Gdoben 23, 2008~

Information Regarding Radium Use at RFETS
Attached are three references regarding Radium Use at RFETS:

1. RMRS Interoffice Memorandum dated September 26, 1995 regarding Radium
Anomalies in Rocky Flats Soils-MAS-016-95.

2. Internal RFETS Email from C. Cowdery dated July 24, 2002 regarding “How
radium was removed from sampling requirements”.

3. Internal RFETS Email from S. Cunningham dated July 18 and 22, 2002 regarding
“Historical use of radium at RFETS”.
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: The attached report includes an evaluatlon of data from radlum and uranium in Rocky Flats surface
and subsurface soils. A brief summary on the geochemlstry and radium, as well as uranium and.

~ thorium, is also presented.  Figures of the correlations between radium-226 (daughter isotope) -
and uranium-233,234 and uranium- 238 (parents) are provnded for snte (OU 4 and QU 1) and '

background data sets
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1.0 lNTnoDucrloN

During the recent IHSS Pnontrzatlon program the sutewrde data for surface and subsurface sonls
were screened against the 99/99 upper tolerance limits (99/99 UTLs) for background data, and
against the preliminary programmatic remediation goals (PPRGs) calculated for office workers,

- construction workers, and open-space users. Some anomalies were noted for radium in surface

and subsurface soils across Rocky Flats. It was also noted that the value of the 99/99 UTL is 48.
times the value of the surface-soil. PPRG for radium-226, under the office-worker scenario.
Therefore, any data point that lies above the 99/99 UTL has a PPRG ratio (i.e., ratio of analytrcal

- result to the value of the PPRG) of at least 48; the minimum datum for background has a PPRG

————e e

ratio of 4 for radium-226.

Because of the resultant hign PPRG ratios for radium- 226, and toa Iesser extent radium-228, a .

more detailed look at radium in the environmerit was deemed necessary. The distribution of .
radium in soils across Rocky Flats was plotted and evaluatéd. Several significantly elevated

_ activities of radium were noted for soil samples collected in OUs 2 and 4. In an effort to. detenmne” -
whether or not these higher values were of natural or anthropogenic origin, the relatlonshtps for.. .-

uranium and radtum in background and srte areas-were- evaIuated —— e e

2.0 CHEMISTHY OF RADIUM

There aré four, naturally occurnng lsotopes of radlum radlum 223, radlum-224 ‘radium- 266 and
radium-228. Radium is an alkaline-earth-metal with a geochemical behavior somewhat similar to-
that of barium. Radium primarily exists as the divalent cation, ‘Ra*?, in aqueous solutions. Unlike -
the transuranic elements,. plutonium and americium, radium is less strongly bound to the solid
phase and may be remobilized by infiltrating solutions.  The solubility of RaSO, is reported to be
somewhat less than that of barite (BaSO,) (Hem, 1992). The amount of radium in solution in most

natural waters is less than 1.0.pCi/L, although some deep groundwaters near Helsunkr Finland are'
-reported to contain more than 100 pCi/lL of radium- 226 (Hem, 1992)

Uranrum and thonum, the parents of radium-226 and radlum-228,' respectivel'y,' are classified as " .
~ "incompatible” elements (Krauskopf, 1979). Because of their size and charge, these ions tend to .

' be segregated into late-stage magmatic fluids during magmatic crystallization. Pegmatites, such

as those found in granitic rocks along the Colorado Front Range, are the crystalline-form of these - . -

late-stage magmatic fluids: These billion-year-old granmc rocks, represent a potential source of -
radium-226 and radium-228, through the radlogenlc decay. of uranrum-238 and thonum 232

_lncorporated into pegmatlte mlnerals

Although uranium and thonum exhibit snmrlar behavior in magmatlc ﬂunds the two elements dlffer

greatly in their behaviorin aqueous solutions under near-surface conditions (Hem, 1992).

Because thorium occurs only in the +4 state, whereas uranium occurs in both the +4 (less’ mobrle)
.and +6 (more mobile), thorium tends to be-less.mobile than uranium in oxidizing alkaline systems..
The oxidizing, neutral to.alkaline environment at Rocky Flats should therefore, tend to promote -

separation of thorium and uranium |sotopes in solutron

Radium-226 is a naturally occurnng dlsmtegratlon product of the uranium-238 decay charn and
has a half-life of 1,620 years. Uranium-238 has a half-life of 4.51 x 10° years, decaying to thorium-

234 (24.1 days), protactinium-234 (6.7 hours), uranium-234 (2.48 x 10° years), thorium-230 (7.52 -

x 10‘ ‘years), then-to radrum -226, and, ultrmately, to the stabie lsotope Iead 206 (Fnedlander et
1964) A o , .




