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Preface

The first edition of this report, prepared by D. C. George and L. Knight and released in
October 1982, presented physical-characteristic information for the various U.S. Department of Energy
radiologic-instrument calibration facilities located throughout the United States. The primary and sec-
ondary calibration facilities are maintained by the Technical Measurements Center. The second edition,
prepared by W. D. Steele and D. C. George and released in August 1986, was an effort to provide the
most current information available regarding the calibration facilities. This third edition is necessary to
keep current with changes to the facilities. Three secondary field calibration facilities were decomumnis-
sioned and several models were added to or removed from the primary calibration facility. Every at-
tempt has been made to ensure that the information presented is accurate.
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Summary

This report describes calibration facilities located at Grand Junction, Colorado, and at three second-
ary sites. These facilities are available to contractors for the calibration of radiometric field instrumenta-
tion for in situ measurements of radium, thorium, and potassium.

The U.S. Department of Energy and its predecessor agencies constructed all of the calibration facili-
ties described herein for use in annual uranium-reserve determinations. The use of these facilities for
the calibration of radiometric field instruments used in remedial action is made possible by the com-
monality of the radiometric measurement technique for uranium and for radium. The use of these fa-
cilities standardizes remedial action measurements in a cost-effective manner.

June 1994 vii



1.0 Introduction and Discussion

The U.S. Department of Energy (DOE) Office
of Environmental Management has responsibil-
ity for four major remedial action programs:
the Grand Junction Remedial Action Program
(GJRAP), authorized by congressional legisla-
tion,* the Uranium Mill Tailings Remedial
Action Project (UMTRAP), also authorized by
congressional legislation, the Formerly Utilized
Sites Remedial Action Program (FUSRAP),! and
the Surplus Facilities Management Program
(SFMP).™*

In support of these programs, the DOE Office
of Environmental Management established the
Technical Measurements Center (TMC) in 1982
at the DOE Grand Junction Projects Office in
Grand Junction, Colorado. RUST Geotech Inc. is
the current contractor responsible for operation
of the TMC.

A key component of TMC support is the de-
velopment, identification, standardization, and
maintenance of calibration facilities for environ-
mental radicelement measurements. The bore-
hole facilities also can serve as standards to
calibrate high-resolution passive gamma
logging systems for analyses of cobalt-60,
cesium-137, europium-152, europium-154, and
other man-made nuclides (Koizumi et al. 1991;
Brodeur et al. 1991; Koizum et al. 1994). Log-
ging systems calibrated for these anthropogenic
gamma-ray emitters have been used to assess
subsurface contaminants at the DOE Hanford
nuclear weapons facility in Washington State.

Over the past 25 years, DOE and its predeces-
sor agencies have been developing facilities for
calibrating gamma-ray-measuring instruments
used 1n uranium exploration. These facilities
.are also suitable for calibration of gamma-ray

instruments used for remedial action measure-
ments, specifically, in situ assays for natural
radionuclides. The calibration facilities are avail-
able for use free of at four sites located
throughout the United States The
primary calibration facilities are located at
Grand Junction, Colorado, and secondary facili-
ties are located at each of three sites: Casper,
Wyoming, Grants, New Mexico, and George
West, Texas.

In addition, calibration pads are currently
located at Niagara Falls, New York, and Middle-
sex, New Jersey (referred to herein as the PP
and NP calibration pads). These pads (and the
T pads currently located at Grand Junction,
Colorado) may be moved as requirements
change, and information as to their current loca-
tion is available from the TMC.

To use any of the facilities described in this
report, contact TMC personnel at

RUST Geotech Inc.

P.O. Box 14000

Grand Junction, CO 81502
(303) 248-6702

Fax (303) 248-6040

1.1 Description of the
Calibration Facilities

The calibration facilities provide distributed
sources of radium, thorium, and/or potassium.
In general, they were constructed by enriching a
concrete mix with uranium ore, monazite sand,
and/or orthoclase sand. The facilities consist of
pads and borehole models with the following
characteristics:

‘Pubic Law 92-314, “Radiation Exposure Remedial Action,” dated June 16, 1972. Also, “Amendments to Program Providing
Remedial Acton Regardng Uramum Mill Tailings,” dated Fabruary 21, 1978.
U S Pubihc Law, 1978, “Uraruum Mill Tallings Radiation Control Act of 1978," Public Law 95-604, November 8, 1978.

'In 1974, the Alomsc Energy Commission (AEC) initiated a survey program to identify all formerly utilized sites and determine
thew rachologc status The survey program was continued by the Energy Research and Development Administration (ERDA)
and he U S Department of Energy (DOE), successors 10 the AEC. In 1978, the Formerly Utilized Sites Remedial Action
Prograrn (FUSRAP) was established and a generic program plan was prepared by DOE. Legislative authority for 14 FUSRAP
sites s imphed N the Atormic Energy Act of 1954, as amended.

"The Atomic Energy Act of 1954, as amended, is the DOE's charter that gives it responsibility for the many Federal sites
and facdbes mnvolved in vanous nuclear programs. In 1978, a program plan, the Surplus Facilities Management Program
(SFMP). was estabhshed by DOE tor those sites and facilities classified as surplus and owned by the Federal Government.
Begnrung m FY 1982, Congrass directed that surplus facility projects be budgeted according to their primary use during
operation, that 15, energy-related or defense-related.

June 1994 1
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® Cylinders approximately 4 feet in diameter
by 2 feet high, referred to as “scintillom-
eter pads,” “spectrometer pads,” or
simply “pads.”

® Large-area slabs, 30 feet by 40 feet and
1.5 feet thick, referred to as “Walker Field
pads” because they are located at Walker
Field Airport in Grand Junction, Colorado.

e Cylinders and other equivalent
configurations approximately 4 feet in
diameter and up to 30 feet deep containing
boreholes along their axes, referred to as
“borehole models” or simply “models.”

This report presents descriptions of the
facilities and the accompanying physical-
characteristic information contained in Appendi-
ces A, B, and C. The values for radicelement
concentrations within the models and pads use
information from studies conducted by George,
Heistand, and Krabacher (1983), Heistand and
Novak (1984), and George, Novak, and Price
(1985). Information concermning dimensional de-
scriptions of the models and pads, as well as
maps to all of the calibration sites, have been
updated as required to reflect the latest avail-
able information. Concepts and details of calibra-
tion procedures for specific instruments are
beyond the scope of this report; however, many
of these procedures are presented in other TMC
reports (Marutzky and others, 1984; George and
Price, 1982).

1.2 Characterization of the
Calibration Facilities

Over the years, several studies have been per-
formed to characterize the models and pads re-
ferred to in this document. The information
provided in this third edition regarding the cali-
bration facilities is as current as possible. Every
effort has been made to ensure that the data are
consistent with DOE remedial action contractor
procedures.

June 1994

Concentrations were not assigned for the bar-
ren zones of the models in any of the recent
studies. Consequently, barren-zone data have
not been included in this report. Because some
parameters for the Grand Junction A and D
Models were not reassigned, the original assign-
ments have been included here in an effort to
present the most complete data set possible.
Footnotes presented with each data set are in-
tended to clarify the origin of the assigned
parameters.

[ables 1)|2, and| 3 ape summary descriptions
of pads and models at the calibration facilities.
The entries in the column labeled “Intended
Use” are not necessarily intended to be restric-
tions on the use of the calibration facility, be-
cause some models and pads are useful for
several instrument types. The entries in the col-
umn labeled “Approximate Concentration” are
meant only for order-of-magnitude compari-
sons. More precise values for the models and
pads can be found in Appendices A, B, and C.
The entries in the column labeled “Notes” sug-
gest appropriate uses for the pads and models.

Discussions of calibration procedures for spe-
cific instrument types can be found in TMC re-
ports by Marutzky and others (1984) and
George and Price (1982). It is recommended that
personnel involved in remedial action programs
who intend to utilize the calibration facilities
contact TMC personnel to discuss specific proce-
dures not covered in these documents.

