0 11  FAX (801) 268-9992 



FORM C (TYPE I )  
SINGLE METHOD ANALYSES 

A - - - - - DATA= 

- 
Analyte 
Uranium-234 
Uranium-235/236 
Uranium-238 

0 CHEM QUALITY CONTROL OATA SHEET 
L A B O R A T O R 1  E S  BLANK SAMPLE 

Date 
Analyzed Result CRDL 

24-OCT-96 09:45/ 0.0053 1.0 
24-OCT-96 09:45/ -0.0033 1.0 
24-OCT-96 09:45/ -0.011 1.0 

Form RLIMS63C-VI. 3 
Page 10 

11049616095527 

960 West LeVoy Drive / Salt Lake City,  Utah 84123-2547 / (801) 266-7700 8 1 2  
FAX (801) 268-9992 . .  



FORM G (TYPE I) 
SINGLE M E T H O D  ANALYSES 

QUALITY CONTROL DATA SHEET 

A - - - - - DATA- 
CHEM L A B O R A T O R I  E S  SURROGATE SUMMARY 
A Sorenson Company 

8 0 1 9  
Form RLIMS63G-V1.3 

11049616095527 
Page 11 

G969703P 

Date Printed......: 04-NOV-96 16:09 
Client Name..........: Bayden Environmental 
Release Number.......:Not Provided 

Matrix...............:FILTER 
Reporting Units......: p C i  

DCL Analysis Group:G969703P 
Analysis Xethod...: WR-DC-341 

DCL Prep Group....:G969703P 
Preparation Xethod: WR-DC-200 

QC Limit Type.....:xethod 
Surrogate Recoveries 

0-0 $0 0 8 
960 West LeVoy Drive / S a l t  Lake C i t y ,  U t a h  84123-2547 / (801) 266-7700 3 2 3 

FAX (801) 268-9992 



a CHEM L A E O R A T O R I  E S  

A Sorenoon Company 

Hayden Environmental 
Attention: Bruce Sarven 
561 Congress Park Drive 
Dayton, OH 45459 

client 
Sample Hame 
BL-123239-1 
QC-123239-1 
9131139140 
9135r41142 
9136143144 
9137145146 

Laboratory 
Sample Hame 
BL-123239-1 
QC-123239-1 
9 630 4 51 4 
96304515 
9 6304 51 6 
96E04517 

COVER FORM (TYPE I) 
SINGLE METHOD ANALYSES 

SUMMARY INFORMATION 

Laboratory 
Sample ID 
S9 6 9 70CF 
S9697OCG 
S968SO6G 
S968S06R 
S968S06 J 
S968SO6K 

Laboratory 
Group Bame 
963-0640-03 
963-0640-03 
963-0640-03 
96E-0640-03 
963-0640-03 
963-0640-03 

Form RLIMS63M-V1.3 

Page 1 
11049616100383 

NOV 0 5  TEE Date Reported.....: 

Date Printed......: 04-NOV-96 16:lO 
DCL Report Group..: 96B-0640-03 

Client Ref Nurnber.:Not Provided 
Release Number....:Not Provided 

Analysis Method(s):WR-DC-341 

Laboratory 
Group ID 
G9 6 88028 
69688028 
09688028 
09688028 
G968S028 
096 8S028 

081009 Laboratory Supervisors 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 8 14 
FAX (801) 268-9992 



FORM H (TYPE I) 
SINGLE METHOD ANALYSES 

8019 
Form RLIMS63H-V1.3 

Page 2 
11 049616 100383 

SAMPLE GROUP COMMENTS 
A Sorenson Company 

Date Printed......: 04-NOV-96 16:10 
DCL Report Group..: 96B-0640-03 

Client Name...rHayden Environmental 
Release Number....rNot Provided 

General Informtion 

The DCL QC Database maintains all numerical figures which are input from the pertinent data 
nource. Thane data have not been rounded to significant figures nor have they been moisture corrected. 
Reports generated from the system, however, list data which have been rounded to the number of 
significant figures requested by the client or deemed appropriate for the method. This may create 
minor discrepancies between data which appear on the QC Summary Forms (Forms B-G) and those that would 
be calculated from rounded analytical results. Additionally, if a moisture correction is performed, 
differences will be observed between the QC data and the surrogate data reported on Form A (or other 

indicate the *Report Basis. as well as the moisture value used for making the correction. 
Report generation options: E2X 

- report forms) and corresponding data reported on QC Summary Forms. In these cases, the Form A will 
- 

Result $3-1 Definitions 

ND - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
** - No result could be reported, see sample comments for details. 

poalif let Sprbol Def initionn 

U - Not Detected above the MDL or IDL (LLD or MDC for radiochemistry). 
For radiochemistry the nuclide was not identified by the Canberra Nuclear NID program, 
activity values reported are calculated using the Canberra Nuclear MINACT program. 

For inorganic analysis the qualifier signifies the value is between the IDL and PQL. 

used f o r  indicating an estimated value for tentatively identified compounds in mass 
spectrometry where a 1x1 response is assumed. 

B - For organic analysis the qualifier indicates that this analyte was found in the method blank. 
J - The qualifier indicates that the value is between the MDL and the PQL. It is also 

960 West LeVoy Drive / S a l t  Lake City, Utah 84123-2547 / (801) 266-7700 0 1 5  
FAX (801) 268-9992 



- - - - - 
DATA- 

@ CHEM L A B O R A T O R I  E S  

Date Detection ResultiError 
Ana 1 y t e Analyzed Limit fTPU Error Qual. Dilution CRDL 

25-OCT-96 12:19 4.733-02 3.12E-O2f2.99E-02 1.00E+00 1.0 Thorium-228 

Thorium-230 25-OCT-96 12:19 3.043-02 7.05E-O2f3.08E-02 l.OOE+OO 1.0 

25-OCT-96 12:19 2.62s-02 2.82E-03f1.23E-02 1.00E+00 1.0 

25-OCT-96 12 : 19 TBA NR 

f3.02E-02 

f3.19E-02 

f1.23E-02 
A 

A Sorenson Company 

Anal y t e 
Thorium-229 

FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

Spiked Percent 
Result Amount Recovery 
9.2EO 11 * 8 6 .  

SAMPLE ANALYSIS DATA SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........: Not Applicable 
Release Number.......:Not Provided 

Date Received........: Not Applicable 
DCL Report Qroup.....: 963-0640-03 

DCL Preparation GrouptQ9697034 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Xethod...:WR-DC-200 
Aliquot Weight/Volume: 1.00E+00 
Net Weight/Volume....: Not Required 

Form RLIMS63A-VI. 3 
11049616100383 

Page 3 - 

596 9 70CF 

Date Printed......: 04-NOV-96 16:lO 
Client Sample Namer BL-123239-1 
DCL Sample Name...:BL-l23239-1 

Matrix............: AIR 
Date Sampled ...... :Not Applicable 
Reporting Units...: pCi/Sample 

DCL Analysis GrouprG9697034 
Analysis Method...: WR-DC-341 
Instrument Type...: AS 
Instrument fD.....:GARO 
Column Type.......:Not Applicable 

960 West LeVoy Drive / Salt Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 0 1  6 
FAX (801) 268-9992 



CHEM L A B O R A T O R I  E S  

Analyte 

- 
A Sorenson Company 

Spiked Per cent 
Result Amount Recovery 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

Thorium-229 I 9.8EO 

SAMPLE ANALYSIS DATA SHEET 

11. 92. 

Client Name..........: Hayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Applicable 
Release Number.......: Not Provided 

Date Received........: Not Applicable 
DCL Report Group.....: 968-0640-03 

DCL Preparation Group:G9697034 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 

Net Weight/Volume....r Not Required 
- Aliquot Weight/Volume: l.OOE+OO 

8019 
Form RLIMS63A-V1.3 

Page 4 
11049616100383 

S9 6 9 70CG 

Date Printed......: 04-NOV-96 16:lO 
Client Sample Name: QC-123239-1 
DCL Sample Name...: QC-123239-1 

Matrix............: AIR 
Date Sampled ...... : Not Applicable 
Reporting Units...: pCi/Sample 

DCL Analysis Group: 09697034 
Analysis Method...:WR-DC-341 
Instrument Tppe...rAS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

Analytical Results 

081.012 ._ 
960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7.700 

FAX (801) 268-9992 . .  o p  7 



DATA 
CHEM L A B O R A T O R I  E S  

Analyte 
Thorium-229 

A Sorenson Company 

Spiked Percent 
Result Amount Recovery 
1.9E1 22. 86. 

FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

SAMPLE ANALYSIS DATA SHEET 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0 O : O O  
DCL Report Group.....: 96E-0640-03 

DCL Preparation GrouprG969703Q 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation nethod...: WR-DC-200 

Net Weight/Volume....: Not Required 
- Aliquot Weight/Volume: 1.00E+00 

Form RLIMS63A-V1.3 

Page 5 
11049616100383 

S960SObG 

Date printed......: 04-NOV-96 l6:lO 
Client Sample Name: 9131,39,401HORTR 
DCL Sample Name...: 96B04514 

Matrix............: AIR 
Date Sampled ...... :19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis......:mAs Received ODried 

DCL Analysis Group:G969703Q 
Analysis Method...: WR-DC-341 
Instrument Type...:AS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

Analytical Results 

960 West LeVoy Drive / S a l t  Lake C i t y ,  Utah 84123-2547 / (801) 266-7700 0 1 8  FAX (801) 268-9992 . .  



A Soreneon Company 

Analyte 
Thorium-228 

Thorium-230 

Thorium-232 

FORM A (TYPE I) 
SINGLE M E T H O D  ANALYSES 

Date Detection ResultfError 
Anal y z ad Limit fTPU Error Qual. Dilution CRDL 

25-OCT-96 12rl.9 9.231-02 9.3lE-02f6.45E-02 4.71E-01 1.0 

25-OCT-96 12:19 7.32E-02 3.46E-01f9.28E-02 4.71E-01 1.0 

25-OCT-96 1 2 ~ 1 9  5.173-02 2.79E-02f3.28E-02 4.71E-01 1.0 

f6.543-02 

fl. OlE-01 

8019 

I i f3.29E-02 

Form RLIMS63A-V1.3 

Page 6 
11 04961 6 100383 

I 

SAMPLE ANALYSIS D A T A  SHEET 

Ana 1 y t e 

Client Name..........: Iiayden Environmental 
Client Ref Number....: Not Provided 
Sampling Site........: Not Provided 
Release Number.......: Not Provided 

Spiked Percent 
Result Amount Recovery 

Date Received........: 25-SEP-96 00:OO 
DCL Report Group.....: 96E-0640-03 

Thorium-229 9.9EO 11. 92. L 

DCL Preparation OrouprG969703Q 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 
Aliquot Welght/Volume: l.OOE+OO 
Net Welght/Volume....: Not Required 

Date Printed......: 04-NOV-96 16x10 
Client Sample Name: 9135,41,42[80VZH 
DCL Sample Name...: 96B04515 

Matrix............:AIR 
Date Sampled......: 19-SEP-96 08:30 
Reporting Unite...: pCi/Sample 
Report Basis. ..... : M A S  Received ODried 

DCL Analysis Group:G969703Q 
Analysis Hethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

Analytical Results 

OOlQlQ - .  

960 West LeVoy Drive / Salt Lake City,  Utah 84123-2547 / (801) 266-770001 9 
FAX (801) 268-9992 



aoq 

Analyte 
Thorium-228 . 

Thorium-230 

- 
DATAS 

CHEM L A B O R A T O R I  E S  

Date Detection ResultfError 
Analyzed Limit fTPU Error I Qual. Dilution CRDL 

25-OCT-96 12219 6.483-02 7.83E-02f5.14E-02 5.00E-01 1.0 

25-OCT-96 12x19 6.223-02 3.35E-01f9.06E-02 5.OOE-01 1.0 

25-OCT-96 1 2 ~ 1 9  6.938-02 1.73E-02f3.75E-02 5.OOE-01 1.0 

25-OCT-96 12:19 TBA NR 

f5 - 22E-02 
f9.86E-02 

f3.75E-02 

A Sorenson Company 

Analyte 
Thorium-229 

FORM A (TYPE I) 
SINGLE METHOD ANALYSES 

Spiked Percent 
Result Amount Recovery 
8.7130 11. 81. 

Form RLIMS63A-Vl. 3 

Page 7 
11049616100383 

SAMPLE ANALYSIS DATA SHEET 
S968SO6J 

Client Name..........: Hayden Environmental 
Client Ref Number....:Not Provided 
Sampling Site........:Not Provided 
Release Number.......: Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 96E-0640-03 

DCL Preparation Oroup:G969703Q 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...:WR-DC-200 
Aliquot Weight/Volume: 1.00~+00 
Net Weight/Volume....r Not Required 

Date Printed......: 04-NOV-96 16:lO 
Client Sample Name: 9136.43.44lBm 
DCL Sample Name...: 96B04516 

Matrix............: AIR 
Date Sampled......: 19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis ...... : H A S  Received ODried 

DCL Analysis Group:G969703Q 
Analysis Method...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

Analytical Results 

960 West LeVoy Drive / S a l t  Lake City,  Utah 84123-2547 / (801) 266-7700 0 9 0  
FAX (801) 268-9992 k 



- -  

DATA- 

Date Detection ResultfError 
Analyte Analyzed Limit fTPU Error Qual. Dilution CRDL 
Thorium-228 25-OCT-96 12:19 5.21E-02 6.73E-02f4.40E-02 4.993-01 1.0 

Thorium-230 25-OCT-96 1 2 ~ 1 9  3.96E-02 3.OlE-01f8.03E-02 4.993-01 1.0 

LThor ium-232 25-OCT-96 12:19 3.953-02 0.00E+00f1.49E-O2 4.993-01 1.0 

f4.47E-02 

f8.77E-02 

CHEM L A B O R A T O R I  E 5  

I I I f1.49E-02 I 

A Sorenson Company 

Ana 1 yt e 
Thorium-229 

F O R M  A (TYPE I) 
SINGLE METHOD ANALYSES 

Spiked Percent 
Result Amount Recovery 
9.4130 I 11. 8 8 .  

8 0 8 9  
Form ~ ~ 1 ~ 6 3 A - v  1 . 3  

Page 8 
11049616100383 

SAMPLE ANALYSIS D A T A  S H E E T  

Client Name..........: Hayden Environmental 
Client Ref NJumber....: Not Provided 
Sampling Site........: Not Provided 
Release Number.......:Not Provided 

Date Received........: 25-SEP-96 0O:OO 
DCL Report Group.....: 96E-0640-03 

DCL Preparation GrouprG969703Q 
Date Prepared........: 18-OCT-96 0O:OO 
Preparation Method...: WR-DC-200 
Aliquot Weight/Volume: 1.00E+00 
Net Weight/Volume....: Not Required 

Date Printed......: 04-NOV-96 16:lO 
Client Sample Name: 9137.45.46188SP 
DCL Sample Name...: 96E04517 

Matrix............: AIR 
Date Sampled ...... : 19-SEP-96 08:30 
Reporting Units...: pCi/Sample 
Report Basis.. .... : m A s  Received ODried 

DCL Analysis Group:G969703Q 
Analysis Hethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

Analytical Results 

0 2 1  960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 
FAX (801) 268-9992 



FORM B (TYPE I) 
SINGLE M E T H O D  ANALYSES 

Anal y t e 
Thorium-230 

QUALITY CONTROL DATA SHEET 
LABORATORY CONTROL SAMPLE (LCS) 

Date Percent QC QC 
Analyzed Target Result Recovery Limits Flag 

25-OCT-96 12:19 5.OEO 4.9EO 97.4 75.0/125. 

Client Name..........: Hayden Environmental 
Release Number.......:Not Provided 

Matrix...............: FILTER 
Reporting Units......: pCi/Sample 

DCL Preparation GrouprG969703Q 
Date Prepared........:lB-OCT-96 00100 
Preparation Method...:WR-DC-200 

Form RLIMS63B-V1.3 
11049616100383 

Date Printed......: 04-NOV-96 16110 
DCL Sample Name...:QC-123239-1 

DCL Analysis Group:G969703Q 
Analysis Hethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......: Not Applicable 

QC Limit Type.....:Method 

960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 26-6-77000 2 3 
FAX (801) 268-9992 Id 



- - FORM C (TYPE I) - - - 
DATA- 

Date 
Anal y t e Ana 1 y z ed Result 
Thorium-22e 25-OCT-96 l2:ld 0.031 

, Thor ium-2 3 0 25-OCT-96 12:ld 0.071 
Thorium-232 25-OCT-96 12: 1 4  0.0028 

SINGLE METHOD ANALYSES 

CRDL 
1.0 
1.0 
1.0 

CHEM QUALITY CONTROL DATA SHEET 
L A B O R A T O R I  E S  BLANK SAMPLE 

A Sorenson Company 

8019 
Form RLIMS63C-VI. 3 

Page 10 
11049616100383 

S96 970CF 

Client Name..........: Hayden Environmental 
Release Number.......: Not Provided 

Matrix...............: FILTER 
Reporting Units......: pCi/sample 

Date Printed......: 04-NOV-96 16:lO 
DCL Sample Name...:BL--123239-1 

DCL Analysis Group: 69697034 
Analysis Hethod...:WR-DC-341 
Instrument Type...: AS 
Instrument ID.....: GAR0 
Column Type.......:Not Applicable 

0 2 3  960 West LeVoy Drive / Salt Lake City, Utah 84123-2547 / (801) 266-7700 -- 
FAX (801) 268-9992 



m1q - - FORM G (TYPE I) - - SINGLE METHOD ANALYSES Form RLIMS63G-V1.3 - 
11049616100383 

Page 11 
QUALITY CONTROL DATA SHEET 

DATA- 
096 97034 

CHEM L A B O R A T O R I  E S  SURROGATE SUMMARY 
A Sorenson Company 

Date Printed......: 04-NOV-96 16:lO 
Client Name..........: Hayden Environmental 
Release blumber.......:Not Provided 

Matrix...............: FILTER 
Reporting Units......: pCi 

DCL Analysis Group: 09697034 
Analysis Method...: WR-DC-341 

DCL Prep Group....iG969703Q 
Preparation Uethodr WR-DC-200 

QC Limit Type ..... :Method 
Surrogate Recoveries 

- - 

960 West LeVoy Drive / Salt  Lake C i t y ,  Utah 84123-2547 / (801) 26617700 0 2 4  
FAX (801) 268-9992 . .  



8019 Datapackage Table of Conients 
 DAW^ 

CHEM L A I  0 I A T O  m l I e  

A MOltUO. C O W A W  

Information patainbg to thls datapackage Is dMdai into the four categories listed below (see colored M e r  
sheets for an inventory list of each category). If an item on the invcnto~y is not appllcablc. an TUo Is placed in the 
corresponding check box A Case Narrative lmmcdlatdy precedes this Table of Contents and contains pertinent 
Information about this datapackage. 

Analytical Forms ...................... Yellow 

Analytical Documentation ................. Blue 
RawData.. .......................... Green 

+ + + + + + + + + + 

Sample Tracking Documentation ........... Pink 

Analytical Forms 
Inventory Checklist 

CaseNarrative 

Analytical or Environmental Report Form 

Applicable QC Sheets 

FJ CoverForm 
Sample Group Comments (Form HI 

Sample Analysls Data Sheet Form A) 

Laboratory Control Sample (Form B) 

Blank Sample Form C) 

Matrix Spike Sample (Form D) 

Ma- Duplicate Sample Form E) 

I 
- Matrlx Spike/Matrix Spike Duplicate Sample Form Fl 

- Surrogate Summary (Form G) 

Initial Calibration Form 

Jnitfal Callbration Verlflcatfon (ICV) Form 

%ontinuing Calibration Form 

- serial Dilutlon Form 

/Endrin Breakdown or BFB/DFTPP GC/MS Tuning Form 

Analytical Forms 
Reviewer Checklist 

The Analytlcal Forms Inventory Checklist above Is complete. 
The Case Narrattve was completed in accordance wlth procedures in DCL SOP XX-DC-020. 
"Datapackage Reparation and ValfdaUon." 

Only the correct =port forms are used WMIS or Commercial Forms or RLIMS Forms). 

Results for all samples are reported per client request 
Units, methods. and dates are correct 

- % AU fields on the report forms are complete with the correct information. including signatures. 

A 
-& 

are complete. 

/k%& Reviewed 
Date 

0 2 5  

a 



Sample Tracking Documentation 
Inventory Checklist 

Grouping Reports 

DataChem Laboratories DCL) Chain-of-Custody Record 
'U 

DCL Sample Work Order 

Copy of numbered Nonconfoxmance/Corrective Action Report (NC/CAR) 

W o p y  of Client-Related Problem Report (CPR) 

Sample Tracking Documentation 
Reviewer Checklist 

x 
A 

The Sample Tracking Documentation Inventory Checklist above is complete. 

DCL Chain-of-Custody Record provides slgnatures for the sample portion reported in this data 
package. 

DCL Chain-of-Custody Record was completed in accordance with procedures in DCL SOP XX- 

Methods specified on the Sample Work Order were performed or an explanation for deviations Is 
provided. 

