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May 14, 1973

Mr. J. E. Rothfleisch
Materials Branch

Directorate of Licensing

U. S, Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Rothfleisch:

Please refer to the telephone conversation wherein you requested
certain additional information on raw and treated raffinate. As
| stated, the analysis of fresh raffinate will vary relatively
widely by the particular blend of feeds being treated since it
can be expected that the degree of uranium extraction will vary
by the presence of insoluble uranium occluding materials such as
quartz or shales and the presence of possible complexing agents,
Thorium quantities will vary widely by the source of the concen-
trate since Canadian materials contain significantly higher
levels of thorium,

I understand that you requested from Mr, Craig heavy metal
analysis of treated raffinate which is given below:

Treatment Date 4/11/73
Arsenic - mg/l o3
Mercury - ug/l <1
Lead - mg/] <, 8

Please let me know if you need additional information,

Sincere )y
, Director

y. J. She%)
/Megulation Aind Control
Nuclear DAvision
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Date

1/20/71
11/6/72
11/6/72

October
Composite

Alpha _
pCi/mliX10

0

872

770

590

FRESH RAFFINATE ANALYSIS

Radium o
uCi/ml1X10

beta Thorium_g
wCi/ml pCi/mlX10
640 88,500
14 4,580
14 2,800
© 1,890

173
1,460
1,300

250

Uranium

gra-s/litgl
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.0056
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Mr. J. E. Rotufleisch
Materials Branch

Directorate of Licensing

U.S. Atomic Lnergy Commission
Washington, D.C. 20545

Dear Jack:

Please refer to your request to the plant for fluoride

in air and vegetation data in 1973, [ am assuming that
the attached sheet is exactly what you requested, but

have no way of knowing for sure. [ have also included

the revised analytical procedure for the determination

of fluoride in air and stack gas samples which is referrcd
to at the bottom of Chuck's submission as the apparent
reason for the reduced levels measured,

I am including a revised copy of drawing 201-M-5001,
Revision 2, which has revised total release number. As

we have requested previously, we consider this information
progrietary and request that you hold the same in accordance
with provision of 10 CFR 2,790 (b). I have not gone over
this in detail but continue to be concerned about it:

degree of accuracy. Will check it further and call you

next week,

W Shellcy,"{ire«.tr.:
Regulation and Lontrol
Nuclear Diviston

NJS:ml

encl 3§




1972
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

1973
*Jan
Feb
Mar
Apr
May

SEQUOYAH FACILITY

1,000 ft. East 1,000 Ft North 1,000 Ft. South
of Facility of Facility of Facility
Veg. Afr  Veg. Alr  Veg. Afr
2,001 4,001 014
.002 .001 .002
.008 .007 .018
4,001 <.001 ,..001
L .00 &.001 £.001
4,00 £.001 L +001
£.001 <001 L. 001
47.7 .002 18.6 (.002 16.3 (.002
41,0 .00 6.0 009 10.6 4002
14 00032 «4 005 L4 .00008
)0 00015 (10 .00008 /10 . 00016
L4 0002 .4 .00005 /4 . 00006
L3 .00003 .3 00002 .3 .00002
11 .00008 (2 000 2 .0005

FLUORIDE CONCENTRATIONS (AIR AND VEGETATION)

1,000 Ft West
of Facility
Veg. Afr
L.00?
.002
.005
L. 001
4,001
.003
.. 001
41.3 (002
73.0 .002
N 0016
.10 . 00026
12 .0006
(3 .00034
3 .00035

*Alr sampling for fluoride was changed from the scrubber method to Sodium Formats
impregnated filter paper,

Fluoride Afr Results - Concentration in wgm/1iter,
Fluoride Vegetation Results - Concer.cation 1n ugm/gm.