Several units of measure have been used over
the years to represent radionuclide concentra-
tions. The accepted units for remedial action
programs are picocuries per gram. All concentra-
tions stated herein are reported in picocuries
per gram. Useful conversion factors are pre-
sented in Appendix D. In addition, Appendix D
contains the constants used to derive these con-
version factors. The derivation of the conversion
factors is discussed in Appendix E.
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Table 1. Summary of Surface Calibration Facilities for Radiometric Instruments

Approximate Concentration®

Pa
'"'E';:ed - n':“on Potassium-40  Radium-226°  Thorium-232" Location Notes
9 (pCVg) (pClg) (pPClg)
Portable wi 10 1 1 Grand Junction These large-area pads, 30 It by 40 ft, are in-
or Mobile w2 50 2 1 Airport tended for calibration of spectral *surface-
Instrument w3 20 2 5 surveying” instruments.
Calibrations w4 20 10 1
W5 50 8 2
Porable H1 10 1 1 GJPO® These pads are intended for calibration of
Spectrometer H2 50 1 1 portable spectral instruments.
Calibrations H3 10 160 1
H4 10 10 70
H5 50 100 20
Portable PK, XPK? 50 1 0 Al Sites These pads are intended for calibration of
Scintillometer PL, xpPLY 15 80 1 both scintiilometers and spectral instruments.
and Specirometer PH, XPHY 15 400 1
Calibrations PT, xPT? 15 7 30
PB, xPB? 0 0 0
NPL, PPL 11 16 1 See Footnote e
NPH, PPH 50 1 1
TLY, TL2, TL3, TL4 2 1 10 GJIPO®
TH1, TH3, TH3, TH4 5 1 40
Portable E1, E2, E4,ES 10, 10, 10, 10 30, 80, 400, 900 1,1, 1,1 GJPO® These pads are intendad for calibration of
Scintillometer XE29, XE4? 10, 10 80, 400 1,1 C,G T portable total-count instruments.
Calibrations
L1, L2, L3 100, 200, 400 GJPQ® These pads were made from the same

matetials as models A1, A2, and A3. These
pads have a 2-inch diameter vertical bore-
hole through the center of the pad.

*Concentrations shown are rounded to order of magnitude for purposes of comparison, Consult data sheets in Appendices A, B, and C for concentrations to be used for calibration.
byalues tabulated are radiometric equivalent (e) concentrations: see Appendices D and E.

ta IPO—Gmnd Junclion Projacts Oftice; C, G, T—secondary sites as explained i footnote d.
“The X designates any of the three secondary sites. C = Casper, Wyoming; G = Grants, New Mexico; T = George Wesl, Texas. For example CH is at Casper.

Al the time of publication, pad NPL was located ai Niagara Falls, New York, and pad NPH was located at Middiasex, New Jersey.
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Table 2. Summary of Subsurface Calibration Facilities for Radiometric Instruments

Approximate Concentration®

Intended o :’“dﬂ Potasslum-40  Radium-226°  Thorlum-232°  Location Notes
Use Seigoavon (pCl/g) (pCilg) (pCUg)
Spectral K 50 1 2 GJPO® The K, U, and T models are used to deter-
Logging System u 10 160 6 ' mine stripping factors for speciral logging
Calibrations T 10 10 500 systems. The U, BU, and XBU models are
Kw 40 120 200 useful for Ra calibrafions for total-count sys-
BK. XBK® 50 1 2 All Sites tems. The KW model has five different bore-
BU, XBU¢ 10 200 8 hole diameters; the enriched middle zone is
BT, xBT? 10 10 600 a mixture of Ra=Th=K,
8M, XBM® 40 130 500
Total-Count N3, U1, 700, 7000, GJPO® The high concentrations of models in this
Logging uz, U3 3000, 1500 : group make themn unsuitable for some log-
System WF BOO - ging systams. Lower “radium-only® concen-
Calibrations XL, XH¢ 800, 6000 C.GT trations can be found in other modeis. Tha
BL. BH, XBL, XBH® 300, 3000 GJPO® WF maodel is useful for water, casing, and
hole size corrections; the D model has a
lower Ra concentration and is similar to the
WF model.
Total-Count N1 700 GJPO® The high concenirations of these modsis
Logging Systems N2 1200 make them unsuitable for some logging
Measurements N4 700, 2600 systems. These models are for
N5 300, 600, 700, 2700, 4900 experimental use.
Total-Count and TDB-1, TDB-2 17 700 1 GJPO® These modeis are intended for the
Spectral Logging System total-count and spectral measurements of
Measurements af Thin thin dipping enriched zones.
Dipping Enriched Zones
Fisslon-Neuiron A1, A2, A3, Ad, AS, A6 90, 200, 500, 600, 200, 200 GJPO° These models are intended for fission-
Logging System D 200 GJPO® neutron logging system calibrations. How-
Calibrations BA. BB, XBA, XBB? €0, 800, 900 All Sites ever, they are useful for gamma-ray system

calbrations it they have not been recently
used with a neutron source. The D model
has saven different borehole diameters.

*Concentrations shown are rounded to arder of magnitude for purposes of companson. Consult data sheels in Appendices A, B, and C for concentrations 1o be used lor calibration,
byaiues tabulated are radiometric equivalent (e} concentrations, see Appendices D and E.

*GJPO—Grand Junction Projects Oftice; C, G, T—secondary sites as explained in footnote d.
“The X designates any of the three secondary siles. C = Casper, Wyoming; G = Grants, New Mexico; T = George West, Texas. For example CH is at Casper.
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Table 3. Summary of Calibration Facilities for Nontadiometric Instruments

Intended Pad Location Notes
Use Deslgnation
Porosity e i
(vol %) Density
(g/cm’)
Moisture/Porosity 5w 40 1.6 GJPO* These models are intended for calibration of
and Density SS, SB 20,5 22,26 molsture/porosity andfor density measure-
ment systems. Model SW Is water and sand
and also Is suitable for tool background
determination.
Magnetic Dry Bulk
Susceptibility Density
(1CGS) (g/cm’)
Magnetic Granite a8s 263 GJroO* This model is intended for calibration
Susceplibility Block of magnetic susceptiblity measurement
Calibration systems.
Depth (it)
Depth Odometer 3800-Foot 80.9 GJPO* This model is intended for verification of
Verification Test Hole 180.5

depth odometers using measurements of
radium sources placed at varlous depths.

*GIPO—Grand Junction Projects Office
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Primary Field Calibration Facilities

This appendix presents detailed information concerning location, layout, pad and model descriptions,
and radioelement concentrations for the primary calibration facilities at Grand Junction, Colorado.
These facilities are administered by the U.S. Department of Energy Grand Junction Projects Office and
are maintained and operated by the Technical Measurements Center.

Questions concerning use of the facilities and/or calibration procedures should be addressed to the
Technical Measurements Center.
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Map to Grand Junction Calibration Site
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Layout of Grand Junction Calibration and Test Site

O
300-1t Test Hole
"Esa“@&z
Geophysical Test Area
Fence
Thin Dipping
O o O Bed Models
PB PK
TDB-1 TDB-2
O O @] O
PT H3 H2
D Model '
@] O @] O &)
PH L2 HS Ha H1
®) O (@] O @] O
L1 L3 E5 E4 E2 E1l
Cgo 030 o 00 &
N1 N2 us 2 KW Mode!
Block
D S Model
OT1
OT2
OT3
ou
CT
OK
Not to scale.

June 1994



Walker Field Large-Area Calibration Pads:
Grand Junction

Aircraft

Turnaround

Access Gate

’ /<\mding View Lane

*
1.5 feet
v

Section (typical)

Table A-1. Assigned Parameters

Pad Concentration (pCi/g)® [:;:“2:::‘ ; :;::;;
Designation Ra—-226 Th-232 K—40 (o cm’)" H20 (glc m’)b
Wi 0.82 1 1.02 0.67 £ 0.10 12.67 £ 0.72 1.91 0.256
w2 192 1 1.54 0.87 £ 0.12 45.58 + 1.82 1.99 0.260
w3 1.70 + 1.38 492 + 0.26 17.07 + 0.82 1.92 0.208
w4 12.07 + 5.64 1.04 £ 0.12 17.56 + 0.98 1.91 0.247
W5 8.36 1 3.52 191 £ 0.16 34.68 + 1.46 197 0.244

SUncertainties are 95 percent confidence level. Assigned values taken from George, Novak, and Price (1985).

PUncertainties for these values have not been determined,

A-6
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Grand Junction H Pads

« 48 in. >

Plan Section

Table A-2. Assigned Parameters

Pad Concentration (pCi/g)" %r:nﬂs::;k DP:::;;
Designation Ra-226 Th-232 K-40 (g/em?)® H20 (g/em?)P
H1 084+ 090 0.67 + 0.10 1095 + 0.62 1.86 0.185
H2 0.67 + 0.90 0.08 + 0.06 54.00 + 1.56 1.87 0.142
H3 161.83 + 20.40 0.66 + 0.08 11.31 + 0.86 1.89 0.181
H4 1103+ 4.00 67.90 £ 1.24 10.76 + 1.48 1.92 0.099
H5 102.59 + 17.42 19.57 + 0.54 3775+ 1.60 1.93 0.143

:Uncenainties are 95 percent confidence leval. Assigned values taken from George, Novak, and Prica (1985).

