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UNI TED STATES
NUCLEAR REGULATORY COWM SSI ON
OFFI CE OF NUCLEAR MATERI AL SAFETY AND SAFEGUARDS
WASHI NGTON, D. C. 20555

January 28, 1994

NRC | NFORMATI ON NOTI CE 94-07: SOLUBILITY CRITERI A FOR LI QUI D EFFLUENT
RELEASES TO SANI TARY SEWERAGE UNDER THE
REVI SED 10 CFR PART 20

Addr essees

Al'l byproduct material and fuel cycle licensees with the exception of
i censees authorized solely for seal ed sources.

Pur pose

The U.S. Nucl ear Regulatory Commission is issuing this information notice to
enphasi ze the changes in 10 CFR Part 20 with respect to liquid effluent

rel eases to sanitary sewerage and to encourage you to prepare for these
revisions.* It is expected that licensees will review this information for
applicability to their operations, distribute it to appropriate staff, and
consider actions to prepare for, and incorporate, these changes. Suggestions
contained in this information notice are only recomendati ons; therefore, no
specific action nor witten response is required.

Backgr ound

On Decenber 21, 1984, NRC released an information notice docunmenting several

i nstances of reconcentration of radionuclides released to sanitary sewerage
(I'N No. 84-94, "Reconcentration of Radionuclides Involving D scharges into
Sanitary Sewage Systens Perm tted under 10 CFR 20.303"). Several other

i nstances have since occurred in Portland, O egon; Ann Arbor, M chigan; Erw n,
Tennessee; and C eveland, Chio. The primary contributors, in some of these
cases, appear to have been insoluble materials rel eased as di spersible
particul ates or flakes. This issue was addressed again on May 21, 1991, by
NRC, when it published its revision of Part 20 in the Federal Register

(56 FR 23360), which renoved insol ubl e non-biological material fromthe types
of material that nmay be released to sanitary sewerage. Relative to this

i ssue, the NRC O fice of Nuclear Regulatory Research is conducting a study to
clarify the mechani sns underlying reconcentration in sanitary sewerage and
sewage treatnent facilities.

9401240059

* Sanitary sewerage is defined by 10 CFR 20.1003 as "a system of public
sewers for carrying off waste water and refuse, but excluding sewage treatnent
facilities, septic tanks, and | each fields owned or operated by the |licensee
[ enphasi s added] . "
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Description of Circunstances
To help prevent further reconcentration incidents at public sewage treatnent

facilities, 10 CFR 20.2003(a)(1), effective January 1, 1994, was witten as
fol | ows:
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20. 2003 Disposal by release into sanitary sewerage

(a) Alicensee may discharge licensed material into sanitary sewerage
if each of the follow ng conditions is satisfied:

(1) The material is readily soluble (or is readily dispersible

bi ol ogi cal material) in water; and...

However, this revision to Part 20 did not contain an operational definition of
solubility, and this precipitated many questions, fromlicensees, concerning
how the solubility of a material may be denobnstrated. Wthout the ability to
denonstrate conpliance, these |icensees were unable to determ ne whether new
procedures shoul d be devel oped, new treatment systens installed, or whether

t hey should apply for an exenption, based on the principle of maintaining al
doses as low as is reasonably achi evabl e (ALARA).

Di scussi on

In some of the known reconcentration incidents, the greatest reconcentrations
appear to have been due to conpounds released to sanitary sewerage that were
not soluble. There are many approaches that nay be used to determne a

chem cal compound's solubility in water. The follow ng di scusses two of the
nore conmmon approaches:

1. Direct Determnation of Conmpound Solubility dass, Fornmal Solubility,
or Solubility Product (Ksp)

Thi s approach woul d be applicabl e whenever there is sufficient
know edge of the chenical formof all materials contained in the
liquid effluent at the point of release. Wth this know edge, it
woul d be possible to use one (or nore) of the foll owi ng methods:

(a) Solubility O ass Determ nation:

The solubility class of the conpound to be rel eased coul d be
determ ned directly fromconmon literature data (e.g., Handbook of
Chemi stry and Physics - CRC Press, and Lange's Handbook of

Chemi stry - MG aw Hill Book Conpany). |If a conpound is
classified as "v s" (very soluble) or "s" (soluble), this would

i ndi cate the compound is "readily soluble.” On the other hand, if
it is classified as "i" (insoluble), "sl s" (slightly soluble), or
"v sl s" (very slightly soluble), this would indicate nmaterials

that are "not readily soluble.” Certain conpounds are designated
as class "d" (deconpose). |If the deconposed species of these
conpounds are classified as either "v s" or "s," this would

indicate that the parent conpound is "readily soluble.” |If these
deconposed species are sinple ions, such conmpounds (class "d")
shoul d be considered "readily soluble."
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(b) Solubility Product (Ksp) Determ nation

The solubility product constant of the conpound could al so be used
to determine if a conpound is readily soluble in water. The
solubility product constant, Ksp, for a strong electrolyte Mma,

i s expressed as:

m a
Ksp = [M [Al

where [M and "ni are the ionic concentration (nmole/liter) and the
nunber of noles, respectively, of the dissolved cation; and [A]
and "a" are the ionic concentration and the nunber of noles,
respectively, of the dissolved anion