Unlike- radlum 226 which'is a product of the uranium- 238 decay chain, radtum 228isa . o
disintegration. product (alpha decay) of thorium-232 (half-life 1.39 x 10" years).. Radium-228 hasa -
half-life of only 6.7 years." Although thorium-232 was used for several applications at Rocky Flats -
(ChemRisk, 1992), the 10-billion-year half-life makes it unlikely that much radium-228 would have
accumulated by radiogenic decay of pure thonum-232 No thorlum 232 data are avallable for

: evaluatron

3.0 RADIUM AND URANIUM AT ROCKY FLATS AND IN NEARBY AREAS

Radlum-228 and radlum-226 are not listed for hlstoncal usage at Rocky Flats (ChemRisk, 1992; .
DOE, 1992). In addition, there are abundant natural sources of uranium and radium in nearby
areas, such as Coal Creek Canyon (a source area for the Rocky Flats AIIuvrum) However,

incidental use of radium or radium-contaminated materials at Rocky Flats may not have been’:
- reported in either the Hrstoncal Release Report (DOE 1992) or the ChemRrsk report (1992)

A recent lnvestrgatlon by the Jefferson County Health Department measured the levels of -

" - uranium, radium, and radon (the.daughter of radium decay) in groundwater wells of Coal Creek
--Canyon (Moody and Morse, 1992)._The Jefferson County study compiled data from thirty- three _

domestic groundwater wells.in Coal Creek Canyon. Uranium (total) ranged from 1.3 to-1,200 -

pCi/L, with a mean and standard deviation of 174.9 pCi/L and 339.1 pCiL, respectrvely Radrum- N

226 ranged from 0.0 to 40.0 pCi/L, with a mean and standard deviation of 4.3 pCi/l. and 9.1 pCl/L

respectively. Data for surface and subsurface’ sorts were not collected for the Jefferson County

study.-

Because there exists an established source area for naturally occurring uranium and radium near -
Rocky Flats, correlations of radium-226.to the parent isotopes (uranium-233/234 and uranium-

- 238) were calculated for both background and site (OU4) data sets. " If a correlation between

parent and daughter isotopes exists, it would represent supporttng evidence for a natural source

'of the radrum

Linear regression anatysrs performed on background subsurface soil data for radium-226 and

uranium-238 yields a correlation coefficient (r) of 0.70, which indicates a moderate correlation. .
between the dependent and independent variables (Figure 1b). The correlation coefficient for: -
radium-226 and uranium-233+234 is lower, but still indicates some retatronshtp (Figure 1a). The

- data from OU4 subsurface soils show a similar correlation (r = 0.77 to 0.80) between. radrum-226

and the-uranium. tsotopes (Figures 2a and 2b)

- Background surface-soil data (DOE 1995) show a |esser correlatlon between radlum 226 and the
" uranium isotopes (Figures 3a and 3b). Data from OU4 and the OU1 "hot spots"” show correlations

similar to those of background (Figures 4a, 4b and Figures 5a, 5b, respectively). If the ratios: of
radium-226/uranium-233,234 and radium-226/uranium-238 are plotted against radium-226°
activities in.data for background and QU4 subsurface soils, no striking differences are apparent -

. (Figures 6a; 6b and Figures 7a, 7b). For background subsurface-soil data, the radium-
. 226/uranium-233,234 ratio ranges from 0.1.to 4 (Figure 6a), whereas for OU4 subsurface-soil .

data, this. ratio ranges from 0.2 to 0.9 (Figure 7a). Slightly narrower ranges are seen for the radium-- -
226/uramum 238 ratlos for background (0. 6 to 3 Flgure 6b) and OuU4 (0.3t0 2, Frgure 7b) data

Data for background and OU4 surface sorls also show mconclusrve results for radium-

© 226/uranium-233,234 and radium-226/uranium-238 ratios (Flgures 8a, 8b and Figures 9a, 9b;

respectively). Ratios for data from the OU1 hot spots were also plotted (Figures 10a and 10b)

l these show the greatest range. For background surface soils, the ratio of radium- 226/uranium-- -
233,234 ranges from approximately 0.2 to 1.0; for OU4 surface sails, this ratio ranges from.about

0.07 to 1.0; for the OU1 hot spots; this ratio ranges from about 0.2 to 2.0.” Similarly, the: radium- .
226/uranium-238 ratio ranges from about 0. 5 t0 0.9 for background data, 0.09-to 1.5 for Oou4
data, and 0 2 to 10 for OU1 hot -spot’ data .