Uncentainties for these values have not been determined.
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Grand Junction P Pads

2in g70 - T
. ' 3""":::::::::_ S
________ in.
¥ 5 |
2in. l
i 60 in. -
e 80 in. -
Plan Section

Table A-3. Assigned Parameters

Pad Concentration (pCi/g)® Ig:ng::;k ;:'::;;
Designation Ra-226 Th-232 K-40 (glcma)b H20 (gfcm’)b
PK 1.16 + 0.78 0.04 + 0.06 50.96 + 1.50 1.94 0.145
PL 85.71 + 14.16 0.64 + 0.10 15.78 + 1.02 1.90 0.180
PH 374.36 + 47.06 0.60 £ 0.10 15.80 + 1.58 1.92 0.180
PT 663+ 3.06 31.28 + 0.86 1492 + 1.08 1.90 0.162

PB® 00 £+ 03 00 +03 0.0 £01 d d

*Uncertainbies are 95 parcent conlidence level, Assigned values taken from George, Novak, and Price (1985).
PUncenaintes for these values have not been determined.

“Pad PB does not have a hole as shown above.

YValue not assigned.
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Grand Junction E Pads

18in.

—42in.—»

Plan Section

Table A-4. Assigned Parameters

Pad Concentration (pCi/g)* II::;:::( ;:g;;
Designation Ra-226 Th-232 K-40 (ycms)b H20 (gfcms)"

E1 2521+ 668 0.67 £+ 0.10 13.30 £ 0.72 1.89 0.116

E2 B80.34 £ 14.12 0.79 £ 0.10 13.83 £ 0.98 1.84 0.123

E4 39584 + 46.92 0.66 £ 0.12 11.43+1.48 1.84 0.143

ES B71.45 + 97.72 0.75 £ 0.12 1427 £ 2.18 1.94 0.114

*Uncertainties are 95 percent confidence level. Assigned values taken from George, Novak, and Price (1985).
®ncertainties for these values have not been determined.

June 1994
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Grand Junction L Pads

2;in. Unlined Hole

32in.

.

[«——48-in. Diameter—»!

2-in. Unlined Hole
Plan Section
Table A-5. Assigned Parameters
i clar® Dry Bulk Partial
Model. Concentrat onz(p vg) Density Density
Designation Ra-226 Th-23 K-40 (g}cm’)” H20 ( g!cma)b
L1 863+ 25° 0.73 £ 0.15 150+ 3.0 222 0.184°
L2 2247 + 65° 1.04 + 0.35 182142 217 0.200°¢
L3 455.8 + 3.3° 0.73 +0.33 155+22 2.18 0.195°

*hese models were constructed from the same material as borehole models A1, A2, and A3 and are assumed to have the
same parameters. Uncertainties are 95 percent confidence level. Assigned values taken from Keizumi (1979), except as noted.

PUncertainties for these values have not been datermined.

“Assigned values taken from George and others (1983).
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Grand Junction K, U, and T Models
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Typical Section

Table A—6.1. Assigned Parameters for Calibration of Spectral Gamma-Ray Logging Systems

Partial
Model Zone Concentration (pCi/g)® l:g,,g::‘ D:n 3;\’
Designation Ra-226 Th-232 K—40 (g/em)® H20 (g/em?)®
K Ennched 0.92 + 0.09 0.28 + 0.03 52.24 + 167 1.86 0.269
U Enriched 1629 1+ 534 0.73 + 0.06 10.21 + 0.84 1.89 0.274
T Enriched 847 + 047 5303 + 1.49 10.38 + 1.17 1.88 0.275

*Uncertainbes are 95 percent confidence level. Assigned values taken from Heistand and Novak (1984).
Uncentainhes for these values have not been determined.

Table A-6.2. Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

, Ra-226 Thick Dry Bulk Partial
Dosmtio Zone Concentration hlcﬂ)r:,ess Density Density
‘gnation (pCirg)* ( (glem®® H20 (glem®)®
U Enriched 158 + 6.0 498 + 0.00 1.89 0.274

*Uncertaintes are 95 percent confidence level, Assigned value taken from George and others (1983),
®Uncenanty reported as 0.00 is not zero, but is less than 0.01 ft.
“Uncenainbes for these values have not been determinad.
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Grand Junction KW Model
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Diameter
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i
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3
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I
2' T)"p‘lml— 1 ]
5places—>: : il || | L
3-in. L.D. 4.5-in. 1.D.
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Section A-A

Table A-7. Assigned Parameters for Calibration of Spectral Gamma-Ray Logging Systems

Dry Bulk Partial
Model " Concentration (pCig)® D':nsiw ke
Designation Ra—226 Th-232 K—40 {glcm"’)" H20 (g,cms)b
KW Enriched 120.55 + 4.00 26.71 £+ 0.79 38.43 + 1.67 1.86 0.264

*Uncertainties are 95 percent confidence level. Assigned values taken from Heistand and Novak (1984).
SUncertainties for these values have nat been determined,
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Grand Junction BL/BH, BT/BK,
BU/BM, and BA/BB Models

——

12 in. i
30 in. Barren
Zone
‘ Upper
48 in. Enriched
Zone
18ft6in. Middle
60 in. Barren
‘ Zone
ol Lower
48 in. Enriched
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T
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A
15 #t b
N
Y

June 1994

D
Model Diameter (in.):
BL/BH 48
BT/BK 48
BU/BM 48
BA/BB 60
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Table A-8.1. Assigned Parameters for Calibration of Total-Count Gamma-Logging Systems

Ra-226 Dry Bulk Partial
D”“l;’::l'm Zone Concentration ““?n")';”‘ Density Density
(pCilg) (g/em®)° H20 (glem®)®
BU Upper 188 + 6 4011002 1.91 0.243
BL Upper a4 + 9 3.97 + 0.00 2.23 0.188
BH Lower 3136 + 181 4.00 + 0.02 222 0.196
BA Upper 624+ 1.8 3.99 + 0.00 222 0.187
BB Lower 913 + 27 3.97 £ 0.00 2.21 0.188

*Uncertainties are 95 percent confidence level. Assigned values taken from George and others (1983).
BUncertaintias reported as 0.00 are not zero, but are less than 0.01 ft.
®Uncertainties for these values have not been determined.

Table A-8.2. Assigned Parameters for Calibration of Spectral Gamma-Ray Logging Systems

Dry Bulk Partial
De::;::tlion #ane Ra—-226 Concen'irr:lggz(lﬂ_t‘-ifg_)' K—40 Dr:nsﬂyb Denaity
(gem™®  H20 (glem™®
BT Upper 10.46 + 0.51 58.78 + 1.53 1013+ 134 1.91 0.244
BK Lower 1.03 + 1.67 0.10 + 0.02 54.00 + 1.67 1.81 0.250
BU Upper 194.59 + 5.94 0.65 + 0.06 10.63 £ 1.00 1.91 0.243
BM Lower 131.16 + 4.07 40.12 + 1.09 4286 + 2.01 1.88 0.251

*Uncertainbes are 95 percent confidence level. Assigned values taken from Heistand and Novak (1984).
®Uncenaintes for these values have not been determined.

Table A-8.3. Assigned Parameters for Calibration of Fission-Neutron Logging Systems

Model Ra-226 Thickn Partial Partial
Desi °d'°“ Zone Concentration u(:mbess Density Density
aradion (pCig)* (gem®)° H20 (g/em’)°
BA Upper 624+ 18 3.99 + 0.00 222 0.187
BB Lower 913 1 27 3.97 + 0.00 2.21 0.188

"Uncertainties are 95 percent confidence level. Assigned values taken from George and others (1983).
B ncertainties reported as 0.00 are not zero, but are less than 0.01 ft.
“Uncenaintes tor these values have not been determined.
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Grand Junction N3, U1, U2, and U3 Models
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‘ 4-in. 1.D.
3|n *~ Pipe r J’
¥ v %-in. Plate”
Section Typical Section
N3 Model U1, U2, and U3 Models

Table A-9. Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

D
De:::dn::ion Zone Con':::;?n;ion Thi:f:;:”s Dr:ng:::‘ ::I::;;a .
(pClig) (glem®)° HzO (g/em’)
N3 Enriched 654 + 23 419 1+ 0.00 1.83 0.281
u1 Ennched 7460 1+ 465 4.06 + 0.02 2.07 0.255
u2 Enriched 3478 + 218 4.01 + 0.00 1.70 0.295
U3 Enriched 1278 + 51 401 + 0.00 1.67 0.304

'Unoenalnnas are 95 percent confidence level. Assigned values taken from George and others (1983).
"Uncertainties reported as 0.00 are not zero, but are less than 0.005 ft.

®Uncertainties for thess values have not been determined.
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Grand Junction WF Model
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Section A-A

Table A-10. Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

Model Ra-226 Thickn Dry Bulk Partial
De i° el Zone Concentration cﬂ bess Density Density
Sratina (pCiig)* i (@emy®  HaO (glem’y®
WF Enriched 850 1 30 4.02 + 0.00 1.86 - 0.282

*Uncertainties are 95 percent confidence level. Assigned values taken from George and others (1983).
b ncentainties reported as 0.00 are not zero, but are less than 0.005 fi.