This resulted in obtaining a much lower detection leve’
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. Determination of Fluoride in Air and Stack Gas Samples

by Use of an lon Speciiic Electrode

Lawrence A. Elfers and Clifferd E. Decker

Nationa! Center for Air Pollution Control, U. 8. Depariment of Health, Eduwcation, and Welare, Cincirwati, Obio 45237

An analytical procedurc for the determination of water-
soluble fluoride in air and stack m samples using a
specific-ion e'ectrode is described. Cascous and
articulate fluoride in ambient air are collectad by
ralion and chemisarption on momhrane filiers
Impregnated with sodium formate. Data pertainin
to the collection efficiency and the dissolution o
collecte! fluorides frory ambiont air samples are
d, As Lllle as 0.25 part per billion fluoride in
dir can be measurcd with this proccdure. Gascous
flvorides in stack cas are collected by reaction with a
hot glass probe to form gasceous sillcon tetralivoride,
which hydrolyzes in water to form soluble fluasilicic
acid, Perults ehtained with the electrode and the
Spadns-Zirconium Lake Liethed for fluoride in steck
gas vicre compared, and at the 0.03 significance level,
no dificronce existed in the two methoads, This rela-
tively new analytical tocl, as apnlicd to the analysis of
oir rolmhvm. as heen shown to be re and con-
venient, and apncars 15 be 12ss susceplible to intar.
ferences than other motieds presentiy available for
the measurement of tiuoride,

Constnerapit INT'RIST hus boen directed toward the de-
termination of gaseous and particulate Muoride i ambient
air and stack ¢Mucats.  Fluonde, which hus been shown to
be detriment.! to vegetation (/) and animals (2), is emitted
into the enviconment from vanicos industriul processes, such
as phosphate fertilizer production, aluminum reduction, and
metal smiclting processes.  Analytical methods for the de-
termination of flueride, such at volumetric (1), conducti-
metric (1), potentiometnic (5), complexometric (6), gravi-
metric (1), and colorimwirie (7), have boen reported.  The
most widcly accepted analytical methods for the determing.
tion of Muorde are colorinkirie. These proceduies require
distillation of the fuarude from perchloric or sulfuric acid to
remove intot ferences priot to the analysis (8, 9).  If perehlorie
acid is used, the organie matier present in the sample should
be dustroyed before the distillition by high-temperature fu-
sion. In sddivion 1o heing umoconsuming, the impurity of
the rengents used for the fusion and distillution teclinigues
add significantly 10 the reagent blank.  Thus, the acevracy
of such & mothed can be severely hind oot ([ 1% magniiode of
the reapent Blink approuchcs that of the desired constituent
For these revsons, the existing mathod; are less than desirable.

.

(1) W. M Mactntre 1) Mard o, and Mary M. Boeller, Bulletin
M9, Unierwity of Tennowee, 1938,

2) G M Mareovan and € 8 Habbs, Rullotin 347, University of
Yennessee, 1962

) W F ebeand, G F, Lunde®, M, A Pright, and ). 1| Hofl.
maa, “Appled Ioargaig Avalysie,” Ind od., Wiley, New York,
1062, pp 7406

n ".‘Cu'm.. and ) G Surak, Asat, Crove, 3, 385601939y

(9 T A Dt oA B F S, At 38, 3441 (19€1)

6 M A Toond dudypr, Wa, Ol tyos,

M
(0 0 Btok and 1° 0 Scdonok o Ao, Crucer, 3, M2 401040
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MWW Willaed wnd O B Wintety bl Lug. Chow, B, 7 Wi

In recent years, the development of specific ion electrodes
has stimulated growth in the field of analy Loal potentiometiy,
An Orion specific won electrode was used in th wvestipation
It consists of a Meorsde-sensitive crystal of lavihununefluorioc
(LaFy), doped with & rare #arth, coroprum(il), and cemonted o
a plastic tube containing an internal solution of 018 NaCl
and 0.1M NaF. Whew the electrodc s immersed o a solus
tion of fluoride, 8 potential diTerence s estublishad; the map
nitude of (he potential depends on the rana of the Moodide on
activities between the sanple and the ntermal wolution The
potential of the electrode is measured ngainst a soturated culos
mel reference clectrode on an expanded-seale pH mieter The
Nuoiide specificson elestrode has made poiul!s the devilop.
ment of new methods for the collection and analysis of at
mospheric Muorde.