4.0 SUMMARY AND CONCLUSIONS
As previously mentioned, there is no reference to the historic use of radium isotopes at the Rocky', .
Flats Plant. The current data suggest that, aside from several outliers, the activities of radium-226
observed in soil samples from Rocky. Flats are the result of natural processes. However, the brief
" review presented here cannot conclusively state whether or not the radium anomalies in Rocky

" Flats soils are of natural or anthropogenic origin. A more in-depth study may provnde a better
answer for the issue of radlum 226 and rad|um-228 at Rocky Flats. .

A literature review of data for naturally occumng radlum and uranium nsotopes should be the _
starting point of further investigations of radium at Rocky Flats. These data are necessaryto .
provide a broader. understandmg of the parent-daughter relationships of these radionuclides in
‘natural soils and waters. Next, the exact isotopic composition of uranium used at Rocky Flats
.$hould be reviewed to determine if radium impurities were contained within the uranium ‘
processed at the plant. In addition, the possible incidental use of radium or radium-contaminated
materials should be evaluated. Until additional information is obtalned the origin of radlum
isotopes m Rocky Flats sonls will remain speculatlve . :




5.0 REFERENCES CITED

-, ChemRisk, 1992 Rocky Flats Hlstory Rocky Flats Toxncologlc Revuew and Dose Reconstructlon
Task 3/4 Report , .

- DOE, 1992. Hlstoncal Release Report for the Rocky Flats Plant

: DOE 1993 Background Geochemlcal Charactenzatlon Repon

DOE, 1995 Geochemlcal Characterization of: Background Surface Soﬂs Background Sorls

'Charactenzatlon Program for Rocky Flats Environmental Technology Slte

Fnedlander G., Kennedy, J.W., Miller, J.M., 1964. Nuclear and Radlochemlstry Second edmon
“John Wiley & Sons, Inc., N.Y.; 585 pp.. _ : :

Hem J.D,, 1992. Study and lnterpretatlon of the chemical charactenstlcs of natural water u. S

'Geologlcal Survey Water-Supply Paper 2254, 263 pp

Krauskopf K.B., 1979 Introductlon to Geochemlstry Second edmon McGraw Hl” Book :

- Company, 61 7 pp

- 'QMorse J. L and Moody, JS 1992 Flnal Report for the State lndoor Radon Grant Jefterson
' County Health Department 21 p . .




Radium-226 (pCilg)

BACKGROUND SUBSUHFACE (BOREHOLE) SOILS
Radium-226 vs. Uranium-233, 234 :

- 1.3 : - = -— o— - , -—

T 124 ———

1.44— - -

A II—I—I

oS mm—mm—m—a————, _056 [ la

0.8——m— -

QT .—— : —

------ = | Without -U-=-8.9-outlier | | -

05‘1'_—_._-_.—.* - T - T - T —
o - a5 1 15 - 2 . 25 3
o : ~* Uranium-233,234 (pCi/g) ’

BACKGROUND SUBSURFACE (BOREHOLE) SOILS
o Radlum-226 vs. Uranium-238 :

1.3 — - — -

Radium-226 (pCilg) . .

lr=070]

o,e-+-———-—p—_.—.—.—.—-r

S 08 1 15 2 .. 25
‘ : © 'Uranium-238 (pCi/g)- ' '




10—

1 fr=0771

Radium-226 (pCilg) ‘

© OU4 SUBSURFACE (BOREHOLE) SOILS
Radium-226 vs. Uranium-233,234

-

104

{{r=080|

" Radium-226 (pCi/g):

6 8 10 120 14 | 16
. Uranium-233,234 (pCi/g)

LU L
4 6

18

OU4 SUBSURFACE (BOREHOLE) SOILS
- Radlum-226 VS. Uramum-238 _ o

[+ D

7 I 1 I 1 1 T l

a4 6 8 | 10 12 14 16 18
Uranium-238 (pCi/g)*

2a~ '

T

2




" Radium-226 Activity (pCilg) -

Radium-226 Activity (pCilg)

* BACKGROUND SURFACE SOILS
 Ra-226vs. U-233234 .