“Uncertainties for thase valuas have not been determined.
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Grand Junction N1 Model

e 5t >
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Dimensions shown are for reference only; complete as-built dimensions are not available.
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Grand Junction N2 Model

» 51 — >
A A A
1 13&
v
4-in. 1.D.
4~ Pipe
7h

fa9tt

1811

4-in. 1.D.
4 Pipe

Dimensions shown are for reference only; complete as-built dimensions are not available.
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Grand Junction N4 Model
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Dimensions shown are for reference only; complete as-built dimensions are not available.
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Grand Junction N5 Model
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Dimensions shown are for reference only; complete as-built dimensions are not available.

June 1994



Table A-11. Assigned Parameters®

et Ra-226 Uranium
Designation Zone COncentl‘:,t:on COnoentra:iﬁon Thiclm:as
(pClg) (U ppm) (in.)
N1 Enriched 702 1,642 14.0
N2 Enfiched 1,216 3,218 125
N3 Enriched 654 1,573 50.3
N4 21 Enriched 696 1,628 278
N4 22 Enriched 2,599 7.527 12.0
N5 Z1 Enriched 708 1,662 8.9
N5 Z2 Enriched 291 712 6.0°
NS Z3 Enriched 2,678 7,714 13.2
N5 Z4 Enriched 620 1,454 6.5
N5 Z5 Barren® — — 6.8
N5 Z8 Enriched® 4,852 13,830 56

*values for dry bulk density have not been detarmined.
bAssigned values, except for N3 Ra-226 concentration and thickness taken from George and others (1983), are calculated
using conversion factors in Appendix D and values taken from an internal report Matthews (1975). The values reported were
determined by “gamma-only” and chemical analyses on samples taken from the model during its construction.
“Uncertainties of the values have not been determined.
9pata for four zones in NS are based on analysis.of logging data published by Bristow and others (1984), data which was
subsequently substantiated by researchers at the GJPO.

June 1994
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Grand Junction Thin Dipping Bed Models

Model TDB-1

I‘
[ 151t

—z—

Model TDB-2
Le al
le ol
n 111t e
i Barren Zone
At _f:::::::— = e ———
l A% in. % Barren Zone /
i<—4.o7 ft =|:. 10.93 ft

gft————>

Table A-12.1. Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

Mode Ra—226 Thickn Dry Bulk Partial

Des tll Zone Concentration (? :s 8 Density Density
gnation (pCifg)® nd (gem®)  Hz0 (glom’)’
TDB Enriched 7106 + 6.8 20 1.90 + 0.05 —_

*Uncertainties are 95 percent confidence level. Assigned values taken from Koizumi (1980). Valus determined by Nal(Tl}
based total gamma-ray method.

®Uncertainties for these values have not been determined.
“Value has not been determined.

Table A-12.2. Assigned Parameters for Calibration of Spectral Gamma-Ray Logging Systems

Dry Bulk Partial

. a

Nllodel- Zone Concentration (pCl/g) Density Density

Designation Ra-226 Th-232 K-40 (gcm’)  H0 (giem®)®
TDB Enriched 6947 + 6.8 0.94 + 0.54 17.64 + 8.7 1.90 + 0.05 —

*Uncertainties are 95 percent confidence level. Assigned values taken from Koizumi {(1980). Values determined by Ge(Li)
based spectral gamma-ray method.

Pyvalue has not been determined.
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Grand Junction A Models
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$661 2unf

Table A-13. Assigned Parameters for Calibration of Fission-Neutron Logging Systems®

Zone

De:'i:::lllon Zone Thlckl:'ess Characteristict —h COnoen;rha-t;:; (pCVg) TS I:;:r::;k ::SI;; Dao:;ll':y Ng;.“" Sumll‘:llv
() (gfem)®  H:0 (gem?)?  (glem®) (10°* cgs)*
Al c 6.01 &+ 0.00°* = B63: 25% 073:015 150:30 222 0.184° - 18' 841
A2 C 5.94 1 0.00° = 2247+ 65° 1041035 182442 217 0.200° - 18' 804
A3 c 5.95 + 0.00° - 4558+ 13.3* 0734033 155%22 2.18 0.195* - 18' 822
A4 o 6 - 600.5+ 2701 092:+037 178+84 222 - - 18! 844
AS e 4 High ¥ 2046+ 208 1.16:081 201184 217 - 264 17.8 741
AS B 4 High p 2086+ 65 086+£022 196142 2.40 - 292 178 506
A6 T 4 High @ 2066+ 75 078+013 139135 1.85 - 260 288 348
AB c 4 Low @ 2018+ 600 098+015 188437 221 - 264 16.3 1055

*Uncertainties are 95 percent confidence level. Assigned values taken lrom Koizumi (1979), except as noted,

ncerainties reported as 0.00 are nol zero, bul are less than 0.005 ft.
*Y = macroscopic neutron cross section; p = density; 8 = porosity.
YUncedainties for these values have not baan detarmined.
*assigned values taken from George and others {1983).

"Estimated.
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Grand Junction D Model
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Table A-14. Assigned Parameters for Calibration of Fission-Neutron Logging Systems”®

Zone Dry Bulk Partlal Grain Magnetic

D:I:::tllon Zone  "Thickhese na—m?ncm;:;; == K0 Density Density Density Po(r;: "Y' Susceptibitity
(f)° (gem®)  H0 (glem’)®  (gfem®) (10°® cgs)
D Enriched 6.80+000° 218%+7 0.84 + 0.37 149+ 44 2.12 + 0.06 0.216 272+ 0.14 221+ 02 826 + 94

SUncertainties are 95 percent confidence level. Assigned values taken from Koizumi (1978), except as noted.
bAssigned value taken from George and others (1883).
®Uncertainties reported as 0.00 are not zero, but are less than 0.005 ft.



Grand Junction SW Model

All un twbes are aluminum
with 080 in. well thickness
Plan
Safety Plate Top
S:“- 1 Water Level (approximate)
n Eip. L

«— Existing Steel Tank

8-in. Diameter Run Tube

4¥%-in. Diameter Run Tube — 24 ft Long
12-in. Diameter Run Tube

6-in. Diameter Run Tube

Ottawa Sand®

*Cbimined from Ottawa Silica Co. inc., Ottawe, IL

Section

Table A-15. Assigned Parameters®

Zone Zone Porosity Dry Builk Wet Bulk Grain Moisture
. Density Density Density Fraction
Designati Deseri 1 9%)°
gnation eription {vol %) [g{cm’)‘ (gfcm:l)b (ycma)h wt %)b
w Water 4] - 10 - 100
ws Ottawa Sand 36.0 1.60 1.96 2.50 18.4

:Assignad values taken trom George (1986) and George (in preparation).
Uncertainbes for these values have not been determined. -
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Grand Junction SS/SB Model

6ft Bluestone Sandstone Modsl

Gin.

A

et
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A

4%-in, Diameter Borehote in Concrete

Section
Table A-16. Assigned Parameters®
Dry Bulk Woet Bulk Grain Moisture
Zone Zone Porosity
Dens Density Density Fraction
Designation ~ Description {vol %}“ (ycm!:)y" (gv'cm’)h (glcm’)" (wt %)b. ¢
8S Scioto Sandstone 18.3 2.20 2.38 2.69 7.7
SB Bluestone Sandstone 5.1 2.60 2.65 2.74 19
*Assigned values taken from George (1986} and George (in preparation),
Uncertainties for these values have not been determined.
€100 percent saturation is assumed.
A-27
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Grand Junction Granite Block Model

Granite Block

4% in.
>
O s

I
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& A~

| o~
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Steel Run-Tube
Extension

-

™

-

Borehole in the granite block is uncased.

Table A-17. Assigned Parameters

Magnetic Dry Bulk Partial
Model Susceptibility Density Density
Granite Block 385 + 30 2.63 —

*Uncertainties are 95 pecent confidence level. Assigned valuas taken from Emilia and others {1981).
b ncertainties for these values have not been determined.
“Value has not been determined.
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Grand Junction
300-Foot Test Hole

o
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5 100 rows
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= Drawing not to scale.
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Secondary Field Calibration Facilities

B-1



Secondary Field Calibration Facilities

This appendix presents detailed information concerning location, layout, pad and model
descriptions, and radioelement concentrations for the secondary field calibration facilities. These
facilities are administered by the U.S. Department of Energy Grand Junction Projects Office.
Questions concerning the use of the facilities should be addressed to the Technical
Measurements Center.