Until now, teo basie procedures for the colls tun of at
maospheric Muorale were ermployed; mame’y, bt blors or o
pingers contninieg diluse aliline solutions, wnd plass ¢
filters using a Mghvaolmme sarplor  Tmpocors offer o Yo
sampling rate, » lamg sampling interval, poor collection el
ciency for pacticulme Muocide, evaporation fosses and froes
ing of solutions, mud glass fiber (ders have extromely high
fluoride bockgrounds. The need for 4 singphilicd collection
procedure for atmospheric fluoride was apperent

Lodge, Pate, andd Mhmtt (/9% have domonatoated that 1o
markably long contact Bme is achieved whon o molecule of 8
#08 is passed through 8 membrane filter.  Posedd on thid ine
formation, membrane Bliers were chosen o the coll 1
substrate. These Rlters, when impresrotod with o
formate, wiilize both ehesmisorprion and filteation for b guon
titative cullection of both gaseous and particulate Nooeids,

To collect particulate and water-solubly pricoos uanides
from siack gases, 8 combination particulate andd g saer ies
train, as doscribed by Seith (1/), wos employed Thoo
sists of a heated glass probe, # cyclone, & Whatman No 1]
filter, and seversl Greenburg Sonith impingers. Gocons
fluorides in the stack £as react with 1he hot glacs probs fon
ing soluble Mluosilicic sewd and are cotlected in the fire' 1oo
Greenburg-Smoh impngers  Purvcdate fluorides are ool
lected in the cyclone and on the (liter

EXPERIMENT AL

Apparates. A Corning Mode! 17 expandsd yoale phono o
wus used 10 messure the potentl difierence hotweon
Orion Mods! 9499 Nuoride sctiviy slectrode ond # o o
tional saturated KCI reference electrode  Dotals periming
1o the design and operstions! paraniciers are dow bt b
I-lncun () A specially devided Miphaalvre souirnd
sampler was bl for the eolicetion of gimag e e tluor o

S e o ———— e A .

(0 )P Todw, ) B Pate, snd 1§ A Wyish, # 100 Hwg . Wby
Augost, Y Y151
D W, 5 S pmil Asvaglates, @0th Anmasl Mogting, APCA
4, O, 1967,
() 5.0 Lingure, Avar Comse, 39, 8917 (1067,
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Figure 1. iligh-volume sequential air sampler
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| sequentinl samipler consisted of membrane filters inpregnated
| with sodium formnte

These flters are prepared by immers-
ing an 8- by 10.nch, S.micron-pore diameter, cellulose acetate
Blier sheet in o 307, ethyl alcohol solution containing 10%
These sheets were air dried At room tem-
perature. Filter disks, 47 mm an diameter, were cut from
an arch punch,

Reagonts, ACS-grade chemicals were used without fur-

ther purification for the preparation of all reagents, A stock

solution of Nuoride (10 my/m') was prepared by dissolving

| 22 105 grams of Nak in distitled water and diluting to 1 liter.

Ditute fluoride standard solutions (0.1, 1, 10, 100, 1000 mg

L P lier) buttered 10 plHl 7.8 with 0 1M sodium citrste were

prepared from the stock solution by approprinte dilutions.
Procedure. Aoy A Savieers,  Atmospheric san ples

| ore collected on the imipregnated filters by sampling with the

Nigh-volunie swquential sampler at @n air flow rate of 4 cubic
feet per minute for 4 hours. The exposed filter is inserted

Einto & 25-mil plostic vial, and 200 mil of 0 1A sodium citrate

is added. The viai is then placed on a reciprocal shaker for
1 hour to solubiize the fluonide present on the filter.  The

| sample solution is transferted 1o 4 50-mi polyethylenc beaker,
| and the Nuoride potential s moasuted by the specific ion

electrode on an expnded wcale pH micter. The Muoride
content of the somple 1 obiained fram a exlibration cutve
This calibration evrve i oduned by plottine the miilivolt
. 8% read on the expundedseale pll mcter, vr. the

e 1on concentration of the standord salutions
Srack Gas Saverts Watersoluble goscous luonides are

| eollocted from wiack eMuents by means of the sampling train
| previous!y mentioned (/)

A 10-ml aliguot of the eomposite
mmple from the 1wo Greenl crpSmith impingors s added

L 00 10 sl of 0 2Af sondium citrate bufler.  The fluoride con-
L tent iy detcrmined, s previously deseribad under ambient air

sanples.

