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1.

AMENDMENT OF SOURCE MATERIAL LICENSE SUB-1010 TO AUTHORIZE
TEST OF ON-SITF DISPOSAL OF SOLVENT EXTRACTION RAFFINATE.

Proposed License Amendment

By letter dated March 9, 1977, with enclosure, and in a second letter
dated April 15, 1977, with enclosure, as amended April 26, 1977, Kerr-
McGee Nuclear Corporation (KM) requested amendment of Source Material
License SUB-1010 to authorize the test disposal of barfum treated
neutralized raffinate by distributing this material over about 160
acres of KM owned land fmmediately south of the Sequoyah Facility during
1977 ng season, KM p to have the teeated raffinate
which contains about 80 /1 NHgNOj and less than 3pCi/1 Ra-226 (0.)
pCi/gh) applied to the test area by contract with a cormercial ca-

tor us n, standard fertilizer sgnﬂm material. ximately 1000
pounds of nitrogen per acre would s uniformly over the entire
area 1n six treatments during the ng season except for a clear

area of about 20 acres on the southwest side of the test plot which
would recefve about 1500 pounds of nitrogen per acre provided this
heavier application produces no visible damage to the follage.

The proposed action 1s to fssue the amendment requested by the 1icensee
with the test program to be conducted fn accordance with the statements,
representaiions and conditions contained n the application and enclosure
dated March 9, 1977 as amendad by letter and enclosure dated April 15,
1977 and as modified by several additfonal conditions donlord by
FCPF staff and described in a subsequent section of this evaluation.

2. Bagkground Information
The Kerr-tchee Seaquoyah Facility is currently licensed to produce 5000
tons per year of uranium as UFg from ore concentrates supplied by various
aranium mi11s, The process employed, generally referred to as the "wet
process,” involves dissolution of the ore concentrates in nitric acid
followed by purification of the resulting fmoure uranyl nitrate solutfon
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by treatment in a solvent extraction (Sx) circutt. Tir fmpurities are
rejected from the Sx circuit in the form of a "barren” aqueous solu-

tion termed Sx raffinate which contains nitric acid, wmonfum nitrate
and metallic salts along with small quantities of uranium and the
radioactive daughter products of natural uranium decay. The raffinate
solutfon 1s treated with ammonia to neutralize the ac'd content which
precipitates most of the heavy metal fons al with most of the
radtoactive mmtorfals, Subsequent treatment of the clear solution

from the neutralization step with barfur nitrate precipitates essentially
all of the resfdual radium as a barfum-radium sulfate, A fcal analysis
of treated Sx raffinate after removal of the barfum-radium sludge 1s
reported by ¥ as *hat shown in Table 1.

Conmencing with the 1973 growing season and ted each year through
1976, USNRC has 1ssued amendments to 1icense ~1010 authorizing small
scale test programs to investigate the effects of uring treated raffinate
as a fortilizer material under closely controlled conditions on about

3 acres of KM owned land within the project boundary. Reports covering
the results of these tests were submitted by the 1icensee dated February
20, 1974, March 7 and March 12, 1975, and March 19, 1976.

In the 1973 study, the entire 3 acre plot was fertilized with treated
raffinate only and some di'ficulty was exparfenced with burding of the
fold presumably due to frequent 11oht applications of the test
solutfon. After the follage had recovered, application was resumed

with less frequent, higher volume batclies. les of soil and vegeta-
tion were taken in 1973 or to starting the test, in September 1973
and again in January 1974, along with contro] samples taken from an
untreated area adjacent to the test area. The test results showed that
the raffinate treatment a radium concentration will below

the 19 CFR 20 ﬂwn? fmits (30 pC1/1) and below the allowable drink-
M? water standards (3 pCi/1). Moreover, the application of treated
raf’finate appeared to have a beneficial effect on the growth and vitality
of bermuda grass forage without showing any measurable buildup of calctum,
fluoride, sodium, uranfum or radium in efther the sof) or the vegetation.