June 1994
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Map to Casper Calibration Site

Map not to scale.
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Layout of Casper Calibration Site

Morgan Street
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Map not to scale.
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Casper P Pads

2in g70 T
¥ ¥ -‘—\‘l———-"“:::::::::i:— e
—————————— n.
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2in l
e 42in. »
bt 42 in. 4
Plan Section
Table B-1. Assigned Parameters
Pad c tradi Ca)® Dry Bulk Partial
Designati Ra—226 omen?h-::ztp 2 K—30 Denshy Eun ity
S gnat on a—. ! (gfcrn’)" H 20 (glcma)h
CPK 076 + 0.90 0.04 + 0.06 51.36 + 1.46 1.94 0.130
CPL 91.77 + 15.20 0.54 + 0.10 15.44 + 1.02 1.89 0.148
CPH 360.65 + 43.82 0.55 + 0.10 1499 + 1.58 - 1.91 0.153
CPT 607+ 2.92 30.18 £+ 0.78 14.13 + 1.02 1.89 0.157
CcPB® 00 + 03 00 +£03 0.0 0.1 d d

;Uncertainties are 95 percent confidence level. Assigned values taken from George, Novak, and Price (1985).
Uncertainties for these values have not been determined.

“Pad does not have a hole as shown above,

%value not assigned.
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Casper E Pads

o 42 in. -

Plan Section

Table B-2. Assigned Parameters

Dry Bulk Partial
Pad _ Concentration (pCi/g)* sy Dy
Designation Ra-226 Th-232 K-40 (glcms)" H.0 (gfcrn’)"
CE2 81.45 1 14.42 0.79 1 0.12 1363+ 0.98 1.85 0.135
CE4 409.93 + 50.90 0.66 + 0.10 12.29 + 1.58 1.84 0.162

*Uncenainties are 95 percent confidence level. Assigned values taken from George, Novak, and Price (1985).
PUncenainties for these values have not been determined.
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Casper CBT/CBK, CBU/CBM,
and CBA/CBB Models
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Table B-3.1.

Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

Re-226 Dry Bulk Partial

De:”"" Zone Concentration “‘"“)’;‘" Density Density
CcBU Upper 169 1+ 6 3.99 4 0.02 1.91 0.244
CBA Upper 648+ 1.9 4.00 £ 0.00 2.23 0.189
CcBB Lower 862 +26 4.02 1 0.02 2.21 0.201

*Uncertainties are 95 percent confidence level. Assigned values taken from George and others (1983).
- ®Uncertainties reported as 0.00 are not zero, but are less than 0.005 ft.
“Uncertainties for these values have not been datermined.

S

Table B-3.2. Assigned Parameters for Calibration of Spectral Gamma-Ray Logging Systems

odel 70, Concentraton (cig)* Dunely  Denaiy
Designation Ra—226 Th-232 K—40 (gem®®  Hz0 (glem®P
CBT Upper 1143+ 056 68.46+181 10.551201 1.91 0.238
CBK Lower 1.16 £ 0.10 011+£002 51.21 +1.67 1.81 0.255
cBu Upper 175.94 1 5.61 069+006 11554084 1.91 0.239
CBM Lower 128.13 £ 4.07 4773+ 129 4127 + 184 1.88 0.252

*Uncenainties are 95 parcent confidence level. Assigned values taken from Helstand and Novak (1984).
BUncenainties for these values have not been determined.

Table B-3.3. Assigned Parameters for Calibration of Fission-Neutron Logging Systems

Ra-226 Dry Bulk Partial
Model Zone Concentration Thiclu;eos Density Density
Designation (pCvg)" (ft) (ycms)e H20 (glem®)*
CBA Upper 648 + 19 4.00 + 0.00 2.23 0.189
CBB Lower B62 + 26 402 1 0.02 2.21 0.201

*Uncertainties are 95 percent confidence level. Assigned values taken from George and others (1983).
BUncertaintes reported as 0.00 are not zero, but are lass than 0.005 ft.
“Uncertainties for these values have not been determined,
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Casper CH and CL Models
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Table B—4. Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

Ra-226 , Dry Bulk Partial
De:?o:::io - Zone ~Concentration Th':::;m Density Density
gnation (pCig)* (glem’)° Hz0 (glem™)°
CH Enriched 6635 + 388 2.89 + 0.00 2.21 0.235
CL Enriched 852+ 26 2.97 £ 0.00 2.27 0.217

*Uncertainties are 95 percent confidence level, Assigned values taken from George and others (1983).
bUncertainties reported as 0.00 are not zero, but are less than 0.005 ft.
“Uncertainties for thesa values have not been determined.
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Map to Grants Calibration Site
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Layout of Grants Calibration Site
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Grants P Pads

2£n. . ‘\370 _ T
x - Lo C oo T 24 in.
2in. l
= 42in. >
e 42 in. wi
Plan Section
Table B-5. Assigned Paramelers
Dry B I
Pad Concentration {pClig)® D':ns:yk ::r::;y
Designation Ra-226 Th-232 K-40 (glcm’)h H20 (glcm:')"
GPK 0.58 + 0.82 0.01 £ 0.06 5163+ 1.46 1.96 0.127
GPL 87.78 + 14.32 0.50 + 0.10 15.58 £ 1.02 1.90 0.165
GPH 375.74 + 45.14 0.61 £ 0.10 15.93 + 1.62 1.91 0.142
GPT 6.57 + 3.14 30.23 £ 0.80 14.94 + 1.02 1.89 0.146
GPB*® 00 :03 0.0 +03 0.0 +0.1 d d
"Uncertainties are 95 percent confidence level. Assigned values taken from George, Novak, and Price (1985).
BUncertainties for these values have not been determined.
“Pad does not have a hole as shown above.
%alue not assigned.
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Grants E Pads

< 42 in. >

Plan Section

Table B-6. Assigned Parameters

Dry Bulk Partial
Pad Concentration (pCi/g)* D’:nsity Density
Designation Ra-226 Th-232 K-40 (glcm’)" H20 (glcms)"
GE2 83.13 2 1542 0.70 + 0.10 12.93 + 1.02 1.85 0.237
GE4 396.66 + 49.70 0.80 + 0.12 12.20 + 1.48 1.84 0.148

*Uncertainties are 95 parcent confidence level. Assigned values taken from George, Novak, and Price (1985).
PUncenainbes for these values have not been determined.
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Grants GBT/GBK, GBU/GBM,
and GBA/GBB Models
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Table B-7.1. Assigned Parameters fbr Calibration of Total-Count Gamma-Ray Logging Systems

' Ra—-226 Dry Bulk Partial
D:“'" Zone Concentration Thicln:m Density Density
kil (pcig)* " (@em® O (glom’)®
GBU Upper 167 + 5 3.98 + 0.00 1.88 0.247
GBA Upper 64831+ 19 3.97 + 0.02 2.21 0.189
GBB Lower 881 1 27 3.99 + 0.00 222 0.199

ncertainties are 95 percent confidence level. Assigned values taken from George and others (1983).
PUncertainties reported as 0.00 are not zero, but are less than 0.01 ft.
SUncertainties for these values have not been dstermined.

Table B-7.2. Assigned Parameters for Calibration of Spectral Gamma-Ray Logging Systems

Model 7 Concentrtion (pCYg)” Dowy  ‘isswy
Designation Ra-226 Th-232 K-40 (g!em’)" H20 (g/em’)®
GBT Upper 11.34 £ 0.58 68.06 + 1.83 9.71 £ 1.51 1.93 0.248
GBK Lower 1.08 + 0.10 0.10 £ 0.02 52.16 + 1.84 1.81 0.263
GBU Upper 178.18 + 547 0.71 £ 0.06 11.80 + 0.84 1.88 0.244
GBM Lower 129.09 + 4.14 48.22 + 1.35 4184 3+ 201 1.87 0.257

*Uncertainties are 95 percent confidence level. Assigned values taken from Heistand and Novak (1984).
®Uncertainties for these values have not been determined.

Table B-7.3. Assigned Parameters for Calibration of Fission-Neutron Logging Systems

Ra-226 Dry Bulk Partial
b nfo::llion Zone Concentration Thic'l:t:us Density Density
i ~ (pCiig)® ® (glem®)® H20 (glem®)®
GBA Upper 648+ 19 397 +0.02 2.21 0.189
GBB Lower 881 + 27 3.99 + 0.00 222 0.199

®*Uncertainties are 95 percent confidence level. Assigned values taken from George and others (1983).
b ncertainties reported as 0.00 are not zero, but are less than 0.01 ft,
SUncertainties for these values have not been determmed.
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Grants GH and GL Models
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Table B-8. Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

Ra-226 Dry Bulk Partial
Dn“o::ion - Zone Concentration Thi::'l:r;ess Denslty Density
» (pCVg)" ’ (gem’)®  HO (gem™®
GH Enriched 5645 + 344 2.89 + 0.02 222 0.247
GL Ennched 77+ 24 2.99 + 0.00 222 0.236

*Uncerambes are 95 percent confidence level. Assigned values taken from George and others (1983).
BUncertainbes reporied as 0.00 are not zero, but are less than 0.005 ft.
“Uncertantas for thase values have not besn determined.
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Map to George West Calibration Site
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Layout of George West Calibration Site
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George West P Pads
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Table B-9. Assigned Parameters

Pad Concentration (pCl/g)" ﬂ“i"wm ::n':';;
Designation Ra-226 Th-232 K—40 (glcmsj" H20 (g’ems)b

TPK 069+ 086 0.00 + 0.06 52.81 + 1.46 1.95 0.131

TPL 87.02 + 14.68 0.57 + 0.10 15.49 + 1.02 1.88 0.157

TPH 385,36 3 47.52 0.45 + 0.10 14.85 + 1.42 1.80 0.158

TPT 596+ 296 31.21 + 0.82 15.03 + 1.08 1.80 0.155

TPB® 00 + 03 00 +03 0.0 0.1 d d-

SUncentainties are 95 percent confidence level. Assigned values taken from George, Novak, and Price (1985).
bUncenainties for these values have not been determined.
®pad does nol have a hole as shown above.