3a.

10 12 14 16 .- 18 20 22 24

- Uranium-233,234- Activity (pCilg)

BACKGHOUND SURFACE SQILS

Ha—226 vs. U- 238

10 12 14 - 16 18 - 20 22 - 24

* Uranium-238 Activity (pCi/g)




3.0

© Radium-226- Activity (pCilg)

Radium-226 Activity (pCilg) : o

.20

 OU4 SURFACE SOILS
_ Ra—226 VS.. U-2_33,234--_ :

e
[,

201—

  4Aa "

100 150 200 250 . 300 350

- Uranium-233,234 ‘Activity (pCi/g) -

' OU4 SURFACE SOILS
.. "Ra-226 vs. U238

. B e

o 05-1& ,- ' ;

0.0

00 50 100 - . 150 200 - '25.0

Uranium-238 Activity (pCi/g)-

800




- Radium-226 Activity (pCilg) . )

Radium-ééﬁ Aétivify' (pCilg) B . -

. OuU1 SURFACE SOIL (HOT SPOT)
Radlum-226 VS. Uranlum-233 234

1000'

—h
[=)
q} -

it

'll l g l. ’—r = T
.50 . 100 150- - ° 200 .. 250

o U_raniu‘m-_233,234 ‘Activity (pCi/g)

OU1 SURFACE SOIL (HOT SPOT)T :'f-ﬁ'. :

Radlum-226 vs Uranlum-238

10005=

"Hé

i

ey
3

-t

20 40 - 60 8 - 100

120

" Uranium-238 Activity (pCilg) -

140

S5a- '




BACKGROUND SUBSURFACE (BOREHOLE) SOILS
S Ra—226 U-233 234 Ratlo :

. Ra_cjium-226 : Uranium-238 Ratio |

. \.1c- . N -A N ..
" . - .
o ' A ' = __m e
"8’ 4 - a B - ,
- .
§. . - o B m u I «
2 o - 2 3
5 | & , a
© - 1 :
g
T E -
2 L
1~ —_
o ~
0-1 : ' ¥ ¥ L - . T , . T . L . : :
05 06 . 07 o8 09 - 1 11 12 13 -

~ Radium-226 Activity (pCilg)

BACKGROUND SUBSURFACE (BOREHOLE) SOILS
o Ra—226 U 238 Ratio - -

107
- A . - :
Eadl o . ) m -
= om .-
= = = =" ="F =
= § - 6b
' N .‘-A;'
01 T - “I N T - T T " : .
0.5 0.6 . 0.7 08 0.9 1 1.1 1.2 1.3 -

' Radium-226 Activity (pCl/g)




- Radium-226 : Uranium-233,234 Ratio . .

Radium-226 : Uranium-238 Ratio

| OU4 SUBSURFACE (BOHEHOLE) SOILS
Ra-226 : U-233, 234 Ratio..

10

0 : l‘ " T — T - | g— T ' T — T
25 30 . .35 40 - 45 50 - 55 6.0

Radiurn-226 Activity (pCilg)

6.5

OU4 SUBSURFACE (BOREHOLE) SOILS' -

Ra-226 U-238 Ratlo

} 7;9

1(5'"
" .-
1 . -m ||
- - —]
e w
 m L
t .

1.0 - L20 3.0 a0, - 50 . 60 70

Radlum 226 Actnvuty (pCifg) - -

Ta




" BACKGROUND SURFACE SOILS -
Ra-226 : U-233,234 Ratio

| Radium-226 : Uranium-233,234 Ratio

‘045 05 055 06 065 07 075 08
' " 'Radium-226 “Activity (pCi/g) =~ -

| BACKGROUND SURFACE SOILS .
o Ra-226 U- 238 ‘Ratio

4Radium-226:'Uranium-_238 Fiatib )

0.1. i I'-. - ‘ L] - . Ll - ] : L] T
' 0.2 0.3 0.4 0.5 06 = 07 0.8 0.9
: - Radium-226 Activity (pCilg) '