For a sinple electrolytic conpound, with one nole of a dissolved
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cation species and one nole of a dissolved ani on species, a Ksp
2 2

greater than 1.00 E-05 nole /liter would indicate that a conmpound
is "readily soluble." For other conmpounds w th nore conpl ex
di ssolution reactions (i.e., nmore than one nol e dissolved for each
speci es and/ or nore anionic or cationic species present in the
di ssol ved products), the Ksp constant would increase
exponentially, based on the nunber of noles and/or the nunber of
di ssoci ated species. For exanple, if three noles are present (two
for the anion and one for the cation), the unit of Ksp would be

3 3 3/2
mole /liter , and the corresponding Ksp would be (1 E-05) or

3 3

3.2 E-08 nmole /liter ; the sane principle could be applied for
nmor e conpl ex dissol ution reactions.

(c) Formal Solubility Determnation

Conpound solubilities (g/100 ml or nole fraction per 100 m) are
also listed in the chemcal literature. Froma review of genera
scientific literature, "fornal solubilities"** greater than 0.003
mole/liter would indicate that a compound is "readily soluble.™

** The general relation between the formal solubility, Sf, and the
solubility product, Ksp, of a strong electrolyte Mrma in water is given by:
ma 1/ (mta)
Sf = (Ksp/(ma)),
where Ksp is the solubility product, [M is the nolar concentration of the
metal ion (cation), [A] is the nolar concentration of the anion, "m' is the
nunber of noles of dissolved cation per nmole of dissolved substance, and "a
is the nunber of noles of the dissolved anion per nole of dissolved substance.

For further discussion on the determination of solubility products and fornma
solubility, refer to Chapter 6, "Precipitation and Dilution," from Water
Chemistry, by Vernon L. Snoeyink and David Jenkins (John WIley and Sons: 1983)
or texts relating to physical and/or analytical chem stry.
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Formal solubilities less than 0.003 nole/liter would indicate
conpounds that are "not readily soluble.”

It should be pointed out that all values nmentioned above (e.g.
solubility class, formal solubility, and solubility product)
correspond to neasurenents taken under standard conditions (e.g.
25¢C, 101.3 kPa, pH of 7, and Eh of 0).

2. Filtration and Radionetric Analysis of Suspended Solids

Thi s approach may be used if know edge of the chem cal form of al
materials contained in the liquid effluent at the point of release is
inconplete. It is nost applicable when rel eases are nmade in a batch
node. This approach involves the use of standard | aboratory
procedures to test representative sanples of the waste streamfor the
presence of suspended radioactive materi al

The following two | aboratory procedures were devel oped specifically to
determ ne the suspended solids content of water: ASTM Met hod D 1888-
78, "Standard Test Methods for Particul ate and Di ssol ved Mtter

Solids, or Residue in Water," and the Anerican Public Health
Association's Method 7110, "Gross Al pha and Gross Beta Radioactivity
(Total, Suspended, and Dissolved)" from Standard Met hods for the

Exami nation of Water and Wastewater. |t should be noted that ASTM
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Met hod D 1888-78 was devel oped to neasure the total suspended solids
content of water, not just the radi oactive portion. 1In either case,
activity in the suspended solids portion of effluent greater than that
found in simlarly processed background water sanples would indicate

t he presence of insoluble radioactive nateri al

Whet her one of the above approaches or a sel f-devel oped alternative is used,
it is a good health physics practice to docurment this approach in the form of
a procedure. Procedures such as these usually include provisions for the
docunent ation of any nodels, cal cul ations, analytical mneasurenents, and/or
quality control neasures used. This information is usually maintained with
the applicable release records, to denonstrate that the devel oped procedure
will ensure conpliance with the regul ations.

If material to be released would not qualify as being "readily soluble,"

10 CFR 20.2003(a)(1) would prohibit release to sanitary sewerage unl ess an
exenption has been granted. Exenptions will be judged on a case-by-case
basis, when it is denonstrated that release to sanitary sewerage is in
accordance with the ALARA principle, consistent with applicable regul ations,
and in the public interest.

It is expected that licensees will reviewthis information for applicability
to their operations, and consider actions, as appropriate to their |icensed
activities. However, suggestions contained in this information notice are not
NRC requirenents; therefore, no specific action nor witten response is
required.
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If you have any questions about the information in this information notice,
pl ease contact one of the technical contacts |listed below or the appropriate
regi onal office.

/s/'d by RFBurnett /s/'d by ClPaperiello

Robert F. Burnett, Director Carl J. Paperiello, Drector

Di vi sion of Fuel Cycle Safety Di vision of Industrial and
and Saf eguards Medi cal Nucl ear Safety

Ofice of Nuclear Mterial Ofice of Nuclear Materia
Saf ety and Saf eguards Saf ety and Saf eguards

Techni cal contacts: Rateb (Boby) Abu-Eid, NWVSS
(301) 504-3446

Cynthia G Jones, NMVBS
(301) 504-2629

At tachment s:

1. List of References

2. List of Recently Issued NMSS Information Notices
3. List of Recently Issued NRC Informati on Notices

Attachnment 1
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