Special Instructions on the Sample Work Order were followed. 

Project Management instructions on the Project Protocol Worksheet were followed. 

Client's requests were met or an explanation is provided in the Case Nanative. 

NC/CAR and/or CPR were completed in accordance with procedures in DCL SOP QC-DC-006 
"NonconfoImance/Comctive Action Report (NC/cAR) Procedures." 

~ 

DC-006 "Chain-of-Custody and Laboratory Tracking." 

& 
& 
- 

& 



te: 8-OCT-1996 16:42 
ser: PETERSON 

Preparation Run Name: G969703P 

Samples: 6 

Laboratory Field Sample 
Pos Sample Name Name 1 --- ------------ ------------ 

1 BL-123238-1 BL-123238-1 
2 QC-123238-1 QC-123238-1 
3 96E04514 9131,39,40 
4 96E04515 9135,4 1,42 
5 96E04516 9136,43,44 
6 96E04517 . 9137,45,46 

DataChem Laboratories 
LIMS - Sample Master System 

Preparation Group Report 

Field Sample Laboratory 
Name 2 Sample ID ------------ ---------- 

S9697OCC 
S96970CD 

NORTH Sg68SO6B 
SOUTH S968SO6C 
BLANK S968SO6D 
RESP S968SO6F 

----- END OF LISTING' ----- 

Page: 1 
RLIMS15-V1.2 

Group ID: G969703P 

Laboratory 
Group Name ------------ 
96E-0640-02 
96E-0640-02 
96E-0640-02 
96E-0640-02 
96E-0640-02 
96E-0640-02 

Accn t . 
Number 

0302 5 
0302 5 
0302 5 
0302 5 
03025 
0302 5 

------ 



te: 8-OCT-1996 16:42 
PETERSON 

Preparation Run Name: G969703Q 

Samples: 6 

Laboratory 
Pos Sample Name --- ------------ 

1 BL-123239-1 
2 QC-123239-1 
3 96E04514 
4 96E04515 
5 96E04516 
6 96E04517 

DataChem Laboratories 
LIMS - Sample Master System 

Preparation Group Report 

Field Sample 
Name 1 ------------ 
BL-123239-1 
QC-123239-1 
9131,39,40 
9135,41,42 
9136,43,44 

* 9137,45,46. 

----- END OF LISTING ----- 

Field Sample Laboratory 
Name 2 Sample ID ------------ ---------- 

S96970CF 
S96970CG 

NORTH S968SO6G 
SOUTH S968SO6H 
BLANK Sg68SO6J 
RESP Sg68SO6K 

Page: 1 
RLIMS15-V1.2 

Group I D :  G969703Q 

Laboratory 
Group Name ------------ 
96E-0640-03 
96E-0640-03 
96E-0640-03 
96E-0640-03 
96E-0640-03 
96E-0640-03 

Accnt . 
Number 

03025 
03025 
03025 
0302 5 
03025 
03025 

------ 
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QC Clearance: - 
Project Manager: Robert P. Di Rienco 

. Client: Hayden En&onmental 
*Account: 03025 

roject/Tark: COMM-ENV 
Date Received: 25-Sep1996 

Date for Mailing Report: 25-Oct-1886 

Sample Work Order 
DCL Root Set ID: 96E-0640* 8 0 1 9  
DCL Lab. Name: 96304514-96304517 
Total # Sampler: 4 
Sample Entry: Karyn L. Boyack 
Section: WA 
Earliest Sampling Date: 19-Sep1996 
Preparation Type: 

~ ~ ~~~ 

Radiochemistry 
Group Analytes Requested 

03 I ISOTOPIC THORIUM 
04 

J’ 05 

Radium 226/228 by gamma spec 

Total Uranium by kPA 
‘Based on date of collection 

Latest Analycis/Prep. 
Method 

~ 

Method 5 
WR-DC341 
WR-DC-200 
WR-DC341 

l WR-EP-325 
' WR-DC-200 
WR-DC342 

Inst. 
GRAV 

AS 

AS 
GS 

kPA 

Matrix *I 
AIRI 

AIR I 

Special Instructions: 

Section Manager: Charlie C. Walker 

Other Sections Receiving Sample Portions: None 
DataChem Laboratories/ 960 West LeVoy Drive / Salt Lake City, Utah 84123 

Fom: WO1.M-SWVZ.12 PRINTED 9/25/1996 14:49 - _  
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TALLY SHEET 

RELEASE #: 
PO #: NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED:. . 23-SEP-96 
MATERIAL: , NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER a PARTICULATE AND FAD 

Composite 
Sample 
Number 

NORTH FILTER 
ORTH FRONT 1L 
JORTH BACK 1/2 
SOUTH FILTER 
O U M  FRONT 16 
SOUTH BACK 1/2 
FILTER BLANK 

DI BLANK 
CETONE BLANK 
RESP. FILTER 

!ESP. FRONT 1/2 
RESP. BACK 1/2 

Lot Number 

4050-730-PO47441 7 
4050-73o-PO474417 
4050-730-PO47441 7 

4050-730-PO47441 7 
4050-730-PO47441 7 

4050-730-PO474417 

5050-730-PO474417 

4050-730-PO47-0417 

4050-730-PO474417 
4050-730-PO47-0417 
4050-730-PO47-04 17 
4050-730-PO47-0417 

Sample 
Container 

Size 

AIR FILTER 
1 LPLS 
1 L PLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 L PLS 
1 LPLS 

AnaLid 
FACTS 
Number 

2002591 31 
2002591 39 
200259140 
2002591 35 
2002591 41 
200259142 
2002591 36 
2002591 43 
200259144 
200259137 
200259145 
200259146 

- 

- 
Gross 
Neight 

IbS. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 

- 

0.3oa 
0.3oa 

- 
3.755 

- 
Tare 
Weight 

Ibs. 

0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 

- 

- 
2.14E 

- 
Net 

Neight 
IbS. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

- 
1.601 
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COVER SHEET 
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DOCUMENTTYPE ,Rwp 

'-YES 
NO SURVEY FOR RWP? 

SIGNE LOCATION ~Jz L 

BADGE# DATE 
LOCATION CODE 

TIME BLDG/GRID# FLR 
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FEMP 
RADIOLOGICAL SURVEY REPORT 
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' Signature by Material Release hralU8tOr indicates the material may be released for resuicted use m the uncontrolled area of the E M P  She Only. 
This material is not being released for unrestricted use. 

Signature by the Material OwnerlSurvey Requestor indicates acceptance of responsibility for the material while in the uncomrolled area and the 
material will be returned to the cumrolled area following use. 

' Additional acmroval by the Manager of Radiological Compliance is required prior to allowing the material to exit beyond the FEMP prolmrty . .  
boundary. This allowance 

-916 IOSR4IOll 

may be annotated in the additional COmmeMS 

0 3 9  
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Project: 

Client Contacts: 

Schedule: 

TAT: 

Sample Receipt: 

ANyses: 

Q ~ Q C :  

MS/MSD or MD: 

Deliverables: 

Penalties: 

Questions: 

PROJECT PROTOCOL WORKSHEET 

. Femald Emission Testing 
Hayden Environmental 
3025 
Bob Di Riemo 

Date: 09/20/96 
Revision: 1 .O 

Reports: Invoices: 

Bruce Sarvcn 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Starts 09/20/96 

30 Calendar Days 

Same with COC 

Use the 96E sample stream. &@b ProBct m e r  w- are received 

Particulates and Radiochemistry 

Overall QNQC requirements will be based on the DCL Procedures. 

None. 

As per method 

RUMS63 Report, Raw Data, and COC 
Paginate entire package 

None 

If you have any questions, please contact the project manager either directly or by voice-mail at 
extension 33 1, or via e-mail on node tigger. 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed first. 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

PageNumbex 1 
Fde Name: HAYDENSPW 

0 4 0  
002035 



PRICE CODES AND ANALYE GROUPS: 

r 

Radium 226/228 Air 4 GS WA . NA 3025AOlNGS 
i 

8019 

Is0 Th 

Air 4 Method5 WA NA I3025AOlNMET5 3025AlMET5 

Air 14  AS WA 1.3025AOlNUISO 3025AlUISO 
I 

Air 4 AS WA NA 3025AOlNTISO I 3025AlTISO 

Total Uranium l A i r  4 I kPA WA NA I 3025AOlNTOTU I3025AlTOTU 

Page Number: 2 
File Name: HAYDEN.PPW 



DATACHEM LABORATORIES CLIENT-RELATED INFORMATION REPORT (CRIR) 
.c CRIR NO. 

. Faxed to Client? Yes 0 No 0 (If yes. attach Fax Cover Sheet) 

I 
P / W C  ProjecflasWSite: 

.c 
Client Name: 

Condition of Coolers: nacceptable Temperature Control: Presen 

custody seals: Pres ' VAbsent Location Temperature Taken: C o n t r ? a  

DatemmeofReceipt: Tg / D z> Number of Coolen Received: J I 

Are all temperarures within project specific 

guidelines? m o  
Are all applicable pHs within specific 

guidelines? 

COOllX Cooler Cooler 
Temp. Received er No. Temp. Received PCL,CoOl er No. Temp. 

Y L M C 9 6  

I3 Missing Paperwork 0 Incorrect Bottle Type 0 Head Space in Bottles 
D Missing/Incorrect Bottle 0 Cooler Temperatures Out 0 Insufficient Sample 

Labels Of Range Volume 
! BRIEFLY DESCRIBE THE PROBLEM AND THE ACTION TAKEN: 

Project Manager: Returned to Sample Receipt by: Date: 
Printed Name Signature 



Analytical Scheme 8019 
Hayden Environmental - Fernault Emission Testing 

' Particulates by Method 5 
Rinsate 
Filter 

Impinger 

3 Samples and Field Blank 

6 \L 
1 Combine Filter and Rinsate 

Discardh in er .I 
Di est Filter and Rinsate Particulate 1 

ripl i t  Sample for Alpha spec I 
I 

Total Uranium 

I 
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August 6,1996 
Refer to: BD0021 

Bruce Sarven 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Saiven: 

DataChem Laboratories, Inc.@CL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
filters and sample bottles will be provided for these determinations. The 
acetone rinse and glass fiber filter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 239236, Cranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed by alpha 
spectrometry(AS). Radium 226 and Radium 228 will be analjzed by 
gamma spectrometry(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 1 14 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not required. Combined particulate from tbe acetone rinse and filter will be 
analyzed according to DCL standard operating procdures(S0P). 

The standard turnaround time for these analysis is 30 calendar days. 
The requested turnaround time of 10 working days can be accomplished 
for an additional 25%. The requested detection limits for isotopic analysis . 
can not be met Minimun Detectable Activity @'IDA) is listed on the 
attached table. 



. P s o 1 9  

Page2. .; 

Attached is a Pricing Quotation for these analyses. If you have any question concerning 
the attached quotation please call me. 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 

. -  



, Revised Pricing Quotation 
Project Reference Number: BD-0021 / .  

Method Fractions Price per Method MDA Parameter 
Analysis pCi/Sample Sample 

Particulate Method 5 GraV Acetone $100.00 
.Rinse 

Fdter 
Impinger 

Uranium 234 DCLSOP 1 As Particulate* $312.50 
Uranium 235/236 1 
Uranium 238 1 

Thorium 228 DCLSOP 1 As Particulate* $3 12.50 
Thorium 230 1 
Thorium 232 1 

Radium 226 DCLSOP 95 GS Particulate* $250.00 
Radium 228 20 

’* TotalUranium DCLSOP 0.8ug/ KPA Particulate* $1 87.50 
Sample 

* - Particulate samples are combined acetone rinse and glass fiber fdter. 

0 5 2  001049 



8019 

EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 
TEST METHOD 0 

Method 5 - Determination of Particulate Emissions from Stationary Sources 

1. PRINCIPLE AND APPLICABILITY 

LI Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber filter maintained at a temperature in the range of I20 f 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
U.S. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that condenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2. APPARATUS 

21 Sampling Train. A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography); commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Cition 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APTD.0576 and adopt the operating and maintenance procedures outlined in it, unless 
otherwise specified herein. The sampling train consists of the following components: 

21.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be 530 ’ .  and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless otherwise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of nozzle sizes suitable for kokhetic sampling should be available, e.g., 0.32 to 1.27 cm (118 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 cm (VI6 in.). Each nozzle shall be calibrated according to the procedures outlined 
in Section 5. 

. -  

Prepared by Emisslon Measurement Branch 
Technical Support Division, OAQPS, EPA 

EMTIC TM-005 
September 25,1989 



EMTIC TM'.OOS EMTIC NSPS TEST METHOD Page 14 
> 

directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM andor filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probe nozzle, probe fitting, probe liner, and front half of the filter 
holder by washing these components with acetone and placing the wash in a glass 
container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 
acetone rinse as follows: 

, 

. 

Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container.. Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action- 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the brush 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. 
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~~ 

Page 15 

Rinse the brush with acetone, and 
quantitatively collect these washings in the sample container. After the brushing, make 
a final acetone rinse of the probe as described above. 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings 2nd particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

; Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

a 
lmninaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three impingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

If a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 
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a 4.3 Analysis. Record the data required on a sheet such as the one shown in Figure 5-3. 
Handle each sample container as follows: 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. For purposes of this Section, 4.3, the term "constant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless otherwise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

.*, Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to +I ml or gravimetrically to k0.5 g. Transfer the contents to a tared 250- 
ml beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

a 
Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-ml beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
.constant weight. Report the results to the nearest 0.1 mg. 

NOTE: At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be evaporated at temperatures higher than ambient. If evaporation 
is done at an elevated temperature, the temperature must be below the boiling point of: 
the solvent; also, to prevent "bumping," the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point. .. 

4.4 Quality Control Procedures. The following quality control procedures are 
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suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

4.4.1 Meter Orifice Check Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H,O that correlates to 0.75 cfrn of 
air at 528"R and 29.92 in. Hg. The 
AH@ is calculated as follows: 

T, e* 
P, y2 v,' 

AH, = 0.031 9 A H  

where: 

A H  = Average pressure differential across the orifice meter, in. H,O. 

T, = Absolute average DGM temperature, O R .  

P, = Barometric pressure, in. Hg. 

8 = Total sampling time, min. 

Y = DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hg/"R)(0.75 cfm)2 

Before beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (Le., pump, volume meter, and orifice) at the AH@ pressure 
differential for IO minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Y, as follows: 

where: 

Ye = DGM calibration check value, dimensionless. 
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TALLY SHEET 

RELEASE #: 
PO #: NA 

1000012382 (CAN 1 OF 1) 

DATE SHIPPED: . 23-SEP-96 
MATERIAL: . NESHAP STACK SAMPLING - AIR FILTERS, ACETONE, AND WATER 

@ ANALYSIS: PARTICULATE AND RAD 
- 

Composite 
Sample 
Number 

NORTH FILTER 
IORTH FRONT 1L 
JORTH BACK 112 
SOUTH FILTER 
OUTH FRONT 1L 
SOUTH BACK 112 
FILTER BLANK 

DI BLANK 
CETONE BLANK 
RESP. FILTER 

ZESP. FRONT lL? 
RESP. BACK 1/2 

Lot Number 

5050-730-P047-0417 
VO5O-730-PO4744 17 
5050-730-P047-0417 
5050-730-P047-0417 
VO50-730-PO474417 
VO50-730-P047-0417 
VO50-730-PO474417 
4050-730-PO47-0417 
VO50-730-PO47-0417 
VO50-730-PO47-0417 
5050-730-PO47-0417 
VO50-730-PO47-0417 

Sample 
Container 

Size 

AIR FILTER 
1 LPLS 
1 L PLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 LPLS 
1 LPLS 

AIR FILTER 
1 L PLS 
1 LPLS 

AnaLisl 
FACTS 
Number 

200259131 
200259139 
200259140 
200259135 
200259 14 1 
200259142 
2002591 36 
200259143 
200259144 
200259137 
200259145 
200259146 

- 
Gross 
Yeight 

IbS. 

0.101 
0.300 
0.300 
0.101 
0.300 
0.300 
0.101 
1.251 
0.300 
0.101 
0.300 
0.300 

- 

- 
3.755 

- 
Tare 

Neight 
Ibs. 

0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 
0.097 
0.220 
0.220 

- 

- 
2.14E 

Page 1 of 1 801'1 

- 
Net 

Yeight 
IbS. 

0.004 
0.080 
0.080 
0.004 
0.080 
0.080 
0.004 
1.031 
0.080 
0.004 
0.080 
0.080 

- 

- 
1.607 



Hm 32350 FEMP E 8019 
COVER SHEET 

a RSR 
DOCUMENT TYPE , R w p  

YES 
e NO SURVEY FOR RWP? 

BADGE # DATE TIME 

RWP NUMBER 

.. --- 

FS-F4617 (4122196) 

LOCATION 
BLDG/GRID# 

CODE 
FLR 

: / !  
- 

6 



FEMP 
RADIOLOGICAL SURVEY REPORT 

SURVEY NUMBER: 96- 7 -1 1- 5' 



--- 

1.i 

i 
I. :I 

4 
.'- 

L 
I 

1.i 

L 

8.') 

.I. 

I! 

.. I j 

1 .1  

-1 :I 

.._ 

I '  

* I  

i i  

.. . , 
I i 

._ 
- 1 1  

' 1  

r 
FEMP RADIOLOGICAL SURVEY REPORT p 
SURVEY # 7'- W'- DATED 

8019 

. .. 



MATERIAL RELEASE 
EVALUATOR 

' SigMaae by Material Release Evaluator indicates the material may be released for restricted use m the uncontrolled area of the FEMP site only. 
fhis rnatarial is not being released for unrestricted use. 

' Signanne by the Material OwnerlSurvev Requestor indicates acceptance of responsibility for the material white in the uncontrolled area and the 
material will be returned to  the controlled area following use. 

' Additional approval by the Manager of Radiological Compliance is required prior to allowing the material to exit beyond rhe FEMP properry 
boundary. This allowance may be annotated in the additional comments 

-916 I06RIIDII - -  
(name) L 

b PT* I I. , -/f*- - /z. 
c 0 6  



PROJECT PROTOCOL WORKSHEET 8 0 1 9  
Project: 
Client: 

Client Contacts: 

Schedule: 

TAT: 

Sample Receipt: 

Analyses: 

QA~QC: 

EDL: 

Deliverables: 

Penalties: 

Questions: 

Femald Emission Testing Date: 09/20/96 

3025 
Bob Di Rienzo 

Reports: Invoices: 

Bruce Sarven Same with COC 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 

, *  . : Hayden Environmental Revision: 1 .O 

FAX: (513) 438-3020 

Starts 09/20/96 

30 Calendar Days 

Use the 96E sample stream. N o t i f v  Prqiect Mwager when UU&S are r e ~ e l v e d  

Particulates and Radiochemistry 

Overall QNQC requirements will be based on the DCL Procedures. 

None. 

As per method 

RLIMS63 Report, Raw Data, and COC 
Paginate entire package 

None 

If you have any questions, please contact t,e project manager e 
extension 33 1, or via e-mail on node tigger. 

her directly or by voice-mail at 

Special Instructions: See attached Flow Chart and Instructions 
Particulate mesurement is completed first. 
Rinsate and Filter Particulate are used for radiochemistry procedures. 

. -  

e 
PageNumbec 1 
Fde Name: HAYDENSPW 



PMCE CODES AND ANALYTE GROUPS: 

Total Uranium lAir  4 I @A 

Air 4 Method5 WA NA 3025AOlNMETS 3025AlMET5 

Air 4 AS WA NA 3025AOlNUISO 3025AlUISO 
I 

WA I NA I3025AOlNTOTU 13025AlTOTU 

I IsoTh I Air 14 IAS I W A  I N A  I3025AOlNTISO 13025AlTISO I 
Radium 2261228 I Air 4 I GS WA NA 13025AOlNGS I 3025AlGS I 

Page Number 2 
File Name: HAYDEN.PPW 



DATACHEM LABORATORIES CLIENT-RELATED INFORMATION REPORT (C Arc\ 9. 
CRIR NO. 

DaWIiime of Receipt: 

Condition of Coolers: Temperature Control: 

Number of Coolers Received: 

custody seais: 

Are all temperatures within project specific 

guidelines? m o  

guidelines? Y e s / N m  

Tamp Evident 

Ice &sen t  Are all applicable pHs within specific Ye 
F r o z e n l M c l t e d i  

Cooler Cooler Cooler 
Temp. Rszixyd ler No. TemD. Peceived DCL ,Cool erNo.  Temn. 

~ ~ 6 c 2 ~ $  19 T 4 i z 6 c 0 0  0 C - L  MC96OC 
2 MC96 OCA-  T 

0 Missing Paperwork 0 Incorrect Bottle Type 0 Head Space in Bottles 
I3 Missingjhcorrect Bottle 0 Cooler Temperatures Out 0 Insufficient Sample 

BRIEFLY DESCRIBE THE PROBLEM AND T H E  ACTION TAKEN: 

Labels Of Range Volume 
'* 

Project Manager: Returned to Sample Receipt by: Date: 
Printed Name Signature 

. .  