" Radium-226 : Uranium-233,234 Ratio - -

 Radium-226 : Uranium-238 Ratio

0.01+—
: 0.0

10

0U4 SURFACE SOILS
Ra-226 : U-233,234 Ratio

0.13=

0.01

0.0

o5 .10 . 15 - 20 - 25

- Radium-226 Activity (pCi/g)

' OU4 SURFACE SOILS
Ra-226 : U-238 Ratio

.10

0.1

05 S0 15 2.0 25
' - Radium-226 Activity (pCilg) . -

30

- 9a |

30 -

o




OU1-SURFACE SOIL (HOT SPOT)
Ra-226 ; U-233,234 Ratio

10—

Radium-226 : Uranium-233,234 Ratio -

0.1-—
0

’ Sﬁ

4 6. . 8
~ Radium-226 Activity (pCi/g)- -

100

.OU1 SURFACE SOIL (HOT SPOT)

Ra—226 U- 238 Ratio -

100

10

. Radidm—éZG : Uranium-238 Ratio

L

- 0.1 _—
o .

40 60 80

Radium-226 Activity (pCi/g)

160:.

- 10a

106




Rellergert, Carla |

From: Cowdery, Craig

Sent: Wednesday, July 24, 2002 2:26 PM

To: "Win Chromec’; Norland, Lee; Millard, Jere; Brooks, Laura; Rellergert, Carla Lindsay,
Thomas; Reeder, Daniel

Cc: Anderson, Jerry

Subject: How radium was removed from Sampling requirements

| spoke with Jerry Anderson today (7/24/02) and he was the one who worked on getting radium
off the COC list. He said it was 1994- 1995 timeframe and it was through a document called DOE
Isotopes of Concern (through the no rad added program). It basically determined that, based on
site history, radium was not a contaminant of concern.

Craig Cowdery
X2506




Rellergert, Carla

From: Cunningham, Steven
Sent: Monday, July 22, 2002 12:08 PM
To: Rellergert, Carla

Subject: RE:

Historical use of radium at RFETS

Ed is here right now, so | asked him, and he confirmed that radium was not used here, nor was it
inherent in the materials we processed.

Hope that helps. If you need it directly from him; call Rod at 4598 and get Ed’s number today.

Steve

From:
Sent:
To:
Subject:

Thank you.

Rellergen, Carla

Thursday, July 18, 2002 9:52 AM
Cunningham, Steven

RE: Historical use of radium at RFETS

Carla A. Rellergert

Weston Solutions, Inc.

Environmental Systems and Stewardship
Rocky Flats Environmental Technology Site
10808 Highway 93, Unit B, T130C

Golden, CO 80403-8200

Phone: 303-966-2518

Fax: 303-966-7991

Pager: 303-212-6189

E-mail: carla.rellergert @rfets.gov

Original Message-----

|From: Cunningham, Steven ]
Sent: Thursday, July 18, 2002 9:47 AM
To: Rellergert, Carla; Nesheim, Janet

Cc:

Hoffman, Rod

Subject:  RE: Historical use of radium at RFETS

| know of no uses of radium here on site, and no use in nuke weapons. As for the
uranium connection, | suggest you get with Ed Vejvoda when he working is in the
460 vault. Call Rod Hoffman at 4598 or Janet at 4595 to see when Ed is in. Ed was
here when the plant startec/i, and worked very closely with the uranium side of the

house.
Steve
----- Original Message-----
From: Rellergert, Carla
Sent: Thursday, July 18, 2002 8:04 AM
To: Cunningham, Steven; Nesheim, Janet
Subject: Historical use of radium at RFETS

| spoke with Laurie Gregory-Frost and she suggested | contact you both based
on your knowledge of this site. There is a question coming from the ER side of
things about whether or not radium that is detected in the soils at this site is
naturally occurring or if it could have come from some operation on-site. Do you




know if radium was ever used on-site? Also, do you know anything about the
purity of the uranium used here, specifically, if radium could have been an
impurity in the uranium? Any thoughts or additional places | could research or
people to contact would be greatly appreciated.

Thanks for your time.

Carla A. Rellergert

Environmental Systems and Stewardship
Rocky Flats Environmental Technology Site
10808 Highway 93, Unit B, T130C

Golden, CO 80403-8200

Phone: 303-966-2518

Fax: 303-966-7991

Pager: 303-212-6189

E-mail: carla.rellergert@rfets.gov
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