RESULTS AND DISCUSSION

Determdartion of Colloction Flliclency,  In ordor 1o deters
Mmine collection oy of the impeegnated Aliers, a known
tource of hydeopon Moo ide was needed.  For this purpose,
M permention tole s were coployed.

Frgure ¥ s 8 sohenvatie dioeram of o hydrogen Nuoride | ar
Meution tube, whh was constencied of | einch 1P Teflon
(D Pont) tibing. A Teflon plug was inserted in one end of

.‘f— ;.
¢ "
L.T.-Q-—J“IH
! ,I S0L, v AARRAL,
5 ,’ .
1 Lf (™%
7 "
1 ;.'.: LY . ] ]
vl PONER & RELAY s-tAaeat
umlm
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S— — —.——.————————J
Figure 2. Schematic m of sequential sampler
m No. required
Blower 18 ¢fm 1
wu Vohp. carhom vabhve 1
Solenoid valve '/ inch orifice, 1158 V é
Timer-—em 10 1
Timer rack, I 12 1
Stepper relay - MER,, (118 V) 3 1
Delay timer, 9065 (115 V) 1

A e W Al

177 ynen rsins comrsininh e

[mumm-m TN SN 1 s -
Figure 3. Hydrogen Mworidc permeition tube

the tube and secured by meams of a copper cemforcin collur,
which was erimped in place with a langing tool  The plugped
end of the tube war immersed in & diy lce-aceione bath
Gaseous hydrogen Auoride wos permtted 1o enter the =« e d
end through o capillary tube and was aflowed to conterie on
the invide walls of the tube. When the tube was three quatices
full of liquid hydrogen Muoride, the sealine | lug was mserted
and secured with another copper remfor ing collae (19

Vhe permention tube was placed incide a Teflon tube holder
and immersed in & consiant termgerature water bath  Dilusot
it was then paswsed through a temperature condition ng
columii, over the permeation tabe, and ot & Teflon oot tube

Three hydrogen Auoride permsention tuhes wers onlbrated
gravimetrieally 1o determine their permeation e The
average hydrogen luoride permeation rats in wg HT cm/min
wos plotted v1 temperature om & serylos paper (Figure 4)
The average standard deviation of pecricaton tate was found
10 be 002 ug HF jem/min. By varying pacameters siwh as
lemperature, tube lenpth, ard diduent air flow, one can achicve
almost any desired conce atration of hydrogon Munrde po

Known concentrations of hydropen . ocdo o lom the
permeation tube were deawn through two Hlers i Wiz ot a
rate of 4 cuble feet por nunute  The amount of MI coileoted
on the filters was dotctin ned by Spadas - Fireamiom 1 ke
Method (7).

PO e L . s

(1) A E O'Kecle, Navional Comter for Air Pollusion Control,
Ohio, privite gommmsmiesiiong 1961
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Figure 4. Calibration curve of hydrogen fluoride permeation
rate o temperature

Fifteen determinations were made where 28 ug of fluoride
was permitted to enter two impregnated filters in series.  Data
from Table 1 demonstrate that the amount of hydrogen fluo-
ride collected by the first filter was statistically equivalent to
the amount introduced.  In no case was any fluoride detected
on the second filier. From these data, the collection effi-
ciency for gascous Nuorides was determined to be quantitative.
The collection cfMiciency for particulate fluorides was assumed
t0 be quantitative becaute of the physical properties that exist
while sampling through this type media (J4). :

Six determinat ons were made on unimpregnated filters us-
ing the same systerr as before. A collection efficiency of
90.5% was observed for these filters.  The maxinuim quan-
tity of HF that theoretically could react with the impregnated
filter wis calculated to be 17 mg, based on the average weight
of sodium formate contained in the exposed area of the filter
disk.