Analytical Scheme 
Hayden Environmental - Fernaul t Emission Testha 

3 Samples and Field Blank 

I 

' Particulates by Method 5 
Rinsate 
Filter 

* Impinger 

, 

Split Sample for Alpha Spec 

I 
*A Sample for Is0 U 

Take Aliquot before preciptation 

Total Uranium Analyze for Is0 Uranium 
Uranium 234,2351236,238 

1 1  
Thorium 228,230,232 

. -  



iller: 
.reArrPl@ /5. Dote 
'otalWeighl m9 
otal WeQM m9 

' 

Avg. Total Weight m9 

Le Weight ;; 'are Weight 

Avg. Tam Weight yq7. c m9 
AMPLE NO. 
'dal WL AMI. Date 

SAMPLE WT. .- m 9 

:hedc Andysr Dote 

wer: / - p q c < c  (7La?] 
t r k r p l y r r &  Due 
'OW W*M mg 
'Old weight . m 9  

m9 
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'Ilter: 77 
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ro t4 W ~ M  m9 
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Check Analyst Date 
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Total Weight m 9  
Total Weight m9 

Tare Weight &-, m 0 
Tare Weigh1 m9 
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August 6,1996 
Refer to: BD0021 

Bruce Samen 
Hayden Environmental 
561 Congress Park Drive 
Dayton, OH 45459 

Phone: (513) 438-3010 
FAX: (513) 438-3020 

Re: REVISED FAX Quote BD0021 

Dear Mr. Sarven: 

DataChem Laboratories, hc.@CL) appreciates the opportunity to 
provide you with cost estimates for your project. As I understand your 
needs, you will be taking three 6 hour stack samples and a blank by 
Method 5 for particulates and radionulclides analysis. Tared glass fiber 
filters and sample bottles will be provided for these determinations. The 
acetone rinse and glass fiber filter will be combined for the analysis of 
radionuclides. 

Uranium 234, Uranium 233236, Uranium 238, Thorium 228, 
Thorium 230, and Thorium 232 will be analyzed br alpha 
spectrometry(AS). Radium 226 and Radium 228 will be anal>zed by 
gamma spectrometry(GS). Total Uranium will be analyzed by kinetic 
phosphorescence(KPA). According to method 1 14 these radionuclides will 
be part of the particulate loading and analysis on the impinger solutions is 
not required. Combined particulate from the acetone rinse and filter will be 
analyzed according to DCL standard operating proccdures(S0P). 

The standard turnaround time for these analysis is 30 calendar days. 
The requested turnaround time of 10 working days can be accomplished 
for an additional 25%. The requested detection limits for isotopic analysis - 
can not be met Minimun Detectable Acti\ity (MDA) is listed on the 
attached table. ; 



Page2. , 

Attached is a Pricing Quotation for these analyses. If you have any question concerning 
the attached quotation please call me. 

Sincerely, 

Robert P. Di Rienzo 
Project Manager 

. _ -  



I .  

Revised Pricing Quotation 
Project Reference Number: BD-0021 

Parameter Method M D A  Method Fractions Price per 
Analysis pCi/Sample Sample 

Particulate Method 5 GraV Acetone $100.00 
- R i n s e  

Fdter 
Impinger 

Uranium 234 DCLSOP 1 As Particulate* $3 12.50 
Uranium 2351236 1 
Uranium 238 1 

Thorium 228 DCLSOP 1 As Particulate* $312.50 
Thorium 230 1 
Thorium 232 1 
Radium 226 DCLSOP 95 GS Particulate* $250.00 
Radium 228 20 

Total Uranium DCLSOP 0.8@ KPA Particulate* $1 87.50 
Sample 

* - Particulate samples are combined acetone rinse and glass fiber frlter. 

8019 
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EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER a TEST METHOD 

Method 5 - Determination of Particulate Emissions from Stationary Sources 

1. PRINCIPLE AND APPLlCABlLfTY 

1.1 Principle. Particulate matter (PM) is withdrawn isokinetically from the source and collected on 
a glass fiber fitter maintained at a temperature in the range of EO f 14°C (248 f 25°F) or such other 
temperature as specified by an applicable subpart of the standards or approved by the Administrator, 
U.S. Environmental Protection Agency, for a particular application. The PM mass, which includes 
any material that amdenses at or above the filtration temperature, is determined gravimetrically after 
removal of uncombined water. 

1.2 Applicability. This method is applicable for the determination of PM emissions from stationary 
sources. 

2. APPARATUS 

'e 21 Sampling Train A schematic of the sampling train used in this method is shown in Figure 5-1. 
Complete construction details are given in APTD-0581 (Citation 2 in the Bibliography): commercial 
models of this train are also available. For changes from APTD-0581 and for allowable modifications 
of the train shown in Figure 5-1, see the following subsections. 

The operating and maintenance procedures for the sampling train are described in APTD-0576 
(Citation 3 in the Bibliography). Since correct usage is important in obtaining valid results, all users 
should read APllM576 and adopt the operating and maintenance procedures outlined in it, unless 
othewise specified herein. The sampling train consists of the following components: 

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp, tapered leading edge. The angle of 
taper shall be ~30 ' .  and the taper shall be on the outside to preserve a constant internal diameter. 
The probe nozzle shall be of the button-hook or elbow design, unless othewise specified by the 
Administrator. If made of stainless steel, the nozzle shall be constructed from seamless tubing; other 
materials of construction may be used, subject to the approval of the Administrator. 

A range of n o d e  sizes suitable for kokinetic sampling should be available, e.g., 0.32 to 1.27 cm (1/8 
to V2 in.)-or larger if higher volume sampling trains are used-inside diameter (ID) nozzles in 
increments of 0.16 cm (VI6 in.). Each node shall be calibrated according to the procedures outlined 
in Section 5. 

~ 

Prepared by EmIsslon Measurement Branch EMTIC TM-005 
Technical Support Division, OAQPS, EPA September 25,1989 



8019. 
, 
EMTXC TM-.005 EMTIC NSPS TEST METHOD Page 1 4  

directly from the wash bottle being used, and place it in a glass sample container labeled 
"acetone blank." 

Inspect the train prior to and during disassembly, and note any abnormal conditions. 
Treat the samples as follows: 

Container No. 1. Carefully remove the filter from the filter holder, and place it in its 
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical 
gloves to handle the filter. If it is necessary to fold the filter, do so such that the PM cake 
is inside the fold. Carefully transfer to the petri dish any PM and/or filter fibers that 
adhere to the filter holder gasket, by using a dry Nylon bristle brush and/or a sharp- 
edged blade. Seal the container. 

Container No. 2. Taking care to see that dust on the outside of the probe or other 
exterior surfaces does not get into the sample, quantitatively recover PM or any 
condensate from the probe nozzle, probe fitting, probe liner, and front half of the filter 
holder by washing these components with acetone and placing the wash in a glass 
container. Deionized distilled water may be used instead of acetone when approved by 
the Administrator and shall be used when specified by the Administrator; in these cases, 
save a water blank, and follow the Administrator's directions on analysis. Perform the 
acetone rinse as follows: 

. 
. 

Carefully remove the probe nozzle, and clean the inside surface by rinsing with acetone 
from a wash bottle and brushing with a Nylon bristle brush. Brush until the acetone rinse 
shows no visible particles, after which make a final rinse of the inside surface with 
acetone. 

Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way until 
no visible particles remain. 

Rinse the probe liner with acetone by tilting and rotating the probe while squirting 
acetone into its upper end so that all inside surfaces will be wetted with acetone. Let the 
acetone drain from the lower end into the sample container. A funnel (glass or 
polyethylene) may be used to aid in transferring liquid washes to the container. . Follow 
the acetone rinse with a probe brush. Hold the probe in an inclined position, squirt 
acetone into the upper end as the probe brush is being pushed with a twisting action- 
through the probe; hold a sample container underneath the lower end of the probe, and 
catch any acetone and particulate matter that is brushed from the probe. Run the brush 
through the probe three times or more until no visible PM is carried out with the acetone 
or until none remains in the probe liner on visual inspection. With stainless steel or other 
metal probes, run the brush through in the above prescribed manner at least six times 
since metal probes have small crevices in which particulate matter can be entrapped. 
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a kinse the brush with acetone, and 
quantitatively collect these washings In the sample container. After the brushing, make 
a final acetone rinse of the probe as described above. 

It is recommended that two people clean the probe to minimize sample losses. Between 
sampling runs, keep brushes clean and protected from contamination. 

After ensuring that all joints have been wiped clean of silicone grease, clean the inside of 
the front half of the  filter holder by rubbing the surfaces with a Nylon bristle brush and 
rinsing with acetone. Rinse each surface three times or more if needed to remove visible 
particulate. Make a final rinse of the brush and filter holder. Carefully rinse out the glass 
cyclone, also (if applicable). After all acetone washings and particulate matter have been 
collected in the sample container, tighten the lid on the sample container so that acetone 
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to 
determine whether leakage occurred during transport. Label the container to identify 
clearly its contents. 

Container No. 3. Note the color of the indicating silica gel to determine whether it has 
been completely spent, and make a notation of its condition. Transfer the silica gel from 
the fourth impinger to its original container, and seal. A funnel may make it easier to pour 
the silica gel without spilling. A rubber policeman may be used as an aid in removing the 
silica gel from the impinger. It is not necessary to remove the small amount of dust 
particles that may adhere to the impinger wall and are difficult to remove. Since the gain 
in weight is to be used for moisture calculations, do not use any water or other liquids to 
transfer the silica gel. If a balance is available in the field, follow the procedure for 
Container No. 3 in Section 4.3. 

: 

lmpinaer Water. Treat the impingers as follows: Make a notation of any color or film in 
the liquid catch. Measure the liquid that is in the first three impingers to within I ml by 
using a graduated cylinder or by weighing it to within 0.5 g by using a balance (if one is 
available). Record the volume or weight of liquid present. This information is required to 
calculate the moisture content of the effluent gas. 

Discard the liquid after measuring and recording the volume or weight, unless analysis of 
the impinger catch is required (see NOTE, Section 2.1.7). 

If a different type of condenser is used, measure the amount of moisture condensed 
either volumetrically or gravimetrically. 

. -  

Whenever possible, containers should be shipped in such a way that they remain upright 
at all times. 
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4.3 Analysis. Record the data required on a sheet such as the one shown in Figure 5-3. 
Handle each sample container as follows: 

Container No. 1. Leave the contents in the shipping container or transfer the filter and 
any loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 
hours in a desiccator containing anhydrous calcium sulfate. Weigh to a constant weight, 
and report the results to the nearest 
0.1 mg. For purposes of this Section, 4.3, the term %onstant weight" means a difference 
of no more than 0.5 mg or I percent of total weight less tare weight, whichever is greater, 
between two consecutive weighings, with no less than 6 hours of desiccation time 
between weighings. 

Alternatively, the sample may be oven dried at 105°C (220°F) for 2 to 3 hours, cooled in 
the desiccator, and weighed to a constant weight, unless otherwise specified by the 
Administrator. The tester may also opt to oven dry the sample at 105°C (220°F) for 2 to 
3 hours, weigh the sample, and use this weight as a final weight. 

". Container No. 2. Note the level of liquid in the container, and confirm on the analysis 
sheet whether leakage occurred during transport. If a noticeable amount of leakage has 
occurred, either void the sample or use methods, subject to the approval of the 
Administrator, to correct the final results. Measure the liquid in this container either 
volumetrically to 21 ml or gravimetrically to 20.5 g. Transfer the contents to a tared 250- 
mi beaker, and evaporate to dryness at ambient temperature and pressure. Desiccate for 
24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg. 

Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 
0.5 g using a balance. This step may be conducted in the field. 

"Acetone Blank" Container. Measure the acetone in this container either volumetrically 
or gravimetrically. Transfer the acetone to a tared 250-mI beaker, and evaporate to 
dryness at ambient temperature and pressure. Desiccate for 24 hours, and weigh to a 
constant weight. Report the results to the nearest 0.1 mg. 

NOTE: At the option of the tester, the contents of Container No. 2 as well as the acetone 
blank container may be evaporated at temperatures higher than ambient. If evaporation 
is done at an elevated temperature, the temperature must be below the boiling point of: 
the solvent; also, to prevent tlbumping,tt the evaporation process must be closely 
supervised, and the contents of the beaker must be swirled occasionally to maintain an 
even temperature. Use extreme care, as acetone is highly flammable and has a low flash 
point. .. 

4.4 Quality Control Procedures. The following quality control procedures are a 
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suggested to check the volume metering system calibration values at the field test site 
prior to sample collection. These procedures are optional for the tester. 

0 
4.4.1 Meter Orifice Check Using the calibration data obtained during the calibration 
procedure described in Section 5.3, determine the AH@ for the metering system orifice. 
The AH@ is the orifice pressure differential in units of in. H20 that correlates to 0.75 cfm of 
air at 528"R and 29.92 in. Hg. The 
AH@ is calculated as follows: 

T, e2 

Pba, v,' 
AH@ = 0.031 9 AH 

where: 

AH = Average pressure differential across the orifice meter, in. H20. 

T, = Absolute average DGM temperature, O R .  

P, = Barometric pressure, in. Hg. 
- 

8 = Total sampling time, min. 

Y = DGM calibration factor, dimensionless. 

V, = Volume of gas sample as measured by DGM, dcf. 

0.031 9 = (0.0567 in. Hgl0R)(0.75 cfm)2 

Before beginning the field test (a set of three runs usually constitutes a field test), operate 
the metering system (Le., pump, volume meter, and orifice) at the AH, pressure 
differential for 10 minutes. Record the volume collected, the DGM temperature, and the 
barometric pressure. Calculate a DGM calibration check value, Ye, as follows: 

where: 

Yc = DGM calibration check value, dimensionless. 

0 8 4  
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Analytid Documenktion 

Inventory Checklist 

@'This is a "dummy datapackage". Data for inventory checklist found with set 

Copy of TCLP Preparation Logbook Pages 

opy of Sample Preparation Notebook/Logbook Pages 

Copy of Analyst's Notebook/Method Logbook Pages 

Copy of Instrument Injection Logbook/Instrument Logbook/Run Log Pages 

Copy of Reagent Logbook Pages 

Copy of Working Standard Preparation Logbook Pages 

Copy of Secondary or Intermediate Standad'Prepantion Logbook Pages 

Copy of primary Standard or Concentrated Stock Standard Preparation Logbook Pages 

CerUficates of Analysis for Standards 

solutions and/or calibration standards) 
Copy of hpara t ion  Logbooks for solutions prepared by QC 

- 

&Copy of Standard Verlflcation Logbook Pages (including documentation for spiEdng F 
d with this set (descrlbe) 

- .  
Analytical Documentation 

Reviewer Checklist 

A The Analytical Documentation InventoG Checkllst above is complete. 
Basic documentation procedures were followed in accordance with DCL SOP XX-DC-004 
"Analytlcal Data Record Keeping." 
All notebook and logbook pages contain page number, book number, title, and available space for 
pagination (ifrequkdl. 
AU notebook and logbook pages were signed and dated by the analyst and reviewer before 
copying. 

Standard prepration is documented in accordance with DCL SOP XX-DC-019 "Standards Purity. 
Prepamtion. TraceaMllty and Vexlilcation" or by WR-DC-OOl m e  Acqutsitfon. F%xparation. and 
use of Radioactive Standard Refenace MaterMs." 
Documentation is provided to ve.xlQ that standani &ration solutions and spiking solutions are 
traceable to a vendor certificate. 

>c ~ l l  copies are l-le. 

A 

- 
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To Page r' 
. .  . . .  . , .  

. . . . _ _  . - -  .. . 

Witnessed & Understood by me, Date Invented by Date 
@-2/-P6 L 1 1018196 

Recorded by 
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Deterrnhalion of Selected Actinides by Ion Exchanne 
CIient A& No. 3025 Set No. 9SE -&YO-Oz Matrix Ar(t;tkr) 

Requested Analysis: Am- Cf- Cm- Np, Pu- Th- U,L(..= r . 9  . 
Lcs ID: QC- f 2 3  2 3 B - 1 Pipet ID: &yq IO 

:. Prep Group ID: 6969 703 B Balance ID f a 2 6 9 5  
4 

Aaiviru@Ci)=Conc@Ci'g) *Mass&) 

- 
Standard Control ID Conc. (pCi/g or ml) Aliquot (g or ml) Adivity (pCi) 

k)sL 3/23 (u  2 3 8 )  60,62 d / s  0.1 &I = .09735, s .?6/3& 
J 

- 
Tracer ID Conc. (pCi/g or ml) Aliquot (g or ml) Adivity (pCi) 

t t lSL  3/SS ( u  2 3 2 )  p e : / d  @ , I d  = .097dV d f / .  9298  

SAMPLE# I WEIGHT (E) 



Book No. 4 0 3 5 Page No. 147 
Determination of Selected Actinides by Ion hkchanze 

Client AIA Acct NO. . '302s Set NO. 96 E- 0 6  Yo- 0 3 Matrix Alr m f c r )  

LCSID: Qc -[23239- I Pipet ID: &e 10 
Requested Analysis: Am- Cf- Cm- Np- Pu- 'I%& U- . -  

I ,  

Prep Group ID: G 96 9 303 Q- Balance ID / O  2695 

Standard Control ID Conc. (pCi/g or ml) Aliquot (g or ml) Activity (pCi) 

Tracer ID 

229 wSL %7 

lvEssEw 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
commerrts: 

Conc. (pCi/g or ml) Aliquot (g or ml) Activity (pCi) 

W ? Y  4/;/q O , / d  = , 0 9 7 3 s ~  $7138 
J 

.NfA= Not A p p h  
L 

4 

- 

i . .  
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Calibration SpeCtroscaw Maintenance Log 
5 

r4 4 - 3-&+/"-3c)-y. R d e w e d  By: /t" 
Signature & Date 



D 
CERTIFICATE OF CALIBRATION ' ..q 

ALPHA STANDARD SOLUTION 
Radjonuclide Th-230 Customer: DATACHEM LABORATORIES 
Half Life: (7.54 f 0.03) x 10-4 years P.O.No.: 8837 

,-  

7230 Reference Date: April 15 1992 ;_ 1 2 : ~ ~  m. 
400-55 Contained Radioactivity: 0..1013- &Ci. 

lcBs antabed Radioactivity: 3.75 

. Catalog NO.: 
Source No.: . .  

.; Description of Solution 
a. Mass of solution: 
b. Chemical form: 
c. Carrier content: 
d. Density: 

Radioimpurities 

Radioactive Daughters 

B 

- 

5.0114 
Th(N03),4 in 0.1N HN03 

- .  

N'A .. 
1.0016 3 

Th-228 0.11 % as  of September 1 1992 

None detected 

Radionuclide Concentrat.Jn 
0.0202 

. Method of Calibration 
, 

Weighed aliquots of the solution were assayed using a liquid scintillation counter. 

I 
Uncertainty of Measurement 

a. Systematic uncertainty in instrument calibration: 
b. Random uncertaipty in assay: 
c. Random uncertainty in weighing(s): 

i2.02 
- e 1.0% 
- + 0.0 76 
- e3.02 

B-  
d. Total uncertainty at the 99% confidence level: 

NIST Traceability 

grams. 

gramlml@ 20'C. 

pCYg ra rn . 

This calibration is implicitly traceable to the National Institute of Standards and Technology. 
Notes 

I; Nuclear data were taken from 'Table of Isotopes'. Seventh Edition. edited by Virginia S. Shirley. 
2. IPL participates in an NIST measurement assurance program to establish ad maintain implicit 

traceability for a number of nuclides, based on the blind assay(and later NIST certification) of 
Standard Reference Materials. (As in NRC Regulatory Guide 4. IS) 

& L4.hi-J- 
QUALITY CONTROL 

.. 

9 2  
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1 'Fi* RADIOACTIVE MATERIAL INVENTORY . fee INTERMEDIATE STANDARD LOG 
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RADIOCHEMISTRY LABORATORY 5 
8 0 1 9  

RADIOACTIVE MATERIAL INVENTORY 
WORKING STANDARD LOG 

Usage: 

I 1 I I 
Date I I Activity (pCi) Running Total (pCi) I Dispensation I Amount 

PLM-C 



US. Environmental Protection Agency 
Environmental Monitoring. Syrternd!Lsboratory-Las Vegas 

Nuclear Radiation Assessment Oivision 

. -  

1843-2 Uominal d u m c  I 

Calibration Certificate 
c 0 

-2. .. . .  . Measurement Activity of principai radionuctide - 

[x I] 0 ( r u r ~ - 2 3 8  1 *Accompanied by 
0.11 n a n m i e s  
of Uranium-235 per - -  October 1993 

* gram of solution, 
Activity of daughter radionuclide 

d t h  a u g m ~  nuda .  [Th-234, Pa-234, U-234 1 assuning secular equilibrium. . - 
Total mast of :his rolytion 

t I 
..- .. 

