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Dear Bob:

As a result of your most recent request for Information concerning the produc-
tion rate of oxygen fros naturally occurring radionuclides, I am enclosing a
document prepared by H. C. Claiborne concerning estimates of oxygen production
in the groundwater from the radiations of dissolved uranium and '0K. You should
note that these production rates assume that the natural uranium is in
equilibrium with Its daughters and that no recombination or other oxygen-
consuming reaction occurs. The radiation source terms are given In the text of
the document in terms of disintegrations per liter per year.

Concerning radiolysis from the radiation emitted by uranium in the basalt
rock, we have determined that the average uranium content of the rock ls
1.1 ppw for the high-ft flows and 1.5 ppw for the low-Mg flows. We are not
prepared to take this analysis further at this time due to uncertainties In the
relevant geometries and radiation absorption which lead to substantial calcula-
tional compleitleso.

Sincerely,

CWLM
Allen G. Croff, Manager
Planning 6 Waste Management Analysis
Chemical Technology Division
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OXYGEN PRODUCTION IN BASALT GROUNDWATERS FROM
DECAY OF DISSOLVED URANIUM

R. C. Claiborne

The production of hydrogen and oxygen species Is governed by the

G values (deflned as the number of atoms or molecules of a chemical species

generated by absorption of 100 e.v. of energy). The concentration or fuga-

city of oxygen at equilibrium is very dependent on the other species pre-

sent in solution and the surrounding rock minerals that influence

recombination reactions. Consequently, calculation of the oxygen fugacity

would entail many assumptions in regard to the existing conditions and

kinetic and thermodynamic data. To put the oxygen production rate from

radiolysis from uranium decay In perspective, a comparison Is made with the

production rate from the decay of 40K contained In basalt groundwater.

Many species of oxygen are possible but for simplification, It Is assumed

that all oxygen Is produced as 02 molecules.

G Values

For pure water at room temperature, G(H2) - 1.5 for 6 MeV alpha

particles,1 and G(H2) - 0.44 for beta and gamma radiation.2

If all oxygen ls produced as 02,

G(02) - ½h G(H2)(ref. 3)

The higher temperatures In the Grande Ronde and the other dissolved

species of basalt groundwater will not significantly affect these produc-

tion rates*
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Energy Release from Uranium and Potassium

The abundance of natural radioactive potassium (40K) is 0.0118 atom per

cznt and it decays with a half life of 1.28 x 109 y. The decay emissions

are a beta particle (89%) with a maximum energy of 1.314 MeV and a 1.460

MeV (11%) gamma photon.

Decay by beta particle emission results in a spectrum of beta particle

energies up to the maximum. The difference between the maximum energy and

the actual energy of the beta particle is emitted as neutrino energy.

Usually the beta particle energy averages about 40% of the maximum. In the

case of 40K, a computer programs Involving the theory of beta decay was

used to estimate the average value, which was 38% of the maximum.

Therefore, decay results in a (P + y) energy release of

0.38 x 1.314 x 0.89 + 1.460 x 0.11 - 0.606 MeV

Natural uranium forms two decay series - the uranium (radium) series

starting with 235U. Table 1 shows the uranium series6 with the emission

characteristics for the parent and each daughter; Table 2 shows the same

for the actinium series.7

Assuming secular equilibrium, each decay of a parent io matched by a

daughter decay and total energy release is obtained by summing the energy

release for each nuclide with each particle or photon being weighted by its

abundance. Since the contribution from the A energy is relatively small;

for simplication it was assumed that the average P energy was 40% of the

maximum.
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For the uranium series:

Total a energy -

Maximum B energy -

Y energy -

Total (Oa; + Y) energy -

42.82

5.84

1.92

4.22

MeV

MeV

MeV

MeV

For the actinium series:

Total a energy -

Maximum B energy -

Y energy -

Total (Oau + Y) energy -

36.97

2.97

0.47

1.66

MeV

MeV

MeV

MeV

In the following calculations, it

and U235 produces the energies listed

composed of 99.29% 23BU and 0.71S 235t

is assumed that each decay of U238

above and that natural uranium is

Uranium and Potassium Concentrations

The Middle Sentinel Bluffs and Umtanum flows are the candidate reposi-

tory horizons. The site characterization report$ lists the following con-

centration ranges for the potassium content of their groundwater:

Middle Sentinel Bluffs: 12 to 16 mg/L; average 14 mg/L

Ustanum: 3.3 to 8.1 mg/L; average 5.9 mg/L.