For the 1974 study, four tast plots ranging in size from 0.64 to 0.78
acre were used with raffinate plus commorcial fertilizer apolied to two
plots, comercial fertilizer only, Including nitrogen, appliad to a

third plot and commercial fertilfizer only with no nitrogen applied

to the fourth plot. In this tast the raffinate treatment wes modified

fr that the as produced raffinate was treated first with barfum carbonate,
than neutralized with anmonia. The test data showed that cthe plot
treoated with coomarcial fertilizer including 466 pounds of nitrogen
received almost twice the Wa<Z226 as the plot treated with 1080 pounds of
nitrogen supplied by raffinate and 2.4 times as much Ra-226 as the plot
treated wi‘t’; 519 pounds of raffinate derived nitrogen. Nitrogen balances
and recovery of nitrogen in the forage were poor. MHowever, the test
demonstrated that from the standpoint of nitrogen fertilization, raffinate
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treatments performed the same as commercial armonium nitrate, It
was recommended that the study be continued and that efforts be made
to obtain lete water, nitrogen and radionuciide balances. No
mwlmt fn radium or nitrogen contant of the total plant
uent was noted as a result of the test mor was any correlation
mnhmm the Ra-226 in the vegetation and the Ra-226 applied with
zer.

The 1976 test p was conducted following a procedure similar to
that used in the 1974 study. These test results reported by KM
indicated the following:

4. Sx raffinate can be treated to a Ra-226 level of less than 3 pCi/)
and frequently less than 1 pCi/1.

b. ‘l'h:"mu of Ra-226 dntrocuced into the enviromment from treated
raffinate, 1s iInsignificant compared to that contained in nature;
f.e., of the total 708 nC1 of Ra-226 applied to Test Plot No. 1,
only 3 nC! was derived from the raffinate, 664 nCl from rainwacer
and the remainder from frrigation water and conmercial fertilizers.

¢. Treated raffinate solution 15 equivalent to commercial ammonium
nitrate in 1ts effect on nlant growth,

d. Reasonable material balances for Ra-226 and nitrate are obtainable.
These balances indicate no adverse effect on the environment,

Results of the 1976 test program have not yet been reported,

By lettar dated April 29, 1976, KM applied for an amendment to License
SUB-1010 mumm‘ the disposal of treated raffinate on about 250
acres of open ssland within the M owned u%nh facility site. This
proposal called for the application of up to 1000 pounds of nitrogen

per acre speead at a ate intarvals throughout the gmia season.
An avaluation of this proposal, 1ssued in memorandum form dated June

11, 1976, was based on Information submitted by ¥ dated August 13,
December & and 9, 1975 and April 29 and May 3, 1976, This information
contains data describing the concentrations of chemical constituents

and radionuciides 1n the treated raffinate along with data obtained

from the small scale tests described above., It was concluded in this
evaluation chat the request to use treated raffinate as a fertilizer

on 260 acres of posture vould meat the ndio\o?iul safety limits of 10
CFR 20 for releasa of radfonuclides to the enviromment, The radium content
meets the USEPA proposed deinking water standards for radium. However,
1t was also concluded that the molybdenum content of the raffinate

could cause toxicityin cattle and the nickel and copper coutent could
cause plant damage. In rebuttal to these conclusfons, based on an

-

Parm ABCAIE (Rev 5855 ABCM 0140 BT 6 6 SOVERNMENT SRINTING BEPIEE 1058, 088189



mmt:::.«n conducted by B. . Tucker, Professor of Sofl Fertility

at 0k) State Unfversity acting as consultant to KM, 1t was

W KM by letter dated September 22, 1976 and forwarded to NRC by letter

deted September 29, 1976 that: “Based on the 11terature review of

these elements, (Cu, Mo, and N1) I must conclude that from the data

collected there 1s no reason to suspect any deleterfous effects to the
production or on the raffinate treated plots at Gore." 1t

should be pointed out that the potential for adverse effect on domestica-

ted animals consuming the forage s academic since the present applica-

tion does not propose the use of the forage produced as anfmal feed.

3. Discussion

Uniform application of 1000 pounds of nitrogen per acre in the form of
treated raffinate having the composition shown in Table | would result
in the addition of about 9 uCi of uranfum, 9 nCi of Ra-226, 10 nCi of
Th=230, and 18 nC1 of Th-232 per acre over the 1977 growing season.