Meihod of measurement 

The solution was prepared gravimtrically by dissolv&g a weighed 
quantity of the National Bureau of Standards’ SRM 950b (99.9750.02 

known weight. 
percent U-238 and 0.711 percent U 35 by weight w i t h  specific 

The solution was CQmpared to an earlier preparation (1843-l) , 
which was traced to the National Institute of Standards and Technology 
(NZST), using liquid scintillation counting. 

1 percent Uranium Oxide (U308)) in Ntric acid and diluting t o  a 
Natural urmiun was assurred to  consist of 99.28 

act ivi t ies  of 3 . 3 6 ~ 1 0 ~  and 2.16xlO -3 nanocUries per gram respctively. 

. 

001092 0 9 6  
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The manufacturer states that activities other than that of the principal nuclide 
and of its daughter nuclides. if any. were estimated/known lo  be: 

Purity 

(1) Radium226 1 less than of the principal activity - 
< .  ' 1 less equal than to 1 7 1  of the!.prindpal activity 

. 1/31 1 equal less than to 1 . 1  of the"principa1 activity ' 
. .  .- 

fie activity of impurity (1) is not (2) is not (3) is not 
c included in the quoted figures of the principal a a g t y .  

Random Errors L. . - . .  
The precision of this standard was such that the certified value of the radioactive 

concentration of the principal activity had a standard error (sm) not greater than +, [TI 
(The 99.7% confidence limits are given by t(sm) where t is obtained from the student t factor 
for the degree of freedom (n-1)). 

The maximum uncertainty due to the assessable systematic errors,(dilution, counting. and 
known uncertainty of the standard) is obtained by the separate arithmetic summation.of the 
positive 8nd negative systematic error ( + 6 - 6 ' 1. These have been estimated not to exceed 

the overall uncenainty (ofien called accuracy) is 8n estimate of the possible divergence of  

confidence limits and the worst case estimate of the systematic errors! +a.  - a  ) 
The overall uncertainty is therefore calculated o n  the basis of 4 [t(sm) +SI. 5 [t(sm) +d] 
and is 1-1. [ Z j  of the quoted radioactive concentration. 

This standardization is based on the following assumptions of the principle nuclide. its 
daughter nuclides and impurities (no allowance for error in these assumptions or the 
assumption of quoted half-life have been included in the statement of accuracy above). 

the quoted result from the true value. It is a t5ombination of random error [t(smfl at the 99.7% 

.- .- 

Decay Schemes 

r 

Uraniun~238 decays by alpha emission to Thoriurn-234'which .decays 
by t w o  successive beta emissions to Uranium-234. Uranium-234 is 
assumed to be in s d a r  eqUilib.r,ium with Uranium-238. . 

-.. 

Chemical 
Composition 
of Solution 

Carrier content per gram of solution: 

Preservative: 

Other components: 

0.5M nitric acid - 

.. 
. Remarks - -  

The uranium concentration of the solution is 7.12 milligrams/(grav. 

/ Date Certificate Prepared *to_bes * ' I  1993 

Approval Signature %&3 74& 
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ISOTOPE(S) CONC. (pCi/g) 

u-a3v - ass'b 

RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVEkTORY 

STANDARD SOURCE LOG 

ISOTOPE(S) CONC. (pCi/g) 

I 

'Use Julian date and military time 
Usage: 

DCL Balance ID No.: gc ' &'** 633 

oozo3-3 0 9 8  
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RADIOCaEMISTRY LABORATORY. 
RADIOACTIVE MATERIM, INVENTORY 

INTERMEDIATE STANDARD LOG 

8 0 2 9  

IntennediateStandardID:TSL 2 /99  [ r(238) Standard Source ID: I849-2 
f. 

Reference Dateflime*: Oc+ '93 /05dO RMI Source.Log Ref. Book/Page: 2 /Io 
. .  I 

'Use Julian date and military b e  
DCL Balance ID No.: 8 3IdP, I d 2  6 ' 3 5  c 

Date I Inits. 1 Solvent 1 Activity (pCi)t I Rnal Weight I Conc, <pci/g>t I witness 1 

Usage 

' 1  Date Inits. Aliquot Activity (pCi)t Balance (pCi)t Destination 
1 

\ 

Il/lb\W 8 K  50 q 6 0 6 1 . 5  6061.268 MI- 3 / 2 3  
2. 

3. 

1 

1 

. 
adiviiies are referenced to the source datdtime. Decay corrections are to be made on the following page. 

To Page: 



RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVENTORY 

WORKING STANDARD LOG 

Book No. Page 111 

WorkingStandardXD: WSL 3/23 U 230 Intermediate Standard ID: I ~ L  2/39 

Reference DatdTime’: Sd f993 o 5 00 RMI Source Log Ref. Boomage: 211 e 

.Use Julian date and military time 
DCL Balance ID No.: 

11 Date 1 Inits. I Solvent I Adivity (pCi)t I Final Volume I Conc. (pCi/g)t I Witness 11 

Usage: 

All activities are referenced to the source datdtime. Decay corredions are to be made on the following page. 

To Page: 
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Standard Reference Material 4328A 
L Thorium-229 Radioactivity Standard 

This Standard Reference Material (SRM) consists of radioactive thorium-229 nitrate and nitric acid dissolved 
in 5 mL of distilled water. The solution is cOntained.in a flame-sealed NIST borosilicate-glass ampoule. n e  
SRM is intended for the calibration of alpha-particle counting instruments and for the monitoring of 
radiochemical procedures. 

Radiological Hazard 

The SRM ampoule contains thorium-229 with a total activity of approximately 170 Bq. Thorium229 decays 
'by alpha-particle emission. The progcny of thorium-229 have a total activity of approximately 1200 Bq and 
dccay by alpha- and bcta-piirticlc cniission. None of the alpha or beta particles escape from the SRM 
ampoulc. During the dccay pmccss X-rays and gamma rays with cncrgies from 10 kcV to 2 MeV are also 
cmitted. Most of these photons cscape from the  SRM ampoule but their intensities are so small that they do 
not rcpresent a radiation hazard. Approximate unshielded dose rates at scveral distances (as of the reference 
lime) are givcn in note [a]'. The SRM should be used only by pcrsons qualified to handle radioactive 
matcrial. 

Cltetnical Hazard 

The SRM ampoule contains nitric acid (I.IN03) with a concentration of 1 mole per liter of water. The solution 
is corrosive and rcprescnts a healthhazard if iticomes in contact with eyes or skin. If the ampoule is to be 
opcned to transfer the solution, the rccommcndcd procedure is given on page 2. The  ampoule should be 
opened only by pcrsons qualificd to handlc both radioactive matcrial and strong acid solution. 

Storage and Heiidlirig 

Thc SRM should bc storcd and used at a tcmpcraturc hetwcen 5 and 65 "C. The solution in an unopened 
ampoule Should rcmain stnblc and homogcncous until ai lcast January 2004. 

The ampoule (or any subsequcnt containcr) should always be clearly marked as cdr;taining-radioactive 
materhL If the ampoule is transportcd it should be packed, marked, labeled, and shipped in accordance with 
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous 
good (hamdous matcrial) both bccause of the radioactivity and bccause of the strong acid. . 

Ptepara t ion 

'Ibis Standard Refcrence Matcrial w; prepared in the Physics Laboratory, Ionizing Radiation Division, 
Radioactivity Group, J.M.R. Hutchinson. Group Leader. Thc overall technical direction and physical 
measurcmcnts lcading to certification wcrc providcd by L.L. L u a s  of the Radioactivity Group. 

The support aspects involved in the preparation, certification, and issuance of this SRM were coordinated 
through the Standard Refcrcncc Materials Program by N.M:,Trahcy. 

Gaithersburg, Maryland 20899 
February 1995 

Thomas E. Gills, Chief 
Standard Refcrence Matcrials Program 

SRM 43284 ps 1 of6  a 'Nolu and rcfcrcnccs are on pagcs 5 and 6. 



NOTES 

[a] The Sievert is the SI unit for dose equivalent. See reference [l]. One pSv is equal to 0.1 m e m .  
. Distance from Ampoule (cm): 1 30 100 

.Approximate Dose Rate <0.1 - 

.The stated uncertainty is two times the standard uncertainty. [b) 

[c] 

[d] 

. Massic activity is the preferred name for the quantity activity per unit mass. See reference [I]. 

The repor t4  value, y,-of massic activity (activity per unit mass) a t  the reference iime was not 
measured directly but was derived from measurements and calculations of other quantities. This a n  . 
be expressed as  y = J(xI,x2,x3, . . x,), where j is a mathematical function derived from the assumed 
model of the measurement process. 

The value, x i ,  used for each input quantity i has a standard uncertainty, u(xi), that generates a 
corresponding uncertainty in y,  u;@) 14~/Elr; I*u(xi), called 3 component of combined standard 
uncertainty oly. 

The conibiiied standard uncertainty ofy,  u&), is the positive square root of the sum of the squares 
of the components of combined standard uncertainty. 

The combined standard uncertainty is multiplied by a coverage factor of k = 2 to obtain U, the 
expanded uncertainty ofy. 

. Since it can be assumcd that the possible estimatcd values of the massic activity are approximately 
normally "distributed with approximate standard deviation u&), the unknown value of the massic 
activity is believed to lie in the intewaly 2 U with a level of confidence of approximately 95 percent. 

For further information on the expression of uncertainties, see references (21 and (31. 

Estimated limits of detcction for alpha-par[iclc-emilting impurities arc: 
0.03 a-s"*g" for energies less than 35  MeV, 
0 3  a-s"-g-' for cncrgies between 35 and 4.5 MeV,and 
0.03 a*s"*g" for energies grcater than 5.1 MeV. 

- 
c 

[e] 

Thorium-228 was detected in measurements made on the thorium-229 master solution in 1975 and . 
1979. As of the reference time, the massic activity of thorium-228 is well below. the detection limits 
and is calculated to be approximately 0.001 Bq-g-'. 

The thorium229 mastcr solution was chemically purified on 7 May 1984. 

[q Estimated limits of detection for photon-emitting impurities are: 
0.003 ys"-g" for energies between 90 and 506 keV and 
0.0003 y-s"-g-' for energ& between 516 and 1900 keV, 
provided that the photons are separated in energy by 4 keV or more from photons emitted in the 
decay of thorium-229 and progeny. 

Evaluated Nuclear Structure Data File (ENSDF); January 1995. The stated uncertainty is the 
standard unccrtainty. \ 

[g] 

[h) Rclativc standard uncertainty of the input quantity xi. 

SRM 43284 page 5 of 6 a 
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Solution composition 

PROPERTIES OF SRM 4328A 
(Certified values are s h o w  ia bold type) 

Source identification number 

Physidl Properties: 

Source description 

NIST SRM 4328A 

~~ 

Chemical Concentration Mass Fraction 
Formula (rnol*L-’) k e g -  9 

WNO,)J 2 x 10-8 9 x 109 

HiO 54 0.94 
HNO, 1 .o 0.06 

Ampoule specifications 

Reference time 

hfassic activity of the solution [c] 

Relative expatided uncertainty (k=2)  

Alpha-particle-emitting impurities 

Photon-emitting impurities 

Half lives used 

Measuring instruments 

Solution density 

~~ ~~~ 

1260 EST, 28 January 1994 

32.83 Bq-g” 

0.72% [dl 

None detected [e] 

None detected [fl 
Thorium-229: (7340 2 160) a [g] .L 

NISI’ “0.8~r”a defined-solid-angle counter with scintillation 
detcctor plus silicon surface-barrier alpha-spectrometer 
system and two 4r(a+13) liquid-scintillation counting systems 

Solution mass 

Chemical ProDerties: 

Liquid in flamesealed NIST borosilicate-glass ampoule 

Body outside diameter 
Wall Thickness 
Barium content Less than25% . -. 
Lsadaxide content Less than 0.02% 
Other heavy elements Trace quantities 

(1.032 .C 0.002) g*rnL-’ at 22.6 ‘C [b]* 

Aooroximatelv 5 e 

(16.5 f 0.5) mm 
(0.60 2 0.04) aurl 

SRM 432% pap 3 of 6 a 

b 

'Notes and rcfcrcncu arc on pgcs 5 and 6. 



RADIOCHEMISTRY LABORATORY 
RADIOACTIVE M A T E W  INVENTORY 

STANDARD SOURCE LOG 

Source Reference DatePTime': 0.2R/IFCi~ /2!J OEfiolvent: / M  H uq 
4 

ISOTOPE(S) CONC. (pCi/g) ISOTOPE(S) CONC. (pCi/g) 

74 "229 PRt 30 

? 

Ir 

I' 

Usage: 

DCL Balance ID'.No.: /d> 67r 

%0i9 

US. Dopsrtmont of Cornrncrco 
' tIPUonol lnstltuto of Glondards 
. . andTochnology 

Cnhl4520A 
liiorluni-T39 

4 0 0  L3q &I 6% nilri;. acid - 

*Use Julian date and militar). time 

I I 
A . I. I 

n 



BookNo. o2 
Page 8 0 1 Q 

Interm&StandardID: = * 2 / ~ ?  (m -22 7) Standard Source ID: Y3b s-4 
Reference DatefIime': 4%. 15 w/L/:mwliMI Source Log Ref. Boomage: 02/30 I 

Solvent I Activity @Ci)t I Rnal Weight I 

Usage: 

vifis are rrferenced to the source datdtime. Decay corredions are to be made on the following page. 'W To Page: 



Book No. Page 109 

RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVENTORY 

WORKING STANDARD LOG 

W 
working Standard ID: WSL 3/b? ( T h  229) Intermediate Standard ID: I S C  2/33 

Reference DatdTime': 0 28.) /99'f/lrl=Oo Hss RMl Source Log Ref. Boomage: o 2 / 3 0  
I' 1 

*Use Julian date and militaq timr 
DCL Balance ID No.: 

Date 1 Inits. I Solvent Activity (pCi)t I ~ i n a l v o l m e  I Conc. (pci/g)t I Witness 

t All activities are referenced to the source datdtime. Decay corrections are to be made on the following page. 

To Page: 

1 0 6  
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FSZonuClide 
WLife: 
W o g  No.: 

lle3c+h of 
source No.: 

U-232 customer: hYI'A L A B O R A T O ~  

7232 R e f m c e  Date: Dacembet 15 I991 12-a 
68.9 f I . O ~ e d  -:. P.0.No.:. 8072 

&a. -- - . 393-77 . ContainadRxdioaCtivity: 0.1036 
sohrtioa 

ZL Mass of solutioa: 5.1639 
b. Chemical form: U02Cl2 in 2N HCI gramr. 

d.Deirsity: 

Rdioimpmities 

pdioactive D a q # h s  

RuiioaucIide -kafim 

- c.Cenierconteat: None addd *. 

1.0330 
gramlml Q 20.C.- 

None detected (other than daughters) 

Th-228 0.2% as of November 24 1991 (daughters separated on November 22 1B1)  

0.0201 pCJgmm. 

Melhod OfCrlibrPtioa 

Weighed diquats of the solution were a c ~ a ~ e d  using a windowless internal gas flow proportional counter. 

8 

UnCertrinty o f M u  
a. Systematic uncettainty in instrument calibration: 
b. Random uncertainty in assay: 
c. Random uncertainty in weighiog(s): 
d. Total uncerfainty at h e  99 % confidcoce level: 

21.3% 
+2.3% 
4-0.256 
+3.8% 

- 
- 
- 

N I S T T d t y  

NO& 
This calibration is implicitly traceable to h e  National Institute of Standards and Tcc&jIo&. 

-\ 

1. Nuclear data wen: taken from 'Table of Isotopes', SeveathEdition, edited by Virginia S. Shirley. 
2. PL participates in an NIST m e a ~ ~ ~ m e n t  BSSUTB~CC program to establis4 and maintaio impkcit 

traceability for a number of nuclides, bascd on the blind assay(and later NIST certification) of Standard 
Referenca Materials. (As in NRC Replato-ry Guide 4.15) 

- e  

Q u M  CONTROL 

ISOTOPE PROD UCIS IA I1 0 RATOK I 1 3  
Is00 No. K q s b n ~  S w . ,  
Burtunk, Glifomia 91501 
(818) 813 - 7000 

- .  -.. . .---..-- ---.. __^_.___. .  . .. . 



RADIOCHEMISTRY LABORATORY 
RADIOAC’IIVE MATERIAL INVENTORY 

STANDARD SOURCE LOG 

Source Reference DatelTime’: 3 6% /e/ /,! :do/w7- Solvent: AM&&/ 

XSOTOPE(S) CONC. @Ci/g) ISOTOPE(S) CONC. (pCi/g) 

il 
i 

M-232- 2&W2,36 / 

I II I I] 
‘Use Julian date and milimn. rime 



RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVENTORY 

INTERMEDIATE STANDARD LOG 

8 0 1 9 -  

Usage: 

8 adhities are referenced to the Source dnteltime. Decay corrkions are to be made on the following page.. 

To Page: 



r 1  

- 2 s )  Intermediate Standard 

h 7 M r R M I  Source Log Ref. 

Working Standard ID: uLLR vf ((A 

Reference DatdTime': 5Y4 /7?'/ 
I- . - 

Book No. 3 Page 103 I 
1 
1 
1 
1 
3 
1 
1 
1 
1 

RADIOCHEMISTRY LABORATORY 
RADIOACTIVE MATERIAL INVENTORY 

WORKING STANDARD LOG 

Aliquot Activity (pCi)t Balance (pCi)t Destination I 1 

11. 1 I I I I 

15. 

16. 

17, 

18. 

An adivities are referenced to the source datdtime. Decay corrections are to be made on the following page. 
.- 

To Page: -3 
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U.S. DEPARTMENT OF COMMERCE 
Natlonal Institute of Standards & Technology 

Gaithersburg, MD 20899 

REPORT OF TEST 

for 

. Florida. State University 
Tallahassie, Florida 

Radionuclide z'?Po, u4U, 2ssU, 238U, ?Pu and 241h 

Source identification FSU 

27r alpha-particle counting rate 3.369 s-' (*)* 

Overall uncertainty 

Relative activity 
210p0 
='U 
Y J  

. ?PU 
2 i 1 h  

Reference. time 

Measuring instruments 

Gaithersbug, MD 20899 
March, 1923 

1.8 percent ('1 

0.005 ( 2  26 percent) . 

0.949 (k 1.6 percent) . 
0.037 (k 4:6 percent) 
0.954 (& 1.6 percent) 
0.961 .(+ 1.6 percentj 
1.000 perceril' m(9 

March 3, 1993 

'NIST 27ra prop&onal counter and Si 
surface-bamer detector 

For the Director, W L  
J.M.R. Hutchinson, Acting Group Leader 
Radioactivity Group 
Physics Laboratory 

+Notes on back 

8 0 1 9  



NOTES 

(I) T he total number of qlpha particlcs counted p e r  s a n d  emitted into a 2~s te rnd ion  
gcomctry (including those scattered)., 

(2) The overall unccrtainry is LWO timcs rhc valuc found from combining quadratically thc 
standard deviations of thc mean, or approximation thcrcof, of thc following: 

i. 

. a) one standard deviation of the 
mean of five measurements 0.18 perccnt 

b) , pulse-height extrapolation ’ 0.70 pcrccnt 
c) system live timc (J.05.pcrcent 

d) backscattering corrcction 0.50 pkrccnt 

Q Thc unccrtninties in thc rclativc activity arc computed from two times the estimated 
standard deviation of the mean plus thc uncertainty from subtraction of thc estimated tail 
of the upper pcak. 1 

Assirming the. sourcc matcrial is thin and is deposited on stninlcss stccl thc unccrtificd 
values in Bq for the activities arc as foIlows: 

21”Po 0.008 
‘“U 1.623 
>’U 0.063 
=‘U . 1.631 

‘“Am 1.710 
O9PU 1.643 

For fimhcr information. contact Dr. J.M.R Hutcllinson at (301) 975-5543, or Pamela Hodge,nt 
. .  (301) 975-,5544. 

. .  . ... 
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US. DEPARTMENT OF COMMERCE 
Natlonal lnstltute of Standards & Technology 

Gaithersburg, MD 20899 

REPORT OF TEST 

for 

Florida State University 
Tallahassie, Florida 

’ . Radionuclide 

Source identification 

277- alpha-particle counting rate 

Overall uncertainty 

Relative activity 
2’OP0 
n4u 
=W 

: = T u  
2i1& 

Reference time 

Measuring instruments 

Gaithersburg, h4D 20899 
March, 1583 

-a ’:- 

21”Po, =‘U, =’U, u8U, ?Pu and *“Am 

FSU 

3.369 s-’ (I)+ 

1.8 percent (’) 
. .  

0.005 (rt 26. percent) 
0.949 (A 1.6 percent) 
0.037 (& 4:6 percent) 
0.954 (rt 1,6 percent) 
0.961 (2 1.6 percent) 

.I.OOO percent OW) 

March 3, 1993 

‘NIST 277-a proportional counter and Si 
surface-barrier detector 

For the Director, 

p j l ( , & k L  
J.MR. Hutchinson, Acting Group Leader 
Radioactivity Group 
Physics Laboratory 

+Notes on back 

1 1.8 001113 
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The tola! number  ocnlpha prticlcs counted per s a n d  emitted into a 2~-steradian 
gcornctry (including those scattered). 