The SWIP estimated9 the solubility of uranium synthetic groundwater to

be in the range of 1.3 x 10-11 to 1.9 to 10-9 moles/L with an expected

value of 1.0 x 10-10 moles/L. A conservative value, which is the highest

found ln any experiment, ia listed as 1.0 x 10-6 moles/L. These values are

3.2 x 10-6, 4.5 x 10-*, 2.4 x 10-5, and 0.24 mgIL or ppm, respectively.
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Calculations

40K contribution for 16 ug/L or ppm:

(16 x 10-3)(1.18 x 10-4)(6.02 x 1023)/39.1 - 2.90 x 1016 atoms/L

(2.90 s 1016)(0.6931)/1.28 x 109 - 1.57 x 107 dis./L-yr.

(1.57 x 107)(0.606 x 106)(0.22)/100 - 2.10 x 1010 02 moles/L-yr.

236U contribution for 1.0 x 10-6 moles U/L:

(10-6)(0.9929)(6.02 x 1023)(0.6931)/4.49 x 109 - 9.22 x 107 dis./L-yr.

From (8aw + Y), (9.22 x 107)(106)(4.22)(0.22)/100 - 8.57 x 1011 02 moles/L-yr.

From e, (9.22 x 107)(106)(42.82)(0.75)/100 - 2.96 x 1013 02 moles/L-yr.

235U contribution for 1.0 x 10-6 moles U/L:

(10-6)(0.0071)(6.02 x 1023)(0.6931)/7.10 s 10e - 4.17 x 106 die./L-yr.

From (taw + Y), (4.17 - 106)(1.66)(106)(0.22)/100 & 1.52 x 1010 02 moles/L-yr.

From a, (4.17 x 106)(36.97)(106)(0.75)/100 - 1.16 x 1012 02 moles/L-yr.

Total for uranium - 3.17 x 1013 02 moles/L-yr.

The 02 production rates for other concentrations can be obtained by

multiplying these results by the ratios of the concentrations.
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Calculated Results

The 02 production rates for the range of concentrations listed pre-

viously are given in the following table.

Uranium I 40K, Hid. Sent. Bluff I 4 0K, Umtanum

I Conc., pp4 02 prod.,i conc, PPI 02 prod., conc, ppc 02 prod.,
moles/L-yi I moles/L-yI moles/L-yr

I
high 4.5 - 4* 6.0 + 10 16 2.1 + 10 8.1 1.1+ 10

expected ox 2.4 - 5 3.2 + 9 14 1.8 + 10 5.9 7.7 + 9
average

low 3.1 - 6 4.1 + 8 12 1.6 + 10 3.3 4.3 + 9

conserva- 2.4 - 1 3.2 + 13 _ - -_

tive

*Read as 4.5 x 10-".

Discussion

The values for the uranium concentrations were based on solubilities

for conditions around the waste package. The conservative value of 240 ppb

for uranium is very high (conditions of experiment that obtained this value

are unknown).