Efsenbud 1n Environmental Radioactivity reports the overage radium
content of rocks and sofls as 0.7 xllmm a range of 0.2 to 2.06 pCi/g,
the uranfum content of 1imestone and o sedimentary rocks as 1.7 to
1.3 ppm and the thorium-232 content of sandstones, shales and )imestones
ranging from 0.14 to 1.1 pCi/g. KM reports the sof] radium content of
the area o8 0.25 pCi/g and the uranium content ranging from 0.5 to § pom,
MM»’ the radium at 0,26 pC1/g, uranfum at 2.5 ppm, thorium-232 at
0.5 pCl/g, the thorium-230 tw«lw 114brdum with the uranfum-238,
and the sofl density at 2 9/amd, the calculatad content of these radio-
nuclides in the upper | om of soi) and the percentage increase In concen-
tratfon resulting in the application of 1000 pounds of nitrogen per acre
18 shown in the following tabulation:

Kadionuc!ide Backgrouny Addition Conen Increase

Content of Top at 1000 Ibs  1n Top 1 cm of Soil %

I em of Sotl pCi/ N per acre
pEi/acre

—tire
Ra-226 2.02x107 ax103 0,045
U=natura) 1.37x108 Ix108 6.6
Th=-230 6.74x107 10x103 0,016
Th-232 4.08x107 1ax103 0.044

Th' s, the only radioactive component for which a detectable increase in
concentration might be expected would ba total uranium,

It should be pointed out that the concentrations of the varfous radio-

:&Hm ried In the raffinate ave all at least two orders of magni-
be low 10 CFR 20 Appendix B, Table 11, Colum 2 allowable concen-

trations for release to uncontrolled areas. Morsover. in accordance

with the criteria given tn Footnote No. 5§ of Appendix B, the radionuc]ides

arriae e

Mﬂ‘.

mﬁﬂﬂ ARCM 0140 0 b SOVEAREENT FRNTINE SPEIBE! 1994, 088 109



could be consfdered as not present.

Upon lﬂlﬁll' the treated raffinate solutfon on the soil, the radio~

active constituents will efther remain in the sofl or vegetation or

will seep into the ground. If 1t 44 sssumed that all of the radio-

nuclides are uniformly fted on the surface of the sol] and

are then resuspended in alr with a res fon factor of 10-8

per meter, the concentration of uranfum in the afr will be about 2x10-'7

:mu while the n-qa. ™20, -n’om-m airborne concentrations will
22610757, 2.6x10°%Y and 4.5x107€0 yC1/m) respectively., These values

are severa! orders of magnitude below the maximum allowable concentra-

tlons Tisted in 10 CFR 20 Appe.dix B, Table 11, Column 1. In the

evenl thet the raffinate seeps into the ground, the movement of the

contained radionuzlides will be slow due to fon with the sofl,

Moreover, since the inftial concentrations of the nuclides are substantially

balow MPC and will be further diluted 1f they reach the ground water,

o'n n::u:w::‘ contamination or enfvronmental fmpact on underground water

s antfcipated,

Based on this analysis, 1t Is concluded that the proposed amendment 1s
non-substantive and instignificant from the standpoint of environmental
fmpact and pursuant to subparagraph 51.5 (c)‘:)(dz(l) of 10 CFR 81, no
onvironmental fmpact statement, necative declaration, or environmental
fmpact appraisal need be prepared.

» 4 Recormendation

On the basts of the findings 1n the current assessment coupled with the
stringent controls described by the 11censee in his Heatfon, 1t 1s
recormended that Source Matarial License No. SUB-1010 amended to
authorize the test disposal of barfum treated neutralized raffinate

in accordance with the statements, representations, procedures and
conditions deseribed by the 11censee subject to the following conditions:

As discussed and agreed in a telephons conversation between J. £,
Rothfleisch and W, J. Shelley on Apri) 25, 1977 and confirmed by letter
dated Apri] 26, 1977, notwithstanding the procedures dascribed the
1Hcenses 1n his applications and enclosures dated March 9 and April

16, 1977 as arended Aprii26, 1977, the following conditions shall apply
to this amendment .,

&, The Vcansee shall install a diversion diteh along the north-south
“enceline of the soybean fleld at the west boundary of the test
plot to prwvent containation of the fleld by surface runoff, The
ditch sha. " be sloped to cause any test plot runoff *o flow to
the south stde of the north dike., Collected runoff shall be
analyzed and disposed of as described on page 6 of the lcensse's
application,
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b. The location of the monitoring well shown in Area 5 on the map
submitiad with the April 15, 1977 application shall be changed
to a site In the extreme southwest corner of Area 3.

€. The Jcensee shall collect samples of sofl water (from sof)
sorption cups) and ground water (from monitor wells) approxi-
mately 10 days to 2 weeks after each application of treated
raffinate 1s completed. Cach sample shall be anal for pH,
nitrogen, copper, nickel, mol » uranium, um, and
thorfun. In the event that the ground water samples indfcate
an increase in radium or thorium concentration of 1.0 “1/1 or
more above background levels or an increase 1n uranfum concentra-
tion of 50 percent or more above background, the 1icensee shal)
1~!mt¥"mt'~ USNRC and shall cease the application of
treatad raffinate to the test plot,

d. In the April 1978 completion report for the 1977 growing season
test, the 1icenses shall include amanalysts and evaluation of
the test resu’ts in addition to preserting the raw test data.