%value not assigned.
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George West E Pads

Plan Section

Table B-10. Assigned Paramelers

Dry Bulk Partial
Pad Concentration (pCi/g)* D':ns::y Density
Designation Ra—-226 Th-232 K—40 (g/c ms)" H20 (gl m’)"
TE2 83.53 + 15.10 0.66 + 0.10 13.17 £ 0.98 1.83 0177
TE4 398.74 + 50.36 051 +£0.10 11.44 + 1.58 1.86 0.223

*Uncertainties are 95 percent confidence level. Assigned values taken from George, Novak, and Prica (1985).
BUnceraintes for thess valuss have not bean determined.
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George West TBT/TBK, TBU/TBM,
and TBA/TBB Models
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Table B—11.1. Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

Ra—226 Dry Bulk Partial
Aiosiel Zone Concentration Thickness Density Density
D“igna“oﬂ (Pcug). m)b (ycma,c Hzo (ycml)c
TBU Upper 168 + 6 3.98 + 0.00 1.87 0.247
TBA Upper 618+ 1.7 3.95 1+ 0.02 2.20 0.184
BB Lower 840 +25 3.96 + 0.00 2.21  0.187

%Uncertainties are 95 percent confidence level. Assigned values taken from George and others (1983).
5Uncertainties reported as 0.00 are not zero, but are less than 0.01 ft.
“Uncertainties for these values have not been determined.

Table B-11.2. Assigned Parameters for Calibration of Spectral Gamma-Ray Logging Systems

Model Zone — m% muﬂy“‘ ::l::;:r
Designation Ra—226 Th=232 K-40 (glcm’)b H20 (g!cm’)"
TBT Upper 1130 £+ 055  67.66 + 1.88 9.71 + 1.67 1.94 0.243
TBK Lower 1.13+£0.10 0.09+002 5358+ 1.84 1.81 0.264
TBU Upper 177.01 + 5.54 069+006 11.39+1.00 1.87 0.247
TBM . Lower 12863 +4.14 4862+ 140 4203 +2.01 1.85 0.257

®Uncertainties are 95 percent confidence level. Assigned values taken from Heistand and Novak (1984).
Sncartainties for these values have not been determined. _

Table B-11.3. Assigned Parameters for Calibration of Fission-Neutron Logging Systems

Ra-226 Dry Bulk Partial
De::o‘mio Zone Concentration Thlctl:t;ess Density Density
ntien (pCilg)* o (@emy® 0 (grem’y
TBA Upper 618+ 17 3.95 + 0.02 2.20 0.184
TBB Lower B40 + 25 3.96 + 0.00 221 0.187

*Uncertanbes are 85 percent confidence level. Assigned values taken from George and others (1983).
SUncertanbes reported as 0.00 are not zera, but are less than 0.01 ft,
*Uncertainties for these values have not been determined.
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George West TH and TL Models
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Table B-12. Assigned Parameters for Calibration of Total-Count Gamma-Ray Logging Systems

odel Ra—-226 " Dry Bulk Partial
™ ] Zone Concentration ke c:r:’ess Density Density

TH Enriched 5770 + 368 3.94 + 0.00 1.86 0.302

TL Enriched 680+ 23 3.99 £+ 0.00 2.07 0.272

*Uncenainties are 95 percent confidence level. Assigned values taken from George and others (1983).
PUncertainties reported as 0.00 are not zero, but are less than 0.005 ft.
*Uncertainties for these values have not been determined.
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Relocatable Field Calibration Pads

This appendix presents detailed information concerning pad descriptions and radioelement concentra-
tions for the relocatable field calibration pads. These pads are administered by the U.S. Department of
Energy Grand Junction Projects Office.

Questions concerning present location, use, and/or calibration should be addressed to the Technical
Measurements Center.
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NP Pads

= ol o
T

et 42 in. 8
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Table C-1. Assigned Parameters

D | Partial
Pad Concentration (pCi/g)* l:::ni:yk D: " s:y
NPL 1583 + 532 0.64 + 0.10 10.92 £ 0.72 1.94 0.176
NPH 4420 + 9.72 0.73 £ 0.10 11.13 £ 0.82 1.95 0.191

SUncertainties are 95 parcent confidence level. Assigned values taken from George, Novak, and Price (1985).
PUncertainties for these values have not been determined.

NOTE: Contact the Technical Measurements Center for the present location of these pads.
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| PP Pads
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Table C-2. Assigned Parameters

Dry Bulk * Partial
Pad Concentration (pCl/g)" Dr:n sity Density
Designation Ra-226 Th-232 K-40 (glem)® H20 (glcm®)®
PPL 1508 + 5.54 0.62 + 0.10 10.84 + 0.66 1.95 0.176
PPH 4934 + 10.78 0.63+0.10 10.97 + 0.86 1.85 0.199

2Uncertainbes are 95 percent confidence level. Assigned values taken from George, Novak, and Price (1985).
BUincenainbes for these values have not been determined.

NOTE: Contact the Technical Measurements Center for the present location of thesa pads.
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T Pads
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Table C-3. Assigned Parameters

Pad Diameter Assigned Concentration (pCl/g)® 2;:;:::‘ ::":;;
(in.) Ra-226 Th-232 K—40 (glem?) H20 (g/cm?)
LY 56 <1 10.18 + 0.43 2.07 £+ 0.16 1.89 0.209
TL2 56 <1 10.56 + 0.45 2.80 1+ 0.16 1.92 0.225
TL3 57 <1 10.28 £ 0.43 2.28 + 0.16 1.84 0.206
TL4 60 <1 11.36 + 0.45 2.18 + 0.16 1.85 0.191
TH1 56 <1 41.48 + 1.30 <3 1.89 0.206
TH2 56 <1 42,00 + 1.27 <3 1.94 0.192
TH3 60 <1 4248 + 1.33 <3 1.88 0.200
TH4 60 <1 4531 + 1.27 <3 1.90 0.168

___“Uncertainties are two siama (95 percent confidence intervall.
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Conversion Factors

This appendix presents conversion factors used to determine radioelement concentrations for the cali-
bration facilities. An example of conversion-factor derivation is presented in Appendix E. The nuclear
data referenced in this appendix are taken from the Table of Isotopes (Lederer and Shirley, 1978). Half-
life (T), isotopic-abundance (P), and gram atomic weight (A) data agree (within quoted significant fig-
ures) with those listed in the Chart of the Nuclides (Walker and others, 1977).

Conversion factors for a sample containing uranium in secular equilibrium with its daughters are
1 g (€U-238) = 3.400 x 107 g (Ra-226)
1g (eU) = 3.376 x 107 g (Ra-226)
1 wi-ppm (eU) = 0.3337 pCi (Ra-226)/g
1 pCi (Ra-226)/g = 3.534 x 10~* wt-%(eU;Og)
1 pGi (Ra-226)/g = 2.997 wt-ppm (eU)
1 wt-% (eU30g) = 2830 pCi (Ra-226)/g
The conversion factor for radium is
NRa-226 = Specific activity of Ra-226
= No A Ra226/ Ara-226
=0.9885Ci/g
Conversion factors computed for a sample containing thorium are
1 pCi (Th-232)/g = 9.159 wt-ppm (eTh)
1 wt-ppm (eTh) = 0.1092 pCi (Th-232)/g
Conversion factors computed for a sample containing naturally occurring potassium are
0.0117 atom-% (K—40) = 0.01196 wt-% (K—40)
1 pCi (K—40)/g = 0.1195 wt-% (K)
1 wt-% (K) = 8.372 pCi (K-40)/g
1 pCi (K—40)/g = 1.428 x 1075 wt-% (K—40)
Numerical values used for computing the conversion factors are
Ayy_y3g = 238.9597 g/mole
Ay_z35 = 235.0439 g/mole
A3y = 234.0409 g/ mole
Ap, 29 = 226.0254 g/mole
Aqh-232 = 232.0380 g/mole
Ag_4 = 40.9618 g/mole
Ay 4y = 39.9640 g/mole
Ag_39 = 38.9637 g/mole
Pyy_g3g = 99.275%
Py_n3s = 0.720%
Pyy234 = 0.0054%
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Prheo3 = 100%
Py_4; = 6.73%
Py = 0.0117%
Pg_30 = 93.26%