The overall uncertainty is two timcs thc valuc found from combining quadratically the 
standard deviations of thc mean. or approximivim thcrcof, of thc following: 

- 

a) one standard deviation of the 
mean of five rncasurements 0.18 perccnt 

b) pulsc-height extraplation 0.70 pcrccnt 

c) system live tirnc 0.05 percent 

d) backscattering corrcction 0.50 pcrccnt 

T h c  uncertninties in thc rclativc activity arc computed from two times thc estimated 
standard deviation of the mean plus thc unccrtainty from subtraction of the cstimatcd tail 
ol the upper pcak. I 

Assuming the. sourcc. mstc.rial is thin and is deposited on srninlcss stccl thc unccrtificd 
values in Bq for the activities arc as follows: 

""Po 0.008 
"'U 1.623 
zlrU 0.063 
u6U - 1.631 

apPu 1.643 
'"Am 1.710 . 

For fimhcr information, contact Dr. J.M.R Hutchson nt (301) 975-5543, or Paiueln Hodge at . .  
(301) 975-5544. 

I - 



NOTES 

T h e  total number ?f alpha particlcs counted pcr s a n d  emftted into n 2sr-steradian 
gcomctty (including those scattered). 

The overall uncertainty is two timcs rhc valuc found from combining quadratidly thc 
standard deviations of thc mean. or approximation thcrcof, of thc following: 

a) one standard deviation of the 
mean of five mcasurements 0.18 percent 

b) pulse-height extrapolation 0.70 pcrant 
c) system live timc 0.05 percent 

d) backscattering corrcction 0.50 percent 

Thc unccrtninties in thc rclativc activity arc computed from hvo times the estimntcd 
standard deviation of the mean plus thc unccrtainty from subtraction of the estimated tail 
of the upper pcak. 

Asstlrning the. sourcc matc.nal is thin nnd is deposited on stninlcss stccl thc unccrtificd 
values in Bq for the activities arc as follows: 

I 

“@Po 0.008 
‘“U 1.623 
=’U 0.063 

. 1.63 1 

*‘!Am 1.7 10 
u9Pu 1.643 

For fiinhcr ..iformation, conuct Dr. J.M.R. Hutcllinson nt (301) 975-5543, or Pnmeln Hodge nt . .  
(301) 975-ss44. 
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U.S. DEPARTMENT OF COMMERCE 
Natlonlil lnstltute of Standards & Technology 

Gaithersburg, MD 20899 

REPORT OF TEST 

for 
... 

Florida Slate University 
Tallahassic, Florida 

. Radionuclide 2"'Po, ='U, ='U, 238U, =?Pu and 24'Am 

Source identification FSU 

27r alpha-particle counting rate 3369 s-' ('I+ 

Overall uncertainty 1.8 percent (2) 

Relative activity 
' 2'OPo 0.005 (k 26 percent) . - 

p4u 0.949 (k 1.6 percent) . 
Y J  0.037 (& 4:6 percent) 
TJ 0.954 (& 1:6 percent) 

0.961 (5" 1.6 percent) : ??u 
. 2 i i h  1.000 percerii' CJM') 

Gaithersburg, MD 20899 
Marclii 1993 

. -  

Reference time March 3, 1993 

Measuring instruments -NST 27ra propodonal counter and Si 
surface-barrier detector 

J.MR. Hutchinson, Acting Group Leader 

Physics Laboratory 
Radioactivity Group ., 

+Notes on back . . _ .  

8019 



NOTES 

(I) The total number of,nlpha paniclcs counted pcr s a n d  cmftted into a 2~-steradian 
gcomctry (including those scattered). 

(2) The overall uncertainty is two timcs rhc valuc found from combining quadratidiy thc 
standard deviations of thc mean, or approximation thcrcof, of thc following: 

- 

a) one standard deviation of the 
mean of five measurements 0.18 perccnt 

b) pulse-height extrapolation 0.70 pcrant  
c) system live timc 0.05 percent 

d) backscattering corrcction 0.50 pcrccnt 

T h c  unccrtninties in thc rdativc activity arc computed from hvo times thc estimated 
standard deviation of the mean plus thc unccrtainty from subtraction of the estimated tail 
of the upper pcak. I 

Assuming the sourcc mstcrial is thin and is deposited on stninlcss stccl thc unccrtificd 
values in Bq for the activities arc as follows: 

(9 

"90 0.008 
'"U 1.623 
>'U 0.063 
='U . 1.631 

upPu 1.643 
2"Am 1.710 

For fiinhcr information, contact Dr. J.M.R. Hutcliinson rtt (301) 975-5543, or Pameln Hodge ni  . .  . 
(301) 975-S544. 

a .  
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U.S. DEPARTMENT OF COMMERCE 
National Institute of Standards & Technology 

Gaithersburg, MD 20899 

REPORT OF TEST 
for 

Florida State University 
Tallahassie, Florida 

Radionuclide 21!l'0, ='U, 23sU, =U, y?u and 241& 

FSU Source identification 
. .  

2 r  alpha-particle counting rate 3.369 s" (*)+ 

1.8 percent Q Overall uncertainty 

Relative activity 
210P0 
"U 

=U 
=vu 

2 i 1 h  

0.005 (k 26 percent) 
0.949 (k 1.6 percent) 
0.037 (& 4:6 percent) 
0.954 (& 1,6 percent) 
0.961 .( & 1.6 percent) 
1.000 percerif OM') 

. . 

Reference time March 3, 1993 

Measu ring i ns t ru m en ts 'NIST 27ra proportional counter and Si 
surface-barrier detector 

For the Director, $ n o & & h L  
Gaithersburg, MD 20899 
March, 1923 

J.M.R. Hutchinson, Acting Group Leader 
Radioactivity Group 
Physics Laboratory 

'Notes on back 



PIPETTE CALIBRATION CHECK 

mipment Number: . gppt33 

- Equipment Name: -- 
Date: i5 /I 3/96 Date Last Calibrated: I 2 j S S  . 

Calibration Period: 13 /96  

Water Temperature zz  Pipette Volume ~ J * C  ~.5l+rL 

6.9'7823 ( L L  z;?] 
Water 'Density 

Balance Used 
Measured Weights (9) 

) 02 6s .3 

Performed By: 

8 0 1 9  

. .  



PIPETTE CALIBRATION CHECK 

- - 8 i p m e n t  Number: . &PFE/O 

- ipment Name: 
- - 

L h 4  I I 

Date: 4 L  Date Last Calibrated: )Z/qf . - 
- Calibration Period: lz! 96 
- 

- Pipette Volumc 

Water 'Density 0. W ? 0 7  

. Balance Used /02 683 
Measured Weights (9) 

Mean (r 

Performed By: 



CHEM L A I 0 I A 1 0 I I I I  

Raw Data 
Radiochemistry/Mixed-Waste 

a Spectrometry 
Inventory Checklist 

Section 1. 

Section 2. 

Sample and QC Data 

Instrument Performance and Callbratlon Data 

8 0  19 

Department 

The following signatures yerlfy that the raw data and all inventory and reviewer checklists in each raw data 
section (all green sheets) are complete and accurate. 

Assembled ewed 



Section 1. Sample and QC Data 
a Spectrometry 

Inventory Checklist 

Laboratory Control Sample W S )  prht-out 

LCS ROI Peak Search Report 

LCsActivityReport 

MDAReport 
Reagent BIZUIIC with meeds) 

Reagent Blank Spectral Plot 
0 Reagent Blank ROI Peak Search Report 

0 Reagent Blank Activity Report 

MDAReport 
Accuracy Sample FrS) 

MS ROI Peak Search Report 

MS Relative Activity Report 

MDAReport 
Precision Sample O / M S D )  ’ MD/MSDSpecWPlot 

MD/MSD ROI Peak Search Report 

MD/MSD Relative Activity Report 

MDAReport 
meld Sample instrument print-outs 

Sample Spectral Plot 
Sample ROI peak Search Report 

Sample AcMty Report 

a o ~ p ~ ~ ~ ~ ~ h a t i o n  Sheets smmarking all calculational inputs and results 

Section 1. Sample and QC Data 
a Spectrometry 
Reviewer Checklist 

The Sample and QC Data Inventory Checklist above is complete. 

- x All appropriate QC for the project was performed. 
All appropriate QC data met acceptance alterla. Unacceptable QC data were documented. and 
jus~cations were provided for data used. 
print-outs are lnitlaled and dated. -_ A 
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VMS Peak Search Report V1.9 Generated 4-NOV-1996 15:22:20 Bo 19 
Configuration : MCAO: [ ALPHAIALPHAOSl 
Analyses by : ROIPEAK V1.2 
S ple title : 963-0640-03 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
le ID : QC-123239-1 Sample quantity : 1.0000 S 

Sample type : TH Sample geometry : 
Elapsed real time: 0 16:38:37.99 0.0% Elapsed live time: 0 16:38:34.00 

Start energy : 3442.27 keV End energy : 6515.04 keV 
Gross/Net areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

$pip 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3894.09 4 0230.72 143.25 98 96 6.683-05 50.0 
2 0 4661.83 1944 0 92.71 390.92 306 107 3.243-02 2.3 
3 0 4887.22 1927 0 76.66 465.14 412 128 3.223-02 2.3 
4 0 5338.29 15 0 56.88 615.87 539 119 2.503-04 25.8 
5 0 6058.63 1 0 3.20 863.00 792 97 1.673-05100.0 



VMS Peak Search Report V1.9 Generated 4-NOV-1996 15:22:45 

Configuration 
Analyses by 

le title 
le date 

S w ple ID 
Sample type 
Elapsed live time: 
Start energy 
Grossmet areas : 

DKAO:[ALPHA.ALUSR.ARCHIVE.BJB - 011 - NONE.CNF;383 
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:02 Acquisition date : 18-OCT-1996 14:52:25 
011 Sample quantity : 1.0000 SAMPLE 
NONE Sample geometry : 
0 16:38:39.99 Elapsed real time: 0 16:38:30.00 
3447.77 keV End energy : 6526.39 keV 

Gross Backaround tvoe : 
Num avg bkg chans: 2 Critical iev'ei : NO 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err 

1 0 3903.96 3 0232.26 145.50 98 96 5.01E-05 57.7 
2 0 4565.14 7 0283.17 359.00 306 107 1.17E-04 37.8 
3 0 4919.47 2 0 5.97 475.50 412 128 3.343-05 70.7 
4 0 5287.12 11 0 3.18 598.00 539 119 1.843-04 30.2 
5 0 5998.60 1 0 3.18 840.00 792 97 1.673-05100.0 

0.0% 

Fit 



8 0  19 VMS Nuclide Identification Report V2.9 Generated 4-NOV-1996 15:23:27 

Configuration 
Analyses by 

e title 
e date 
e ID 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
96E-0640-03 
24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
QC-123239-1 Sample quantity : 1.0000 S 
TH Sample geometry : 
0 16:38:34.00 Elapsed real time: 0 16:38:37.99 0.0% 
100.00 keV Half life ratio : 8.00 

Average value Efficiencies at : Peak Energy 
Yes Systematic Error : 0.00 % 

75.00 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi 1 (PCi) 2-Sigma Error %Error Flags 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

4.4753-07 . . . . . . . . . . . . . . . . . . . . .  TH-2 2 7 18.72D 1.05 4.2563-07 --------- --------- 
Total Activity : 4.2563-07 4.4753-07 

Nuclide Type : ALPHA 

1.91Y 1 . 00 9.1593-03 9.171E-03 23.38E-03 254.89 
1.00 4.4253+00 4.425E+OO 0.2 48E+O 0 5.60 
1.00 4.4393+00 4.4393+00 0.2483+00 5.60 

!kg8 7340.00Y 
TH-230 7.70E+04Y 
TH-232 1041E+10Y 1.00 2.2883-03 2.2883-03 12.11E-03 528.98 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

lide Hlife Decay (PCi) (PCi) 2-Sigma Error %Error Flags 

--------- --------- 
Total Activity : 8.8763+00 8 e 876E+OO 

Grand Total Activity : 8.8763+00 8.876E+OO 

Flags: 1%18 = Keyline not found IqMql = Manually accepted 
llEq* = Manually edited I1A1I = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

LE TITLE: 963-0640-03 * SAMPLE ID: QC-123239-1 
LE DATE: 24-OCT-1996 12:00:00 * SAMPLE QUANT: 1.0000 s 
SED LIVE TIME: 59914. * DETECTOR # :  011 

YIELD: 91.5614 AVERAGE %EFFICIENCY: 19.7179 * 
10.7293 * TRACER DPM: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

@ 
* 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-227 6006. 0.000 1.000 53.80 4.8883-07 1.3813-02 3,5533-02 

TH-228 5400. 4.001 10.999 99.94 1.002E-02 2.5543-02 4.6063-02 

TH229 4872. 1925.000 2.000 99.52 4.8333+00 2.7053-01 2,4043-02 

TH-2 3 0 4672. 1937.001 6.999 99.82 4.8493+00 3.8373-01 3.8303-02 

TH-232 3997. 1 . 000 3.000 100.00 2.4993-03 1.3223-02 2.7623-02 
******************************************************************************** 

REVIEWED BY: DATE : 
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VMS Peak Search Report V1.9 Generated 4-NOV-1996 15:20:40 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 
Sample title : 963-0640-03 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12: 
le ID : BL-123239-1 Sample quantity : 1.0000 S 

Sample type : TH Sample geometry : 
Elapsed live time: 0 16:38:27.00 
Start energy : 3467.76 keV End energy : 6571.00 keV 
Grosspet areas : Gross Background type : 
N u  avg bkg chans: 2 Critical level : No 

Elapsed real time: 0 16:38:37.99 

rn 
Pk It Energy Area Bkgnd EWHM Channel Left Pw Cts/Sec %Err 

1 0 3902.21 3 0243.33 137.67 90 96 5.01E-05 57.7 
2 0 4662.44 28 0 49.63 381.61 297 106 4.67E-04 18.9 
3 0 4901.57 1713 0107.88 459.66 402 127 2.86E-02 2.4 
4 0 5369.12 20 0 40.02 614.20 528 118 3.343-04 22.4 
5 0 5953.18 2 0 0.00 811.00 778 94 3.343-05 70.7 

19:50 

0.0% 

Fit 

- 
001133 1 3 8  



VMS Peak Search Report V1.9 Generated 4-NOV-1996 15:21:01 

Configuration 
Analyses by ;;tie 

le date 

Sample type 
Elapsed live time: 
Start energy 
Grosspet areas : 
Num avg bkg chans: 

8089 
DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 012 - NONE.CNF;385 
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:03 Acquisition date : 18-OCT-1996 14:52:25 
012 Sample quantity : 1.0000 SAMPLE 
NONE Sample geometry : 
0 16:38:29.00 Elapsed real time: 0 16:38:30.99 0.0% 
3451.12 keV End energy : 6552.80 keV 

Gross Background type : 
2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3894.68 2 0 9.85 137.50 90 96 3.343-05 70.7 
2 0 4565.44 3 0206.86 349.50 297 106 5.01E-05 57.7 
3 0 4921.60 5 0341.49 465.00 402 127 8.353-05 44.7 
4 0 5289.19 9 0334.92 586.50 528 118 1.50E-04 33.3 
5 0 5988.25 1 0 3.28 824.50 778 94 1.673-05100.0 

-. . 



VMS Nuclide Identification Report V2.9 Generated 4-NOV-1996 15:21:27 

Configuration 
Analyses by 

le title 
le date BlF ple ID 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF 
96E-0640-03 
24-OCT-1996 12:OO:OO 
BL-123239-1 
TH 
0 16:38:27.00 
100.00 keV 

Yes 
Average value 

75.00 

V2.2,ENBACK VI.S,NID V3.1,WTMEAN V1.8 

Acquisit.ion date : 25-OCT-1996 12:19:50 
Sample quantity : 1.0000 S 
Sample geometry : . 
Elapsed real time: 0 16:38:37.99 0.0% 
Half life ratio : 8.00 

Efficiencies at : Peak Energy 
Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi) (PCi 1 2-Sigma Error %Error Flags 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

TH-227 18.72D 1.05 4.5253-09 4 . 7583-09 16.48E-09 346.41 - - - - - - - - - --------- 
Total Activity : 4.5253-09 4.7583-09 

Nuclide Type : ALPHA 
Wtd Mean 
Uncorrected 

Hlife Decay (PCi) 
1 . 91Y 1.00 2.6793-08 

7340.00Y 1-00 4.178E-06 
TH-230 7.70E+04Y 1.00 6.0963-08 
TH-232 1.41E+lOY 1 . 00 2.4343-09 --------- 

Total Activity : 4.2683-06 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

2 . 6833-08 2.6283-08 97.96 
4.1783-06 0.2453-06 5.87 
6.0963-08 2.7233-08 44.66 
2 . 4343-09 10.893-09 447.19 

4 . 2 683-06 

( P W  2-Sigma Error %Error Flags 

--------- 

Grand Total Activity : 4.2723-06 4.2733-06 

Flags: "KW = Keyline not found I@M1@ = Manually accepted 
"Ew = Manually edited l@A1l = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8019 

******************************************************************************** 
* 

LE TITLE: 963-0640-03 * SAMPLE I D :  BL-123239-1 
LE DATE: 24-OCT-1996 12:00:00 * SAMPLE QUANT: 1 .0000 s 
SED LIVE TIME: 59907.  * DETECTOR #: 012 

AVERAGE %EFFICIENCY: 18 .5340  * YIELD: 86.4395 
TRACER DPM: 10.7293 * 

* 

E 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-2 2 7 6006. 1 . 000 1 .000  53.80 5.5053-09 1.9073-08 4.0043-08 

TH-2 2 8 5400. 11 .000  9.000 99.94 3.10431-08 3.0463-08 4.776E-08 

TH22 9 4872. 1708.000 5.000 99.52 4.8333-06 2.837E-07 3.7913-08 

TH-2 3 0 4672. 25 .000  3.000 99.82 7.0533-08 3.1773-08 3.1183-08 

TH-2 32 3997.  1 . 0 0 0  2.000 100.00 2.8163-09 1.2603-08 2.6973-08 

******************************************************************************** 

REVIEWED BY: DATE: 
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8 0 1 9  VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:31:06 

Configuration 
Analyses by 
Sample title 

le date m le ID 
Sample type 
Elapsed live time: 
Start energy 
Gr oss/Net areas : 
Num avg bkg chans: 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2 
963-0640-03 
24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
96304514 Sample quantity : 0.50060 S 
TH Sample geometry : 
0 16:38:34.99 Elapsed real time: 0 16:38:37.99 0.0% 

Gross Background type : 
3434.22 keV End energy : 6524.56 keV 

2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3947.32 11 0 0.00 161.36 99 96 1.843-04 30.2 
2 0 4663.21 89 0 48.33 390.90 306 106 1.493-03 10.6 
3 0 4881.90 3407 0107.44 462.45 411 128 5.69E-02 1.7 
4 0 5294.61 36 0 0.00 599.42 538 118 6.01E-04 16.7 
5 0 6034.87 13 0 4.75 851.85 790 96 2.173-04 27.7 

1 4 3  
001238 



VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:31:18 $orq 
Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B-Ol3-NONE.CNE';372 
Analyses by : ROIPEAK V1.2 

: 96M-0304-10 
le date : 18-OCT-1996 14:52:04 Acquisition date : 18-OCT-1996 14:52:25 
le ID : 013 Sample quantity : 1.0000 SAMPLE 

Sample type 
Elapsed live time: 
Start ener gy 
Gross/Net areas : 
Num avg bkg chans: 

NONE Sample geometry : 
0 16:38:41.00 Elapsed real time: 0 16:38:30.99 
3434.81 keV End energy : 6525.40 keV 

Gross Background type : 
2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err 

1 0 3900.97 4 0265.23 146.50 99 96 6.683-05 50.0 
2 0 4564.40 6 0190.84 358.50 306 106 1.00E-04 40.8 
3 0 4919.48 8 0359.04 474.50 411 128 1.343-04 35.4 
4 0 5286.89 5 0164.96 596.50 538 118 8.343-05 44.7 
5 0 5994.45 2 0 90.57 837.50 790 96 3.343-05 70.7 

0.0% 

Fit 



VMS Nuclide Identification Report V2.9 Generated 28-OCT-1996 11:31:34 80 19 
Configuration 
Analyses by 
S ple title 

le date * le ID 
Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAREFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
963-0640-03 
24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
96304514 Sample quantity : 0.50060 S 
TH Sample geometry : 
0 16:38:34.99 Elapsed real time: 0 16:38:37.99 0.0% 

100.00 keV Half life ratio : 8.00 

Average value Efficiencies at : Peak Energy 
Yes Systematic Error : 0.00 % 

75.00 

S m r y  of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi) (PCi) 2-Sigma Error %Error Flags 
TH-227 18 . 72D 1.05 9.9963-02 1.051E-01 0.741E-01 70.49 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