Oretnat B1gnad by

J. E. Rothfleisch

Fuel Processing A Fabrication Branch

Mviston of Fuel Cycle & Material
Safaty

Enclosure:
As stated
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investigation conducted by B. B. Tucker, Professor of Soil Fertility
at Oklahoma State University acting i

to KM by letter dated September

dated September 29, 1976 that: Based on the litzrature review of

consultant to KM, it was reported

31/6 and forwarced to NR by ii"'_f_L‘l

these elements, (Cu, Mo, and Ni) I must conclude that from the data
i

collected there
forage production or on the raffinate treated plots at Gore.' [t
should be pointed out that the potential for adverse effect on domestica-

,» N0 reason to suspect any deleterious effect to the

ted animals consuming the forage is academic since the present applica-
tion does not propose the use of the forage produced as animal feed.

Discussion

Uniform application of 1000 pounds of nitrogen per acre in the form of
treated raffinate having the composition shown in Table 1 would result
in the addition of about 9 uCi of uranium, 9 nCi of Ra-226, 10 nCi of
Th=230, and 18 nCi of Th-=232 per acre over the 1977 growing season.

Eisenbud in Environmental Radioactivity reports the overage radium
content of rocks and soils as 0.7 pCi/qg with a range of 0.2 to 2.06 pCi/qg,
the uranium content of limestone and other sedimentary rocks as 1.2 to
1.3 ppm and the thorium-232 content of sands.ones, shales and limestones
ranging from 0.14 to 1.1 pCi/g. KM reports the soil radium content of
the area as 0.25 pCi/g and the uranium content ranging from 0.5 to 5 ppm.
Assuming the radium at 0.25 pCi/g, uranium at 2.5 ppm, thorium=-232 at

0.5 pCi/g, the thorium-230 in secular equilibrium with the uranium-238,
and the soil density at 2 g/cm3, the calculated content of these radio-
nuclides in the upper 1 cm of soil and the percentage increase in concen-
tration resulting in the application of 1000 pounds of nitrogen per acre
1s shown in the following tabulation:

Radionuclide Background Addition oncn Increase
Content of Top at 1000 1bs in Top 1 cm of Soil
| cm of Soil pCi/ N per acre
acre - I'{“,“;”v,ii,‘ re
Ra-22¢ 2.02x107 9x10° ) o O
s $uival 1 2% Fale) v w10 £ 4
atural | 3/X1 ‘
Th=230 6.74x10/ 10x103 ).01!
Th=232 4.05x10 18x10 0.044

Thus, the only radioactive component for which a detectable increase in
concentration might be expected would be total uranium.

[t should be pointed out that the concentrations of the various radio-
nuclides reported in the raffinate are al! at least two orders of magni-
tude below the 10 CFR 20 Appendix B, Table II, Column 2 allowable concen-
trations for release to uncontrolled areas. Moreover, in accordance

with the criteria given in Footnote No. 5 of Appendix B, the radionuclides




treatments performed the same as commercial ammonium nitrate It

was recommended that the study be continued and that efforts be made
to obtain complete water, nitrogen and radionuclide balances. No
significant change in radium or nitrogen content of the total plant
effluent was noted as a result of the test nor was any correlation
found between tre Ra-226 in the vegetation and the Ra-226 applied with
the fertilizer.

The 1975 test program was conducted following a procedure similar to
¢ that used in the 1974 study. These test results reported by KM
P indicated the following:
a. ox raffinate can be treated to a Ra-226 level of less than 3 pCi/l
and frequently less than 1 pCi/1l.

b. The quantity of Ra-226 introduced into the environment from treated
raffinate, is insignificant compared to that contained in nature;
1.e., of the total 708 nCi of Ra-226 applied to Test Plot No. 1,
et only 3 nCi was derived from the raffinate, 664 nCi from rainwater
and the remainder from irrigation water and commercial fertilizers.

Treated raffinate solution is equivalent to commercial ammonium
nitrate in its effect on plant growth.

d. Reasonable material balances for Ra-226 and nitrate are obtainable.
These balances indicate no adverse effect on the environment.

Results of the 1976 test program have not yet been reported.