Ty_3g = 4468 x 10° years = 1.410 x 107 sec
TRa-226 = 1600 years = 5049 x 1010 sec
Trh-g3 = 1411 x 1010 years = 4.453 x 107 sec
Ty_go = 1-278 x 107 years = 4,033 x 1016 sec
N, = 6.022045 x 102 atoms/mole
1 Ci = 3.7 x 100 disintegrations/sec
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Example Conversion Factor Derivation

The calibration of gamma-ray counting instruments at Grand Junction has been traditionally per-
formed using equivalent uranium (eU) as the reporting unit for spectral instruments and equivalent
uranium oxide (eU,Og) as the reporting unit for gross-count or total-count instruments. The word
equivalent (e) has been traditionally taken to mean radiometric equivalent or gamma-ray equivalent,
because concentrations assigned to the calibration models are based on gamma-ray measurements. The
purpose of this derivation is to establish the factors needed to convert from currently assigned ura-
nium concentrations in parts per million on a weight basis for eU [wt-ppm(eU)] and in weight-
percentage for eU;Og [wt-% (eU;0g)] to radium concentrations [pCi (Ra-226)/g].

For the conversion derived, it is necessary to assume secular equilibrium between uranium and
radium-226 in the uranium decay series. This assumption has always been made in the past when
assigning equivalent-uranium concentrations to the models and pads. Because previous assignments
are based on gamma-ray counting measurements, and because those measurements are responsive
primarily to radium-226 daughters, the assumption is appropriate here.

For a given sample of mass M, containing uranium and its daughters in secular equilibrium, the decay
rates of U-238 and Ra-226 are equal by definition. That is,

Decay rate (~-dN/dt) = Ng,_306Ara-226 = Nu-23sAy-238 (1)
where N = number of atoms of the isotope indicated by the subscript,
A = decay constant of the isotope indicated by the subscript,
= 1n(2)/T,
T = half-life of the isotope indicated by the subscript.

If both sides of Equation (1) are divided by the mass of the sample, M, and if mass-normalized decay
rate is r,

_ Npapetrazzs  Nu-asshu-oss
TRa-226 = TU-238 = M = M . (2)

Computing the number of atoms of U-238 from the mass of U-238 in the sample, My; 534, .
TRa-226 = Nu_23ehy238/M = My_z38/ M)(No/ Ay_3e)Ay-238 @)

where N, = Avogadro’s number, and
A = gram atomic weight of the isotope indicated by the subscript.
Noting that Myj_j3g/M is the weight fraction of U-238 in the sample,
cy-238 = My_p38/M )
Equation (3) produces the result
TRa-226 = CU-238(NoAy-238/ Ay-238) )

The desired units are picocuries of Ra-226 per gram of sample [pCi(Ra-226)/g], and parts per million
on a weight basis for U-238 (wt-ppm). Performing the computation indicated in Equation (5) and con-
verting units produces

TRa-226 = Cu_m/ 2975 (6)

where g, 5 is the mass-normalized decay rate of Ra-226 in picocuries per gram and cy;_;3g is the
weight concentration of U-238 in parts per million.

Numerical values and conversion factors used for the computations are presented in Appendix B.
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The result in Equation (6) must be adjusted to account for the isotopic abundance of U-238 within
naturally occurring uranium (U). The isotopic abundance of U-238 must first be computed on a weight
basis because the isotopic abundance values in the Table of Isotopes (Lederer and Shirley, 1978) are
given on an atom-percent basis.

Py_2sAy-z38

Pusag= @
PyassAuzas + PuassAuas + PuasAu-au
= 09928 8(U-238)
gL)
where P’ is the isotopic abundance on a weight basis for the isotope indicated by the subscript, and
P is the isotopic abundance on an atom-percent basis for the isotope indicated by the subscript.
From this result, cyy_pag = 0.9928¢y;, which is then substituted into Equation (6) to produce the final
and desired result
TRa-226 = Cyy/2.997 (8)

where ¢y is the weight concentration of naturally occurring uranium in parts per million (ppm) and
TRa-226 is the mass-normalized decay rate of Ra-226 in picocuries per gram.
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Number

GJ/TMC-01*
3rd Edition

GJ/TMC-02

GJ/TMC-03*

GJ/TMC-04*

GJ/TMC-05*

GJ/TMC-06*

GJ/TMC07*

GJ/TMC-08*
2nd Edition

G)/TMC-09"
2nd Edition

GJ/TMC-10*

Letter Report
(unnumbered)

GJ/TMC-11*

GJ/TMC-12*

G]/TMC-13*

Title (Authors)

Field Calibration Facilities for Environmental Measurement of Radium,
Thorium, and Potassium. (R. Leino, D. C. George, B. N. Key, L. Knight,
and W. D. Steele)

Review of Selected DOE Remedial Action Field Measurement Procedures for the
Summer of 1982. (TMC Staff)

Abbreviated Total-Count Logging Procedures for Use in Remedial Action.
(D. C. George and R. K. Price}

Evaluation of Methods for the Estimation of Indoor Radon Daughter
Concentrations for Remedial Action Programs. (G. H. Langner, Jr.,
J. C. Pacer, V. G. Johnson, and M. A. Gillings)

Feasibility Study of the Prompt Pb-214, Bi-214 Gamma Method for
Determining Radon Migration Through Tailings. (L. R. Stieff, The Stieff
Research and Development Co., Inc., Kensington, Maryland)

Surface Gamma-Ray Measurement Protocol. (S. ]. Marutzky, W. D. Steele,
and B. N. Key)

Procedures for Field Chemical Analyses of Water Samples. (N. Korte and
D. Ealey)

Procedures for the Collection and Preservation of Groundwater and Surface
Water Samples and for the Installation of Monitoring Wells. (N. Korte and
P. Kearl)

Protocol for the Estimation of Average Indoor Radon-Daughter Concentrations.
(G. H. Langner, Jr. and |. C. Pacer)

Development of Solid Radium-226 Reference Materials. (R. B. Chessmore and
P. R. Engelder)

Supplemental Measurements for Polonium-210 and Lead-210 in TMC Radium
Reference Material (insert to GJ/TMC-10). (S. Donivan)

Procedure Manual for the Estimation of Average Indoor Radon-Daughter
Concentrations Using the Radon Grab-Sampling Method. (J. L. George)

Procedure Manual for the Estimation of Average Indoor Radon-Daughter
Concentrations Using the Radon Progeny Integrating Sampling Unit (RPISU)
Method. (G. H. Langner, Jr.)

Procedures for Sampling Radium-Contaminated Soils. (H. L. Fleischhauer)

*Available from National Technical Information Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield,

Virginia 22161, (703) 487-4600.
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Number

GJ/TMC-14*

GJ/TMC-15*

GJ/TMC-16*

GJ/TMC-17*

GJ/TMC-18*

GJ/TMC-19*

GJ/TMC-20

GJ/TMC-22*

Letter Report
(unnumbered)

GJ/TMC-23

G)/TMC-24°

G)/TMC-25°

G)TMC-26"

G)/TMC-27~

Title (Authors)

Procedures for Reconnaissance Stream-Sediment Sampling.
(H. L. Fleischhauer and P. R. Engelder)

A Feasibility Study of the Use of Nuclear-Emulsion Technigues in the Study of
Drill Core and Water Samples from the Monticello Mill, Monticello, Utah.
(L. R. Stieff, The Stieff Research and Development Co., Inc., Kensington,

Maryland)

Test and Evaluation of Selected Instruments for Surface Gamma-Ray
Measurements. (B. N. Key)

Calibration-Pad Parameter Assignments for In-Situ Gamma-Ray
Measurements of Radium, Thorium, and Potassium. (D. C. George, E. F.
Novak, and

R. K. Price)

Operating Manual for the Radon-Daughter Chamber. (G. H. Langner, Jr., and
T. Nelson)

Laboratory Intercomparison of Analytical Results on Samples Contaminated by
Uranium Mill Tailings. (N. Korte, M. Hollenbach, and S. Donivan)

Radon-Daughter Chamber Instrumentation System Reference Manual.
(L. Johnson and R. Showalter)

Development of Solid Thorium-232 Reference Materials. (P. R. Engelder,
S. Donivan, and R. B. Chessmore)

Supplemental Measurements for Radium-226 and Potassium-40 in TMC
Thorium Reference Material (insert to GJ/TMC-22). (S. Donivan)

Gamma-Ray Instrument Calibration Comparison Workshop. (W. D. Steele,
D. C. George, and ]. L. Burnham)

Comparison of In-Situ and Laboratory Measurement Methods for Radium-226
in Sails. (5. J. Marutsky, H. L. Fleischhauer, and P. R. Engelder)

Interlaboratory Radon-Daughter Measurement Comparison Workshop: 9-12
September 1985. (M. Pearson)

Field Study of Indoor Average Radon-Daughter Estimation Methods.
(J. L. George and G. H. Langner, Jr.)