Instrument Precision and Accuracy. Five standards of
known Muoride concentration were prepared in 0.1M sodium
citrate.  Analyses were performed daily on these solutions 8s
unknowns for 6 days.  From Table I, it can be secn that
the Jargest per cent standard deviation for any measuremert

(lﬂm’ Technical Specifivatiane V'igal, Gelruan Instrument Co,

Fluo-
No of rnide o
deter  same
miny.  pled, Fivorid;s Recosered, % Recovery
tons  ug Fbier 1* Mw% (Fileer 1)

I 200 X0sks0 N ND: W 2esl
¢ 619 198 203 110410 NSl 0

o Svcron pore dometer, ectlulo « acetate fler,

& Paltrs impes oo ted sith sodin formate.

* Not detectabic

& Unimpte pnatod Altoes,

——

Ll 1 — l -

e -

‘ 1
AT\
(s

MILLIVOLY READING

o~ -
1
-0 - -
- r- \ —
e 300 e
L L o
1 L

e ) . .
' L«umo
Figwe S, Effect of pH on clectrode response sodium
Ruoride standards

was less than 5% snd in most cases less than 2% The
average error incurred was in all cases less than 475

Interference. The oaly common interfering 1ons e the
hydroxide ions when in excess of the fluoride concentiation
(19), and cations sl as Al and Fe'*, which could complex
the Ruoride and reduce is aclivity

The effect of pH on electrode response was determined at
fluoride concentrations of 1, 10, and 2000 ppm.  The pli of
the solutions was sdjusted from 2 to 10, and the electrode
resporse measured.  From Figure §, it can be seen that elec.
trode response was afTected very hittle as the pH was adiosted
from $ (0 8, Aluminum and iron, which are present i nost
atmospheric samples, are prevented from complexing e Moo
ride by the additian of & sodivm aitrate buffer, which com.
plexes these metals, smintains a constant ptl of 7.5, a0d con-
trols the total ionic strength of the solution.  Atmosphor -
samples analyzed using the electrode and the sampling pro
cedure as previously Sescribed usually contain less than $ ppm
fuoride. For this camwentration and for sovers! arders of
magnitude higher, the Buoride contribution does not ap e
ciably change or alter the total wome strength.  Since the pll
and total lonic sirenpth ave relatively constant in the sonples
and in the standard sodwtion wsed 10 prepare the ealiboinon
cutve, no correction for the fuoride activily 1§ necessnry

Analysis of Atmosphwele Samples. Method conporens
for ambient air samples proved 1o be impractical because of
inherent high bach groumds enconntered during the separation
of Nuorides from wnictlevences

In order to validate the use of the electrode for anslyus of
atmosphetic samples, i was fecessary to determine the extent
10 which i@ fluonde sonecwd v, @ filler s soluble in ©
aqueous buffer solution  Twent, [dur dhour atme o0
samples were collected wsing the impregnated flier ant pre
viously deseribed sampler.  1he fluoride on these flico v
subjecied 10 drssalution by shaking i 2 ml of 018 godiam
eltente builler Tor | Fow.  The sample was then dpvided into
two fractions By fHlirasion. The foodkde contmned o the
watersotuble iraction was determncd by v of the s e
fon eleetrode.  The waler-ansolubie fraction wis aubje ol te