By letter dated April 29, 1976, KM applied for an amendment to License
SUB-1010 authorizing the disposal of treated raffinate on about 250

acres of open grassland within the KM owned Sequoyah facility site. This
proposal called for the application of up to 1000 pounds of nitrogen

per acre spread at appropriate intervals throughout the growing season.
An evaluation of this proposal, issued in memorandum form dated June

11, 1976, was based on information submitted by KM dated August 13,
December 8 and 9, 1975 and April 29 and May 3, 1976. This information
contains data describing the concentrations of chemical constituents

and radionuclides in the treated raffinate along with data obtained

from the small scale tests described above. It was concluded in this
evaluation that the request to use treated raffinate as a fertilizer

on 250 acres of posture would meet the radiological safety 1imits of 10
CFR 20 for release of radionuclides to the environment. The radium content
meets the USEPA proposed drinking water standards for radium. However,
it was also concluded that the molybdenum content of the raffinate

could cause toxicity in cattle and the nickel and copper content could
cause plant damage. In rebuttal to these conclusions, based on an




b. The ‘r)t ation of the monitoring well shown in Area 5 on the map
submitted with the April 15, 1977 application shall be changed
to a ul?df in the extreme southwest corner of Area 3.

Cc. The licensee shall collect samples of soil water ( from soil
sorption cups) and ground water (from monitor wells) approxi-
mately 10 days to 2 weeks after each application of treated
raffinate is completed. Ld«h sample shall be analyzed for pH,
nitrogen, copper, nickel, molybdenum, uranium, radium, and
thorium. In the event that the ground water samples indicate
an increase in radium or thorium concentration of 1.0 pCi/1 or
more above background levels or an increase in uranium concentra-
tion of 50 percent or more above background, the licensee shall
immediately notify USNRC and shall cease the application of

treated raffinate to the test plot

d. In the April 1978 completion report for the 1977 growing season
test, the licensee shall include an analysis and evaluation of
the test results in addition to presenting the raw test data.

FERum

»‘(1?(, ,\1
Fuel Processing & Fabrication Branch
Division of Fuel Cycle & Material

Satety

Enclosure:
A'» stated




could be considered as not present.

Upon spraying the treated raffinate solution on the soil, the radi
active constituents will either remain in the soil or vegetation or
will seep into the ground. If it is assumed that all of the radio-
nuclides are uniformly deposited on the surface of the soil and

are then resuspended in the air with a resuspension factor of 10~

| w1017

t be about ZxIf

per meter, the concentration of uranium in the air will

i
uCi/ml wh'v‘])h' the Ra-22f, Th-230, and Th-232 airborne concentrations will
- s

be 2.2x107¢VY, 2.6x107%Y and 4.5x710~<Y yf nl respectively. These values
ire several orders of magnitude below the maximum allowable concentra-
ions listed in 10 CFR 20 Appendix B, Table II, Column 1. 1In the

event that the raffinate seeps into the ground, the movement of the

1

low due to ion exchange with the soil.
Moreover, since the initial concentrations of the nuclides

eSS
below MP(

contained radionuclides will be

ind will be further diluted if they reach the around water,
no measurable contamination or enivronmental impact on underground water
1S anticipated.

Based on this analysis, it is concluded that the

.

non-substantive and insignificant from the standpoint of environmental
/ g

roposed amendment is

4 1

impact and pursuant to subparagraph 51.5 (.)(3)(d)(3) of 10 CFR 51, no

environmental impact statement, negative declaration, or environmental

impact appraisal need be prepared.
Recommendation

In the basis of the findirgs in the current assessment coupled with the
tringent controls described by the licensee in his application, it is
recommended that Source Material License No. SUB-1010 be amended t«
iuthorize the test disposal of barium treated neutralized raffinate

in accordance with the statements, representations, procedures and
onditions described by the licensee subject to the following conditions

As discussed and agreed upon in a telephone conversation between J. E.

Rothfleisch and W. J. Shelley on April 25, 1977 and confirmed by letter
dated April 6, 1977, notwithstanding the procedures described by the
licensee in his applications and enclosures dated March 9 and April

15, 1977 as amended April26, 1977, the following conditions shall apply

to this amendment

icensee shall install a diversion ditch along the north-south
fenceline of the soybean field at the west boundary of the test
plot to prevent contamination of the field by surface runoff. The

ditch shall be sloped to cause any test plot runoff to flow to
the south side of the north dike. Collected runoff shall be
,\‘]",\1 aind di 10) { of a described n paqge f + the ‘!] ensep '«

are substantial
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