* Assessment of Mobile Gamma-Scanning Van Activities in Edgembnt, South

Dakota. (U.S. Department of Energy Task Force)

“Avaiatie from Natonal Techmical Information Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield,
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Number

GJ/TMC-28*

UNC/GJ—29(TMC)*

UNC/GJ—31(TMC)*

UNC/GJ—32(TMC)*

UNC/GJ—33(TMC)*

UNC/GJ—34TMC)*

UNC/GJ—35(TMC)*

UNC/GJ—36 (TMC)*

UNC/GJ-TMC-1

UNC/GJ-TMC-2

UNC/G]—37(TMC)*

UNC/Gj—38 (TMC)*

UNC/G]—39(TMC)*

UNC/GJ—0(TMC)*

UNC/GJ—41(TMC)*

UNC/GJ—42(TMC)*

Title (Authors)

Interim Results of the Prompt Alpha-Track Radon Detector Study.
(J. L. George and G. H. Langner, Jr.)

Comparison of Radon and Radon-Daughter Grab Samples Obtained During the
Winter and Summer. (K. E. Karp)

Investigation of the Hammer-Gamma Measurement Technique: A Feasibility
Study. (R. Showalter)

Construction and Characterization of the TL/TH Thorium Calibration Pads.
(W. Douglass Steele)

Validation of the Prompt Alpha-Track Method. (J. L. George and G. H.
Langner, Jr.)

Validation of the Abbreviated Radon Progeny Integrating Sampling Unit
(RPISU) Method for Mesa County, Colorado. (G. H. Langner, Jr.)

Construction and Testing of a Blower-Door Assembly for Regulation of Air
Pressure Within Structures. (W. Douglass Steele)

Uranium Reference Materials. (S. Donivan and R. B. Chessmore)

Determination of Radon Sources at Four Vicinity Properties in Edgemont,
South Dakota. (K. E. Karp)

Radon-Daughter Grab-Sampling Technical Exchange Meeting 14-17 April
1986. (M. D. Pearson)

Soil-Based Uranium Disequilibrium and Mixed Uranium-Thorium Series
Radionuclide Reference Materials. (S. Donivan and R. B. Chessmore)

The Use of Atomic Absorption Spectroscopy te Measure Arsenic, Seleniumt,
Molybdertum, and Vanadium in Water and Soil Samples From Urantum Mill
Tailings Sites. (M. H. Hollenbach)

Procedure Manual for the Estimation of Average Indoor Radon-Daughter
Concentrations Using the Electronic Radon Progeny Integrating Sampling
Unit (ERPISU) Method. (M. D. Pearson)

Procedure Manual for the Estimation of Average Indoor Radon-Daughter
Concentrations Using the Filtered Alpha-Track Method. (J. L. George)

Detecting Buried Radium Contamination Using Soil-Gas and Surface-Flux
Radon Measurements. (K. E. Karp)

Exposure-Rate Calibration Using Large-Area Calibration Pads. (E.F. Novak)

*Available from National Technical Information Sarvice, U.S. Department of Commerce, 5285 Port Royal Road, Springfield,

Virginia 22181, (703) 487-4800.
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Number

UNC/GJ—43(TMC)*

UNC/GJ-TMC-3*

UNC/GJ-TMC—4*

UNC/GJ—44(TMC)*

UNC/GJ—45(TMC)*

UNC/GJ—46(TMC)*

UNC/GJ—47(TMC)*

UNC/GJ—48(TMC)*

UNC/GJ-TMC-5*

UNC/GJ-TMC-6*

UNC/G]49(TMC)*

UNC/G}-50(TMC)*

UNC/GJ-51(TMC)*

GJPO-53(TMCYy"

Title (Authors)

Year-Long Comparison of Two Techniques to Monitor Outdoor Radon
Concentrations at Shiprock, New Mexico. (E. F. Novak)

Procedures, Analysis, and Comparison of Groundwater Velocity Measurement
Methods for Unconfined Aquifers. (P. M. Kearl, J. J. Dexter, and J. E. Price)

Supplement to Procedures, Analysis, and Comparison of Groundwater Velocity
Measurement Methods for Unconfined Aquifers. (R. J. Zinkl and P. M. Kearl)

Ewvaluation of the Performance Characteristics of Radon and Radon-Daughter
Concentration Measurement Devices Under Coutrofled Environmental
Conditions. (M. D. Pearson)

Construction and Characterization of the RH/RL Radium Calibration Pads.
(W. D. Steele, S. J. Marutzky, and J. W. Dickerson)

Performance of Diffusion-Barrier Scintillation Cells Under a Variety of
Controlled Environmental Conditions. (R. R, Spangler and G. H.
Langner, Jr.)

Validation of the Diffusion-Barrier Charcoal Canister Method. (D. E. Martz,
J. L. George, S. T. Mamich, and G. H. Langner, Jr.)

Field Method for Determining Thorium—230 in Soils. (G. Dechant)
Development of Electret Technology to Measure Indoor Radon-Daughter
Concentrations (Stieff Research and Development Co., Inc., Kensington,
Maryland)

Radon-Daughter Grab-Sampling Technical Exchange Meeting
April 10-14, 1989. (M. D. Pearson)

Gamma and Beta Logging of Underground Sewer and Process Lines.
(M. ]. Rangel, D. E. Martz, and G. H. Langner, Jr.)

Variation in the Annual Average Radon Concentration Measured in Homes in
Mesa County, Colorado. (A. S. Rood, ]. C. George, and G. H. Langner, Jr.)

Caltbration of the Alpha-Track Monitors for Measurement of Thoron.
(M. D. Pearson)

Evaluation of Thoron-Daughter Instruments. (J. L. George)

*Available from National Technical Information Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield,

Virginia 22161, (703) 487-4600.

6/94

50f5



	Field Calibration Facilities for Environmental Measurement of Radium, Thorium, and Potassium
	Errata Sheet
	Contents
	Figures
	Tables
	Preface
	Summary
	1.0 Introduction and Discussion
	1.1 Description of the Calibration Facilities
	1.2 Characterization of the Calibration Facilities
	2.0 Bibliography
	Appendix A. Primary Field Calibration Facilities
	Primary Field Calibration Facilities
	Map to Grand Junction Calibration Site
	Layout of Grand Junction Calibration and Test Site
	Walker Field Large-Area Calibration Pads: Grand Junction
	Grand Junction H Pads
	Grand Junction P Pads
	Grand Junction E Pads
	Grand Junction L Pads
	Grand Junction K, U, and T Models
	Grand Junction KW Model
	Grand Junction BL/BH, BT/BK, BU/BM, AND BA/BB Models
	Grand Junction N3, U1, U2, and U3 Models
	Grand Junction WF Model
	Grand Junction N1 Model
	Grand Junction N2 Model
	Grand Junction N4 Model
	Grand Junction N5 Model
	Grand Junction Thin Dipping Bed Models
	Grand Junction A Models
	Grand Junction D Model
	Grand Junction SW Model
	Grand Junction SS/SB Model
	Grand Junction Granite Block Model
	Grand Junction 300-Foot Test Hole
	Appendix B. Secondary Field Calibration Facilities
	Secondary Field Calibration Facilities
	Map to Casper Calibration Site
	Layout of Casper Calibration Site
	Casper P Pads
	Casper E Pads
	Casper CBT/CBK, CBU/CBM, and CBA/CBB Models
	Casper CH and CL Models
	Map to Grants Calibration Site
	Layout of Grants Calibration Site
	Grants P Pads
	Grants E Pads
	Grants GBT/GBK, GBU/GBM, and GBA/GBB Models
	Grants GH and GL Models
	Map to George West Calibration Site
	Layout of George West Calibration Site
	George West P Pads
	George West E Pads
	George West TBT/TBK, TBU/TBM, and TBA/TBB Models
	George West TH and TL Models
	Appendix C. Relocatable Field Calibration Pads
	Relocatable Field Calibration Pads
	NP Pads
	PP Pads
	T Pads
	Appendix D. Conversion Factors
	Conversion Factors
	Appendix E. Example Conversion Factor Derivation
	Example Conversion Factor Derivation
	Figure 1. Locations of U.S. Department of Energy Calibration Facilities
	Table 1. Summary of Surface Calibration Facilities for Radiometric Instruments
	Table 2. Summary of Subsurface Calibration Facilities for Radiometric Instruments
	Table 3. Summary of Calibration Facilities for Nonradiometric Instruments

	field1: ***Note***  Table of Contents is linked.