--------- --------- 
Total Activity : 9.9963-02 1.0511~-01 

Nuclide Type : ALPHA 
Wtd Mean Wtd Mean 

Hlife 
1 0  91Y 

7340. OOY 

Decay 
1.00 
1.00 

Decay Corr 

1.51813-01 
1.670E+01 

(PCi) 
Decay Corr 

2-Sigma Error 
0.62 9E-01 
0.079E+01 

2 -S i gma 
%Err or 
41.44 
4.75 

Uncorrected 
(PCi) 

1.516E-01 
1.670E+01 

ide 
28 
9 

TH-230 7.70E+04Y 1.00 4.0653-01 4.06513-01 0.9643-01 23.71 
TH-232 1.41E+10Y 1.00 3.4223-02 3.42213-02 3.7883-02 110.70 --------- --------- 

Total Activity : 1.7293+01 1.729E+01 

Grand Total Activity : 1.7393+01 1.7393+01 

Flags: "K" = Keyline not found IIM" = Manually accepted 
= Manually edited I1A" = Nuclide specific abn. limit 

Flags 

0013150 1 4 5  



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

LE TITLE: 963-0640-03 * SAMPLE ID: 96E04514 
LE DATE: 24-OCT-1996 12:OO:OO * SAMPLE QUANT: 0.5006 S 
SED LIVE TIME: 59915. * 

AVERAGE %EFFICIENCY: 18.4321 * 
10.7293 * TRACER DPM: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DETECTOR # :  013 
YIELD: 172.9465 

* 

E 
NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-2 2 7 6006. 11.000 2.000 53.80 6.0783-02 4.2943-02 5.03I.E-02 

TH-228 5400. 31.001 4.999 99.94 8.7803-02 3.6623-02 3.789E-02 

TH229 4872. 3399.001 7.999 99.52 9.6543+00 4.588E-01 4.5883-02 

TH-2 3 0 4672. 83.001 5.999 99.82 2.3503-01 5.685E-02 4.0753-02 

TH-2 3 2 3997. 7 . 000 4.000 100.00 1.9793-02 2.1923-02 3.4773-02 

******************************************************************************** 

REVIEWED BY: DATE : 

1 4 6  
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VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:31:58 

Configuration 
Analyses by 

le title 
le date 

S w ple ID 
Sample type 
Elapsed live time: 
Start energy 
Grosspet areas : 
Num avg bkg chans: 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2 
963-0640-03 
24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
96E04515 Sample quantity : 0.47060 S 
TH Sample geometry : 
0 16:38:30.00 Elapsed real time: 0 16:38:37.99 0.0% 

Gross Background type : 
3419.06 keV End energy : 6512.81 keV 

2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3917.39 7 0 3.24 156.57 104 96 1.17E-04 37.8 
2 0 4657.71 67 0 99.33 393.69 310 107 1.12E-03 12.2 
3 0 4886.67 1838 0 74.99 468.56 416 127 3.0733-02 2.3 
4 0 5380.98 24 0 97.00 632.88 542 118 4.01E-04 20.4 
5 0 6022.14 4 0190.50 851.75 794 96 6.68E-05 50.0 



8019 
VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:32:07 

Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 014 - NONE.CNE';371 
Analyses by : ROIPEAK V1.2 

S ple ID : 014 Sample quantity : 1.0000 SAMPLE 
Sample type : NONE Sample geometry : 
Elapsed live time: 0 16:38:42.00 
Start energy : 3427.61 keV End energy : 6511.12 keV 
Grosspet areas : Gross Background type : 
N u  avg bkg chans: 2 Critical level : No 

le title : 96M-0304-10 
le date : 18-OCT-1996 14:52:05 Acquisition date : 18-OCT-1996 14:52:25 

Elapsed real time: 0 16:38:30.99 0.0% 

3F 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3908.12 2 0199.89 151.50 104 96 3.343-05 70.7 
2 0 4567.72 5 0 0.00 363.00 310 107 8.343-05 44.7 
3 0 4921.71 3 0 0.00 479.00 416 127 5.01E-05 57.7 
4 0 5286.58 8 0 3.22 600.50 542 118 1.343-04 35.4 
5 0 5992.43 3 0199.89 841.50 794 96 5.01E-05 57.7 



VMS Nuclide Identification Report V2.9 Generated 28-OCT-1996 11:32:23 

Configuration 

Sample ID 
Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAREFF 
963-0640-03 
24-OCT-1996 12:OO:OO 
96304515 

0 16:38:30.00 
100.00 keV 

Yes 
Average value 

TH . 

75.00 

V2.2,ENBACH V1.5,NID V3.1,WTMEAN V1.8 

Acquisition date : 25-OCT-1996 12:19:50 
Sample quantity : 0.47060 S 
Sample geometry : 
Elapsed real time: 0 16:38:37.99 0.0% 
Half life ratio : 8.00 

Efficiencies at : Peak Energy 
Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi) (PCi) 2-Sigma Error %Error Flags 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

TH-2 2 7 18.72D 1.05 9.5523-03 1.005E-02 5.312E-02 528.80 --------- --------- 
Total Activi.ty : 9.5523-03 1.005E-02 a 

Nuclide Type : ALPHA 
Wtd Mean 
Uncorrected 

Hlife Decay (PCi) 
1.91Y 1.00 8.2233-02 

7340. OOY 1.00 9.470E+00 TH229 
TH-230 7.703+04Y 1.00 3.1903-01 
TH-232 1041E+10Y 1.00 2.5683-02 

I@!::" 
--------- 

Total Activity : 9.8973+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

8.2343-02 5.8283-02 70.78 
9.47 OE+O 0 0.5403+00 5.70 
3.1903-01 0.8793-01 27.57 
2.5683-02 3.0823-02 120.03 

9.8973+00 

(PCi) 2-Sigma Error %Error Flags 

--------- 

Grand Total Activity : 9.9063+00 9.907E+00 

Manually accepted IIMII = Flags: " ICn  = Keyline not found 
"E" = Manually edited I I A I I  = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8019 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

LE TITLE: 963-0640-03 * SAMPLE I D :  96304515 
LE DATE: 24-OCT-1996 12:OO:OO * SAMPLE QUANT: 0.4706 S 

PSED LIVE TIME: 59910. * DETECTOR #: 014 
AVERAGE %EFFICIENCY: 18.6656 * YIELD: 92.2076 
TRACER DPM: 10 .7293 * 

* 

@ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN A C T I V I T Y  ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-2 2 7 6006. 1 . 0 0 1  2.999 53.80 1.0893-02 5.7613-02 1.144E-01 

TH-2 2 8 5400.  16 .002  7.998 99.94 8.9303-02 6.3413-02 9.001E-02 

TH2 2 9 4872. 1835.001 2.999 99.52 1.027E+01 5.8583-01 6.186E-02 

TH-2 3 0 4672. 62 .001  4.999 99.82 3.4603-01 9,7383-02 7.475E-02 

TH-2 32 3997.  5 .000  2.000 100.00  2.7853-02 3.347E-02 5.333E-02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REVIEWED BY: DATE: 
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VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:32:47 

Configuration 
Analyses by 

le title m- le date 
Sample ID 
Sample type 
Elapsed live time: 
Start energy 
Gross/Net areas : 
Num avg bkg chans: 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2 
963-0640-03 
24-OCT-1996 12:OO:OO 
96304516 
TH 
0 16:38:52.99 
3450.70 keV 

Gross 
2 

Acquisition date : 25-OCT-1996 12:19:50 
Sample quantity : 0.49980 S 
Sample geometry : 
Elapsed real time: 0 16:38:37.99 0.0% 
End energy : 6509.34 keV 
Background type : 
Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3913.60 7 . 0 3.22 146.14 95 95 1.17E-04 37.8 
2 0 4657.34 61 0113.81 385.92 302 107 1.02E-03 12.8 
3 0 4888.88 1672 0 80.87 462.33 408 129 2.793-02 2.4 
4 0 5293.42 16 0 0.00 598.00 536 120 2.673-04 25.0 
5 0 6040.37 8 0180.47 856.25 791 98 1.33E-04 35.4 



VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:32:57 

Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B~OlS~NONE.CNI?;371 
: ROIPEAK V1.2 
: 96M-0304-10 
: 18-OCT-1996 14:52:06 Acquisition date : 18-OCT-1996 14:52:25 
: 015 Sample quantity : 1.0000 SAMPLE 

Sample type : NONE Sample geometry : 
Elapsed live time: 0 16:38:34.99 Elapsed real time: 0 16:38:30.99 0.0% 
Start energy : 3462.14 keV End energy : 6537.73 keV 
Gross/Net areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3905.77 4 0268.97 142.00 95 95 6.68E-05 50.0 
2 0 4563.97 3 0 38.03 355.00 302 107 5.01E-05 57.7 
3 0 4919.40 3 0320.07 472.00 408 129 5.01E-05 57.7 
4 0 5289.87 3 0218.66 595.50 536 120 5.01E-05 57.7 
5 0 6007.57 ' 0 0 0.00 839.50 791 98 O.OOE+OO 0.0 



VMS Nuclide Identification Report V2.9 Generated 28-OCT-1996 11:33:11 

Analyses by : ROIPEAK V1.2,PEAKEFF V2.2,ENBACK Vl.S,NID V3.1,WTMEAN V1.8 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 
S le ID : 96304516 Sample quantity : 0.49980 S 
Sample type : TH Sample geometry : 
Elapsed live time: 0 16:38:52.99 Elapsed real time: 0 16:38:37.99 0.0% 
Energy tolerance : 100.00 keV 

Efficiency type : Average value Efficiencies at : Peak Energy 
Abundance limit : 75.00 

Configuration : MCAO:[ALPHA]ALPHAO$l 8 0  19 
le title : 963-0640-03 

Half life ratio : 8.00 

% 
Errors propagated: Yes Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi 1 (PCi) 2-Sigma Error %Error Flags 
TH-2 2 7 18 . 72D 1.05 6.9503-02 7.3093-02 5.1733-02 70.79 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

--------- --------- 
Total Activity : 6.9503-02 7.3093-02 

Nuclide Type : ALPHA 
Wtd Mean 
Uncorrected 

Hlife Decay (PCi 1 
1.91Y 1.00 6.0793-02 

7340.00Y 1.00 7.8383+00 
TH-230 7.70E+04Y 1.00 2.7163-01 
TH-232 1.41E+10Y 1.00 1.4023-02 

T qpte 29 

--------- 
Total Activity : 8.1843+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

6 . 0873-02 4 . 0873-02 67.15 
7.8383+00 0.461E+00 5.89 
2 . 716E-01 0.7543-01 27.78 
1 . 4023-02 3.101E-02 221.25 

8.184E+00 

( P W  2-Sigma Error %Error Flags 

--------- 

Grand Total Activity : 8.2543+00 8.2573+00 

Flags: llK1l = Keyline not found I1  M 11 = Manually accepted 
tlE1l = Manually edited I1A1l = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SAMPLE TITLE: 963-0640-03 * SAMPLE ID: 96304516 
LE DATE: 24-OCT-1996 12:OO:OO * 
SED LIVE TIME: 59933. * DETECTOR #: 015 

* 

SAMPLE QUANT: 0.4998 S 

A RAGE %EFFICIENCY: 19.3055 * YIELD: 81 . 0549 
TRACER DPM: 10.7293 * 

* 
w 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-2 2 7 6006. 8 . 000 0.000 53.80 9.0173-02 6.405E-02 3.2153-02 

TH-2 2 8 5400. 12.999 3.001 99-94 7.5103-02 5.0623-02 6.378E-02 

TH229 4872. 1668.999 3.001 99.52 9.6703+00 5.6943-01 6.4053-02 

TH-2 3 0 4672. 57.999 3.001 99.82 3.3503-01 9.5133-02 6.3863-02 

TH-232 3997. 2.999 4.001 100.00 1.7293-02 3.827E-02 7.093E-02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a 
REVIEWED BY: DATE: 

& 1 5 6  
001151 
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VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:33:41 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 
sa&.: ;;tie : 963-0640-03 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 

Sample type : TH Sample geometry : 
Elapsed live time: 0 16:38:27.99 Elapsed real time: 0 16:38:37.99 0.0% 
Start energy : 3439.99 keV End energy : 6530.16 keV 
Gross/Net areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

: 96304517 Sample quantity : 0.49950 S 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 3885.19 1 0 3.18 142.00 99 97 1.673-05100.0 
2 0 4641.09 57 0 0.00 386.02 308 106 9.513-04 13.2 
3 0 4884.62 1795 0 80.52 465.93 413 128 3.00E-02 2.4 
4 0 5304.36 14 0 3.18 605.21 540 118 2.34E-04 26.7 
5 0 6023.08 4 0209.85 848.50 791 95 6.683-05 50.0 



VMS Peak Search Report V1.9 Generated 28-OCT-1996 11:33:51 

Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 016 - NONE.CNF;370 
Analyses by : ROIPEAK V1.2 

8019 
sa&: ;;tie : 96M-0304-10 

le date : 18-OCT-1996 14:52:07 Acquisition date : 18-OCT-1996 14:52:25 
: 016 Sample quantity : 1.0000 SAMPLE 

Sample type : NONE 
Elapsed live time: 0 16:38:39.99 
Star t energy : 3428.45 keV 
Gross/Net areas : Gross 
Num avg bkg chans: 2 

Pk It Energy Area Bkgnd FWHM 

1 0 3895.02 1 0 3.22 
2 0 4562.22 1 0 3.22 
3 0 4917.23 2 0 90.29 
4 0 5284.90 2 0222.50 
5 0 5989.69 1 0 3.22 

Sample geometry : 
Elapsed real time: 0 16:38:32.00 
End energy : 6521.52 keV 
Background type : 
Critical level : No 

Channel Left Pw Cts/Sec %Err 

147.00 99 97 1.673-05100.0 
360.50 308 106 1.673-05100.0 
476.50 413 128 3.343-05 70.7 
598.50 540 118 3.34E-05 70.7 
838.00 791 95 1.673-05100.0 

0.0% 

Fit 



VMS Nuclide Identification Report V2.9 Generated 28-OCT-1996 11:34:06 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 ;:tie : 963-0640-03 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 25-OCT-1996 12:19:50 

Sample type : TH Sample geometry : 
Elapsed live time: 0 16:38:27.99 Elapsed real time: 0 16:38:37.99 0.0% 
Energy tolerance : 100.00 keV Half life ratio : 8.00 

Efficiency type : Average value Efficiencies at : Peak Energy 
Abundance limit : 75.00 

: 96304517 Sample quantity : 0,49950 S 

Errors propagated: Yes Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 5 
Number, of unidentified 1 ines 0 
Number of lines tentatively identified by NID 5 100.00% 

Nuclide Type : Alpha 

Nuclide Hlife Decay (PCi) (PCi) 2-Sigma Error %Error Flags 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

TH-2 2 7 18 . 72D 1.05 2.6413-02 2.7773-02 4.1413-02 149.09 --------- --------- 
Total Activity : 2.6413-02 2.7773-02 

Nuclide Type : ALPHA 

1.91Y 1.00 5.6863-02 
1.00 8.5323+00 
1.00 2.6573-01 

ai'" 7340. OOY 
TH-230 7.703+04Y 
TH-232 1.41E+lOY 1-00 9.4843-07 

Wtd Mean 
Uncorrected 

Hlife Decay (PCi) 

- - - - - - - - - 
Total Activity : 8.8553+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

5.6943-02 3.8003-02 66.74 
8.5323+00 0.491E+00 5.75 
2.6573-01 0.72 83-01 27.40 

(PCi 1 2-Sigma Error %Error Flags 

9.4843-07 . . . . . . . . . . . . . . . . . . . . .  
--------- 
8.8553+00 

Grand Total Activity : 8.8813+00 8.882E+00 

Flags:  f fKtf  = Keyline not found IfMff = Manually accepted 
IfEff = Manually edited flAff = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

********************************************************************* 
* 

LE TITLE: 963-0640-03 * SAMPLE ID: 96304517 
LE DATE: 24-OCT-1996 12:OO:OO * 
SED LIVE TIME: 59908. * DETECTOR # :  016 

SAMPLE QUANT: 0.4995 S 

AVERAGE %EFFICIENCY: 19.0720 * YIELD: 88.1799 
TRACER DPM: 10.7293 * 

* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BRG %ABN ACTIVITY ERROR MDA 
AREA pCi/S 2-SIGMA pCi/S 

TH-227 6006. 3.000 1.000 53.80 3.1503-02 4.6993-02 7.636E-02 

TH-228 5400. 12.000 2.000 99.94 6.457E-02 4.326E-02 5.1463-02 

TH229 4872. 1793.000 2.000 99.52 9.676E+00 5.5673-01 5.167E-02 

TH-230 4672. 56.000 1.000 99.82 3.013E-01 8.434E-02 4.116E-02 

TH-232 3997. 0.000 1.000 100.00 1.0763-06 1.519E-02 4.108E-02 

******************************************************************************** 

a 
REDIEWED BY: DATE: 



u-is0 



rl 

LL 
-. 
2 
0 
1 
3 

I 

m 
N 
m 
N 
rl 

Q) n cn 

c 
3 
L rs 
4 
u) 

EE 
4-4 

oo 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:21:39 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 

: 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
: QC-123238-1 Sample quantity : 1.0000 L 

s&p S g t e  

Sample type : w  Sample geometry : 
Elapsed live time: 0 16:38:30.99 Elapsed real time: 0 16:38:42.99 0.0% 
Start energy : 3430.48 keV End energy : 6506.15 keV 
Grosspet areas : Gross Background type : 
Nrun avg bkg chans: 2 Critical level : No 

Sam le title : 963-0640-02 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4175.50 2542 0 99.96 234.73 141 120 4.243-02 2.0 
2 0 4397.19 108 0 55.08 305.83 260 96 1.80E-03 9.6 
3 0 4756.90 2478 0 92.62 422.83 355 182 4,143-02 2.0 
4 0 5293.62 2036 0 93.57 601.34 536 89 3.403-02 2.2 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:21:47 

Conf i gur at ion 
Analyses by : ROIPEAK V1.2 

: DKAO:[ALPHA.ALUSR.ARCHIVE.B]B-OO9-NONE.C;377 8 0 1 9  
Sam le title : 96M-0303-10 

le date : 18-OCT-1996 14:52:00 Acquisition date : 18-OCT-1996 14:52:25 
le ID : 009 Sample quantity : 1.0000 SAMPLE 

Sample type : NONE Sample geometry : 
Elapsed live time: 0 16:38:37.99 Elapsed real time: 0 16:38:29.00 0.0% 
Start energy : 3442.87 keV End energy : 6518.62 keV 
Grosspet areas : Gross Background type : 
N u  avg bkg chans: 2 Critical level : No 

dl 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4072.61 5 0293.79 200.50 141 120 8.343-05 44.7 
2 0 4404.40 2 0182.02 307.50 260 96 3.343-05 70.7 
3 0 4826.15 4 0 0.00 445.50 355 182 6.683-05 50.0 
4 0 5230.52 7 0 3.19 580.00 536 89 1.17E-04 37.8 

.. 