If such a high concentration occurs, it cannot be expected to be

sustained once the groundwater leaves the repository region and interacts

with surrounding groundwater. Consequently, the expected value for the

uranium concentration seems more likely. The Cohassett flow of the Middle

IM 41111-1 - - - - - - I,
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Sentinel Bluffs sequence is now the most favored horizon for the reposi-

tory. Therefore, the 4 0K and natural uranium contained in the region

groundwater can be expected to exert the greatest influence on the oxygen

production by radiolysis of the water; i.e., leached uranium should not

significantly affect the oxygen fugacity due to oxygen production in the

far-field and probably not in the near-field.
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Table 1. Uranium (radlum) series

Isotope Symbol Half-life Radiation Energy" (MeV)

Uranium-238
ThoriumZT-234

i

Protactinium-234

Uranium-234

Thorium-230
Radium-226

Radon-222
Polonium-218
Lead-214

Bismuth-214

Polonium-214
Lead-210

Bismuth-210
Polonium-210

Lead-206

2 3 8U
23 4 Th

234Pa

234u

2 3 0Th
2 2 6 Ra

222R,,
2 1 8 po
2 1 4 Pb

1.18 min.

2.50x10 5 y

8.Ox104 y

1622 y

4.5xl09 y

24.1 d

3.82

3.05
26.8

d

mln.
min.

CL

a

Y

B

y
a

Y

CL

a

Y

IC

CZ

B

4.18(77), 4.13(23)

0.19(65), 0.10(35)

0.09(15), 0.06(7), 0.03(7)

2.31(93), 1.45(6), 0.55(1)

1.01(2), 0.77(1), 0.04(3)

4.77(72), 4.72(28)

0.05(28)

4.68(76), 4.62(24)

4.78(94), 4.59(6)

0.19(4)

5.48(100)

6.00(100)

1.03(6), 0.66(40), 0.46
(50), 0.40(4)

0.35(44), 0.29(24), 0.24
(11), 0.05(2)

3.18(15), 2.56(4), 1.79(8),
1.33(33), 1.03(22),
0.74(20)

2.43(2), 2.20(6), 2.12(1),
1.85 3 1.76(19),
1.73 2 ,.51 3),
1.42 4 , 1.38 7 ,
1.28 2 1.247),
1.16(2), 1.12 20),
0.94 5), 0.81 2),
0.777)7 0.61 (45)

7.68(100)

0.06(17), 0.02(83)
0.05(4)

1.16(100).

5.30(100)

214BJ

214po

210pb

2 1 0 B1

2 1 0 po

206Pb

19.7 min.

160xl 0 6 s

19.4 y

5.0 d

138.4 d

StUble

'Y

a

B
Y

B
a

1 1

aNumbers in parentheses indicate percent abundance.

Taken from Reference 4.
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Table 2. Actinium series

Isotope | Symbol | Half-life Radiation Eevrgya (HeY)

Vranium-235
23 SU -7.lxlO8 y

Thorium-231

Protactinium-231

Actinium-227

Thoriun-227

Radium-223

Radon-219

Polonium-215
Lead-211

Bismuth-211

Thallium-207

Lead-207

231Th

227Ac

I -

I -223

- 19

2 1 5 po

ZliPb

..

25.5 h

3.25x104 y

21.6 y

18.2 d

11.43 d

4.0 s.

l.78xl03 S
36.1 mian.

2.15 min.

4.79 min.

Stable

4.40S?-) -4-37(18) 4.58(8)

0.18(54), 0.14(11), 0.20(5)

0.14(45), 0.30(40),
0.22(15)

0.08%), 0.03(2)

5.01(24), 5.02(23),
4.95Jfl)

0.29(6), 0.03(6)
4.95(1,2), 4.86(0.18)
0.043(99+)-
0.070(0.08)

5.98(24), 6.04(23).
5.76(21)

0.24(15j, 0.31(8),
0.050(8) -

5.71(54), 5.61(26), 5.75(9)

0.27(10), 0.15(10), 0.33(6)
6.82(81;), 6,55(11), 6.42(8)

0.27(9), 0.40(5)
7.38(100)

1.39(88), 0.56(9),
0.29(1.4)

iliBi

207T1

207Pb

0.83(3.4), 0.40(3.4),
0.43(l.8)

6.62(84), 6.28(16)
0.35(14)
1.44(9'9 .8') '
0.90 (0.16)

Y

S
Y1

I A I

aNumbers in parentheses indicate percent abundance.

Taken from Reference 4.
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