W A, AL, . —— S — . ro B o p—— v ek ——

(19 M. 8 Frant and | W Rast, Ir , Seoonce, 184, 1550 (1960




: Table Il _.nalysis of NaF Standards for Fluoride ~
%
concentration, Pluctids found, ppm Error,
ppm 1 2 3 4 ] 6 Average® %
1.7 1.67 1.80 1.80 180 1.75 1.68 1.5 % 006 29
4.0 39 40 4.1% 408 40 40 401 £ 003 0.29
00 207 200 203 200 200 0.0 W a0 L
9.0 9.5 9 0 950 9% 0 950 91.0 9.1 %11 0.1
100 118.0 118.0 1150 110.0 13.0 108.0 mr 241 34

perchloric acid distillation without prior fusion to separate any
fluoride from the insoluble material and analyzed by the

Zirconium  Lake Method. The average waler-
soluble Muoride for these samples was 18.4 ug.  The water-
insoluble fraction amounted to 5.4 ug, which was equivalent
w0 the distillation-reagent blank.  These data substantiate
that the atmo: pheri: fluaride as collected on this substrate was
essentially water-soluble; and, therefore, would be available
for measurcrent by the specificsion electrode.  In general,
the solubility of the commonly encountcred fluoride com-
pounds in ambicnt air is of a suflicient magnitude for their
complete dissolution in the 20-mi volume of solvent employed
in the method,  For example, over 300 ug of CaF; would be
soluble under these conditions,

Analysis of Stack Gas Samples. Over 30 gaseous samples
collected from phosphate fertilizer plant eflluents were
analyzd by the previously described procecdure and the
Spadns-Zirconium Lake Method. :

The tesults of these analyses were divided into two concen-
tration ranges for statineal analysis  Using the paired "t
fest at the 005 significance level, there was no basis for say-
ing that the tesults with the clectrode method difered from
tesulis of the Spadns Method.

SUMMARY

This method, detpned for the collection of gaseous and
particulate fluoride at ambient levels of | ug/m? or less, avoids
the difficultres encountered with bubblers or glass fiber filters,

and provides a means of sampling large volumes of air in &
telatively short period of ime.  Cellulose acetate membrane
filters impregnated with sodium formate have been shown o
be quantitative for the collection of atmosphenc fluonide.
The utilization of these filicrs and the specially devigned high-
volume sampler as the collection device, followed by analysis
of the solubilized Nuoride using the Onon specihic-jon elec.
trode, permits fluoride determinations to as hittle as 0.25 ppb
in ambient air. Analyses of stack gas samples have been
made by this method and the Spadns Zircomum Lake
Method, and the results of these methods were shown to be
statistically equivaient. Approsimately 100 sampies have
been aralyzed by this method in an §-hour period. The v
of the Muoride specificion electrode has been shown to be
more rapid, convenient, and appears 10 be less susceptible (o
interferences than eusting methods for determining tueros
gram quantities of Mluonde.
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Corrections

Analytical Study of a Suliide lon-Selec-

live Membrane Clecirode in Alkaline
Solution

T this article by T M. Mscu and G. A, Rechnite [Avac
Crinne, 40, 1050 (1998)] explicit reference to the instruction
manual for the Onion 9461 Coctrode was onvtted on papes
W53 and 1056 On paze 10M, an earhier relevant study
by Bow and Framt entitted “A New Floetrode for Sullide
Ton Actinny,” which was prownted st the 1966 Fastern
Arytical Sympasim, shoukd Nave Leen incorporated av a
*firence.

Correlation between Molecular Struc:
ture of Sterols and Retention Time in
Gas Chromaiography ;

In this article by Nobuo Thekaws of ol [Avat. Curs 40,
1139 (1968)] two errors appear im Table | (page 1100y First,
all of the 'm in eolumn 7 Oseodod XTA0) should be 11
timies a4 mweh as 1he valves appearing i the tabde The cor
rocted values are os follows: 4748, 4 32, 478, £47 158 44,
437, 580,499, 08, 595 S84, 7106 ¢ 17, 1348, 600, 04,
020 796,765, 832, 9% 692, 791, 161 TER VAL AN,
7.6, Second, in the foatnote far Talde 1 the Agure i cotumin
4, line 3, should 1o 4.0 minutes inmterd of 9 3 rinoies

VO 46 MO VL SrTEmete 1« 1060