I 



VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:21:59 s 6rq 
Configuration 
Analyses by 

le title 
le date a le ID 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
QC-123238-1 Sample quantity : 1.0000 L 
W Sample geometry : 
0 16:38:30.99 Elapsed real time: 0 16:38:42.99 0.0% 

100.00 keV Half life ratio : 8.00 
Yes Svstematic Error : 0.00 % 
Average value 

75.00 
Eificiencies at : Peak Energy 

Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide . Hlife Decay pCi/L .pCi/L 2-Sigma Error %Error Flags 
U-232 72 . OOY 1.00 4.8953+00 4.8953+00 0.27 OE+OO 5.53 
U-234 2,45E+05Y 1.00 5.9693+00 5.969E+00 0.310E+00 5.19 
U-235 7.04E+08Y 1.00 3.161E-01 3.161E-01 0.6343-01 20.06 
U-238 4.47E+09Y 1.00 6.1333+00 6.133E+00 0.316E+00 5.15 

Wtd Mean Wtd Mean 
Uncorrected Decay Corr Decay Corr 2-Sigma 

--------- --------- 
Total Activity : 1.731E+01 1.731E+01 

o r a n d  Total Activity : 1.731E+01 1.731E+01 

Flags: "K" = Keyline not found "MI1 = Manually accepted 
"E1' = Manually edited aA1t = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8 0 1 9  

******************************************************************************** 
* 

SAMPLE TITLE: 96E-0640-02 * 
E DATE: 24-OCT-1996 12:OO:Oo * 
ED LIVE TIME: 59911. * 

AVERAGE %EFFICIENCY: 18.6982 * 
11.1955 * T U C E R  DPM: 

28k 
* 

SAMPLE ID: QC-123238-1 
SAMPLE QUANT: 1.0000 L 
DETECTOR #: 009 
YIELD : 97.0706 

******************************************************************************** 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/L 2-SIGMA pCi/L 

U232 5306. 2029.001 6.999 100.00 5.0433+00 2.7863-01 3.803E-02 

U-234 4762. 2474.000 4 . 000 100.00 6.1493+00 4.6603-01 3.0573-02 

13-2 3 5 4386. 106.000 2.000 80.90 3.2573-01 6.7753-02 2.942E-02 

U-2’3 8 4185. 2537.000 4.999 99.80 6.3183+00 4.772E-01 3.3363-02 

******************************************************************************** 

DATE : 
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VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:20:55 

Configuration 
Analyses by 
Sam le title 

le date 
le ID 

Sample type 
Elapsed live time: 
Start enef gy 
GrQSS/Net areas : 
Num avg bkg chans: 

ai 
MCAO:[ALPHA]ALPHAO$l 8 0 1 9  
ROIPEAK V1.2 
963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
BL-123238-1 Sample quantity : 1.0000 L 
uu Sample geometry : 
0 16:38:37.99 Elapsed real time: 0 16:38:39.99 0.0% 

Gross Background type : 
3432.54 keV End energy : 6533.74 keV 

2 Critical level : No 

Pk It Energy Area Bkgnd F'WHM Channel Left Pw Cts/Sec %Err Fit 

I 0 4045.00 6 0295.50 192.00 140 120 1.00E-04 40.8 
2 0 4306.37 2 0 42.21 275.00 259 95 3.343-05 70.7 
3 0 4800.26 14 0532.55 434.43 353 181 2.343-04 26.7 
4 0 5288.48 1893 0 91.50 595.54 533 87 3.163-02 2.3 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:21:04 

Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 008 - NONEOCNF;374 
Analyses by : ROIPEAH V1.2 

;;le : 96M-0303-10 
le date : 18-OCT-1996 14:52:00 Acquisition date : 18-OCT-1996 14:52:25 

: 008 Sample quantity : 1.0000 G 
: NONE Sample geometry : 

Elapsed live time: 0 16:38:34.00 Elapsed real time: 0 16:38:30.99 
Start energy : 3435.32 keV End energy : 6532.03 keV 
Gross/Net areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err 

1 0 4071.10 10 0275.88 199.50 140 120 1.67E-04 31.6 
2 0 4405.28 3 0 74.65 306.00 259 95 5.01E-05 57.7 
3 0 4828.05 12 0509.57 443.00 353 181 2.00E-04 28.9 
4 0 5230.83 4 0100.62 576.00 533 87 6.683-05 50.0 

0.0% 

Fit 



VMS.Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:21:16 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

sa&ii :;tie : 96E-0640-02 

8019 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
: BL-123238-1 Sample quantity : 1.0000 L 

Sample type :uu Sample geometry : 
Elapsed live time: 0 16:38:37.99 Elapsed real time: 0 16:38:39.99 0.0% 
Energy tolerance : 100.00 keV Half life ratio : 8.00 

Efficiency type : Average value Efficiencies at : Peak Energy 
Abundance limit : 75.00 

Errors propagated: Yes Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72 . OOY 1.00 4.4303+00 
U-234 2.45E+05Y 1.00 4.6883-03. 
U-235 7.04E+08Y 1.00 -2.899E-03 
U-238 4,47E+09Y 1.00 -9.4003-03 

Wtd Mean 
Uncorrected 

--------- 
Total Activity : 4.4223+00 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

4.430E+00 0.250E+00 5.65 
4.6883-03 23.923-03 510.13 

-2.8993-03 12.963-03 -447.15 
-9.400E-03 18.80E-03 -200.00 

pCi/L 2-Sigma Error %Error Flags 

--------- 
4.422E+00 

@rand Total Activity : 4.4223+00 4.422E+OO 

Flags:  "KW = Keyline not found 11 M 11 = Manually accepted 
"Er = Manually edited ltA1l = Nuclide specific abn. limit 



DATACHElvI 
ALPHA SPECTROSCOPY REPORT 

******************************************************************************** 
* 

SAMPLE I D :  BL-123238-1. 
SAMPLE QUANT: 1 . 0 0 0 0  L 
DETECTOR #: 008 

LE TITLE: 963-0640-02 * 
E DATE: 24-OCT-1996 12:OO:OO * 

SED LIVE TIME: 59918.  * 
11.1955 * AVEIZAGE %EFFICIENCY: 19 .2353 * YIELD: 87 .8391 

TRACER DPM: 

******************************************************************************** 
* 

3ilE 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA PCi/L 2-SIGMA pCi/L 

U232 5306. 1889.000 4.000 100.00 5.0433+00 2.851E-01 3.2843-02 

U-234 4762 . 1.999 1 2 . 0 0 1  1OO.00 5.3373-03 2.7233-02 5.101E-02 

U-235 4386. 1 .000 3.000 80.90 -3.3013-03 1.4763-02 3.648E-02 

TJ-2 3 8 4185. 4 .001  1 0 . 0 0 1  99.80 -1.070E-02 2.141E-02 4.7363-02 

DATE : 

1 7 2  
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VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:22:38 

Configuration 
Analyses by 

le title 
le date 

Sa “4R ple ID 
Sample type 
Elapsed live time: 
Start energy 
Grosspet areas : 
N u n  avg bkg chans: 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2 
963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
96304514 Sample quantity : 0.20000 L 
uu Sample geometry : 
0 16:38:30.99 Elapsed real time: 0 16:38:42.99 0.0% 

Gross Background type : 
3429.64 keV End energy : 6508.37 keV 

2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4146.14 37 0308.14 226.84 142 121 6.183-04 16.4 
2 0 4425.33 9 0209.25 316.67 262 96 1.50E-04 33.3 
3 0 4811.43 70 0304.18 442.69 357 182 1.17E-03 12.0 
4 0 5289.09 1813 0 97.89 601.61 538 89 3.033-02 2.3 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:22:47 - 

Configuration 
Analyses by 

le title 
le date 
le ID 

Sample type 
Elapsed live time: 
Start energy 
Grosspet areas : 
Nun avg bkg chans: 

a 
DKAO:[ALPHA.ALUSR.ARCHIVE.BlB_010_NONE.CNF;377 8 0 1 9  
ROIPEAK V1.2 
96M-0303-10 
18-OCT-1996 14:52:01 Acquisition date : 18-OCT-1996 14:52:25 
010 Sample quantity : 1.0000 SAMPLE 
NONE Sample geometry : 
0 16:38:37.00 Elapsed real time: 0 16:38:30.00 0.0% 
3427.76 keV End energy : 6511.45 keV 

Gross Background type : 
2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4068.85 6 0235.99 202.00 142 121 1.00E-04 40.8 
2 0 4404.65 3 0 29.09 309.50 262 96 5.01E-05 57.7 
3 0 4828.52 3 0232.76 447.50 357 182 5.01E-05 57.7 
4 0 5233.82 4 0113.15 582.00 538 89'6.683-05 50.0 



VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:23:01 6014 
Configuration 
Analyses by 

le title 
le date a le ID 

Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance 1 imi t : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
96304514 Sample quantity : 0.20000 L 
uu Sample geometry : 
0 16:38:30.99 Elapsed real time: 0 16:38:42.99 0.0% 

100.00 keV Half life ratio : 8.00 

Average value Efficiencies at : Peak Energy 
Yes Systematic Error : 0.00 % 

75 . 00 
Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72 . OOY 1.00 2.2123+01 
U-234 2.45E+05Y 1.00 8.1943-01 
U-235 7,04E+08Y 1.00 9.070E-02 
U-238 4,47E+09Y 1.00 3.7993-01 

Total Activity : 2.3413+01 

Wtd Mean 
Uncorrected 

--------- 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

0.127E+01 5.74 2.212E+01 
8.194E-01 2.107E-01 25.71 
9.070E-02 10,483-02 115.51 
3.7993-01 1.612E-01 42.43 

2.341E+01 

2-Sigma Error %Error Flags PCi/L 

--------- 

@rand Total Activity : 2.3413+01 2 . 341E+01 
Flags: YCW = Keyline not found IIMII = Manually accepted 

= Manually edited "A" = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

*******************************************************************~*-*********** 
* 

LE TITLE: 963-0640-02 * SAMPLE I D :  96304514 
LE DATE: 24-OCT-1996 12:00:00 * SAMPLE QUANT: 0.2000 L 
SED LIVE TIME: 59911. * DETECTOR # :  010 

AVERAGE %EFFICIENCY: 18.4442 * YIELD: 87.7371 
11.1955 * TRACER DPM: 

******************************************************************************** 
* 

a 
NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/L 2-SIGMA pCi/L 

U232 5306. 1809.000 4.000 100.00 2.5223+01 1.4473+00 1.714E-01 

U-234 4762. 67.000 3.000 100.00 9.3393-01 2.4613-01 1.541E-01 

U-2 3 5 4386. 6 . 000 3.000 80.90 1.034E-01 1.196E-01 1.904E-01 

U-2 3 8 4185. 31.001 5.999 99.80 4.3303-01 1.8543-01 2.010E-01 

******************************************************************************** 

DATE : 
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TTprIs Peak Search Report V1.9 Generated 25-OCT-1996 09:23:22 8 0 1 9  
Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 

le title : 963-0640-02 
e date : 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 

: 96304515 Sample quantity : 0.20000 L 
Sample type : u u  Sample geometry : 
Elapsed live time: 0 16:38:47.00 Elapsed real time: 0 16:38:42.99 
Start energy : 3442.27 keV End energy : 6515.04 keV 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err 

1 0 4181.72 22 0 4.27 235.14 139 121 3.673-04 21.3 
2 0 4386.38 6 0237.13 301.17 259 96 1.003-04 40.8 
3 0 4877.90 33 0358.90 462.06 354 183 5.513-04 17.4 
4 0 5291.92 2019 0 83.78 600.23 536 88 3.373-02 2.2 

0.0% 

Fit 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:23:31 

Configuration : DHAO:[ALPHA.ALUSR.ARCHIVE.B]B~Oll~NONE.CNF;377 
Analyses by : ROIPEAK V1.2 

le t i t l e  : 96M-0303-10 
le date : 18-OCT-1996 14:52:02 Acquisition date : 18-OCT-1996 14: 
le ID : 011 Sample quantity : 1.0000 SAMPLE 

Sample type : NONE Sample geometry : 
Elapsed live time: 0 16:38:39.99 Elapsed real time: 0 16:38:30.00 
S t a r t  energy 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

: 3447.77 keV End energy : 6526.39 keV 

% 52: 25 

0.0% 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4071.08 3 0127.27 199.00 139 121 5.01E-05 57.7 
2 0 4403.98 3 0108.18 306.50 259 96 5.01E-05 57.7 
3 0 4827.14 6 0340.44 445.00 354 183 1.00E-04 40.8 
4 0 5231.92 7 0209.99 579.50 536 88 1.17E-04 37.8 



8019. VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:23:42 

Configuration 
Analyses by 

le title 
,le date 

S 3Ili le ID 
Sample type 
Elapsed live time: 
Energy tolerance : 
Errors propagated: 
Efficiency type : 
Abundance limit : 

MCAO:[ALPHA]ALPHAO$l 
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
963-0640-02 
24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
96304515 Sample quantity : 0.20000 L 
uu Sample geometry : 
0 16:38:47.00 Elapsed real time: 0 16:38:42.99 0.0% 
100.00 keV Half life ratio : 8.00 

Average value Efficiencies at : Peak Energy 
Yes Systematic Error : 0.00 % 

75 . 00 
Summary of Nuclide Activity 

Tota l  number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72 . OOY 1.00 2.301E+01 
U-234 2 . 45E+05Y 1.00 3.0883-01 
U-235 7,04E+08Y 1.00 4.240E-02 
U-238 4.47E+09Y 1.00 2.1773-01 

Total Activity : 2.3583+01 

Wtd Mean 
Uncorrected 

--------- 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

0.127E+01 5.53 2.301E+01 
3.088E-01 1.432E-01 46.37 
4.24OE-02 8.483E-02 200.06 
2.177E-01 1.148E-01 52.73 

2 . 358E+01 

2-Sigma Error %Error Flags PCi/L 

--------- 

e r a n d  Total Activity : 2.3583+01 2.358E+01 

Flags: "KW = Keyline not found tlM1l = Manually accepted 
"E" = Manually edited IIAII = Nuclide specific abn. limit 



DATACHEN 
ALPHA SPECTROSCOPY REPORT sarg 

******************************************************************************** 
* 

SAMPLE TITLE: 963-0640-02 * SAMPLE I D :  96304515 
E DATE: 24-OCT-1996 12:OO:OO * SAMPLE QUANT: 
SED LIVE TIME: 59927. * DETECTOR # :  0 1 1  

AVERAGE %EFFICIENCY: 19.7179 * YIELD: 91.2549 
TRACER DPM: 

******************************************************************************** 

0.2000 L 

11.1955 * 
w 

* 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA pCi/L 2-SIGMA pCi/L 

U232 5306. 2011.999 7 .001  IOO.00 2.522E+01 1.393E+OO 1.918E-01 

U-234 4762. 26 .999  6 .001  100.00 3.3843-01 1.580E-01 1.803E-01 

U-2 3 5 4386. 3.000 3.000 80.90 4.6473-02 9.30031-02 1.712E-01 

U-2 3 8 4185. 19 .000  3.000 99.80 2.38631-01 1.265E-01 1.3883-01 

******************************************************************************** 

DATE: 
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VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:24:04 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 
Sam le title : 963-0640-02 

le date : 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
le ID : 96E04516 Sample quantity : 0.20000 L 

Sample type : u u  Sample geometry : 
Elapsed live time: 0 16:38:44.99 Elapsed real time: 0 16:38:42.99 0.0% 
Start energy : 3467.76 keV End energy 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

: 6571.00 keV 

di 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4168.28 15 0 4.70 222.33 131 120 2.503-04 25.8 
2 0 4460.67 4 0156.88 316.25 250 96 6.683-05 50.0 
3 0 4809.65 31 0 30.32 429.58 345 181 5.173-04 18.0 
4 0 5299.23 1826 0100.83 590.94 525 87 3.053-02 2.3 



W S  Peak Search Report V1.9 Generated 25-OCT-1996 09:24:12 

Analyses by : ROIPEAK V1.2 
Sample title : 96M-0303-10 

: DKAO:[ALPHA.ALUSR.ARCHIVE.B]B 012-NONE.CNF;379 8019 Configuration - 

: 18-OCT-1996 14:52:03 Acquisition date : 18-OCT-1996 14:52:25 
: 012 Sample quantity : 1.0000 SAMPLE 
: NONE Sample geometry : Sample type 

Elapsed live time: 0 16:38:29.00 Elapsed real time: 0 16:38:30.99 0.0% 
Start energy : 3451.12 keV End energy : 6552.80 keV 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

:@: 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit 

1 0 4064.44 5 0226.56 190.50 131 120 8.35E-05 44.7 
2 0 4402.96 2 0 9.85 297.50 250 96 3.343-05 70.7 
3 0 4829.72 6 0420.29 435.00 345 181 1.00E-04 40.8 
4 0 5233.69 4 0180.59 568.00 525 87 6.6831-05 50.0 



VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:24:24 $619 
Configuration : MCAO:[ALPHA]ALPHAO$l 

: ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 
: 963-0640-02 
: 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 

Sample ID : 96304516 Sample quantity : 0.20000 L 
Sample type : u u  Sample geometry : 
Elapsed live time: 0 16:38:44.99 Elapsed real time: 0 16:38:42.99 0.0% 
Energy tolerance : 100.00 keV Half life ratio : 8-00 

Efficiency type : Average value Efficiencies at : Peak Energy 
Abundance limit : 75.00 

Errors propagated: Yes Systematic Error : 0.00 % 

Summary of Nuclide Activity 

Total number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72. OOY 1.00 2.2173+01 
0-234 2.45E+05Y 1.00 3.0423-01 
U-235 7 04E+08Y 1-00 3.007E-02 
U-238 4,47E+09Y 1-00 1.219E-01 

Wtd Mean 
Uncorrected 

--------- 
Total Activity : 2.2623+01 

a r a n d  Total Activity : 2.2623+01 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

0.127E+01 5.74 2.217E+01 
3 042E-01 1.484E-01 48.78 
3.007E-02 7.3693-02 245.06 
1.219E-01 1 091E-01 89.52 

2 e 262E+01 

2-Sigma Error %Error Flags P C i D  

--------- 

2.2623+01 

Flags: "Kn = Keyline not found IIM1' = Manually accepted 
"E" = Manually edited = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 8 0 1 9  

******************************************************************************** 

SAMPLE TITLE: 963-0640-02 * SAMPLE I D :  96304516 
E DATE: 24-OCT-1996 12:OO:Oo * 
ED LIVE TIME: 59925 .  * DETECTOR # :  012 

* 
SAMPLE QUANT: 0 .2000 L 

AVERAGE %EFFICIENCY: 18 .5340  * YIELD : 87 .9191  
TRACER DPM: . 11 .1955  

******************************************************************************** 
* 
* 

s 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN A C T I V I T Y  ERROR MDA 
AREA P C i P  2-SIGMA pCi/L 

U232 5306.  1 8 2 1 . 9 9 9  4 .001  100 .00  2.5223+01 1.447E+00 1.702E-01 

U-2 3 4 4762. 24 .998  6.002 100 .00  3.4603-01 1.699E-01 1 .9923-01  

U-235 4386. 1 . 9 9 9  2 .001  8 0 . 9 0  3.4203-02 8.3843-02 1.638E-01 

U-2 3 8 4185. 9 .999  5 . 0 0 1  99 .80  1.386E-01 1.2443-01 1 .8583-01  

******************************************************************************** 

DATE : 
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8019 vplls Peak.Search Report V1.9 Generated 25-OCT-1996 09:24:45 

Configuration : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2 

S e e  date 
S le ID 
Sample type :w Sample geometry : 
Elapsed live time: 0 16:38:39.99 Elapsed real time: 0 16:38:42.99 
Start energy : 3434.22 keV End energy : 6524.56 keV 
Grosspet areas : Gross Background type : 
Num avg bkg chans: 2 Critical level : No 

Sa le title : 963-0640-02 
: 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 
: 96E04517 Sample quantity : 0.20000 L 

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err 

1 0 4144.61 27 0 77.60 223.93 140 120 4.513-04 19.2 
2 0 4417.42 10 0252.20 311.30 259 96 1.673-04 31.6 
3 0 4856.18 53 0419.49 454.00 354 182 8.853-04 13.7 
4 0 5290.89 1830 0 78.38 598.17 535 87 3.053-02 2.3 



VMS Peak Search Report V1.9 Generated 25-OCT-1996 09:24:55 s a  rf 
Configuration : DKAO:[ALPHA.ALUSR.ARCHIVE.B]B - 013_NONE.CNF;372 
Analyses by : ROIPEAK V1.2 

le title : 96M-0304-10 
le date : 18-OCT-1996 14:52:04 Acquisition date : 18-OCT-1996 14:52:25 
le ID : 013 Sample quantity : 1.0000 SAMPLE 

Sample type : NONE Sample geometry : 
Elapsed live time: 0 16:38:41.00 Elapsed real time: 0 16:38:30.99 0.0% 
Start energy : 3434.81 keV End energy 
Grosspet areas : Gross ,Background type : 
Num avg bkg chans: 2 Critical level : No 

: 6525.40 keV 

a 
Pk It Energy Area Bkgnd EWHM Channel Left Pw Cts/Sec %Err Fit 

1 o 4068.58 5 0281.41 199.50 140 120 8.343-05 44.7 
2 0 4403.40 1 0 3.23 306.50 259 96 1.673-05100.0 
3 o 4aza.ig 13 0517.53 444.50 354 182 2.173-04 27.7 
4 0 5231.58 2 0 51.75 578.00 535 87 3.34E-05 70.7 



8 0 1 9  VMS Nuclide Identification Report V2.9 Generated 25-OCT-1996 09:25:07 

Conf igurat ion : MCAO:[ALPHA]ALPHAO$l 
Analyses by : ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.5,NID V3.1,WTMEAN V1.8 

!3a& ;;tie : 96E-0640-02 
le date : 24-OCT-1996 12:OO:OO Acquisition date : 24-OCT-1996 09:45:25 

Sample type : w  Sample geometry : 
Elapsed live time: 0 16:38:39.99 Elapsed real time: 0 16:38:42.99 0.0% 
Energy tolerance : 100.00 keV Half life ratio : 8.00 

Efficiency type : Average value Efficiencies at : Peak Energy 
Abundance 1 imi t : 75.00 

: 96304517 Sample quantity : 0.20000 L 

Errors propagated: Yes Systematic Error : 0.00 % 

Summary o f  Nuclide Activity 

T o t a l  number of lines in spectrum 4 
Number of unidentified lines 0 
Number of lines tentatively identified by NID 4 100.00% 

Nuclide Type : ALPHA 

Nuclide Hlife Decay pCi/L 
U-232 72 . OOY 1.00 2.2373+01 
U-234 2.45E+05Y 1.00 4,8943-01 
U-235 7.04E+08Y 1.00 1.361E-01 
U-238 4.47E+09Y 1.00 2.6973-01 

Wtd Mean 
Uncorrected 

--------- 
Total Activity : 2.3263+01 

Wtd Mean 
Decay Corr Decay Corr 2-Sigma 

2.2373+01 0.128E+01 5.72 
4.8943-01 1.994E-01 40.75 
1.361E-01 1.004E-01 73.78 
2.6973-01 1.390E-01 51.53 

2.3263+01 

PCi/L 2-Sigma Error %Error Flags 

--------- 

@rand Total Activity : 2.3263+01 2.326E+Ol 

Flags: VW = Keyline not found 
"Ew = Manually edited 

llM1l = Manually accepted 
I1Al1 = Nuclide specific abn. limit 



DATACHEM 
ALPHA SPECTROSCOPY REPORT 

******************************************************************************** 
* 

LE TITLE: 96E-0640-02 * SAMPLE ID: 96304517 
LE DATE: 24-OCT-1996 12:OO:oo * 
SED LIVE TIME: 59920. * DETECTOR #: 013 

AVERAGE %EFFICIENCY: 18.4321 * YIELD: 88.7035 
TRACE3 DPM: 11.1955 * 

SAMPLE QUANT: 0.2000 L 

* 
******************************************************************************** 

NUCLIDE ACTIVITY SUMMARY 

NUCLIDE ENERGY NET BKG %ABN ACTIVITY ERROR MDA 
AREA PCi/L 2-SIGMA pCi/L 

U232 5306. 1828.000 2.000 100.00 2.5223+01 1.4423+00 1.321E-01 

U-2 3 4 4762. 40.000 13.000 100.00 5.5173-01 2.2713-01 2.72633-01 

U-235 4386. 9.000 1.000 80.90 1.5353-01 1.135E-01 1.304E-01 

0-2 3 8 4185. 22.000 5.000 99.80 3.041E-01 1.576E-01 1.8523-01 

******************************************************************************** 

I&i?ED BY: DATE : 
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Section 2. Instrument Performance and Calibration Data 
a Spectrometry 

Inventory Checklist 

Alpha Spectrometry System, Batch QC Charts 

Prlmaxy Calibration 

0 ECOF'FSET (Energy Calibration Offset) 

0 FWHMCONSTM (Constant FWHM) 
0 AVRGEFF (Average Efflciency) 

0 PSENERGY-PU239 (Peak Energy Pu-239) 

0 PSFWHM-PU239 (Peak FWHM Pu-239) 
0 NIAcnrTy-PU239 (Decay Corrected Activity Pu-239) 
Secondary Calibration 

0 ECSLOPE (Energy Calibration Slope) 

0 ECOFFSET (Energy Calibration Offset) 

0 FWHMCONSTANT (Constant FWHMI 
0 PSENERGY-PU239 (Peak Energy Pu-239) 

0 PSFWHM-PU239 (Peak FWHM Pu-239) 
0 NIAC"Y-PU239 (Decay Corrected Actlvily Pu-239) 
Daily Pulsar Calibration 
0 PSENERGY-5000 (Peak Energy 5000 kevl 

PSCENTRD-5000 (Peak Centroid 5000 kevl 

0 PSFWHM-5000 (Peak FWHM 5000 kev] 

PSCTSS-5000 (Counts/Second 5000 kevl 

BACKRATE (Background Rate) 

' 0 ECSLOPE (Energy Calibration Slope) 

Ff 

F 
Background of Chamber 

Section 2. Instrument Performance and Calibration Data 
a Spectrometry 
Reviewer Checklist 

-k 
A 
- 

The Instrument Performance and Calibration Data Inventmy Checklist above is complete. 

Specified analytical protocols are followed for partfcular contxact requimnents. 
Conditions of instrument setup are noted. d 

& NCWs) noted. and affected instruments not used. a 



a 
3 

. .  
I Y t  a a  

1 -  
I I u *  
c c v  
U 

- . O a  
w 3  E o  
H L  

m c  

8 0 1 9  
3 
0 
-I 

L 

C 
3 
E 



W Q ,  

H I 
E d  

a t  
s a l  

0) 

al 
c, 
rd 
0 & 

al 
Q. 
n 
3 

x .  
x .  

' X  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . . . . . . . . . . . . .  

X 
X 

X 
x .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . . . . . . . . . . . . .  
x :  

.X 
X 

: X  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . . . . . . . . . . . . . . . .  

X: 
X '  

x .  
x .  

x .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

: X  
X 

X :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
: x  

x .  
x .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
X 

X 
. . . . . . . . . . . . . . . . . : . . . . . . . . . . x . . . . . : . . . . . . . . . . . . . . . . .  

. . .  

. . .  

X 
X 
X 

* x  
. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

- x  
X 

. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 

N 

CT) 

d 

m 
m Q, 

N 

& 
al 
13 
E 
3 z 
S 
3 
a! 

a $  
u n  



8019 
3 
c) 
-J 

a 
3 

X 
X 

X I  I" 

m 
m 

X .  
e x  

X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. x  
X '  

. . . . .  

X w 
H 
E . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

x .  
x :  

x .  
x .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
e x  

x .  

4 
I 

a 
I 
I 
0 
I- 
U 
m 

I 
d 
N . . . . . . . .  

n 

C 
3 
CY CY a . . x . . . . . . . .  : . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  

X 

X 
x .  . . . . . . . . . . . . .  . # . . . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . .  

X 
x .  

X 
X . . . . . . . . . . . . . . . . . . . . . . . . % . . . . . . . . . . . . . . . . . . . . . . .  

x .  
x .  
. _  

X 

a- - 

x .  

x .  
Am . . . . . . . . . . . . . . . . x . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . .  

- X 
I ,, 

I. 

m 0 v) 
d d 

L a  
a 3  
U O  WHmj m - r  



a 
3 

3 
0 
J 

a u a  . m  

a u o  
0 

. . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

t - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

t - 

. .  

. .  

. .  

. .  

X 
. .  

X 

. .  

x .  
x .  

. . x  . . . . . .  x 
X 

X 
x .  

. . . . .  . x .. 

x .  

x :  

X 

X 
x :  . .  x . .  . . . .  

x .  
X 

X :  
X 

. . . . . . . . .  
X 

x .  
. . . . .  * x*: 
X 
X 

X 
x .  

. . .  .x . . . .  

x .  
X 

X 
X 

x. . . . . . . .  
x .  

x .  
x :  

. . . .  .x  ... 
x .  

X 

x -  
. .  .x . . . . .  

X 
X 

t 
3 
Ly 

d 
N 

N 
N 

cv 
*. 

03 
d 

\D 
d 

. .  



8019 
n 
3 

3 
0 
-I 

1 X I 

X 
X 

.X. 
X 
X 
X 

X 
x. 
X 
X 
X 

X 
. X  

. .  ... . .  

. .  

. .  

. . .  

. . .  

. . .  

. . .  

. . .  

. .  

. .  

. .  

. .  ... ... 

... . .  . . .  
X 

I ('' 
X 
X 
X 

. . .  ... . X  
X 

X 
X 
X 

x* 
X 

. .  

X w - 3  
E > O  
H d l L  

c 
3 
Ly 

X 
X 
X 
X 
*x * 
X 
X 
X 

. . .  . .  . .  , .  , . .  

X 

X 

X 
X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

X 
I X I - I -  X : I  
J I \# I 1 

,\ 

0 
Lo 
d 
LD 

0 
0 
rl 
LD 

A W  66Znd 



a 
3 

x I 

. x  

. . . . . . . . . . . . . . . . . . . . . . . . .  x . .  . . . . . . . . . . . . . . . . . . . .  .:. . . .  

I v I 
I. 

x .  
x :  

I X .  

w m  
H I 
E d  

C 
3 *X ., 

A I . .  . . . . . . . .  . I . .  . .  x . .  . . .  .:. . . . . . . . . . .  .:. . . . . . . . . . .  .:. . . . .  

I x 
Y 

I .. 
x -  
. . . . .  

. . . . .  

. . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . . . . . . . . . . . .  m 
rl 

. . . . . . . . . . . . . . . . . . . . .  
X 

. x  

a x  
X 

. . . . . . . . . . . . . . . . . . .  . X  
X 
X 

X 
X . . . . . . . . . . .  .. . . . .  .x . . .  

X 
X - X 

. . . . . . . . . . . . . . . . . .  0 
rl 

. . . . . . . . . . . . . . . . . .  m 

4 
0 
m 

0 
m 

0 
U 

0 
N 

0 
rl 

WHPU 6&Znd . 



8019 
a 
3 

3 
0 
-I 

O Z N  - 
Lo 

.... I /\ I .  
I ., 

I. I 
- -  

. . . . . . . . . . . . . . . . . . . . . .  4-4 . . . . . . . . . .  .: . . . . .  
I ., . I\ . I 

1 , I 
I ., 

I. . I 

- .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  b-4 . . . . . . . . . .  ... I /, I 

-* 

., 1. \, 
I. I - . . . . . . . .  I . . . . . . . . . . . .  1-1 . . . . . . . . . . . . . . . . . . . . .  

I \I 
I\ I 

t \. /. i 

I \/ /. I 
. . . . . . . . . . . .  .1-1 . . . . . . . . . . . . . . . . . . . .  .* .  . . . . . . .  

. . . . . . .  

. .  

I .  ./ /. I 

- :  
- .  

I .  
. : . . . .  .1-1 . . . . . . . . . . . . . . . . . . . . . . . . . .  

\, 
/\ I 

- .  
I ., . 

,\ I 

-. 

I ., 
I\ I 

. . . . . . . .  : . . . . . . . . . . . . . . . . . . . .  .1-4 . . . . . . . . . . . . . .  - 
I ., 

/\ 4 

., 
#, 

. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

. .  . . .  

- 
I \I 

,\ . I 
I ., ,. 4 - 

.t-1. . . . . . . . . . . . . . . . . . . . . . . . .  - 
-. 

t ., 
I. I - , .  , .  

., ,. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  

0 
rl 
rl rl 

0 
0 

Wd3 6&Znd 

JAN 2 5 1996 



3 
0 
J 

. . .  I . .  Ln 
Q 

. .  

. .  

. .  

. .  

. .  

. .  

. . . . . . . . . . .  

. . . . . . . . . . .  
. x  

* -  
. . . . . . . . . . .  

. . . .  .>4.. . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

- 

X 

X 
. . x  . . . . . . . . . . . .  

X 

X 

X 
X 

X 
. . . . . .  . x . .  . . . . .  

X 
X 

. . . . . . .  . x .  . . . . .  

X 

X 

X 

X 
X 

. . . . . . . . . . . . . . .  
X 

X 
X 

X 
. . . . . . . .  . . . . . .  

X 
X 

X 
X 

. . . . . . . . . . . .  x . .  
X 

X 
X 
X . . . . . .  . x . .  . . . . .  

X 
x 

X 
X 

. . . . . . . . . . . % . .  
X 
X 

X 
X . . . . . . .  . x . .  . . . .  

X 
X 

X 

. . . . . . . . . . . . . . . . . . . .  Ln 
Q 

. . . . . . . . . . . . . . . . . . . . . . . .  

0 
Q 

. . . . . . . . . . . . . . . . . . . . . . . .  

Ln 
c3 

. . e . . . . . . . . . . . . . . . . . . . . -  

. . .  0 . . . . . . . . . . . . . . . . . . . . .  
c3 

. .  
In 
N 

. . . . . . . . . . . . . . . . . . . . . . . .  

0 
N 

. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  
d 

0 
d 

. . . . . . . . . . . . . . . . . . . . . . . .  

In . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  Ln 
c3 

0 
0 
In 
c*) 

I. 

0 
0 
d 
cc) 

QC? 2 2 1996 

L o 
-Q 
E 
3 
z 
S 
3 
Q: 

2 3 2  



8 0 1 9  
3 
0 
-1 

m 
m m 

0 
=r 

LD 
cv 

m 

m 

N 

m 

d 

m 

L .  
Q) a 
E 
3 z 

0 
cv 

m 
d 

0 
d 



2 
L 
a, 
c, 

a 
3 

X 



. . . . . . . . . . . . . . . . . . .  - cn 
d 

. .  

. .  

. .  

. .  

. .  

. 

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

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

0 
w 

LD 
c3 

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

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

0 
w 

LD 
c3 

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

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

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

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

0 
N 

m 
d 

0 
d 

In 

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

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

. -  

- -  

0 
N 

m 
d 

0 
d 

In 

1 
3 
0 

X 

X 
X 

. . . . . . . .  x . . . . . .  
X 

X 
X 

. . . . . . . .  . . . . . .  

: X  
. . . . . .  _ .  x . . . . . . . . . . . . . .  

X 
X 

X 
X 
. . . . .  .x. . . . . . . . .  

X 

. . . . . .  

. . . . . .  . . . . . . . .  

x 
X 

X 
. . . . . . . . . . . .  .x. . 

X 
X 
X 

X 
. . . .  .x . . . . . . . . .  

X 
X 

X 
X 

. . . . . . . . . . . .  
a x  

X 
X 

X 
X 

. . . . . . . . . x . . . . .  
X 

X 
X 

X 
. . . . . . .  .x. . . . . . .  

X 
X 

X 

. . . .  . . . x . .  . . . . .  X 

X 
X 

X 

. . . .  . . . . . . . .  . .  

L 

. . . . . .  . . . . . . . .  . .  

. . . . . . . .  . . . . . .  

. . . . . . . .  . . . . . .  
. N  nn 

. . . . . .  . . . . . .  . . . . . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . .  . . . . . .  . . . . . .  

. -  

In 
In 
4 
LD 

,. 
0 
LD 
d 
LD 

0 
d 
d 
ln 

,431 66Znd 

2 3 5  001230 



X 

0 
00 

a 
(3 WHmA 662nd 

t 
3 
Ly 



a 
3 

8 0 1 9  
3 
0 
1 

t o  
I O  
0 I 
c r l  

r u  n r c u r n  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  b-1 . . . .  
I \, 

I. I 

- ‘  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:- - 
-- 

e .  t ., 
,\ I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- 
I \, 

I\ I 

I ., ,. I 

:- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . b - I . . . . . . . . . .  

I \8 
I\ I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- - - - * 

I\ . 4 

I \, - 
A I - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :b-* . .  - - 
* .  

I .I * I 

-’ 

. -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :.E., 

. . . .  . . .  

I ., 
I\ . I 

- -  
* -  

. . . . . . . . . . . . . . . . .  .I-+ i . .  . . . . . . . . .  I - 
t . :: I 

I :: I - -- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I .  \, ,. I - 
0 0 

. .  

. .  

. .  

. .  

. .  

. .  
4 

. .  

. .  

L 

v) 
d 

0 
w 

v) 
m 

0 
0 

L a, 
53 

L n f  
N 3  

Z 

0 
cu 

LD 
rl 

0 
rl 

Lo 

Wd3 6EZnd 



0 
I 

0: m 

X 
X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . x . .  . . . . . . . .  . -  

X 
X 

X 
X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x . . . . . . -  

X 
X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 
X 

X 
X 

X 
. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

X 
X 

. . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . . . -  

x .  
X 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . #  . . . . . . . -  
X 

X 
X 

X 
. x .  . . .  .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 
X 

X 
. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

X 
I I 

0 0 
rn cv 

., 
I\ 

0 
, f M X  

n 
0 

In 
d 

0 
d 

m 
m 

0 
m 

In 
N 

0 
N 

In 
d 

0 
d 

J 
a 
a 
a 
a 

I 
J 

U 

L U  0)s 
3 w  

0 
0 
0 
0 

In 
cv 
r 
an 
3 
0 
L 
1 
3 

0 
0 
0 
0 

0 
d 

L 
Q) 
13 
E 
3 z 
C 
3 
Ly 

2 3 8  



8019 
a 
3 

0 
0 
0 
0 

In 
9 

L 
Q) a 
n 
3 
\ 

X 
v 

X I, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '165 

X 

X 
I v I A 

X 
X L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 1 .  X 
X 

I X 

ln 
X 

X 
, . . . . . . . . . . . . . . . . . . . . . . x . . . ' . . . . . . . . . . . . . . . . . . . . . . . . . . . -  

x -  
x :  
\/ 
,\ 

In 0 ln 
rD a I n -  

2 3 9  



l 
-r 

3 
0 
J 



P 
3 

X 
. x  

X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . . . . . . -  

X 
e x  

X .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . . . . . . . . . . -  
x .  

X 
X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . . . . . . . . . . . . . . . . -  

X 
X 

X 
x :  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. x  
x 

e x  
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . -  
X 

: X  

x 
X .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X: 
* X  
. x  

# 
. . . . . . . . . . . . . ' . . . . . . . . . . . . . . # . . . ' . . . . . . . . . . . . . . . . . . . . . . . -  

X 
' X  

X: . . . . . . . . . . . . . . . . . . . . . . . . . .  #. . . . . . . . . . . . . . . . . . . . . .  .. . . .  .- 
X 

. x  
' X  

X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . -  

X 
x 
: x  - I \# I 

0 0 0 
N rl 0 

,. I 

0 1  

In 
U 

0 
U 

Ln 
m 

0 
m 

In 
N 

0 
N 

In 
d 

0 
d 

In 

a 0  
U I  

I- o a 
E 
3 z 
S 
3 



a 
3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 

0 
<c) 

3 
0 
J 

X 
X 
X 

. . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . x . . . . . . . . . . . . . . . . . . . . -  Lo 
d 

X 
X 
X 

X 
0 
d 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x. . . . . . . . . . .  - 
X 

X 
X 

X 
. . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . -  LD 

CT) 
X 

X 
X 
X . . . . . . . . . . . . . . # . . . , . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . -  0 

CT) 

X 
X 

X 
X 

In 
N 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . K  . . . . . . . . . . . . . . -  
X 

X 
X 

X 
: . . . . . . . . . . . . . . . . x . . . . . . . -  0 

N 
X 

X 
X 

: . . . . . . . . . . . . . . . x . . . . . . . -  In 
d 

X 
X 

X 
X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  0 

d 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Lo 
X 

X 
X 

X 
1 \# 

0 0 
N d 

/\ 

L 
0 
E 
3 
z 



80 19 
a 
3 

3 
0 
A 

X 

x :  
d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

x .  

X 
X 
X ...................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c a 3  a rdc, o 
uncn-r 

I 

X 
X 
X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .-I.) 
x .  

X 

Lo 
a 0 

a 
Ln 
Ln 

2 4 3  



a 
3 

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . .  .x. . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  
X 

8619 
3 
0 
A 

L o  
U I  
. I n  

a 0  

I- 

o 
m c ,  

. . . . .  

. . . . .  

. . . . .  

. . . . .  
.. 

. . . . .  

. . . .  

. . . .  

. . . .  

x .  

. . . .  

X .  
X 

X 
. . . . .  x . . . . . . . . . .  

* x  
: x  

X 
X . . . . . . .  . x . .  . . . . .  

X 
X 

x .  
x :  

x 
'X 

. . . . . . . . . .  .x.. . .  

X 
X . . . . . . . . . . . . .  
X 

X 
X 

X 

X 
X 
X 

. . . . . .  . x . .  . . . . . .  x: 
X 
X 

x .  

x .  
x .  

. . x . .  . . . . . . . . . . .  

X 

. . . . .  . x . .  . . . . . . .  X 

X 

x :  
X . . .  . x . .  . . . . . . . . .  

X 
X 

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

0 
0 
r) 
u) 

/\ 

0 
0 
0 
u) 

0 
u) 
QI 
d 

0 
0 
Q\ 
d 

S 
3 
n! 



8019 
3 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
X :  

X 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x . . . . . . . . . . . . .  

x .  
X 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x . . . . . . . . . . . . . . . . . . . .  
X 

X 
X 

x :  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* x .  
x 

- x  
X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  
X . .  

: x  

x 
X. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

x 
. X  
. x  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
: X. 

x 
X 

' X  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . .  
X 

. x  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

' X  

:. . x .  . 

.X 

X . . . . . . . . . . . . . . . .  

: x  
I \t I 

I\ 
I 

0 
N 
In 

0 
rl 
m 

0 

n 
U 

3 
d 

n 
?3 

3 
3 

tn 
N 

0 
N 

In 
d 

0 
d 

In 

c 
al 
13 
E 
3 
z 
S 
3 a 



3 
0 
J 

L U  
0 s  u w  

. . .  .... . . . . . . . .  

. . . . . . . .  

. .  

. .  

. . .  

... 

. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X .  

X 
x . . . . . . . . . . : . . . . . . . . . . . . . : . . .  

X 

LD 
d 
0 
0 

d 
0 
0 

Wd3 

. x  

* x  
X 

. . . . . . . . . . . . . . .  . x .  . . .  
x 

X 
X 

: x  

: x  
. . . . . . .  .x.. . . . . . . . . . .  

* x  
. x  

X 

. .  

. .  

. . . . . . . .  ..x. . . . . . . . . . . .  
X 

' X  x: 
x .  . . . . . . . . . . . . . . . . . . . . . .  

X 
x :  

% 
X 

. . . . . . . .  .'.>4 . . . . . . . . . . .  
X 

x :  

x 

x. 
x :  

X 

. . .  x . .  . . . . . . . . . . . . . . . . .  

X 
. x  

. . . . .  x. . . . . . . . . . . . . . . . .  
X 

x .  
' X  

X 
. . . .  .x . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . .  

In 
0 
0 
0 

L 
Q1 
Ll 
E 
3 z 
C 
3 
Iy 




